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Abstract Sml microeosm incubation, molecular ecology technlques including denaturing gradient gel electrophoresis and Illumina
MiSeq h“i:gh-throughput sequencing, and bioinformatics analysis were carried out to investigate the effect of long-term fertilization with
chemical fertilizers (NPK) and organic manure (OM) on soil nitrification activity and the autotrophic nitrifying communities in acidic
upland soils. No fertilization soil ( CK) was the control. Relationships between soil nitrification activities, autotrophic nitrifying
communities, and soil characteristics were further evaluated. Long-term fertilization significantly increased the soil organic carbon and
inorganic nitrogen contents. Fertilization with organic manure significantly increased soil pH and total nitrogen contents, but decreased
soil C/N. Autotrophic nitrification dominated soil nitrification, and accounted for 73. 60% -85. 32% of total nitrification. Fertilization
significantly increased soil autotrophic nitrification activity and the highest value was observed in the OM soil. During the microcosm
incubation, the absolute abundances of amoA genes and the relative abundances of 16S rRNA genes of ammonia-oxidizing archaea
(AOA) and ammonia-oxidizing bacteria (AOB) in the OM soil significantly increased. The relative abundances of 16S rRNA genes of
the AOA greatly increased in both CK and NPK soils. These results suggested the remarkable activity of AOA in the three soils (the
predominant population was Nitrososphaera, >99.30% ) and implied that AOB was active in the OM soil (the predominant population
was Nitrosospira, >99.99% ). We also found the activity of nitrite-oxidizing bacteria (NOB) in the OM soil, and the predominant
population was Nitrospira ( > 96.69% ). Stepwise regression analysis demonstrated that soil autotrophic nitrification activity was
significantly affected by soil total nitrogen content, whereas the abundances of archaeal and bacterial amoA genes were significantly
affected by soil organic carbon content and soil pH, respectively. We also found significant positive correlation between the relative
abundance of Nitrososphaera and soil nitrate content and a negative correlation between the relative abundance of Nitrosospira and

Nitrospira with soil C/N. Overall, our results showed that long-term fertilization greatly increased soil nitrification activity and altered
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the autotrophic nitrifying communities in acidic upland soils. Soil autotrophic nitrification activity was significantly stimulated by soil

total nitrogen content. The Nitrososphaera group played a critical role in nitrification of acidic upland soils. The increased soil pH and

decreased soil C/N stimulated the growth of Nitrosospira.

Key words : acidic upland soils; fertilization; ammonia oxidizers; Illumina MiSeq sequencing; bioinformatics analysis
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Table 1  Characteristics of the soil in this study
g pH (H,0) pH (KCl) EESS S0¢ W NH/-N NOs N C/N

/% /g kg /g kg /mg-kg ! /mg-kg !
CK 5.03£0.02b 3.88+0.12b  17.9+0.33¢  7.74+0.23¢  0.82+0.0l1b 4.52+0.90b 6.15+1.56b 19.2 £0. 47a
NPK 4.66 £0.13¢  3.79+0.10b  20.1+0.30b 8.70+0.41b  0.94+0.03b 27.8+3.64a 25.5+x3.93a 18.8 £0. 16a
oM 6.40 +0.05a  5.21 £0.44a  22.0+0.28a 12.0+0.49a 1.28 £0.0la  33.0+32.2a  23.9 +0.86a 17.1 £0.32b
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Fig. 2 Soil autotrophic and heterotrophic nitrification rates
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Table 2 Stepwise regression analysis between nitrification activities, abundance of nitrification oxidizers and soil characteristics
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TiF fb R TN (0.945" %) 0.995
H FEf LR TN (0.992* *) 0. 994
SFIR LR NH, -N (0.657 " * ), SOC(0.437 ") 0.956
AOA amoA KR 4o X+ SOC (0.974" ) 0.948
AOB amoA FH 4%} F i pH (0.968* *) 0.937
Nitrososphaera 16S rRNA S AR N B NO; -N (0.899* ") 0. 809
Nitrosospira 16S rRNA 3[R A% 5= Ji C/N ( =0.902**) 0.814
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