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Figure 1. The schematic diagram of sampling and water level regulation of the Three Gorges Reservoir.

FEIRB IR AT R — A FE S . L, 3 RFEIR
i 3D AT V& R34 271 11
B FERCREFRMETE10% & /KE, o
2 mmffi, T VK4 °CHR, DI, K&
SRAE R FHOB BRG], JoPORE R K75 T 81K
A (EN145-156 mZ ()3 BE H O OF lIBEH:, oIk
FEEREE), {H161 m5170 mibARE S V5 25 5
K9 m, SUAFHENE I WK T A ST,
IR AR S AN B 2R, BB
TR I S WA [R) W 7K - 1 ) 30 60 T £ ol R 1 5%
Wi, ARG, ARSCPRE 161 mAb A K A T4
R SRR 7K - T R8I
1.2 FEHERER S HEmERNE

BER B — ATV 0T, B K-V T

Sep. Dec.

Drying Flooding

W1, PR R R BN HE A
ARSI T A EEL A 100 g FR L
i, #5708 mmol N/kg dry weight soil B 4% &
VR, RIS KR FkE 30% (AP 44 K
FK R 160%) . Kt IR iiE 128 ClafRss R4
IR, TR AE3 RN A K Ay, wRR
30% S K YRR RS . FEREFRIVEBO. 1. 4. 7.
10, I3RIAEBIRPERAEE, Hhs g R T4 1
HEpH, I R FH 3% 3 M Rk AT I (K H L
2.5)0 HHNS g+ T2 mol/L KCUA W R, I
SR FH B s He RN 3 S T T4 B 2 NH, -
NFINO; -N, HoME2-3 o fif 455 T—20 °CI#
17, AT Y I R 41 S DNA I F 5 42
G FoHT

http://journals.im.ac.cn/actamicrocn



986

Jia Guo et al. | Acta Microbiologica Sinica, 2016, 56(6)

1.3 4% DNA RS EE R PCR

N T W R PR 53 M B dic R B e ke
FAE P ELSRAL, XS B S R
at, SRR3R, I EDNA G IR A L
fi 15 I S LRI MR I o AR M . FERCT
IR0, 4. 13 R RAE HIERES, FIA
FastDNA®Spin Kit for Soil {77 & #EH10.5 g+ 1k
ity AR A B R T B R I A R
DNA, ¥ HIEDNA% % T 100 pLICEKH, T
VKFE—20 °CORAF# o It it SR A e T
(NanoDrop®ND-1000) 5341 1 51 4= ¥y DNA Y ik
FERNELFE (OD g0/ OD1go M1OD160/ ODs3)

AN TR 5l TR 2 EEPCREB ¥ 51 an e 1 iy
MNo EHPCRIFECK & A A4 i amo AL K]

M FEREHATHI A o RS 519070 009 g H Y AL
, AR TERE SO S, RS H bR R Y S RETE
LBE IR P s, AR & 52 sk 2iifb
FEME Fowi R B, MR8 R B0 A B ARER N 1Y
PEVLEL, JPf BORLESEM RS MRS, LASRIG&
HryRE M iniEM 2. SRt E mPCRT
CFX96 Real-Time PCR System (Bio-Rad /A Al) 2 5¢
Bo & EPCRY MG MR FR 20 uL, F45: 10 uL
fISYBR Premix EX Tag TM (4 THECRE)VH
FRAF), . FHE5I14(10 pmol/pL)£50.5 uL,
1.0 nL 3 B DNARHR, 8 pnLKBEAFEK . R
KWK AEDNAYE Ry S it , B8 IR
W&, R 1F R 94 °C 5 min; 35% (94 °C 45 s;
55°C 45 s; 72 °C 1 min); 72 °C 10 min,

*1. PCRY 5|4
Table 1. Primers used in the study

Primers Primer sequence(5'—3’) Target gene Molecular analysis Reference
Areh-amoAR GCGGCCATCCATCTGTATGT  archacal amod gene  Real time PCR (7]
AmoA 2R CCCCICGGGARG CTTCTTC  bacterialamod gene  RETERCEER poge 18]
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Table 2. Physiochemical characteristics of the soils

