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Abstract: [ Objective ] Nitrification is a critical process of the nitrogen cycle which is driven by ammonia-oxidizing archaea
(AOA) and bacteria (AOB). It has been observed that long-term fertilization affect soil properties and nitrifying microbial
community in paddy soils. However, the effect of long-term fertilization on the community structure of AOA and AOB along the
depth in paddy soils has been given little attention. [ Method ] From a long-term experiment on fertilization management of a
paddy field in Ningxiang, Hunan Province, we selected four treatments; no fertilization (CK), straw organic fertilizer (ST),
organic-inorganic fertilizer (OM), and inorganic fertilizer (NPK), and used real-time fluorescent quantitative PCR and Illumina
MiSeq sequencing technology to analyze the soil properties, and abundance and composition of AOA and AOB in the soil layers
(0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm). [ Result ] ST, OM and NPK treatments increased the contents of soil organic carbon,
total nitrogen, available phosphorus and the nitrification potential in each soil layer, but decreased soil pH. The contents of soil
organic carbon, total nitrogen, alkali hydrolyzable nitrogen, available phosphorus, and the nitrification potential decreased with an
increase in soil depth, while the pH value showed an opposite trend. Importantly, NPK had a more significant effect on soil
acidification (0-20 cm) compared to the other fertilizers. The AOB abundance in the control (no fertilization) treatment was
higher than AOA abundance, with the ratio of AOB/AOA abundance in the range 9.24-29.19. Also, the application of fertilizers
promoted the growth of AOA, with the AOA/AOB abundance ratio in the range 0.77-31.28. Long term application of fertilizers
enriched the proportion of Nitrosocosmicus in AOA population and Nitrosolobus in AOB population. Redundancy analysis
showed that available phosphorus and pH had a significant impact on the composition of AOA and AOB communities, with
interpretive degrees of 31.5% and 46.7%, respectively. This indicated that available phosphorus and pH were the key factors
driving the succession of AOA and AOB community structure. Additionally, the vertical distribution characteristics of AOA and
AOB were affected by different fertilization measures and soil layers. [ Conclusion ] Long term fertilization can acidify paddy soil
and change the main executor of ammonia oxidation in the nitrification process. Variations in carbon, nitrogen, phosphorus and
pH along the paddy soil depth induced the observed changes in AOA and AOB abundance and community composition and then
affected the nitrification ability of soil. This study can serve as a theoretical basis for improving nitrogen use efficiency and
reducing greenhouse gas emission.

Key words: Long-term fertilization; Paddy soil; The vertical distribution; Ammonia-oxidizing archaea; Ammonia-oxidizing bacteria
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Table 1 Characteristics of the soil in this study

Jite JES Ak 3 T2 E FokL
Fertilization treatment Soil depth/cm Clay/ (gkg!)
0~10 65.7
10~ 20 72.7
CK
20~ 30 114.1
30 ~40 117.3
0~10 60.0
10 ~ 20 51.1
ST
20 ~ 30 92.7
30 ~ 40 119.4
oM 0~10 52.8

b Hkr AHLFE Organic
Silt/ (gkg') Sand/ (gkg!) matter/ ( g-kg ')
716.3 218.0 18.32
744.5 182.7 15.78
751.1 134.8 6.48
786.2 96.5 5.42
669.9 270.1 22.04
744.1 204.8 20.07
799.6 107.8 11.90
819.7 60.9 6.08
691.6 255.6 25.46
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N
Jift A A 2 TR EEy b g A AHMLE Organic
Fertilization treatment Soil depth/cm Clay/ (gkg™") Silt/ (g'kg') Sand/ (gkg!) matter/ (g'kg")
10~20 54.4 679.0 266.7 24.89
OM 20~ 30 94.1 756.2 149.7 12.12
30~40 130.5 827.1 42.4 5.89
0~10 64.3 738.0 197.6 17.48
10~20 67.9 760.2 171.9 16.13
NPK
20~ 30 100.2 775.1 124.7 9.40
30~40 129.9 823.0 47.2 6.09

7. CK: JTCEXT AL BE ; ST FEFFA HLIEALEE ; OM: B HL-TEHLUIEALEE ; NPK . 25 ik IEALFE ., F[F., Note: CK: no fertilizer treatment;

ST: straw organic fertilizer treatment; OM: organic-inorganic fertilizer treatment; NPK: inorganic fertilizer treatment. The same below.

