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Diversity and composition of ammonia-oxidizing archaeal and bacterial

communities in rhizosphere and bulk soils of winter wheat in crop rotations

HOU Xiqing, YU Taobing, WANG Peixin, ZANG Huadong, ZENG Zhaohai, YANG Yadong "
Key Laboratory of Farming System of Ministry of Agriculture and Rural Affairs, College of Agronomy and Biotechnology, China Agricultural University,
Beijing 100193, China

Abstract; Farmland is one of the most important sources of greenhouse gas emissions, and as global warming becomes more
and more serious, greenhouse gas emissions from farmland are of increasing concern. The vast majority of the land in the
North China Plain is dryland, and the main greenhouse gas emitted from dryland is N,O. It is mainly driven by ammonia
oxidizers. Ammonia oxidizers convert ammonium ( NH; ) in the soil to nitrite (NO, ), which is eventually converted to other
forms of nitrogen, including N,0O. As a result, ammonia oxidizers have received more and more attention from researchers in
recent years. Based on a field localization experiment, we investigated the community composition and diversity of ammonia-
oxidizing archaea ( AOA) and ammonia-oxidizing bacteria ( AOB) of winter wheat in rhizosphere and bulk soils in five crop
rotations; summer adzuki bean-winter wheat, summer mungbean-winter wheat, summer peanut-winter wheat, summer
soybean-winter wheat, and summer maize-winter wheat (as the control group). Results showed that the legume-based

rotations increased soil organic carbon and nitrate contents in rhizosphere soils and increased total nitrogen and ammonium
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contents in bulk soils compared with winter wheat-summer maize, respectively. The legume-based rotations universally
reduced Abundance-based Coverage Estimator ( ACE) and Chaol indexes of AOA communities in bulk soils. They
significantly reduced ACE and Chaol indexes of AOB communities in rhizosphere soils (P<0.05). Moreover, the legume-
based rotations significantly increased the relative abundance of Crenarchaeota and Proteobacteria for AOA and AOB
communities, respectively. Specifically, the relative abundance of OTUS58 ( Crenarchaeota) in the AOA community and the
summer adzuki bean-winter wheat and summer mungbean-winter wheat patterns significantly increased the relative
abundance of OTU76, OTU95, and OTU3 ( Proteobacteria) in the AOB community, respectively ( P<0.05). The AOA
community structures were significantly separated between the legume-based rotations and winter wheat-summer maize in
rhizosphere soils. In contrast, the AOB communities were separated between the legume-based rotations and winter wheat-
summer maize in bulk soils ( P<0.05). Increased soil pH and organic carbon content in rhizosphere soils were important
environmental drivers for the separation of AOA community structures. In contrast, changes in total nitrogen and ammonium
nitrogen content in bulk soils were the main environmental drivers for the separation of AOB community structures. Our
findings indicated that the structure and diversity of AOA and AOB communities were altered by legume-based rotations,
and soil pH and available nitrogen content were the driving factors. Additionally, there was an ecological niche separating
AOA and AOB in rhizosphere and bulk soils.

Key Words; crop rotation; soil; ammonia-oxidizing archaea; ammonia-oxidizing bacteria; community diversity;
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116°36'E) #F47, b IX AT R0 W i 3l P 0, 8 T I Ul oy~ Y 00 R ol P 2 Ui, H RRFE A A B R T o
562 mm , AEHSIR 12.6 °C , AR (=0 °C) M 4826 °C, FEHI A 201 d, AR+ 580 R i + iR 6 T 4
f 0—20 em )2 - HEFERR R0 A HLT 16.09 ¢/kg, &% 1.02 g/kg, HALHE 20.31 mg/kg, HALHT 87.49 mg/
kg, T3 pH {E} 8.0,
1.2 it
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FH A S DOR A MO AR, AR RS 3 RE R, 38 15 A/DX L NX ALY 52 m*(8 m X 6.5 m)
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Table 1 Soil physicochemical properties of rhizosphere and bulk soils of winter wheat in different rotation systems

e ALK £ AR AR BAER ﬁﬁff%\

Treatments Soil organic Total nitrogen/  Available P/ Available K/ NH;-N/ NO3-N/ pH
carbon/ (g/kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