Sampling  Geographical Flooding-

site coordinate drying times Altitude/m pH OM/(g/kg) TN/(g/kg) TP/(g/kg) TK/(gkg) AN/(mgkg)
Wanzhou 108°24'59.39"(E) 8 156 8.1+0.1 21.8+4.3 0.9+0.0 0.9+0.0 20.6+0.5 75.3+7.1
30°42'45.27"(N)
5 163 6.9+0.6  23.5+0.4 1.0+0.1 0.5+0.1 12.9+1.1 87.6+1.0
0 180 7.0+0.4  8.0£0.0 0.5+0.1 0.3+0.0 10.5+0.1 45.94+0.0
Fengdu 107°45'15.27"(E) 8 151 8.1+0.1  15.6+2.8 0.8+0.1 0.9+0.0 18.6+0.9 58.2+7.7
29°54'14.90"(N)
5 164 7.7£0.2  14.0£2.0 0.6+0.1 0.8+0.1 19.1£0.7 55.94+4.4
0 180 8.0+0.1 11.4+1.9 0.8+0.1 0.8+0.1 18.8+£0.3 58.8+5.1
Changshou 107°04'57.76"(E) 8 161 8.2+0.0 13.9+1.7 0.7+0.0 1.0£0.0 17.5+£0.4 63.5£3.1
29°47'56.51"(N)
5 170 8.3+0.1 8.0£1.9 0.5+0.0 0.7+0.0 16.9+0.5 30.0+£7.7
0 180 6.7£0.7  8.3%0.9 0.6+0.1 0.6+0.0 18.0+0.6 61.2+6.7
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Figure 2. Changes of NO; -N, NH,'-N and pH in soil of different flooding-drying times along with incubation time.
The designation 8 y indicates that the sample has experienced flooding-drying for 8 times. Error bars represent the

standard deviation of the nine samples examined.
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Figure 3. Changes of amoA gene copy number of ammonia-oxidizing archaea and bacteria in soil of different
flooding-drying times along with incubation time. Error bars represent the standard deviations of triplicate samples

examined.
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Figure 4. DGGE fingerprints of ammonia-oxidizing archaea (AOA) and bacteira (AOB) in nitrifying soils
representative of the hydro-fluctuation belt of the Three Gorges Reservoir.
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Figure 5. Cluster analysis of DGGE banding patterns of AOA (A) and AOB (B).
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Figure 6. Phylogenetic tree of AOA in soil samples representative of the hydro-fluctuation belt of the Three Gorges
Reservoir. Sequences from this study are shown in bold. Achaea amoA genes of different samples were classified into
distinct OTUs with 85% sequence similarity, and one representative sequence within the OTU was selected for
phylogenetic analysis. The designation ‘clone CS-0-8-OTUS’ indicates the samples in OTUS are from Changshou at
incubation 0 day with 8 times flooding-drying. The scale bar indicates 5 changes per 100 nucleotide acid positions.
Bootstrap values higher than 50% are indicated at branch points.
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Figure 7. Phylogenetic tree of AOB in soil samples representative of the hydro-fluctuation belt of the Three Gorges
Reservoir. Sequences from this study are shown in bold. Bacteria amoA genes of different samples were classified into

distinct OTUs with 85% sequence similarity, and one representative sequence within the OTU was selected for
phylogenetic analysis. The designation ‘clone WZ-13-5-OTU3’ indicates the samples in OTU3 are from Wanzhou at
incubation 13 day with 5 times flooding-drying. The scale bar indicates 5 changes per 100 nucleotide acid positions.
Bootstrap values higher than 50% are indicated at branch points.
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3. SBREXEE T amoAEFE 2 [E S LR
Table 3. Clone library summary of amoA gene in the hydro-fluctuation belt soils of the Three Gorges Reservoir

