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B NRATREERE AN TR S ) BRI RS A S R Ve DTk, BUZE 9 M EA RN
FEAR N TMREE R, T FHSERT 208 B PCR F0R , 5 5431 T T3 rh 2 AL TR (AOA) L ZU AL 4l TR (AOB) FIT5E £ 2 AL P (comammox
Nitrospira)}y 3% A(Clade A) amoA TRERH FRE 45 K0 . Clade A 1Y amod H:H F B i, W R 1.32 x 107 ~ 1.96 x 10° copies/g,
SEAGME N 3.27 x 10° copies/g; AOA HJ amod FEREREWZ, JEFEH 9.29 x 10° ~ 3.23 x 10° copies/g, FHHEJy 2.94 x 10° copies/g;
AOB 1 amoA 3 F AR, TEHIH 2.24 x 10° ~ 1.53 x 10° copies/g, “FIIEH 8.94 x 10° copies/g. AOA (K] amod FEP 2 5 135
pH 4% W3 R DE(P<0.001), SHRAU L | B L& S RGO & S A 35 IEAH DG(P<0.001), 52 A & :(P<0.05)F1% 7K #(P<0.01)
B IEM X AOB 1) amoA FEF = FEAN S5 A R0 & i A B 3 IEAHDC(P<0.001); Clade A 11 amod R = B 54 30 & 11 (P<0.001)
FE KR (P<0.05)1 52 WA IEASE . FEHLERMALZ A T M1, AOA Fl -39 pH BFEMIRE AN T AR LB AR & B A 5 7,
H AOA Y amod FEFFJE 5 ISR &1 L BFIEMFEP<0.01). % FFTR, AOA TEMBHA AN TR HHER L F K 3
SRR, 135 pH I AOA Jh PRI R SRR,

KR AEABEY; MER; ARNTM; EeaEbmw
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Ammonia-oxidizing Microorganism Abundances and Their Potential Contributions to Nitrate

Content in Chinese Fir Plantation Soils of Fujian Province

ZOU Shizhen'?, HAN Fengyi'?, SUN Luyuan'?, FENG Mengmeng'?, ZHENG Yong'?, DENG Milin'?, LIN Yongxin"?"

(1 Fujian Provincial Key Laboratory for Subtropical Resources and Environment, Fujian Normal University, Fuzhou 350117,
China; 2 School of Geographical Sciences, Fujian Normal University, Fuzhou 350117, China)

Abstract: In this study, soil samples were collected from nine representative sites of Cunninghamia lanceolata plantation in
Fujian Province, PCR (qPCR) was used to quantify the amod gene abundances of ammonia-oxidizing archaea (AOA),
ammonia-oxidizing bacteria (AOB), and Clade A of complete ammonia oxidizers (comammox Nitrospira), and the abundance
characteristics of ammonia-oxidizing microorganisms and their potential contributions to nitrate in soils were studied. The results
showed that Clade A had the highest amod gene abundance, ranging from 1.32x10” to 1.96x10° copies/g (mean: 3.27x10°
copies/g), followed by AOA (9.29x10° to 3.23x10° copies/g, mean: 2.94x10° copies/g), and AOB exhibited the lowest amod gene
abundance (2.24x10° to 1.53x10° copies/g, mean: 8.94x10° copies/g). AOA-amoA gene abundance was significantly negatively
correlated with soil pH (P<0.001), and positively correlated with C/N ratio, NH;-N, and available phosphorus(P<0.001), as well
as with total nitrogen (P<0.05) and moisture (P<0.01). AOB-amoA gene abundance was only significantly positively correlated
with available phosphorus (P<0.001), while Clade A-amoA gene abundance was significantly positively correlated with available
phosphorus (P<0.001) and moisture (P<0.05). Random forest and stepwise regression analyses indicated that AOA and soil pH
were key factors influencing nitrate nitrogen content, with AOA-amoA gene abundance showing a significant positive correlation

with NO;-N content (P<0.01). In conclusion, AOA plays a dominant role in the nitrification process in C. lanceolata plantation
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soils in Fujian Province, and soil pH indirectly regulates nitrate accumulation by affecting AOA activity.

