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Fig. 1 Variation of soil NO;-N and NH,-N contents with time
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Fig. 2 Variation of number of amoA gene copies in ammonia oxidizing bacteria (AOB) and archaca ( AOA )

23 THESENLAE (AOB) MEELEE
(AOA) amoAThEeEH ARGtk

AOBMIAOAamoAYIREIL IR R 58 % & W an & 3
FE 4R o X amo AT g FE K 17 A0 R 537
HWE>97 %M FTOTU S . K6 +
AOB amoAXNFEILIRAEO dFI28 diy il 25 4 43 #r 4
AR BT F8NOTU, RELE ik, CK.
(NH,),SO,. NH,CIHICO(NH,),Z ¥~ AOB amoA
R RN ZEREY JE FCluster 3 o T KFLOTU 1
B & 4 o e ik, HCK. (NH,),SO,. NH,CI

FICO(NH,) 2 iy e 50 £ 5 b 0 disF i 14% .
16% . 15%F9%7%5 }28 difiY28% . 79% . 72%
F76% , FFAIVECEEEI, HY5Nitrosospira sp.
Nsp2 (AJ298719) AHUIMELKLFR, MOTU
2 fiCK. (NH,),SO,. NH,CIfICO(NH,), &3
M B h PR IR B R, il i kS
Nitrosolobus multiformis ( X90822 ) A %V 35 %
KR ARAHEEG L AOA amoATIFEIEN A0 d
28 ARy 45 R o B or i #91~0TU, KRG
Mr&#, CK. (NH,),SO,. NH,CIFICO(NH,), kb3

http: //pedologica. issas. ac. cn



2 4

RAEHERE o AT RIS S A T R AR A 0 %o AN ) S 4 i i

483

TNAOA amoATIHeFL K HEGroup 1.1b5 FE, Ui
A K+ P AOAamo AT RERE NS T8

Nitrosospira sp.Nsp2 (AJ298719)
99 OTUI (C 14%-S 16%-L 15%-U 9%)
99 I'Uncultured clone (KX181623.1) —

100 | OTU2 (C 58%-S 64%-L 63%-U 68%) =
Uncultured clone (KJ908131.1)
OTUS (C 6%-S 4%-L 4%-U 5%)
Uncultured clone (KP903052.1)
OTU3 (C 6%-S 4%-L 8%-U 6%)
100 'Uncultured clone (KX467547.1)
Nitrosolobus multiformis (X90822)
OTU6 (U 0.7%)
100 !'Uncultured clone (KU365732.1)
99 [ OTU4 (C 10%-S 6%-L 4%-U 6%)
Uncultured clone (KJ438488.1)
OTU7 (C 5%-S 5%-L 6%-U 4%)
99 & Uncultured clone (KF618946.1)
Nitrosospira briensis (U76553)
Nitrosospira sp Nsp 12 (AY123823),
Nitrosospira sp.CT2F (AY189143)
Nitrosospira sp.(X90821)

42

73

59

Nitrosomonas europaea (AF058692)

1 % ] Duration of incubation (0 d)

Cluster 3

i
0.05

T Group 1.1b .

OTU4 (C 2%-S 0.7%-L 0.7%-U 1%) |100
Uncultured clone (KF619094.1)
OTUS (L 0.3%)
Uncultured clone (KY130192.1)
OTUG (C 0.03%)
Uncultured clone (HQ678227.1)
Nitrosospira briensis (U76553)
Nitrosospira sp.Nsp 12 (AY123823)
Nitrosospira sp.CT2F (AY189143)
Nitrosospira sp. (X90821)
OTU7 (U 0.4%) 99
Nitrosospira sp. N120 (AJ298703.1)

OTU3 (C 5%-S 0.3%-L 0.3%-U 1%) (100

Uncultured clone (KU937531.1)

Nitrosospira multiformis (X90822)

100

26

OTU2 (C 57%-S 18%-L 24%-U 19%) | 99
Uncultured clone (X160353.1)

OTU1 (C 6%-S 0.8%-L 0.9%-U 0.4%)
Uncultured clone (KP197476.1)

Nitrosospira sp.Nsp2 (AJ298719)
OTU1 (C 28%-S 79%-L 72%-U 76%) 99
L Uncultured clone (KU315666.1) 1100

71

Nitrosomonas europaea (AF058692)

1% ] Duration of incubation (28 d)

": C. S. L. Umil#/~RCK., (NH,),S0,. NH,CIFICO(NH,),MFf4bHE, F[HNote: C, S, L and U stands for Treatment CK .
(NH,),SO,. NH,CIFICO(NH,),, respectively. The same below

