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Nitrososphaera May Be A Major Driver of Nitrification in Acidic Soils

LI Wenxing'?, ZHENG Manman'?, WANG Chao'", SHEN Renfang'?

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, samples of two acidic soils (JX-3 and JX-7) with similar initial pH were selected for incubation
experiments to study the roles of ammonia-oxidizing archaeca (AOA) and ammonia-oxidizing bacteria (AOB) in the nitrification
of acidic soils. The results showed that after 50 d incubation, the nitrification rate of JX-7 sample was significantly higher than
that of JX-3, and soil pH was significantly reduced. After incubation, AOB abundances of two soil samples increased, but there
was no significant difference between two soil samples; AOA abundance of JX-7 significantly increased, while JX-3 changed
insignificantly. AOA community structures of two soil samples were different, but there was no significant difference between
incubation time; AOB community structures of two soil samples had the similar community structure, but they were different
between incubation time. After incubation, the absolute abundances of dominant AOA (e.g., Nitrososphaera and some unknown
microbes) in JX-7 sample significantly increased; the absolute abundances of some AOB such as Nitrosospira in both two
samples significantly increased. Therefore, AOA played an important role in nitrification of acidic soil studied; and AOA mainly
regulated nitrification by increasing the abundances of individual OTUs such as Nitrososphaera rather than the entire community.

Key words: Nitrososphaera; Ammonia-oxidizing archaea; Absolute abundance; Nitrification rate; Acidic soils
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B TR 52 A SR8 G W R A o100 ol
AOA 7l AOB % 3¢ pH FICH) NH; AUt R,
Wang £SR30, 1T AOA 1 AOB 7t 4 FhER1E
(R, 7T, SRR ) rh I8 A SRR, &
TR Z AT M 22 S AR BT H O IR Ay &
JEEM, BFICAH AOA, JuHZ ATy BALR B
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cluster 8a 45 )t A fig & ¥ B ZAE R, BV e AH AL
138 pH T, —2E4EE R AOA B AOB BRI AN

BRESRKDIEE, #lan, AOA /' Group 1.1a
A R AE R MK RS L1 (pH = 4.8) AR AR £ 48
(pH = 4.2)A A e b AHF B Z R/, T AOB
Nitrosospira cluster 3-like FARLAPIZERE £ S H5iR
PERVE LI (pH = 4.7) P RSt 2 wril, f
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AE W A E R 22 R, AR E b A~
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Table 1 Physicochemical properties of tested soil

T pH &R (mgkg) AR (mgke) A (mgke) M (mgke) £ik(gkeg) H(gke) LWi(gkg) 2 (gke)
JX-3 449 0.10 3.35 49.47 101.44 8.86 0.91 0.50 1.97
JX-7 433 0.75 3.15 36.80 237.59 9.53 1.03 0.47 2.28

1.2 TEHNKIERNE

FREL 50 g &2 2 mm i 9 XUT 50F 250 ml B 5%
R, R B TR B KRR E T 40%, HYEHKE
BRI 1 T 28 °C MG H IR RIS FEE 5 7d )5,
F IR N 250 mg/kg T N ABRRREL , feJm s £ 3K 5
SR ERREKR 60%, FHRHECE 5 75t
H, F 28 °C MRBE v B RE B 77 . Br R A A0 1 d
SKHAFREIEAMK 1R, R BRI AN , B
FEIFURIG Y 0 d A1 50 d 43 HIEUR:

+-38 pH R AT 05, A pH iH(Mettler Toledo
FE20, i, HENTELKEA 1 2.5 &M FIE;
TS F RS SRR I, 2 mol/L S fbHfiR
)5, HR s (San™, Skalar, Holland)ill & .
1.3 1% DNA REVIEEFENE

FREX 0.50 g et + 368 i, SR Fast”"DNA SPIN

Kit (MP Biomedicals, CA, USA)#ZH +3% DNA, F¢%
JHl PowerClean®DNA Clean-up Kit (MoBio, CA, USA)
alifk +1% DNA, BEARER/ED TR IR & vt 453
7o A IR ISR UMK DNA, FHIESTE
— i AEN —> LR DNA

TE LightCycler 480 Real-Time 5 & PCR {¥(Roche
Diagnostics, Mannheim, Germany) [ 47 SE0} 5662
it PCR, 2 52 A B AH DGR (T amod FI
M amoA)W F 2 o Z A AL AP D g 55 A oy
amodA FIMHE amod ¥ 5|94 %4 Arch-amoA-F