HFR Rhizosphere soil

AW 11.48+0.44a 1.20+0.10a  102.58+12.86a 426.46+9.59b 1.72+0.44a 2.23+0.30b 7.75+£0.08b

MW 11.77£0.12a 1.14£0.04a  100.97+6.97a  509.36+18.70a  1.78+0.63a 3.96+0.55a 7.73+£0.05b

PW 11.92+0.46a 1.16+0.03a 99.39+12.11a  417.73+17.70b  2.41+0.97a 1.78+0.25b 7.67+£0.02b

SW 11.71£0.59a 1.18+0.03a 94.00£21.69a 424.44+17.66b  1.88+0.35a 2.82+0.68ab 7.68+0.02b

CW 9.63+0.45b 1.09£0.01a 93.10£3.45a  386.57+25.74b  1.52+0.69a 0.38+0.05¢ 7.92+0.01a

JERLFR Bulk soil

AW 8.30+0.69a 1.00+£0.02cd 71.65£3.76a  310.46x11.45¢  0.78+0.03a 0.22+0.02a 7.99+0.03a

MW 9.48+1.08a 1.12+0.02ab 70.11£3.77a  376.14+3.13a 0.70+0.07a 0.28+0.05a 7.96+0.05a

PW 8.86+0.30a 1.15+0.04a 64.50+18.89a 347.29+12.53b  0.55+0.02ab 0.22+0.01a 7.98+0.03a

SW 8.45+0.68a 1.07+0.02be 75.72£9.95a  323.41x2.85bc  0.56+0.03ab 0.20+0.01a 8.00+0.04a

CW 8.54+0.89a 0.96+0.00d 81.52+8.99a  337.72+£8.00bc  0.34+0.16b 0.19+0.03a 7.96+0.04a

HRBRA ,

Rhizosphere effect (R) * ko * % * % * k% T * %k * ok

AERE R Rotation (C) ns * ns ok o ns * % % ns

FRBRAAR < E AR

(RXC) ns ns ns ns ns koK *®

B AP R AR R ZE (n=3) . RPRFAARFR L 3erp | RISIARNG PR R e RN 22 53 B3 (P<0.05) ; + P<0.05, == P<0.01,
#xx P<0.001, ns P>0405;AW;§QI/J\E—\R/J\§ Summer adzuki bean-winter Wheal;MW:Eﬁi—Z\/J\f Summer mungbean-winter wheat; PW ;. 16

Hz-&/NFZE Summer peanut-winter wheat ; SW: 2 K G -&/NE Summer soybean-winter wheat ; CW: & T K-& /N Summer corn-winter wheat
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0.05) ; AW Fll CW #5CHY Chaol $5E LA 3 R4 5 11.7%—19.8% i1 8.3%—16.1% (P<0.05) .
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Fig.1 Alpha diversity index of ammonia-oxidizing archaeal (AOA) and bacterial ( AOB) communities in rhizosphere and bulk soils of
winter wheat in different crop rotations
B S T AR R 2 (n=3) s RRVNE FRER R G MERURI 22 52 3 (P<0.05) 5 + P<0.05, #* P<0.01, ###% P<0.001, ns P>0.05;
AW HLL NG AN MW BER L -2 /NAE  PW  BLAEA: -4/ NAZ s SW 2 R TE -2 /NAZ s OW 2 B R-A/NAZ s RARBRAINE ; C: S AR A RxC
HRIRER A AR AOA : AL AT AOB : Z A L AN T