Key words: Ammonia-oxidizing microorganisms; Nitrification; Cunninghamia lanceolata Plantation; Comammox Nitrospira

TS A E 28 E (NH)E A P E T R B0 A4
HEAEIRER(NO,), 2 B AR IRER(NOy) Y /R, 2
R RGE RGN IR, Hop, A b
SEREACE IR BRI AL PR, 3228 th AL TR P R 3 o8
HP EA AR Y AR S L AN TR (AOB) . &AL
HHI(AOA)FITE 22 SA R (comammox  Nitrospira), 3
HH R A A R E Y R, 3 Fb
AU E TR R B E AR RGP R
AR S D REIE P 45 32 G TE o (HAERRMR LR, 3 5%
4 AF X B RN D R I M AT % 32 4+ . Lehtovirta-
Morley MR, MRAEHRM LT AOA XK pH
BAT SRS N, e R R SR
Hu %5 P58 e [ 300 ANANTH] pH AR AR +3ERE
R, TERRbR L g el A AR R N o
T HEFE D (amoA) F-FE R T AOA F1 AOB., I, A
A W ARAR L b 0 o A LA AT T 2 —
AT

TE A AN A E A AR Y 287 Wy A s Ak A
W EERY), HEhAE A B N,O (R &,
DR sk B iy B0 Sl AL ) 0 2R bR - 3 U0 PR 9 45 B AT
TR, IS AR A E Y F 2 E
FREREE R TR 45, 46 pH. RE . IR LI 4
HEA ML AR AT, oy, pH RS s AL
BETR SR ) CHE R -, K pH 3@ B 1] AOB AYTEE,
{HXF AOA FI5E 4 S A A B 1 M AR /N itk Ah,
SRR AT A R A I T
T RS SR R S A E Y R
56, JEMEmiES A S & AR, e AR AR+
B A AT WA SR S A 7 E R T AE , iR bF
TN LA B

¥ AK(Cunninghamia lanceolata) &% FEI R T H &
A AR, T2 A TR X . A2 AN
MK E A E FBCRIER A . B TR,
JUE R AR A g o BFSEER B, AR N TR
LRI TR T L 40%'Y, X FpAsfb 5 & A fk
TR YU RER (3 L VR A DDA G . ERIRAER
A2 AN AR T AR A S 2 k8 T e s e
Jr(in pH BEAR . AL E & TRE), SEmismfEy
HETE VL S T RE o A2 AR N AR 1S58 A 7] 8 ] R X
SRR A W ~F BE RGP DL A S RS = A s,
ENES: WA ) 77 YN 7 N we = 5) ¢ R A (R A R = =

Pt A W = B AR RN A A5 A R AT 2

FF LI ERMA R, AT AR A 9 B ALR
YA AR N TR -8 R W58 6 52, il 2 S 2 e
PCR A, e T + b 28 LA YI(AOA . AOB .
SERR AN amod INAESREN FJE . ARBFFLR B -
R 2R, EARAN T & Sty
MIREVRZ5H L AR, o AOA FIREH TXHMIK pH
IAIEE 15 I e R A A AR o A T R b 5
pH fE R IR 1, il e AOA F I HTH M,
HET B A A AT R . AR B ER AN
TR AT Y B AR R B X A A
SR TTER, S HOCEIRSIR T, AN T
AT 2075 5 A R I SRR R B 34

1 #RERE

1.1 HAREXER

TF 9 DX A AN v AR T Y T ) A el 4, LR A
WRERAME, FHREHM 175 ~21.5 C, FRKE
91450 ~2200 mm, XA LKL R 3,
M MR RN LI FR PRI | SR2T e . AR5 5
TE B DX PN VM T AR e 42 1 (OS) L R TR L —
(WY)., Jea EATHEBS). Jeia i s
(QIS), =AMV BHHE(GZ) . BT 42 BH(XY)
TETEMBXP)T ANEA MG, D iis =
KON (WY S) FAE d = B AR A: 2 &R 40 1 K BP0 R}
UL 5T 5 (SM)HEAT I AR N TR B AHERSE . R
SATEME TR,
1.2 HmRESLIE

T 2022 AF L AT RIERE S CRAE . BRI
5420 ~ 30 FRIEAIAZ AN THFEHL(30 m x
30 m), FEHBMEIFEZ) 200 m. FERRSRE ML P REHLE E
9 PRA KRS BRI, HHER 5 cm
(4l , TERERRIEE PR T 0.5 m AbR4E 4 BHIE
JER 15 em (9 Hoth . B 3 BREM B ARG 1 i &
GFE, IR IREE 12 rFEA, St 108 4.
ST R IR T IO TR % A8 5 3 ] 5206 3 F R AR 1
FAEE 2 mm i, ZBRPIHR AT LA e AIAR Rl 75
WA 2RI, FEAMRAIG 5 ARGy o — By KT il
AR AT I iE T 80 C VKA,
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Fig. 1 Soil sampling sites of Cunninghamia lanceolata plantations