(5-STAATGGTCTGGCTTAGACG-3')/Arch-amoA-R

(5'-GCGGCCATCCATCTGTATGT-3")*Hl Bac-amoA-
F (5-GGGGTTTCTACTGGTGGT-3) / Bac-amoA-R
(5'-CCCCTCKGSAAAGCCTTCTTC-3)"", % & PCR

SR Z N 10 ul, f14E 5 pl TB GreenTM Premix Ex
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Tag™ (2x), L F5[#)4 0.4 ul, 2 ul DNA B (Fi ke
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0.999)F1 102.5% (R* = 0.991),
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SCEESEH, FRJE AT 454 GS FLX' AL g HEATI T
FA RGN HLEME & 5eiz L QUIME B A4-FU &€ )7
G I BRI BfJE S QIIME 4k 41 F§ USEARCH
ok | S LN | I P Y s e A I Rl
UCLUST F¢ 41 Hest T HA% 18 97% BRI il 434
7 %ﬁf[}(operational taxonomic unit, OTU), > OTU
HEUR IR Z PSR % OTU BTN, feJn
¥ HTA 3FR)FF 5 NCBI GenBank " HAHAFE
B FESIAR EEXT , 43454 OTU B w19 26245 B o
1.5 HiEAES%it o
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B4R A PSR F] Microsoft Excel 2019, 3%
SPSS 22.0 HEATHLIFo0HT o SRR T5 22 70 ke g
AOA 1 AOB 1 amoA HE[H F 122 57 WM. £
FLBCR AR (Ducan)ik, 2257 B &M /KFE R 0.05,
RIISEREAS A28 53 A itk - 38 22 [7) 4% pH 284k
WA, Wl R BRI S 0 d A
50 d Z [BIGAE PR 20 37 OTUSs 465 42 5 25 57 i 3 1
B R H vegan fLX A= Wy iEva 5 it AT £ 0o
MT (principal component analysis, PCA). 1E K fifi F
Origin 2019 %44,

2 #R

2.1 13 pH T EMMELIEE

Rig® 50 dJe, JX-3 14 pH EAFRREAZL, i
JX-7 -3 pH W2 N IR 1A). B4 3Nk R A7
TERE XS, B JX-7 (0.78 mg/(kg-d)) > JX-3 (0.11 mg/
(kg-d)) (F 1B). AIUL, HIERYILVERIRGE, 1R
R, (EANE R RAATE R R 25 .

2.2 11 AOA 71 AOB W amoA EE F &

P 13K 5 AOB ) amod FE[H F- JE A2 10 i 3%
225, [H AOA JFi A i 22 7 (1 2). ¥59: 50d )5,
JX-7 13 AOA 1y amod FER FFE B E NN (E 2A),
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Fig. 1 Soil pH changes (A) and nitrification rates (B) after 50 d incubation

2.3 11 AOA 71 AOB B4
s A A W R v A B R (K 3)
7, TR -4 AOA BEE L2 A JE 2 Nitrososphaera

Ml Candidatus Nitrosocosmicus; AOB BEi& F I H IS
J& Nitrosospira . Nitrosovibrio. Nitrosomonas F Sphin-

gopyxis. IXEETHJEAXT A EL A 5 LUAERE A AIAFTE2E 5% o
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Fig. 2 Soil archaeal amoA (A) and bacterial amoA4 (B) genes abundances

®)

(A) 100 — ) ]
1001 = Others L [. ] 3 Others
§ § § § Nitrososphaera T 7 o 7 B Sphingopyxis
301 Candidatus Nitrosocosmicus 0L L s Nitrosovibrio
% — 7 s &4 Nitrosospira
< % & 7 Nitrosomonas
o 60 > ! 601
é 401 -% 40+
20 20+
0 0
0d 50d 0d 50d 0d 50d 0d 50d

IX-3 IX-7 IX-3 IX-7

3 1iE AOA (A)F1 AOB (B)IR 4 B % 4B R
Fig.3 Soil AOA (A) and AOB (B) microbial community compositions
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Fig. 4 Principal component analyses (PCA) for soil AOA (A) and AOB (B) microbial communities
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OTUs, 13 AOB 4% £ FE {i 20 {2 OTUs 43 B 4%
H(ZR 3B, JX-3 F otul618. otud87. otu2315,
otul460. otul552. otu847. otu830 Fl otu388 4t

*z2

X 5 AR S FRETIS (0 d A 50 d) A7 7F 3 A8 4k 5 TX-
7 1 HE T otu1618 4% 3 B FE £5 F2 A J5 (0 d Al 50 d)
PR R

+ 1% AOA BT 20 i OTUs BIZE 3t EFE (107 copies/g T 1)