Shannon

Sample nggégone OTU g&?ﬁf or The closest relatives NCBI accession number index (H")
Wanzhou-0-5 51 OTU1 11 Archaeon clone AOA-N5-10 (KM116912.1) 0.337
OTU2 36 Archaeon clone A549 (KM460255.1)
OTU3 4 Archaeon clone AOA-N5-15 (KM116917.1)
Fengdu-0-5 60 OTU1 2 Thaumarchaeote clone P01-10-A8 (KM595505.1) 0.954
OTU2 10 Archaeon clone A426 (KM460660.1)
OTU3 3 Archaeon clone AB7-12 (JQ750591.1)
OTU4 2 Archaeon clone W2A24 (KJ859250.1)
OTUS5 7 Crenarchaeote clone NF-J-Seq7 (JQ698547.1)
OTU6 12 Archaeon clone A-CS-9 (KJ864239.1)
OTU7 10 Archaeon clone A-HB-3 (KJ863987.1)
OTU8 5 Archaeon clone A411 (KM460645.1)
OTU9 4 Crenarchaeote clone S-65 (HM346001.1)
OTU10 3 Archaeon clone A411 (KM460645.1)
OTU11 2 Crenarchaeote clone H4-G-27 (JF430506.1)
Changshou-0-8 51 OTU1 27 Crenarchaeote clone Arc-Jul-S4 (FJ951733.1) 0.613
OTU2 3 Crenarchaeote clone GJ-37 (KP730423.1)
OTU3 8 Crenarchaeote clone AW-L-26 (JQ345861.1)
OTU4 6 Crenarchaeote clone PF-46 (HM346176.1)
OTUS 3 Archaeon clone A3-20121225-03 (KC756667.1)
OTU6 4 Crenarchaeote clone DZ4-56 (JF748259.1)
Fengdu-0-5 45 OTU1 3 Ammonia-oxidizing bacterium clone QY-A15 0.616
(EF207192.1)
OTU2 3 Bacterium clone BI16 (KM404670.1)
OTU3 8 Bacterium clone AU13 (KF618954.1)
OTU4 23 Bacterium clone AOB-D6-2 (KP197576.1)
OTUS 6 Bacterium clone B213 (KM460690.1)
OTU6 2 Bacterium clone AL8 (KF618897.1)
Wanzhou-13-5 42 OTU1 29 Bacterium clone AOB-S4-33 (KM250888.1) 0.411
OTU2 6 Bacterium clone AOB-T140 (HQ896133.1)
OTU3 4 Bacterium clone AOB-S4-29 (KM250884.1)
OTU4 3 Bacterium clone AOB-D6-6 (KP197580.1)
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actamicro@im.ac.cn



AL | UEYIZER, 2016, 56(6)

995

A E MW Group 1.1b7ERE b R, HEIRIE
R T /DR RE A B Group 1.1a, %
A = e 2 DX AR 7 23 A B 3O A AL Bl A= W 2
AR AR A T W A

AL e R R R AL R B B A, X
HERET AR E ZREERE, W5
WrtfipH, JRYIREE . AHLB. Ko, iR
A DT AR AR T LR R AR
MEZE R EABEY R, P Tl o
AN YR BE P, SRR A AR 55
JE o AT RAPEL N 5Bl ez i | IR il
MEAbER ., LSRR B mpn | SRR
AL, SRR RO . VR AR A
S il TR 2P A A T AR
S 3t 7 A SR MR 2 0 1 5 A, i S A A e
DN g pH b R R 4R 52 Ml L v R 4% T T AR
FAPY . =g e XA B[] JE S P /K 0% T3
IR T A, KA SR I B o 4
Ky AR EpHAA LR = AR . K
WP W] R S ) H SR R AL . Wy B A
AR S A Y SRS TR
T - K S R IR IR R P XS KR B S A AL
M, R TR B TR R 2 1 B L BR
R Tk s, Rk e
T2 SAA AR TE Y, B RO IR TR
FALE R SR, E TR, R
Pl Al e 5 2= R FAb TAF0IRES, AR
VEN T2 AOF 2% T 2 2 LR U Y R AR
SRR, WK T RHOTREA, AN L
R A A AR T A T B (B
KRET, =P AR AR K=
Y HOGEA T, FEEEPRALRENY T
WA, MRE AR SR AR R
THEPR A RENTE, (HEA MR HRER Y R
S 23 1S A A AL A A S A 1 5
£, g LR R AT R R R Bk

