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BESTES, HBENEENTEZ, M2 R 2 ma S0l 1 (AOA) I A LA T (AOB)F B, F RN A FFb I &R
ik AOA F i, HEHINAZ: AOB ., HAREHZAINT 7 2 A B MAXT RN, (HE KT AMR B A B 2R
FALTA clade A 5, ZEWAMUURE RN AOB FJE, FELRM M 3 FMEMIAILZEN AOB £EWR THEZE, 4L, NEFMMAE
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SREEIR . R MEBERAY, Y, AEMEUEY; Red s

FESES: S154.36 XHEFRERG: A

Effects of Replacing Spartina alterniflora with Kandelia obovata on Abundance of Soil

Ammonia-oxidizing Microorganism in Coastal Wetland

YE Ruichao' 2, YE Guiping®“, YANG Ping®?, FENG Mengmeng' 2, HAN Fengyi% 2, CHENG Yuheng® 2, HE lJizheng®?2, LIN
Yongxint: 2"

(1 Cultivation Base of State Key Laboratory for Subtropical Mountain Ecology, Fuzhou 350007, China; 2 School of
Geographical Sciences, Fujian Normal University, Fuzhou 350007, China; 3 School of Geography and Oceanography,
Minjiang University, Fuzhou 350108, China; 4 Southeast Ecological Fragile Area Monitoring and Restoration Engineering
Innovation Center, Ministry of Natural Resources, Fuzhou 350001, China)

Abstract: This study aimed to examine the impact of Spartina alterniflora invasion and the replacement of Spartina alterniflora with
Kandelia obovata (K.obovata restoration) on the abundance of soil ammonia-oxidizing microorganisms through real-time quantitative
PCR analysis. Soil samples were collected from a native Cyperus malaccensis site, an area invaded by S.alterniflora, and a site
undergoing K.obovata restoration in the Mingjiang River estuary, Fujian Province. The results revealed that significant impacts of both
plant species and seasonal variations on soil physicochemical properties, wherein S.alterniflora invasion increased nitrate content,
whereas K.obovata restoration decreased it. Soil pH, organic carbon, total nitrogen and ammonium nitrogen contents exhibited
significant increases during winter compared to summer, while salinity demonstrated the opposite trend. Plant species had a significant
impact on the abundance of ammonia-oxidizing archaea (AOA) and bacteria (AOB), with K.obovata restoration decreasing AOA
abundance while increasing AOB abundance in winter. Although the influence of plant species on comammox Nitrospira was
comparatively weaker, S.alterniflora invasion substantially reduced the abundance of comammox Nitrospira clade A. Seasonal
variations significantly influenced the abundance of AOB, which exhibited higher levels during winter compared to summer across all
three plant species. In conclusion, K.obovata restoration led to a significant reduction in AOA abundance and an increase in AOB
abundance during winter, along with a decrease in soil nitrate content, potentially influencing soil nitrification process.

Key words: River estuary wetland; Plant species; Seasons; Ammonia-oxidizing microorganism; Comammox Nitrospira
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AN L R ) e 3 ) B S R R A2
SR B A D RV T B A A RS IR AR Y B2 L %
G A E R w25 e i S th &R RE Y, BD
ZA A T (AOA) S Z E (L 41 TR (AOB), i & E ALK
EAEERER 5 SRS H A R 48 UK TR (NOB) I i R &1
AL AR ER M Costa ZEPHE Y T 477 T LA 37 5¢ 1%,
AL B B A 9. 2015 4F, BEEESEIAIBA &L T
HLag Bl S A S IR SR BE h A, I e
X Ry 5E 4 A AL T (comammox Nitrospira) B4, 524>
AR A RISk, 2812 KiE . weA A ki
FE—FRI R AR AE RS R G T 2 A4 ARl
3 IR B AT K AL B A6

T 1 b A7 0 0 RN (4 38 Ak, B W 58
AT | AL A Y A B R SR RAE, R R R
TR, JUHIR 58 4 2 E A TR 1Y BRAR X A8, ] VT
T 11 388 M A A T R K | AR SRR SR 4 | i
T AR F5 A 2% ) SR A T Y VA T o R I 2 ) YT
T 155 0 WV b Py BHURUAB W, 71T T A6 K R A AR 5 £
TR B T AR, A8 0 P P i — 2 KN —
MIBERR . B ALK FL AR K — RINAESEE, HlanH
FRAR A L A T A FKGE A E | BRI £
FEPE | Wi 2GR R FHAE 100 D) R R A1+ 2
FEE S S AW L WN o0 [P ART N bS]
BLBs S T2 12181+ HEFL UK Eh 563 T B D4 | HE )
FRARS i DOV Ty T B F R AR 2, (EXTE A
FAIAE ), TR & B 56 4 2 A A R 3 B 5 i 1Y)
FRANE B =Z .

