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ABSTRACT

Spatial and temporal changes in nitrification activities and distribution of microbial population of ammonia oxidizing
bacteria (AOB) and ammonia oxidizing archaea (AOA) in paddy soils were investigated. Soil samples were collected in
March and October 2015 from rice paddy with and without the presence of confined animal feeding operations. Incubation
experiments and quantitative polymerase chain reaction showed that AOA's contribution to nitrification kinetics was much
higher in locations where organic nitrogen in animal waste is expected to significantly contribute to overall nitrogen
budget, and temporal variations in nitrification kinetics were much smaller for AOA than AOB. These differences were
interpreted to indicate that different microbial responses of two microbial populations to the types and concentrations of
nitrogen substrates were the main determining factors of nitrification processes in the paddy soils. The copy numbers of
ammonium monooxygenase gene showed that AOA colonized the paddy soils in higher numbers than AOB with stable
distribution while AOB showed variation especially in March. Although small in numbers, AOB population turned out to
exert more influence on nitrification potential than AOA, which was attributed to higher fluctuation in AOB cell numbers
and nitrification reaction rate per cells.
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Fig. 1. Land use map of study area and locations of sampling sites.
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Ef EAlske= Akl AN E (nitrifi-
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3.5. E2F DNA £& 3 quantitative PCR

oM EF ARE AFst HPER 753 FA
AlE 20 g DNA F2A7HA] —80°CollA] S4ate] Bt
3ttt Eoko] EA)sh= DNAE 0.25 g0 S-E%] o
3] MoBio Power Soil DNA isolation protocol(MoBio
Laboratories Inc, Carlsbad, USA)l w2} 434313t}
=% DNA® -&TX% NanoDrop spectrophotometer
(NanoDrop Technologies, Wilmington, DEYS A}F2-3}<q
Aksl AT AOAQ} AOB amod AR tish
quantitative PCR SsoAdvanced SYBR Green Supermix
2} CFX CONNECT Real-Time PCR detection system
(Bio-Rad laboratories, Hercules, CA, USA)YS AR5}
TR AOAS] amod A AHFstE 9l
amoA19F2} amoa643R primerS AHE- 31999, AOB9]
7%= amoA189F2} amoA2R primer/} AFE-E At}
(Table 1). HF 25u19 ¥ EFEN= 12.5u9
SsoAdvanced SYBR Green Supermix, 0.5 uM<] primer
%, =% DNAY 108] sX4A 10w} EFEACH
PCR FZFAL 94°CollA 1083 predenaturation 2
S AR &, 95°CoIA denaturationS 45%, annealing@}
8& AOAS] 79+ 58°CellX] AOBY| 7-9= 60°CellA]
15, extension?-S 72°CollA] 45%37F 40 cyclesol] A

A 488311, final extensions 72°CollA 10837t <33

1Tt ZF Alo]E9] extension stepolld] FFAEE A
31tk AOA2] 7% WhE- 8-S 99-104%, R? g
0.990~0.999%0.° 1, AOB2] 79 WkS HE&LS 99~102%,
R? 2k 0.992~0.999%1T}.
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119} 1829] 74$oll= 6.13 6.302 Uehd vbd |ty
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Al ettt os SH7IEY 22 f71EEC] Y
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Ax =7 o FA e RS ARShe 3=
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1S40 o =4 YeldEd, Bl EAlske 7184
o] ko] AHfZR o R = [S33 1549 A AFo=
it g8l o3l pH7l =4 SHEAE 7=
ATHRust et al., 2000). F FA TS 1837 1S4004,
NO;-N/T-N HIE-2 A} 2390 EA81A] &= 1813
1S2014 =A] VR =T, ©] Hlg-2 EQlA] Filksl 2}
o] GslA dolu=A] el HE= B b 9l

Table 1. PCR primers used for determining the abundance of amoA gene using gPCR

Name Detection Sequence (5'-3") Reference
amoA19F ATGGTCTGGCTWAGACG Leininger et al. (2006)
Archaeal amoA ..
amoA643R TCCCACTTWGACCARGCGGCCATCCA Leininger et al. (2006)
amoA189F . GGHGACTGGGAYTTCTGG Habteselassie et al. (2013)
Bacterial amoA
amoA2R CCTCKGSAAAGCCTTCTTC Okano et al. (2004)

Table 2. Physical and chemical characteristics of tested paddy soils

Sampling - NO;-N NH,-N T-N SOC WHC Clay Silt Sand
sites (mg/kg) (mg/kg) (g/ke) (gkg) (%) (%) (%) (%).
IS1 6.1 23.7 247 0.89 12.7 76.1 532 38.7 8.1
IS2 63 288 1.96 0.94 11.4 74.7 517 40.1 8.2
IS3 73 142 345 1.32 26.9 75.1 523 38.6 9.1
1S4 7.7 16.9 3.18 127 282 73.8 52.1 39.5 8.4

Note) SOC: soil organic carbon, WHC: water holding capacity
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Fig. 2. Nitrification potentials measured from incubation
experiments. The values plotted are average of duplicate samples
and error bars are the values of each sample measurement.

50

HACB

40 4 HAOA

Nitrification potential
(mg-N/(kg soil - d))

10 1

March |October| March |October| March |October| March |October

Is1 1s2 1S3 154

Fig. 3. Nitrification potentials of AOA and AOB measured from
incubation experiment with and without 1-octyne. The values
plotted are average of duplicate samples and error bars are the
values of each sample measurement.
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o] &gt Foelle dislE FEl A wEA A
I J& NH, Y s57F =2 YA, F71220 4]
o] dojA] &= FAIlE= NH,'Y 5] F71E9
2BlE BalA RS o]Fo|R|7] wiFe| AjHo=
AOAQ] &5o] E3H dold 4= U= Ao AdH
t}h. 1837} 1S4914] AOAS] Ydto] =7 Veh = A4S
A A9 71 A4V BUREE 1813 18200 Hlg) f71E
A F9) vlgo] w11, F7152e] 28ls 53 NH,7H
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o] f ElslA dold 4= 7] Wil Ae=E HLAnt

NP A387 rp7EAZ RNP WA JA] B vl
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ot HAIHoE wijdad Adk= RNP= Npejl BIs] RF
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Fig. 4. Recovered nitrification potentials and contributions from
AOA and AOB from incubation experiment with and without 1-
octyne. The values plotted are average of duplicate samples and
error bars are the values of each sample measurement.
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Fig. 5. Gross nitrification rate of AOA and AOB from incubation
experiment. (a) samples collected in March, (b) samples collected
in October. The values plotted are average of duplicate samples
and error bars are the values of each sample measurement.
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AOA2] copy number7} AOBS] 7399l HI| =A Ye}t
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Fig. 6. Abundance of amoA gene copies measured from
quantitative PCR. (a) AOA, (b) AOB. The values plotted are
average of duplicate samples and error bars are the values of each
sample measurement.
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Fig. 7. Relationship between amoA gene copies of AOA and
AOB and nitrification potential.
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