PR R R AL BR AU PR 1 S B R
G AR A . BRI, AWERE .
A, SR AR, MY L IERA R
TEIME—E I, T RGP [R] I I FEAS [A] A
REALE R, fa o A B AT 58 A AN R 9 A TS R
TERR AT FEBIVER], Rl Xt JT S 1 s 7K -
V8% T I Y 3 R, ANEA A AR AR R
BRES, WRMAEY SRS —,
KEA Y E A AR FIESL Y AR Y o, T3
IR AE AR F A = R T S e X
FERZ S ARV O B U I 1 G =7 i O )=
AR AR AL, A B IR — 4R By JE 400 R
H, VK- T BRI AR AR — i R
PRl 0 435 17 e R AL T AN T AE Y RS
IR EBAR, EEYAET . BRI
Jo, FETZRUE Y ORI E M A . A% ARk 1
R 28 ARG IR IR, TENOK R A ok A
e, REFOAT HEREM D, 2 A A AN
MR A A Bk, (BREVR 458 IR & AR B ik
S BRI, KT K - ) RT s 1 e
WUEWREE S, Fln, RATHPFR R, HI1E
FRA AT Group 1. 1b2VLVY T H LT P B 1 35
A, (BEAKERESORES, R AN
Group 1.1a-associated R PLEFIHE, FIHK A
FRA /K -v% TR0 A8 B B AL U E v A
AT EEED . AR EINEES TP
Al - 9 S Al AR A 2 A A T T
Group 1.1a-associated | 3= 7 T fa Pk - e A kit
FEP2N S ER g v 4 R A T
Group 1. 16U LR T2 SALAIE, S Rk
3000657 AT BRI, WK hik
fEH g, Group 1.1bi R7EZ AL fE b &
THEE/EN, W R R KRB EAE T,
TR 2 2 T RE A B b L A I T K B TR
Pt R E— A 4 RO B K R 1
B, R AR A B RS T B R

http://journals.im.ac.cn/actamicrocn



996

Jia Guo et al. | Acta Microbiologica Sinica, 2016, 56(6)

S AN B AN ol TR AR SR ) A R T, AT B
& R AL A W 3 B A3 SRR (1) S B R BE IR
gh P I, ABFIE R R B e
P Group 1. 1bMA T REIE N 18 M7k -7% T 19
e, IFEAA R R T EEEH, F
B, AT Y5 138 A i J2 I AE AL B2 R R AT Cluster
ORI G R HGE, ol HIHEAR
Pk E R,

WK SR AP R, SR
WO, iEpHTHE, AR A LR
AR R 2 5 2 E AT TN A iR A
K, W T H8EA HUTUR ] REAE R bRk
e HEROAEE, M AL SRR L 1 — 25 AR
A WS AR IS A A (B K -VE T R
XoF A R s AL NS RE L i, ACHE
FE 3 M K VK T 8k M i AL /8 B &
SR, EFEAE MK E B R, 8k
-8 1 AT B A AT 3 BV K o SRR A IR
Wi, BRI, BAk, BRAMRE I A H
HA KA EYE, 0 e Re 5 BT 5 R ) S
Bk, i, REKFHEEE T, KI5 T8I
1) 1 EAOA 5 AOBEUE = TS5y T3, 5 1-4%
RS ACAE A — 2 (BTN 5 FEE N IE
i, WEIK-TE T8I L HEAOA 5 AOBF LT
SUR I 1338 H /K -7 T8I L s (L VR FH AN
THEAK-TET 5K Mok, REDGGEFRELSEEER
K- T30 T R AR R A (B14),, (B
HEARAR AL R T S S A TR RN 20 B P AR R AR
HIFA—F(EI3), TR AR b e I 3] /D
RO AR A AL B Group 1.1a, X SRR I B Y
KR SDIREAIATERE . FRATHE, A Ik -
7 TR R S B0 K - 7% T 8 KR S Tk i v
DURRB A, B, FrREM LIRS IR 2
W = IR E KR R, SR, R REAEE—
JE 1) 1 SR O S B A A A e PR, &
PRBE3ANANEIR T M . E# A ) i B AL TS 75

actamicro@im.ac.cn

WHS S TRMNEE, WoKk-E TR Z, +-
A MU S, i AN T R, R
SR TR A E B MK, R T
T E T . RSRCR AR E PR R R R
PERSAR IR A MR DNA/RNAFE A, I BEAS 15454
7 A K -T5 T B T R A U R Y
SRR, A = A XK AN Y5 T RS A1 ]
G LR 2K

2% W

[1] SuWC, Zhao CY, Yang H. Evaluation on natural conditions of
water-level-fluctuating zone (WLFZ) in Three Gorges
Reservoir-taking Chonggqing section of three gorges reservoir as
a case. Scientia Geographica Sinica, 2009, 29(2): 268-272. (in
Chinese)

YT, RAAE B, Ml =R PR DIV X H SR SR A ST R
PR —— LA RE X ], PR, 2009, 29(2):
268-272.