H ARG A B AR KO E) S5 R
LT MRS N AT S0 T 1% o 2T MR AR R A 3 T 30
R R, ALYl F R 0 ELA = 2 1
ARAFEY RS, LIRS R G55 5 e
MR, RNUFEDTIRY . ABEd b S b A ) 2 ek
SEJ7 A S 3, LA At i MBI AR ) 7 4 BR e T Al
SR OB R DATR ol A I SR 1% WD R iy N}
WA -4 & w08, R aR S 2 HE, BT
AP S A AE . SRR 2R 5N FR
RS LT R PR A A 4 i St T AR SO (LRI e o A 4 ]
S E AR A A A, R4 ZIR TR
B AATEA

ST, AW T AR BAEK R
AR N B FRR 5 V8 e A A0 5, I
G E  PCRERGMERE SN EAR , MlE AOA
AOB . ¢4 & AL # clade A(COMXA)Fl clade
B(COMXB) amoA JEH F 5, B 76 I B B ALK FEA

12 B HOR FE PG 52 J7 20T [ VT3] 1130 4, 1 18 2 4
WA T e N %, JEHOE o8 e e A AL R DI fE
PR 2 BE SN, T 45 R n] DR TR AR 2 A A2 AT
Frel AR BE R SE Rl AR Hh

1 #R57EZE

1.1 #HER REERR

U0 FE M A T A A ) VT A i £ A N
(25°50' N, 119°16' E). ZHLIXAEE RN 19.7 °C,
SEREK LN 1 346 mm, J& T E BRI REEZE X
SAEX . JEME AR X R SR+ R, 21 e
I H ALK AMZZHIX, S TR B AR R 55
2020 4 E Z26 BALKRFNE] SR 5 FhE 20 MK
JrAF 2022 4F 8 H RN 2023 4F 2 A R&EEMH IR
AR RN LT A MR 3 R A, R TR
FEERAE 5 4 0~20cm TAE, 20915 AT E R B
EHAS R HICE A A KA PR IRAE T a7 BPak ] SR
PEAT IS SEAb B G P B B 25 1 A0 AT AR 45 4%
J&, KRS R Wy, — I iE T 80 °C
VKA, FT DNA $2HL, 55— e R A
AL
1.2 TEBEAMRSH

- AR T AR I ) 40 B e R G e (200 3k
f7: B 10 g it RIERESL, B TS, 105 <THE
TRfEE, W S KE; W5 gRHTHEN -
RS, A 25 mL £ mEiRER % CO R B FIK,
7% 30 min, fdif] pH it (FE20-FiveEasyTMpH,
MettlerToledo, &) 1% pH., HIESA(TN).
A HL B (SOC) F FH ik & JT & 43 B AL (VarioMAX
Elementar, 78I . + 3RS (NOS-N) IS A
(NH,*-N)& & 2 mol/L KCI W EK 1k 5 :
L(V = m)$REL, 38 73 300 2 o 4980 350 (AP)
AR AR 3E, il ke . B 10 g
fif 1, B0 S, FHAE 4 K BT 4 A (HQ40d
HACH, 3 [l + 183k B (Salinity) . itk , FRHL
10 g BrfeE +-49, A 50 mL 257k, RHEOE,
FIH 045 pm JEREEEE, S H A T (TOC
Veph, Shimadzu, Kyoto, H )i 44 n] 744 HL
W (DOC).
1.3 1 E DNA REFIEA R HEEE PCR

X H] FastDNA SPIN Kit for Soil(MP
Biomedicals, SantaAna, CA, EE)AF| &, ML
BB BRI B+ HE A DNA. E ALY
amoA KR E R & PCR(qPCR) 5%k Fl H
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4 557 &

CFX384 Optical Real-Time Detection System(Bio-Rad
Laboratories Inc., Hercules, CA, ZEE)IHFITIME .

PCR 597 5 BN 5544 L3R 1.4 35K &0 10 pL,
17 5 uL SYBR TR . I/ 51445 0.1 pL. 1 uL 10

TR RER DNA EHURN 3.8 pL 5B F oK, AR
523U, JFBE 3B I briEh Lk il i 7 52
% He SFPAIEAT o AT 25 SN A ik h 235 5
e, 3 HERCR A T 87% ~ 105% , R? 4> F-0.992 ~ 0.999,