Table 2 Absolute abundances of top 20 OTUs of soil AOA

OTU %5 1X-3 IX-7 UESEY SR
0d 50d 0d 50d
otul138 3.54+2.51 9.13+3.98 9.36 + 0.69 23.5£3.79 Nitrososphaera
otu563 0.18£0.12 0.48 +0.33 5.77+1.03 12.8 £ 2.11 None
otul134 6.51 +6.37 9.45+3.17 0.08 £0.12 0.05 = 0.06 Nitrososphaera
otu803 0.20+0.21 0.65+0.22 1.48 +0.53 4.90 £2.83 Nitrososphaera
otu236 0.05 +0.09 0.04 +0.06 0.00 +0.00 0.00 +0.00 Nitrososphaera
otu72 0.01 £ 0.02 0.07 £0.12 1.48 +1.04 7.38 £ 6.69 Nitrososphaera
otu4d6 1.73£2.33 1.71 £ 0.48 0.00 +0.00 0.00 £ 0.00 None
otu902 0.70 £ 0.46 0.30 £ 0.40 0.02 £ 0.02 0.00 +0.00 None
otu330 0.28 +0.26 0.07 +0.11 0.15+0.16 0.00 = 0.00 Nitrososphaera
otu792 0.44 £ 0.56 0.15+0.14 0.16 £0.26 0.01 £0.02 None
otud53 0.00 +0.00 0.00 = 0.00 0.10 £ 0.05 0.11 £ 0.06 None
otul348 0.22+0.19 0.28 +0.25 0.07+0.13 0.14£0.12 Nitrososphaera
otul313 0.22 +0.06 0.24 +0.41 0.03 +0.05 0.10+0.18 Nitrososphaera
otu547 0.18+0.17 0.00 +0.00 0.00 = 0.00 0.00 +0.00 Nitrososphaera
otud37 0.00 £ 0.00 0.00 = 0.00 0.00 £ 0.00 0.10 £ 0.09 Nitrososphaera
otul396 0.13+0.11 0.35+0.15 0.36 £ 0.06 0.82+0.37 Nitrososphaera
otu523 0.00 +0.00 0.00 +0.00 0.02 +0.02 0.12+0.09 Candidatus Nitrosocosmicus
otul73 0.22+0.24 0.37+0.28 0.12+0.22 0.66 = 0.58 Nitrososphaera
otu52 0.00 +0.00 0.00 + 0.00 0.00 +0.00 0.00 +0.00 None
otul272 0.00 +0.00 0.00 +0.00 0.08 £ 0.08 0.77 + 0.56 Candidatus Nitrosocosmicus

1 : None F//1% OTU 1£ NCBI Bl iH %A Lt 45
S (P<0.05), FFE[H.,

5 W

;

TRF R BAHARZ OTU 45 %) 42 BEAER SR 10 d H1 50 )] 4775 .35 2%

#= 3 1IE AOB Bl 20 {iL OTUs Y4 %t & E (10° copies/g T 1)
Table 3  Absolute abundances of top 20 OTUs of soil AOB

OTU %5 IX-3 IX-7 UESEYS
0d 50d 0d 50d
otul618 0.00 £ 0.00 62.2 +7.30 1.69 + 1.45 58.0 +5.67 Nitrosospira
otu487 1.62 £ 0.11 0.06 + 0.11 1.24+2.14 0.01 +£0.02 Nitrosospira
otul22 0.00 £ 0.00 0.05 £ 0.08 2.69 +2.31 2.89 +1.68 Nitrosospira
otul975 0.34£0.25 0.00 = 0.00 0.29+£0.51 0.00 +0.00 Nitrosospira
otu2315 0.37+£0.20 0.03 £ 0.05 0.30 £ 0.51 0.00 +0.00 Nitrosospira
otul460 0.25 £ 0.06 0.00 £ 0.00 0.30 = 0.52 0.00 +0.00 Nitrosospira
otu604 0.06 +0.05 0.00 + 0.00 0.08 +£0.15 0.00 +0.00 Nitrosovibrio
otul552 0.14 £ 0.05 0.00 + 0.00 0.09 +0.16 0.00 = 0.00 Nitrosospira
otu847 0.15 £ 0.03 0.00 £ 0.00 0.09£0.16 0.00 £ 0.00 Nitrosospira
otu830 0.10 £ 0.05 0.00 £ 0.00 0.11£0.19 0.00 +0.00 Nitrosospira
otu846 0.00 +0.00 0.01 £0.02 0.10 = 0.08 0.00 +0.00 Nitrosospira
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k3
OTU %' IX-3 1X-7 Sy S
0d 50d 0d 50d
otul956 0.06 + 0.04 0.00 +0.00 0.02 +0.04 0.00 +0.00 Nitrosospira
otu40 0.00 +0.00 1.10 + 1.90 0.00 +0.00 0.00 +0.00 Sphingopyxis
otul324 0.00 +0.00 0.00 +0.00 0.13+0.23 0.00 +0.00 Nitrosospira
otu516 0.03 +0.06 0.00 +0.00 0.00 +0.00 0.00 +0.00 Nitrosospira
otu388 0.04 +0.01 0.00 + 0.00 0.03 +0.05 0.00 +0.00 Nitrosospira
otul666 0.02 +0.04 0.00 +0.00 0.13+0.22 0.00 +0.00 Nitrosospira
otul157 0.01+0.01 0.00 = 0.00 0.06 £0.11 0.00 £ 0.00 Nitrosomonas
otu860 0.00 +0.00 0.15+0.09 0.02 +0.02 0.08 +0.05 Nitrosospira
otul438 0.00 + 0.00 0.00 +0.00 0.06 +0.05 0.05+0.05 Nitrosospira