[2] Cheng H, Wu SJ, Wang XX, Jiang Y, Chen CD, Wang Y, Lyu
MQ. Research progress on the effects of the Three Gorges
Reservoir on the ecological environment. Chinese Journal of
Eco-Agriculture, 2015, 23(2): 127-140. (in Chinese)

TN, SRMEZE, F/NE, R, RS, £/, BB =X
A IO DT . A RO 24, 2015, 23(2):
127-140.

[3] Guo QS, Kang Y, Zhao YJ, Hong M, Kong QQ, Nie BH.
Changes in the contents of N, P, K, pH and organic matter of
the soil which experienced the hydro-fluctuation in the Three
Gorges Reservoir. Scientia Silvae Sinicae, 2012, 48(3): 7-10.
(in Chinese)

FRIRK, RS, LR, BE, FLAEME, A, =R XN
i EIEARA . pHIE A MLk, MolkBl2, 2012, 48(3):
7-10.

[4] Teng MJ, Zeng LX, Xiao WF, Zhou ZX, Huang ZL, Wang PC,
Dian YY. Research progress on remote sensing of ecological
and environmental changes in the Three Gorges Reservoir area,
China. Chinese Journal of Applied Ecology, 2014, 25(12):
3683-3693. (in Chinese)

TR, WS, W SOk, SRR, SRR, EMSFE, MR . K
VL =00 2 DX AR A PR B A L T AT S . AR S AR,



AL | UEYIZER, 2016, 56(6)

997

[5]

[6]

(71

[8]

(91

[10]

(1]

[12]

[13]

[14]

2014, 25(12): 3683-3693.

Zhou YJ, Qiu JX, Wang J, Wang XK, Wu QB. Assessment of
eco-environmental vulnerability of water-level fluctuation belt
in Three Gorges Reservoir area. Acta Ecologica Sinica, 2010,
30(24): 6726—6733. (in Chinese)

JEER, U, 168, ERORE, RPHR. =W A2
IREENE S5 PR, A A2k, 2010, 30(24): 6726-6733.

Fan J, Hao M, Malhi SS. Accumulation of nitrate N in the soil
profile and its implications for the environment under dryland
agriculture in northern China: a review. Canadian Journal of
Soil Science, 2010, 90(3): 429-440.

Li F, Zhang WL, Liu J, Xia HJ, Wang JZ. Soil microbial
activities in the water-level-fluctuating zone of Three Gorges
Reservoir area during discharging period. Chinese Journal of
Ecology, 2013, 32(4): 968-974. (in Chinese)

R, SRICHE, X448, Baln, £ =k Btk 0 &l
A g . AR AEARAR, 2013, 32(4): 968-974.

XA, ZRUESC, IR, BRER, R AR, T, B4, X
TE2E. =P DT P 3 WA R K I () 2k
P T IRAO R, 2013, 41(6): 318-321.

Kowalchuk GA, Stienstra AW, Heilig GHJ, Stephen JR,
Woldendorp JW. Molecular analysis of ammonia-oxidising
bacteria in soil of successional grasslands of the Drentsche A
(The Netherlands). FEMS Microbiology Ecology, 2000, 31(3):
207-215.

Hatzenpichler R. Diversity, physiology, and niche
differentiation of ammonia-oxidizing archaea. Applied and
Environmental Microbiology, 2012, 78(21): 7501-7510.
Koops HP, Pommerening-Rdéser A. Distribution and
ecophysiology of the nitrifying bacteria emphasizing cultured
species. FEMS Microbiology Ecology, 2001, 37(1): 1-9.
Monteiro M, Séneca J, Magalhdes C. The history of aerobic
ammonia oxidizers: from the first discoveries to today. Journal
of Microbiology, 2014, 52(7): 537-547.

Erguder TH, Boon N, Wittebolle L, Marzorati M, Verstracte W.
Environmental factors shaping the ecological niches of
ammonia-oxidizing archaea. FEMS Microbiology Reviews,
2009, 33(5): 855-869.

Ouyang Y, Li XY. Impacts of drying-wetting cycles on CO,
and N,O emissions from soils in different ecosystems. Acta
Ecologica Sinica, 2013, 33(4): 1251-1259. (in Chinese)
BRFH, 22405 . TSR A XA [ 1 ECO, FIN, OB T )

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

SN, A 2SR, 2013, 33(4): 1251-1259.

