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

Ammonia-oxidizing Microorganism in Coastal Wetland

YE Ruichao' %, YE Guiping® ¢, YANG Ping'* >, FENG Mengmeng" ?, HAN Fengyi" 2, CHENG Yuheng" ?, HE Jizheng" ?,
LIN Yongxin" %"

(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 archaca (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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EACAE R B Y A ) B S I B R
SEHR EAEME Y RVE R B A R R i o 7R L A
G ATEAVE P SE B S 2 Ak EY), /P
AT TR (AOA) B AL (AOB), 2 AL AL
EAETREL 5 AR5 RS PR R 42010 B (NOB VK I A iR £
AL IR ER  Costa 25 2R L T AE7E AT LA ST 58 AL
AL R R 2015 4, WANBFSEIAIBA R IR T
L& Bl 2 A A D RS R R B ) I BUAE D , I e
XA 5EA R A AL (comammox Nitrospira) B4, 584
AL H RO, 2382 %0 e A bW
E— RN HAUK AR R R G )2 AF1E, B FER
4 TR B TS A b B AED

TR 110 b 57 ] 3t FIEEE A 2T AL , A W 28
s WAk AR Y AR L A SRR, PR
iy, o o8 4 S A AR B Y BB X35 )T
TAT 0 b AR A T AR K L AR AR AR 5S4 . it
JeE 725 e B 2 1) S TR D5 006 SO Y VA b T P 2R ) T
T 11 66 £ XE VT b ) BLTRU A, T AR OK AR B £ Y
MM O AT AR, R A RE TR P IE l— Le K /N —
MYBEHR . B AEKRE AR K — RIS, i
RA A . Wi T A FKE g | B %
BEME L WA X B IR AR R AT DR R I -
AR T AR ] VI 1+ e
BUBR Je g2 1) ALK Eh e B Pk U | R
FRROM U m R S AF R AR Z, (X E A
AR, Jo R R I 78 4 B A A B = B R A )
AN =

HACKRE IR S B B AR R E S R
LT R BE N A R) 7 o LD RO A R A A0 T 44
I R ALY, LASER A ) EAR B B m A ™ i)
ARAKEYIREE S o AAIE A S RGBT S g
MRS, AMUTERTIRY R . SRS SR A= ) 2 e
EOT A B 2, R 1 M eI e ) 7 A BR AT
T s i S BN R, AR ]
WA e 2, B eR S S, EAK
ARG 2AE, FIEEIKR | 2 X 5
P NEEAR SE NELE 7 b el i b I SV R 1 N R )
SN 2 A AT A BT AN 2, T 25 Zin B &
P BE AR TEA .

ST, AR T YA | K
N AR | R B Vi 1 R i g X 4, RS
It it PCRERGMEREA S N)H AR , Ml E AOA |
AOB . 5E4 &AL # clade A(COMXA)AI clade
B(COMXB)I1 amoA R FJE, BT M T AL AKEA

15 Be X BE R AR AG 52 T 0] [ V3R] 119 3 4 3 2 5
WA RERE I R, L HE e e E A AL R fE

PR 2 2 B, TS 405 2R R DA Y M A A S RTR]
Frgk kSR (I BE Rl AR .

1 #RERE

1.1 #FER RERRE

T 56 b A7 T A A A T YT T B e N T b
(25°50" N, 119°16" E), izih X AN 19.7 C,
SER K RZAIN 1 346 mm, J& T A EEZE K
SfRIX AR X A S A, 21 e
WIHACK AR IZHIX, S TR E AR a3,
2020 47K 20 B ACKREXE], AR5 PR LI PR o
0T 2022 4F 8 H RN 2023 4F 2 A R ML
AL R AR 9 R, e IR AR
FEBREE 5 4 0~20 em A, 43512 A TCHE KA
BHAS T AR VKAS B PRIR AR TP ST R 3% ] S 56
PEATIG SR A PE . FH TG TR A8 T B 25 s A R 20 AR B 2%
i, R RS IR, —RIET 80 C
UKAE, FT DNA #2HL, 55— H Tl £k
AL
1.2 TIEBUERS