=1 EE PCRI|¥IFMNBEIFEHE

Table 1 PCR primers and thermal cycling conditions

(PG| L2 PAIERR M EZDUN
AOA Arch-amoAF: 95 °C FZZME 5 min; 95°C 284 30s, 55°C Bk [21]
STAATGGTCTGGCTTAGACG 30s, 72°C ZEfd 1 min, 40 MEFF; MMM IR
[ 0, - Tl o, /5. o] o
Arch-amoAR: JEM 65.0 °C_L 1% 95.0 °C, 4 55 1Y 0.5 °C
GCGGCCATCCATCTGTATGT
AOB amoA-1F: GGGGTTTCTACTGGTGGT  95°C FiZst: 5 min; 95°C Z8PE 30s, 55°C Bk [22]
AR 30s, 72°C FEffi 1 min, 40 MEH; ke 1R
amoA- : 3
; B )N 65.0 °C_EFF3) 95.0°C, 4 5534 0.5 °C
CCCCTCKGSAAAGCCTTCTTC EA o G Ss 1
_ Comammox CA377f: GTGGTGGTGGTCBAAYTA 95°C FiAsME: 3 min; 95°C 48tk 10s, 55°C Bk [23]
Nitrospira clade A 576 GAAGEGC cngee | 20 T2UC AN 155, 39 MK KiliLk: HE
S76r: GAA ATRTARTCN M 65.0 °C 715 95.0 °C, %4F 553111 0.5 °C
Comammox CB377f: GTACTGGTGGGCBAAYTT 95 °C W48tk 3 min; 95°C 78tk 10s, 55°C Bk [23]

Nitrospira clade B
C576r: GAAGCCCATRTARTCNGCC

20s, 72°C IEff 155, 39 MEFR; KEfEHILk. IRE

M 65.0 °C_ - FH5 95.0 °C, % 50 0.5°C

1.4 HIELE

K SPSS19.0 #fhitAr St ot Frfr s 1e
A3 M 22 B AT ) B A E 2500 A A 6 o 2R FH WL Ry
2437 (Two-factor ANOVA)FR - 41 1 2 18 FILUA [6] 25
Ak 38R A A G 4 A R IR A R A A
FRALME R 5200 . >R F OriginPro 2021 %44 /& . &
T I R

2 HBREHWH

21 TEEXRBHER
5% 2 AT, AW IR N 2 AR A S 35 R
SEPRAL PR ST AT M Y pH AR E B A TR

43 51A 6.65 il 7.18, H ALK AAZNT 14 pH G
SR, (H A E AR K R AR IR AR EL AR b
HTE B ZERAR 1 pH. A AR I A
7= SOC &40 %°4 16.92 1 19.96 g/kg, DOC 7 41
W%k 102.68 F1 111.04 mglkg, HAEKEAfZRE 115
SOC #il DOC Jt fi 52 Ml , {H X1 B b i 2B ik DOC
&2 SOC ik, HALKFARK NH;-N FiE 2
TN Tl & 52m, (H 4 & NOs-N &g, FIH ALK
AR HAR LG, X PR 2 FEAR NO-N AT TN
g, fHXT NHZ-N & 8000 &5 m . ApIsAxt AP
o E R, %R B AN B B 2 AR
AL R A R KR ICN IE B A R

*2 EHEBENSFDHEMNDRERIBUM RN

Table 2 Effects of different plant species and seasons on soil properties

eSS pH socC DOC
2y (9/kg) (mg/kg)

TN NH;-N
(9/kg)

NO,-N AP salinity

(mg/kg) (mg/kg) (mg/kg) (%o)

HZ CM 6.65+0.07 Bab 16.92 +0.63 Ba 102.68 +9.08 Aab 1.33 +0.05 Bab 0.72 +0.10 Ba0.49 +0.05 Ab 14.74 £3.46 Aa 2.72 +0.23 Aa
SA 6.77 +0.11 Ba 17.42 +1.79 Aa 131.62 +£16.78 Aa 1.58 +£0.17 Ba 0.74 +0.04 Ba1.13 +0.23 Aa 10.33 +1.18 Aa 2.39 +0.17 Aa

MR 6.49 +0.06 Bb 14.52 +0.37 Aa 72.68 £7.22 Ab

1.25 +0.04 Bb 0.83 +0.06 Ba0.36 +0.10 Ab 11.08 £2.00 Aa 2.54 £0.26 Aa

& Zz CM 7.18 +0.03 Aa 19.96 +0.50 Aa 111.04 +4.68 Aa 2.31 +0.05 Aa 1.68 +0.09 Aa0.33 +0.06 Ab 12.58 +1.88 Aa 1.58 +0.05 Ba
SA 7.07 £0.04 Aa 19.71 +1.42 Aa 102.49 +£3.85Aa 1.98 +0.07 Ab 1.53 +0.07 Aa0.61 +0.09 Aa 8.70 £2.17 Aa 1.14 +0.02 Bb

MR 7.07 £0.06 Aa 16.28 +0.68 Ab

79.10 £5.20 Ab  1.78 +£0.02 AC 1.34 £0.15 Aa0.21 +0.05 Ab 12.46 +1.64 Aa 1.66 +0.20 Ba