Liu RX, He JZ, Zhang LM. Response of
nitrification/denitrification and their associated microbes to soil
moisture change in paddy soil. Environmental Science, 2014,
35(11): 4275-4283. (in Chinese)

XIAE, BRAIE, TRaNAE. FF IR E K 5 T ik s
TS A T B LT RE A 9 i PR AR AR . PR, 2014,
35(11): 4275-4283.

Liu YL, Zhang B, Hu F, Qiao J, Zhang WJ. Carbon and
nitrogen mineralization of paddy soils as affected by wetting
and drying. Soils, 2008, 40(4): 554-560. (in Chinese)

XU, SR, B, TRh, kT, HRAS KRS LAk A
FRAFEE. 14, 2008, 40(4): 554-560.

Francis CA, Roberts KJ, Beman JM, Santoro AE, Oakley BB.
Ubiquity and diversity of ammonia-oxidizing archaea in water
columns and sediments of the ocean. Proceedings of the
National Academy of Sciences of the United States of America,
2005, 102(41): 14683-14688.

Kemnitz D, Kolb S, Conrad R. High abundance of
Crenarchaeota in a temperate acidic forest soil. FEMS
Microbiology Ecology, 2007, 60(3): 442—448.

Tourna M, Freitag TE, Nicol GW, Prosser JI. Growth, activity
and temperature responses of ammonia-oxidizing archaea and
bacteria in soil microcosms. Environmental Microbiology,
2008, 10(5): 1357-1364.

Chen XP, Zhu YG, Xia Y, Shen JP, He JZ. Ammonia-oxidizing
archaea: important players in paddy rhizosphere soil?.
Environmental Microbiology, 2008, 10(8): 1978—1987.

Xia WW, Jia ZJ. Comparative analysis of soil microbial
communities by pyrosequencing and DGGE. Acta
Microbiologica Sinica, 2014, 54(12): 1489-1499. (in Chinese)
S, SRR =38 &7 AIDGGE S AT 13U E MRt I8
FIHARPEA. ZEP2E 4, 2014, 54(12): 1489-1499.

He JZ, Zhang LM. Advances in ammonia-oxidizing
microorganisms and global nitrogen cycle. Acta Ecologica
Sinica, 2009, 29(1): 406-415.

AL IE, SRIH. AR A S S AR R SR, AR
244, 2009, 29(1): 406-415.

Prosser JI, Nicol GW. Archaeal and bacterial ammonia-
oxidisers in soil: the quest for niche specialisation and
differentiation. Trends in Microbiology, 2012, 20(11): 523-531.

Zhang Y, Yan BX. Research on influence of ditch sediments

http://journals.im.ac.cn/actamicrocn



998

Jia Guo et al. | Acta Microbiologica Sinica, 2016, 56(6)

[25]

[26]

[27]

[28]

[29]

[30]

purifying nitrogen from water under drying and wetting
conditions. Journal of Soil and Water Conservation, 2011,
25(3): 113-116. (in Chinese)

KA, 1 E 2% TRRAE XA R A K A R 52 R
5T K A543, 2011, 25(3): 113-116.

Zhang W, Zhang XD, He HB, Xie HT, Bai Z. Research
advances in soil nitrogen transformation as related to
drying/wetting cycles. Chinese Journal of Ecology, 2010,
29(4): 783-789. (in Chinese)

TR, AR, L, MR, . TR &M T LR
R R MRt B, A, 2010, 29(4):
783-789.

Pamplona FC, Paes ET, Nepomuceno A. Nutrient fluctuations
in the Quatipuru river: a macrotidal estuarine mangrove system
in the Brazilian Amazonian basin. Estuarine, Coastal and Shelf
Science, 2013, 133: 273-284.

Lennon JT, Jones SE. Microbial seed banks: the ecological and
evolutionary implications of dormancy. Nature Reviews
Microbiology, 2011, 9(2): 119-130.

Placella SA, Brodie EL, Firestone MK. Rainfall-induced carbon
dioxide pulses result from sequential resuscitation of
phylogenetically clustered microbial groups. Proceedings of the
National Academy of Sciences of the United States of America,
2012, 109(27): 10931-10936.

Zhou X, Huang R, Song G, Pan XZ, Jia ZJ. Restoration of
microbial ammonia oxidizers in air-dried forest soils upon
wetting. Acta Microbiologica Sinica, 2014, 54(11): 1311-1322.
(in Chinese)

JHIE, R, R, R R, SR KT R AR
BIVK S . T E )24, 2014, 54(11): 1311-1322.