3 WipSs®

AR W R 4 B A AR T 2 - SRR A fin
M FEIRSNE, HASLERR, 1458 pH TR
ZPU R T IX-7 AL RS T X3, M
N 138 pH T RERZ (K 1) A 2235 % 3R B iR £
e AOA Fll AOB i ¥ 5 1 BEAS AL T A AH G M i 47
THA, RMAR SR FEER AOA K,
AT KEXT AOB T FM: + st /EH i
A U3 AR A 3 a0 R A B A S R AE
RIS Ve HIERILE B AOA EFE4E
(& 2 FlEl 4), BARPIA13E AOA FI AOB FHEAE
R FE 00 5 A AT e 4k, 2 AOA WAL E 7 & Stk
MR R BB, IX-3 £ 50 d BB TRA,
HAHAE/E IR S5, AOA FREEBLA B EZ 1L, {H AOB
2R BG4 - B FURARE T AOB AEK
MIFREE, (HHIA RO L RE P, 251, He
FPIHGE, miE kSRR £ AOB EREERIN,
{H AOB JF AR ALAE ) T 28R 8 3 . iX AT g2
T 3% pH 250 AOB L #EmifbaE 11— FZ A
%&%[23—24]0

Gubry-Rangin ZEPF5T 45 5K, AOA BES4S
PSS IR T - SR AR AR PR A A 3 D AR OG . SR T A
WSS R R, P31 AOA BHE ALTE R FRh 5
WA E 57 (E 4A), B8 AOA AN F Bh5E i e A%
AR IR S5 S SEA/ER . EELE AOA 1Y
OTUs #%f FFEAEIG ARG A B InEE 2), Byl
AOA KAEHAAMIRE FE 2 m ey . A
EMER R, AOA BEVEH Thaumarchaea group
1.1a F1 1.1b 5TRYE HIEGHA/E B UIAHC, H S+
HE pH AR NH, WA > 227, He 4F120H
Leininger %P HF 58 BB, R Crenarchaeote

clone JE4& (=W TE T SRSk AE FH Y OC B 2 S Ak e
Yy AWF5EH, IX-7 13 AOA ' otul138 F1 0tu563
o3 R W E R M, At £ AOA
Nitrososphaera J& ) —YNHIEYFREES S
TR A A

ATHARESE Y, A AT 53R 0 Nitrososphaera fiiiti
K pH #R 1 (pH 6.0 ~ 8.0)25%), Ay TR migt K
B, e RT3 AOA ' Nitrososphaera 211
PP BRI, R AR AT B, R 11
S EANEFH S Nitrososphaera %I X E233] Lin 2614
I Zhang ZEB250 5% iR 3 S AL W R it
fTTAE, R AOA B4 K455 & T
Nitrososphaera., Wang %>V % & [7) (v Z % B bric
BWEH A WEIE KB Nitrososphaera J&TR M+ I
KIFEZAATIRER 2 AOA JEHE, H HAE R 14 24
B bne A SRR Y . X AT RESE T AOA %
A G B R B - 1 () L L PR B AOA XM Y 5%
1T AOBP; sk ml e T % s A 9
TE A I R PR A 45 o A v B4 T R AR R O DL g2
fif A% pH X H i F MR D, W, X e 2k R it
W TRV T AR A R A e, TR
E— 2L

BSR4 pH AR ST A PPk g b RS A AR
FH K G2 A AT W 0 =F B RRAE R V% 45 40 i T 52 45
R, AOA N%AE TG MR M - ers b VE
T A, AOA EHILIIBERY STl 22
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