1.3 11E DNA {ZEUfIZEE PCR

FREL 0.5 g 133, >RFH FastDNA SPIN Kit for Soil
XFI £ (MP Biomedicals, USA), RAEHRAEULIHmRE
PR 5 DNA R BCEUS , DNA B IRAE T —80 °C
VKA, LASS IR Sl i o A S22 e i PCR(QPCR)
F255(CFX96 Touch™, Bio-Rad Laboratories, USA)%E
AOA. AOB M FEa A 5T 3C A(Clade A)RYHESE
amoA FJE, FI¥IFH 35K Arch-amoAF/Arch-
amoAR . amoA-1F/amoA- 2R'HI CA377£/C576",
Toe A AR/ 32 B(Clade B)FEALA HIERE S &
B, R T UEE . qPCR AT R A %
10920 uL, £ 10 pL SYBR iR . 0.2 pL 1E[5]
1.0.2 uL 215 14 . 8.6 pL KA EES T/KH1 1 uL DNA
B R 3 N EA, JFECE 3 DMBAMERTIR . SR
Fr BFRFEF ATk DNA 17 10 f5RREER RS, Brpn
HEMZR, BAorksiieniifn™. brfEig iy
RN 82% ~89.4%, R*H 0.996 ~0.999.
1.4 HIELESSH

K H SPSS 23.0 #4745 430, TEEE 40T
Z R RS HEA T IE A A 3 R S A I, IR XA R
TEZS ST AR A T W B e 4, DA 2 T 25 53 AT L
3R o AN TRIMA A AR 0 1) 5 TR 3= 3 2 S R B R
R 25 M2 UG TR o RO LA 5B
RN TR OR R A AU E B R 22 =
i 1T R R = A R Y A M T S A A AR
AN FERMHEK R, R R403 A

“randomForest” £ 3FTBENLARM 4, - SPSS

21 TESENMEVHS I

M 2 AT LA, i 3 AOA [ AOB #i1 Clade
A B amod FEHFEFEFAELFEZER . AOA ) amoA
RN 9.29%10° ~ 3.23x10° copies/g, “FIIHE N
2.94x10° copies/g. AOB 1Y) amoA KR F N 2.24x10° ~
1.53x10° copies/g, “F-XI{E A 8.94x10° copies/g. Clade
A 1) amoA R EFEH 1.32x107 ~ 1.96x10° copies/g,
SEHA{E N 3.27x108 copies/g. AOA Fil Clade A Y amoA
S R B E S T AOB, H Clade A Y amod
F B BE ST AOA A~ AOA . AOB Fl Clade
A 1) amod FEREFEFAE B E 25K 3). IS, SM,
GZ. XP Mg+ AOA 19 amod SR F 1 25 = T
BS. WY, XY, WYS, Ht SM #3715 AOA 1Y
amoA RN FEF &, M 1.37x10° copies/g. AOB )
amoA ¥:HEFEAE BS M5, 4 1.40x10° copies/g,
WEET IS, WY . SM Hil XY #£3% . Clade A ) amoA
N FEELE QIS MY, IS MR, 4510
5.24x10°® copies/g F1 2.09x10°® copies/g.

3k

lxlo“‘ _
skokosk
. L sk sk ok
L]
£ f2— 294410 327410°
=} .
S 1x10t}
2 % :.
# 3 ¥
g 1x107 F x 8.94x10°
s
S 1x10°f
]X]OS 1 1 1
AOA AOB Clade A
FEEA AR

(Bl rfres sy B R 9% Fe3k P<0.01, P<0.001 B3R, TR
2 BAANIMRTEFAREBIEUBEDIEERF
EWMES
Fig. 2 Differences of genes abundances between different soil

ammonia-oxidizing microorganisms in Cunninghamia lanceolata
plantations
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amoA FPHFEJE (10° copies/g)

1™ b

307 r0B ,
25}
20t
15}

1.0}

ab  ped bed abc abe

JS BS WY QIS SM GZ XY XP WYS

bec be

i

JS BS WY QIS SM GZ XY XP WYS
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Fig. 3 Genes abundances of different soil ammonia-oxidizing microorganisms in different Cunninghamia lanceolata plantations
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Table 1 Spearman coefficients between soil ammonia-oxidizing genes abundance and physicochemical properties
Tfie B pH Ahk £ AL BRI P B A AR TKE
AOA-amoA —0.745™" 0.044 0.241° 0.313™" -0.161 0.471"" 0.532™" 0.298"
AOB-amoA 0.050 0.027 -0.116 0.145 -0.073 -0.109 0.398™ 0.173
Clade A-amoA 0.079 0.003 ~0.091 0.095 -0.052 -0.087 0.367™" 0.216"
T *, ek eRsARRIZRIRAH eIk P<0.05. P<0.01. P<0.001 WK, FHE.