Alam MS, Ren GD, Lu L, Zheng Y, Peng XH, Jia ZJ.
Conversion of upland to paddy field specifically alters the

community structure of archaeal ammonia oxidizers in an acid

actamicro@im.ac.cn

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

soil. Biogeosciences, 2013, 10(8): 5739-5753.

Xia WW, Zhang CX, Zeng XW, Feng YZ, Weng JH, Lin XG,
Zhu JG, Xiong ZQ, Xu J, Cai ZC, Jia ZJ. Autotrophic growth
of nitrifying community in an agricultural soil. International
Society for Microbial Ecology, 2011, 5(7): 1226-1236.
Lehtovirta-Morley LE, Stoecker K, Vilcinskas A, Prosser JI,
Nicol GW. Cultivation of an obligate acidophilic ammonia
oxidizer from a nitrifying acid soil. Proceedings of the National
Academy of Sciences of the United States of America, 2011,
108(38): 15892-15897.

Lu L, Jia ZJ. Urease gene-containing Archaea dominate
autotrophic ammonia oxidation in two acid soils.
Environmental Microbiology, 2013, 15(6): 1795-1809.

Zhang LM, Hu HW, Shen JP, He JZ. Ammonia-oxidizing
archaea have more important role than ammonia-oxidizing
bacteria in ammonia oxidation of strongly acidic soils.
International Society for Microbial Ecology, 2012, 6(5):
1032-1045.

Jia ZJ, Conrad R. Bacteria rather than Archaea dominate
microbial ammonia oxidation in an agricultural soil.
Environmental Microbiology, 2009, 11(7): 1658—1671.
Leininger S, Urich T, Schloter M, Schwark L, Qi J, Nicol GW,
Prosser JI, Schuster SC, Schleper C. Archaea predominate
among ammonia-oxidizing prokaryotes in soils. Nature, 2006,
442(7104): 806-809.

Zhao J, Wang BZ, Jia ZJ. Phylogenetically distinct phylotypes
modulate nitrification in a paddy soil. Applied and
Environmental Microbiology, 2015, 81(9): 3218-3227.

Wang BZ, Zhao J, Guo ZY, Ma J, Xu H, Jia ZJ. Differential
contributions of ammonia oxidizers and nitrite oxidizers to
nitrification in four paddy soils. The ISME Journal, 2015, 9(5):
1062-1075.



AL | A 2ER, 2016, 56(6) 999

Impact of periodical flooding-drying on nitrification and
ammonia oxidizers in hydro-fluctuation belt of the Three Gorges
Reservoir

. 1 .. . 1% 2 1 . .2
Jia Guo, Xianjun Jiang , Xue Zhou’, Yao Meng , Zhongjun Jia
" College of Resources and Environment, Southwest University, Chongging 400715, China

* State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, Jiangsu Province, China

Abstract: [Objective] This study was aimed to elucidate the effect of periodic flooding-drying to ecological processes
of ammonia oxidizers in the hydro-fluctuation belt of the Three Gorges Reservoir. [Methods] Soil samples were
collected at thee altitudes in regions of Wanzhou, Fengdu and Changshou, representing 8, 5 and 0 times flooding-
drying management, respectively. Soil physiochemical properties were analyzed and microcosms were constructed to
monitor nitrification activity by fertilizing soils with ammonium substrate. Real-time PCR was used to quantify the
population size of ammonia-oxidizing archaea (AOA) and bacteria (AOB). DGGE fingerprints and clone libraries
were conducted to study the shift of AOA and AOB compositions in nitrifying soils. [Results] Among the
physiochemical characteristics of the soils, soil organic matter and total phosphates increased along with cycle
increasing. After incubation for 13 days, the net nitrification rates of the samples with 8 cycles exceeded those with 5
cycles. The quantities of both AOA and AOB have increased during the incubation. Phylogenetic analysis showed that
AOA were placed within the soil group 1.1b and soil group 1.1a, while bacterial ammonia oxidizers were closely
related to Nitrosospira and Cluster 0. [Conclusion] Periodical flooding-drying increased soil organic matter, enhanced

soil nitrification activity and likely played important roles in shaping community structures of soil ammonia oxidizers.

Keywords: Three Gorges Reservoir, periodic flooding-drying, nitrification, ammonia-oxidizing archaea, ammonia-
oxidizing bacteria
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