1.3 WHUBHNNERE

RS (NP ) fI 5 SR A 3R
FEfEB ek, BRI . Boprf RIS (T 600
g T+ 8 ) 4% 100 mgkg ' (LA N ) HE+ + A
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Frk Y 60%. FREL 200 g +RERE A 250 mL 3
o, RS ERE O, RFLALM B A, BT
25°CHECHESE 4 B, BATEAT TR EE 5 g +
e, 1 mol L' KCl 4%, el (AA3 4H
SIS T, SEAL Analitical, [ ) I +
HENO; -N i, HE B ) ) PO P AR R 21K 53 o
1.4 1 1E DNA BREVFISE AR L EE PCR 947

+ 32 DNA AYHEBUR H Fast DNA spin kit for soil
( MP Biomedicals, Cleveland, OH, %H ) i{F|&,
FREL 0.5 g LR VR T 1R AR I B0 S 4R
BEHAT . 1% R HEE 4T HEL VKA T $2 5 DNA
R B KA, H UV-Vis 43 K6 ( ND-1000,
NanoDrop, fE[E ) I+ 18 DNA ¥ ) it .

SIS E B PCR (qPCR) A HAYES l ABI
7900 ( Applied Biosystem, JE[H ), %} AOB. AOA

FEKRHEAT PCR 1S, HAKF BULER 2. PCR ik
%4 20 uL, ¥ 10 uL SYBR Premix Ex TagTM, -,
TUES14) (10 pmol-L™") 4% 0.5 uL, 2 pL 10 f5H e
i) DNA #ifz, BK#E7K#h % 20 pL. PCR §" 32 %
S 95°C A M 3 min, 95°C7AEM: 30s,55°CIE k 34 s,
T2°CHEA 32 s, 2L 40 NEEF , )5 T 72 °CIEAH 5 min.
%% Wang 5PN 7 s etk v i 2 # . 95°C
155, 60°C 155, 95°C 155,

P 1 1 2R FH 5 A 20 S A A TR B S Ak T TR
amoA YIHe R i vi B ORIl 25 o B A 38 R A v b
TR THEERAZ (LB) KiF3Ed, #ERH &
( E.Z.N.A.TM Plasmid Mini Kit ) 38 542 BUsk: |
IR ATy T = I A= iy A0 b7 v M = R B S R E 2
DI, BeJm 10 AR E R R BURL IR € 5 PCR BYFR
HEMZE . AOB Hl AOA amod F:HY B4Ry 5 h
94.3% (R*=0.999) F196.6% ( R*=0.998 ),

1.5 Illumina M5 15 51 43 #h

PCR W 2%35 Ie Wi 8E e i vk kil , R
AxyPrepDNA HE R [FISCAF & UIRE i, Tris HCL
VEME, 2%Z AR L VKA . o PCR J= 4%k & Lifg

*2 INeeERARFRESIMEFT
Table 2  Specific primers for functional gene used in this study
S e S5 G1EY P51 (5°-37) EZ PG
Target gene Primers Sequence (5°-3”) Reference
amoA-1F GGGGTTTCTACTGGTGGT
AOB amoA [19]
amoA-2R CCCCTCKGSAAAGCCTTCTTC
Arch-amoAF STAATGGTCTGGCTTAGACG
AOA amoA [20]
Arch-amoAR GCGGCCATCCATCTGTATGT
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E: ARG FRAGRR — L2 ARG B E 22 5 B, AR/NG PR R — LA AR L2 H 22 R % (P<0.05),

F[A, Note: Different capital letters indicate significant difference at 0.05 level among different fertilization treatment under the same soil

layers. Different small letters indicate significant difference at 0.05 level among different soil layers under the same fertilization treatment ( P

< 0.05) .The same below.

Fig. 1

BT AT A A BT AN ) SR 88 P A P Tt

Physical and chemical properties at different soil depths under different fertilization treatments
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Fig. 2 Nitrification potential at different soil depths under different
fertilization treatments
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B3 AR AE AR R A ] - HE R B A AL i (AOA ) ME L4 (AOB) P FJE
Fig.3 Gene abundance of ammonia-oxidizing archaea ( AOA ) and ammonia-oxidizing bacteria ( AOB ) in different soil depths under different

fertilization treatments
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Fig. 4 Community composition of AOA and AOB at different soil depths under different fertilization treatments
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Note: OTUs: operational taxonomic units.[]: CK; A: ST; O: OM; V: NPK.
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Fig. 5 Phylogenetic trees for AOA and AOB
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Table 3 Pearson’s correlation coefficients between the abundance of AOA, AOB and soil properties at different paddy soil depths under
long-term fertilization

AHN Olsen-P pH SOC TN NP
AOA 0.602** 0.457%* —0.572%* 0.532%* 0.561** 0.476%*
AOB 0.701** 0.473%* -0.359* 0.666%* 0.658** 0.691%*

TF: AHN: Jf#%; Olsen-P: A%HE; SOC: AHLEK; TN: 2%&; NP: b *H7E 0.05 KF FWEHIE; **H7E 0.01 K
B #EMA. TH. Note: AHN: alkali hydrolyzable nitrogen; Olsen-P: available phosphorus; SOC: soil organic carbon; TN: total

nitrogen; NP: nitrification potential; * significant at P <0.05, ** significant at P <0.01.
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Fig. 6 Redundancy analysis ( RDA ) of AOA, AOB community compositions, soil properties and fertilization factors at different soil depths
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