1) amoA FePH = FE AN 546 %00 & i S i B 3 IEAH G
(P<0.001), -5 H:Ath 4 32 2 Ak PR 725 6t 35 A0 G 1
Clade A 1t amoA 3 P 42 5 575 50w - S A 0 3 T AH
K(P<0.001), 5HE/KFLE P EIFAHI(P<0.05),

RENLERAR MR, 148 pH Fl AOA J& 52N TH
BRTEMNICHAEHRNT(E 4). A0, HAEM
SRR T BEWA BEZW, &4 BT
B, AOA., pH. %Ml AOB nJ LIRS A &8
84.70% AR5 (3 2). HH, AOA ZFMIHSA S
TR OCHE A IE 17 X T (.=10.580, P<0.001), ifij pH J&
o Y B [ SRR PR (= —6.403, P<0.001), jxLb4k
W], 13 pH R AOA TEJEFEAZ AN T Ak L 450
Mg kb & i o AR rh kR OCHE IR

M S A[LIE T, AOA ThfEIEH =F i 55 4 A
BAEGEREBEIEMAXP<0.01), &8 R* 5 0.728,

AOB Fll Clade A IWEERHFEEFS HIEMARSTEL
A M (P>0.05).

pH | [EX
AOA + ] 5
TR
AR |
2R |
FkE L
Exud
AL
Clade A
AOB + [ . . . )
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Y72 (%)
(. AP RIFRIRAE P<0.05. P<0.01 /K F5400 W 3)
4 TESECMEVIRERFERTIREUERS
HESR S 2R I
Fig. 4 Random forest analysis of soil ammonia-oxidizing gene
abundances and soil physiochemical properties with NO;-N contents
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Table 2 Stepwise regression analysis of soil ammonia-oxidizing gene abundances and physicochemical properties to NO;-N contents

A E| R FrRifEfL R t P R i R
B bR Beta
R 15.423 2787 5.535 <0.001 0.847 0.841
AOA-amoA 0.000 0.000 0.569 10.580 <0.001
pH 3.555 0.555 ~0.378 ~6.403 <0.001
A 1.131 0.247 0.187 4.573 <0.001
AOB-amoA 0.000 0.000 0.163 3.817 <0.001
. AR E = NO;-N & #; D-W {HH 1.730,
IREES T 95%EET
25 207 25
»=1259+5.017x y=3.304 +9.684x y=3.738 + 1.367x
20} R=0.728, P<0.05 . 16| K =0.031,P>005 20} R =0.004, P>0.05
ED Eﬁ o °° Eﬁ 15+
? E() 12+ En o0 °
N2 Na = 10 .. :.Q g
7 78 TR L A
I 0 T @ o
0 5 10 15 20 25 30 35 0 1 2 3 4 5 20 2 4 6 8 10

AOA-amoA FEF 1 (10° copies/g)

]

AOB-amoA S FJE (107 copies/g)

Clade A-amoA LN+ (10° copies/g)

TREFEUNENIEERFESHSAZENXR

Fig. 5 Relationships between soil ammonia-oxidizing gene abundances and NO;-N contents
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R amod FEEAKEMIT, HRKREZEWFIE
14 AOA. AOB Hil Clade A 775 W 5 i 26 25057 43
SO AW R BN, WA AR L, Clade A
B amod FERE, AOB Y amod FEFRIK, X5
Li PR R W AR L3 s g i —ak, #
W] Clade A Fil AOA FERRVE AR - B rh i L.

Clade A 2V HAHy FRobR - 48 v =2 B e i 1 2 A4k
WY, BEEST AOA, X AHER Clade A Fl AOA
PIE XTI R AR S350 . AR,
Clade A 7EA¢ P ZRAR A HEP I PSRBT Yy
ek, JF H R F & F AOA. Clade A #£5%
BRAEPWIREERE R EST ACA, ZOHLHE
HA AR Y B R AR Kits )
i s SR UESE, Clade A FEWE 100 A E %L
Kn(NH)ZI A 63 nmol/L, filiF AOA; Palomo %
KL, Clade A 12 50 U BEELA JHURE Y 125 RS U e 1
YDA, B T BN IE R . L, fEESR
IR, 5% E LA Clade A P REHA H 58