100

K3 AKPEEGEAOB am

oA REIEIN RGL L T

Fig. 3 Phylogenetic tree of AOB amoA functional genes in the calcareous purple soil
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Fig. 4 Phylogenetic tree of AOA amoA functional genes in the calcareous purple soil
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Fig. 5 Percentages of AOB and NOB in total number of microorganisms at the genus level
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Response of Nitrification and Nitrifiers to Different Nitrogen Sources in an
Alkaline Purple Soil

ZHAO Weiye' WANG Zhihui' CAO Yangiang' LIU Tianlin' Zhu Bo’
JIANG Xianjun'’

(1 College of Resources and Environment, Southwest University, Chongqing 400715, China )

LUO Hongyan'

(2 Chengdu Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China )

Abstract [ Objective ] Nitrification in soil is a highly sensitive process to pH. Responses of
nitrification rates and the community structures of nitrifying microorganisms to different N sources in an
alkaline purple soil were studied to elucidate the microbiological mechanisms for nitrification. [ Method ]

Three different N sources and the blank control were used in the 4-week incubation study. Net nitrification
rate was calculated by the differences of nitrate concentrations at day 0 and 28. The amoA gene abundances
for ammonia oxidizing bacteria (AOB) and ammonia oxidizing archaea (AOA) were measured by
quantitative PCR before and after the incubation.The relative abundance of nitrite oxidizing bacteria (NOB)
was analyzed by binning the sequences of the 16S rRNA gene and the amoA gene into operational taxonomic
unit (OTUs) at 97% similarity level.The changes of community structures forAOA, AOB and NOB were
studied by high-throughput sequencing method before and after the incubation. [ Result ] In the 4-week
incubation study,compared with blank control (CK), soil nitrification rate was stimulated by application of
all three kind of nitrogen sources: ((NH,),SO, NH,CI and CO(NH,),). The net nitrification rate for blank
control (CK) was N 0.86 mg N kg ~' d . The highest net nitrification rate was observed for CO(NH,),
treatment (N3.88 mg kg ~' d ~'), which was more than 4-times higher than CK. The addition of NH,CI
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and (NH,),SO,, showed similar stimulation on nitrification to CO(NH,),application. The net nitrification
for NH,CI and (NH,),SO, were N 3.34 and 3.88 mg kg ' d ', respectively. But, NH,CI also reduced the
accumulation of nitrate and inhibited the reduction of ammonium when compared with (NH,),SO, and
CO(NH,),. Along with the accumulation of nitrate, the copies of amoA gene in ammonia oxidizing bacteria
(AOB) increased significantly during the first two weeks of incubation (p<0.05). The copy numbers of
bacterial amoA genes increased from 0.88 x 10'g™" soil and 0.85 x 10’g™" soil at day-0 t03.38 X 10’g"' soil and
3.55% 10"g"" soilat the day 14 of the incubation, then decreased to 1.46 x 10’g™" soil and 1.69 x 10’g™" soil at
the day-28, for (NH,),SO, and CO(NH,), treatments respectively.The copy numbers of bacterial amoA genes
were significantly lower in NH,CI treatment than (NH,),SO, and CO(NH,), addition at the day 14 (p<0.05).
On the other hand, the copies of amod for AOA did not change significantly during incubation (p>0.05).
Results indicated that nitrification in alkaline purple soil was mainly driven by AOB, but not AOA.
Pyrosequencing of the 16S rRNA genes was performed at the whole microbial community level for different
treatments and control before and after incubation. Approximately more than 30 000 high-quality 16S rRNA
reads were obtained, and targeted reads from putative AOA, AOB and NOB sequences were selected for
subsequent analysis. The high-throughput sequencing results further showed that the dominant nitrifying
microorganisms were mainly related toNitrospira, Nitrososmonas and Nitrosospira in the alkaline purple
soil. The dominant AOBwere classified into Nitrosospira Cluster 3, and the dominant AOA were affiliated
with Group 1.1b. Furthermore, the relative abundance of NOBwas much higher than that of AOB and AOA,
which may imply the presence of Comammox in the studied alkaline purple soil. [ Conclusion ] Results
showed that the nitrification in alkaline purple soil was stimulated by the addition of(NH,),SO,NH,CI and
CO(NH,),. ButNH,CI also showed a inhibition effect on nitrification when compared with (NH,),SO, and
CO(NH,), application. The nitrification process in alkaline purple soil was mainly driven by AOB, but
not AOA. The evidences from the high-throughput sequencing results further indicated that the dominant
population of ammonia oxidizing bacteria was classified into Nitrosospira Cluster 3 in the alkaline purple
soil, and AOA was mainly the Group 1.1b. For NOB, Nitrospira was the dominatedspecies.

Key words Soil nitrogen cycle; Ammonia-oxidizing bacteria (AOB); Ammonia-oxidizing archaea
(AOA); Nitrite-oxidizing bacteria (NOB); Comammox
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