X AOB BEVETT = (B 1), ARFR £, CW B[ Shannon #84 Lb H AT 25 0.1%—5.7% ; CW 101
ACE #8501 AW MW . PW Fi1 SW A2 705151 29.3% 52.6% 16.0%F131.4% ( P<0.05) ; CW 1= f) Chaol T5%%
Lo H Al A5 20 R 23.99%0—48.4% , H AW PW 1 SW #5230 Chaol $840 i3 5 T MW #i20( P<0.05) , JEARFR +
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PW il SW #4371 55 15.8% 8.2% F1 10.0% ( P<0.05) .
2.3 ARRERAERZA /N R PR S AR PR 3 2 A A A P I5 4

X} AOA Fl AOB amoA BEHFHiE4T OTU R4 H1 5 435145 2 58 F1 52 4~ OTUs, MRPrtrh AW MW
PW .SW HI CW =43 4R 45 55 .55 .55.54 1 57 4~ AOA amoA H:PH OTUs LA 39 .42 .43 .38 Fil 47 4~ AOB
amoA FE[H OTUs; JEMRPRr-H AW MW PW SW FI CW £ 55113845 56.50.53 .56 F1 57 1~ AOA amoA LA
OTUs DA} 39 .40 38 .40 F142 4~ AOB amoA 3£ OTUs, HE 2 Fizs , AFEFEERZN AOA BEE R AR 2
i1 OTUS57( Norank_Crenarchaeota) ,OTU58 ( Norank _Crenarchaeota ) #1 OTUS59 ( Norank _Crenarchaeota ) 2 i, , FoAH X
FHE N 56.6% 15.4%F1 4.5% , ARFxLH, PW B AOA #EPE OTUST7 MAHRXTEEE b CW ALK 15.0% (P<
0.05) 1 AW MW PW Al SW #iz0r AOA BE% OTUSS AYAHXT I L CW #2843 70.2% .68.0% . 109.3% Fll
79.9%(P<0.05) , AEMRPREH A AR AOA FETE (D34S B HAR G 2 B S5 AR B = H AL, {4 OTUS8
F1 OTUS ( Norank_Crenarchaeota ) A X 5 B 7EAS RIS VE R I AAAE B 25 25 55, Horh GORBEVERL U AOA BEVE
OTUS8 HI OTUS MAEXT =Bt CW L5351 155 57.4%—90.8% F11 43.4%—134.7% ( P<0.05) ,
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Fig.2 Relative abundance of ammonia-oxidizing archaea ( AOA) community in rhizosphere and bulk soils of winter wheat in different crop
rotations at the OTU level

WA 3 fizn, AOB HEE AU B EBE = Zh OTU143 ( Norank_AOB) .OTU139( Norank_AOB) ,OTU3( Norank
_Nitrosomonadales ) , OTU52 ( Nitrosospira ) . OTU56 ( Norank _Bacteria) , OTU22 ( Norank _AOB) , OTU95 ( Norank _
Nitrosomonadales ) .OTU153 ( Nitrosospira) 1 OTU76 ( Norank_Nitrosomonadales ) 25 i, , FLAH X 32 B 43551 4 13.8% |
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10.3% .8.9% .8.1% .6.5% .6.4% .6.2% .5.8% 1 4.9% , HFx L, AW B0 AOB BEPE OTU76 (AR XT3 B L
MW Fl CW 8535115 193.19% 1 372.1% (P<0.05) ,MW FizH AOB V% OTU9S fAHXS = B Lh SW B 5
124.6% (P<0.05) . MR 1, AW Bt AOB BEVE OTU76 FOAHRT 2132 b SW AT CW B2 9l 192.0% F1
132.6% (P<0.05) , MW =0 H AOB #E7% OTU3 AUAIXT EE H CW B2 161.6% (P<0.05)
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Fig.3 Relative abundance of ammonia-oxidizing bacteria (AOB) community in the rhizosphere and bulk soils of winter wheat in different

crop rotations at the OTU level
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bulk soils of winter wheat in different crop rotations
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