(3547, M, Clade A B LR 4H b & A Bl vE 1R
g5 phoD, TEARBEAAF PRI LASEERGA, JFHIZ
FERTE AOA hRMKG . A FRAk L A
o B AL B 75 00 A Rk B AR AERT . LB R A 3K
PEEESNG, B, Clade A W] REFE N #4HE FEAK 1158 rh
HATE RT3 Koch ZE8 05— 48 1, Clade
A BAZRM RIS, BRE A S, &n]F
FAPRZR RRERSE A AR, 7685 v HAT siad 1 1
ARG, I PR L1 AOA 1 amod HEIH
F W E T AOB, X5 K ZH ot 45 i —8>,
XAIfE S 13 pH AR . AT ARV, AOB
TOEATE pH At &0 F AR MR,
AOA TEAX pH MIREE T (08, FEfbil 3 rp I
Uife N E 45 pH 2 B EF AR 1), Y14 pH
BARHT, B A RIE B NH; i B2 A2 BH , AT Skt AOA
KBRS, 1 AOA A1 AOB Xf NH; M 1A
[, 7% NH; 384, AOA X NH; HzEM 1w T
AOB, [t AOA A H3a Iy M fe /R & A ek
IR, AOA By amod FENFE S HIEAR . &
IR A L2 B IEARSG, X R AOA 1Y amoAd
FER RS IR . RIRFIK & A IR R .
32 EARAIMBERSENXERINEF
AWFFEFE, +3E pH, AOA ., ARl . 448 %A .
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SRR S A B R AR AR A
5% 4 mIR i — 2R, 1 pH Al AOA J2Hil
BAGERMZ OIS TF . Hrp, pH XSS A & &
HAT BEFEFEW, 1 AOA IR Jy 3 IR0 . K
It, AOA JEAR A A2 AN T MK EmS 1/ F i) ik
RSN o X EAREZ TN BIBFFE 25 R AT
1, AOA 1Y amod FEH FJ¥ B3 = T AOB, AOA 1
amoA ¥ EE 5 119 pH B2 B EF A, £ AOA
Tl ATERMEAE P AEAE, 5 Shi P LB —30,
Shi ZEPYLIN, AOA XFRRMEIFEEELA iy B e,

LA PN A B IR B NH, 1926 1135 T AOB,

XARFPERE AOA TEIRYE . (REE S T BA Al AR AE
f) BRI F . W T Clade A, HBIREAMII 125
FrBh, “EXt NH; AR AT 50290 63 nmol/LP,

PRI A NHy MR BT 8m . ARHE R,

HSK Clade A 1) amod R £ T AOA, {H AOA
AIEHAR &2 FE TS . FIH DNA-SIP HK
ShilPY2: R RE R L, 7EMRVEFRM 3% Clade A )
amoA FEHNFFFEE, H AOA ARk E it ¢
W T AR, AN S50 T
IR, WA B A B Tan 250 53 R 0
1E 3 Pt 3 rh AOA ZURSNAS AL AE Y 2 A
e, TR N 67.4% ~ 83.2%, i Clade A )
TUERZAL R 3.3% ~ 8.5%. XATRESEH T Clade A 7F
A BRAR I A S R A, SO R R
AL GG, A8 X s A 1 G B kAR T
AOA. 1l AOB i # 78 H M Sl P 398 v e i Ab 7
FITTERE KPR 2R, pH SWMERA S &
SEIEADG, XOERCATERAR pH &4, 28
Wi MR 22 B, AT R A A5 A A PR
SR, TEARBER ML L4, AOA XSER & &
HEEFIEH, M AOA 1Y amod FHFEEH pH
BTG, FIt, AOA WM P fEME T T pH W E

PEFZ
4 g

AT RGN T REB AN TR 3
FAE A B S AR A Jmy B S A U A i i oG
o BREW, HeEH L Clade A il AOA 75+
R B E ST AOB, HirP Clade A FJ¥ .
R Clade A 78 L5 IE#, L AOA WFJE
HMASATERDEIEMK, KU AOA FixX
TSR FEMEY IR & . 1kAh, AOA FJE
544 pH WEMAH, 52 EPRANIRA L |

Bl AR O BRI RO B ) W IR A OG . BEMLARAR 2
Wi 53245 A3t —AAESE, AOA Fil pH S22
AR RN T . AR A AT AOA
TEAZARN TR - e At 72 b i) A, IR 38R T
T IERAL 5 E IR A A S T RE A D FR AR
3 — R BT B S A N TR R FR i AR P pL )
AEEE L, I s TR | AR A R R
BB TR T T R B PR T B AR Y
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