H: CM: JEM3E% Cyperus malaccensis; SA: HfEK¥E Spartina alterniflora; MR: X Fi#AK Mangrove restoration; [RI%I/NG 5~
BEANR] R[] — 225 A IR B 20 1] 22 57 . 35 (P<0.05), [ %1) K 5 B AN R 0[] — AR e RN [R) 22715 2 7 1 3% (P<0.05) . Rl
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pH. SOC. TN Al NH;-N &5, HEEL, i
DOC. NO3-N £ AP & i AHiT
22 SEENIISEEFE

% 3 AT, MEBEEALE 5 AOA F1 AOB

F R, X COMXA F1 COMXB £E LB FH N, &
WA E 5L AOB £, A B SR 2245 AR
b 1938 B AR RO Bir AT S S8 A U E W D R SR IR = Yy
To kb E R

x3 EARXBENFDHEANEEUREVFEEZRPNEZHTESH

Table 3 Two-factor variance analysis of plant species and seasons on ammonia oxidizer abundance

bR AOA AOB COMXA COMXB

F P F P F P F P
li-E s 21.901 <0.001™" 3.458 0.048" 3.120 0.062 2.746 0.084
T 0.902 0.352 32.107 <0.001™ 0.001 0.974 3.179 0.087
MRS A < AR Ak 1.151 0.333 2.382 0.114 0.996 0.384 1.423 0.261

He xSl P<0.05, P<0.01 Al P<0.001 & 37K,

E 1R LLUA Y, A2 R e - 58 AOA amoA
LD DUETE L 2= fn 422435 ol 7.80 <108 copies/g Fl
7.16x10° copies/g, HAEKF AMZXT AOA amoA %A
FEETC 5 m, (H X B 2 T AOA amoA
FEHF R, Z AT AOA amoA H:PH £ I i %
o, YT IR % AOB amoA FE[H % U1K 7E
A& &4y )l 5.21x107 copies/g Hl 7.96x
107copies/g, HALKE AZXT AOB amoA JE[K 5 D1 %k
T 5252, KB R AR AE 428 i 3 i AOB amoA

FERPE DR, HeAh, &Z 3 RS RE A AOB
REFEY S TEZSR, EHTERDHE COMXA
PR PE DUBUTE L 2= F144 225330 2.43%108 copies/g #il
2.95x10°% copies/g, H. LK AR EFFML T A FE
COMXA B ERE, X|FARXT COMXA T
ERW, 3 FEEHEH T COMXB M5 ILHCh
2.49x107 ~ 4.56107 copies/g, i E %) B ALK F
Ah, RHERMEBTT AN COMXB 3 - #4 01 %ty
TR E R

12- C_JE=+ 127 C 15
5 s cy O %= Af‘
& a g 10l
.ﬂé_ 10 Arl I ,g_ 10 A_iglb 1
= 8 = 8t
S l Aa Aa | = I Ab
® 6 | B 6 Ba T
;2 l ¥ T Ba BTa
B 47 =4 I I
- 2
S 2 Ab Ab 9 2r
- ]
0 0
_45¢ . 6r
i) Aal_JKF o) Aa L Jus
g 40r (e F Aa [ &=
Ry R
S5 227 Aa 8 Aa
= 30L Aa ] e o4l [ [ J
— J_ Aﬂb — J- Aa
&= o25h T I = Aa
= | Ab I = 3 Ba [ T
s 20f Aa 1 ® - | I
151 xR g 2t
< 10k o
g =
3 05F 2
0.0 0
CM SA MR CM SA MR
fEwETY il
(I K E AR 6] R [Rl— A g 2 RN 6] 2= 45 (8] 22 573 |8 35 (P < 0.05), /NG FREARRIFR A —Z 15 R R Ao 2R 0 h) 22 57 3
(P<0.05))

El1 EHABENFVHEUNEEE TIRTE UM EMFERENFIT

Fig. 1 Effects of different plant species and seasons on ammonia oxidizer abundance in coastal wetland soils
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Fig. 2 Random forest analysis of ammonia oxidizer abundance and soil physicochemical properties
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Fig. 3 Correlation between ammonia oxidizer abundance and soil physicochemical properties
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25 AR Ak [ 309 355 M Y VA T - 498 ) 3 Ak
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32 HERBMET[TUNTESENMEDD)

BEEEFEENZI
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T: WAOA Mtk NHs W B8, o HJE NHs %
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1 DOC B W FIEME(E 2. | 3), Hit, XEFK
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M RE SR B BAR K A i, 98/ WL T 1)
A, [ e LR R 72 <, inti £ socC
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T TR S5 SRR ) AR X A 22 B9 AT A AOA 1,
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AOB i frf- 213 AR 1 A 158 A LTI ATS A3 1 1 — 20 A
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