- LA HAE A SR A o0 A4 R A b POk it
11 BU10 g e H4epe i, U, 105 °C 4t
TEEE, WE HHEEKE; WS g BT THEN L
RS, A 25 mL &miRER 2 CO, I EE TIK,
&% 30 min, i pH i1 (FE20-FiveEasyTMpH,
MettlerToledo, 7 ) -4 pH, +IEESA(TN).
A HL K (SOC) F FH ik & JT &R 43 BT 4L (VarioMAX
Elementar, fEE)E . HIEASZANO,-N) ISR
(NH;-N)Zr it il 2 mol/L KCI ¥ W% K £ 1 5 1 1
(V : m)BEEL, RISl B0 5E o 343 200 (AP)
FHER R AL AR AR, I kil . B 10 ¢
fif 1, B0 S, A AE UK B4 A A (HQ40d
HACH, ZE[E)IE £ 35 B (Salinity) . 64N, FREL
10 g 13, A 50 mL E£B Tk, HHELE,
FIH 045 pm JEREEE, FH SR A P (TOC
Veph, Shimadzu, Kyoto, HZA)ME + 3 n]#HA L
Bk(DOC).
1.3 135 DNA REUFIER K EE PCR

X% F] FastDNA SPIN Kit for Soil(MP
Biomedicals, Santa Ana, CA, SEE)RXF &, %M
WP B E A TR AR H 143 34 DNA L S E LM
amod FEHFERHE R PCR(qPCR)JTiEFIH
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CFX384 Optical Real-Time Detection System(Bio-Rad
Laboratories Inc., Hercules, CA, 3&E)IEfTlE .

PCR 5 WFF R A E W28 1.9 AR R 10 L,
£ 5 L SYBR FUR WK . B3 1#)4 0.1 L. 1 uL 10

FERR TR DNA BEHR A 3.8 uL 2585 /K . e S
523K, FFUEE 3BT A bRl R IVE T S
% He SFPIPEAT o ARG 45 S A0 A fire i 2 24 o
W P B9 ERA T- 87% ~ 105%, R* AT 0.992 ~ 0.999

#1 E=PCRIIYIRBEIREY
Table 1 PCR primers and thermal cycling conditions
(@R GlE7)s2 ] PAEIR S A Z:7% 30k
AOA Arch-amoAF ; 95 ‘C TiAsE 5 min; 95 °C A8 30s, 55°C Bk [21]
STAATGGTCTGGCTTAGACG 30s, 72°C JE{H 1 min, 40 MEH; Wik, &
Arch-amoAR: JEM 65.0 C_ETH#] 95.0 °C, 4F 530 0.5 C
GCGGCCATCCATCTGTATGT
AOB amoA-1F: GGGGTTTCTACTGGTGGT 95 °C TiZ:{: 5 min; 95 °C Z&EM: 30, 55°C Bk [22]
amoA-2R; 30s, 72°C SEff 1 min, 40 DMEH; KL IR
CCCCTCKGSAAAGCCTTCTTC M 65.0 C TR 95.0 °C, £ 5 s o0.5C
Comammox CA377f: GTGGTGGTGGTCBAAYTA 95 °C W28 3 min; 95 °C A8 10s, 55 °C Bk [23]
Nitrospira clade A C576r: GAAGCCCATRTARTCNGCC 20s, 72°C ZEM15s, 39 MER; BRI EE
M 65.0 T ETHF] 95.0 °C, 4 5s 30 0.5 C
Comammox CB377f: GTACTGGTGGGCBAAYTT 95 C WiZEtE 3 min; 95 °C &M 10s, 55°C ik [23]

Nitrospira clade B
C576r: GAAGCCCATRTARTCNGCC

20s, 72 °C ZEMf15s, 39 PMEH; KRR EE
M 65.0 C EFF5] 95.0 «C, A SsHhnos5C

14 HELIE

K1 SPSS19.0 #AFi# TGt o0t , A SR AE
A3 BT 22 B AT TR B A0 T 250 A kG 56 o SR LR
2253 1 (Two-factor ANOVA)R I A8 # 2 KL FIA [7] 22
5 A B R FL AR AR FA 4 A SR AL L PR = R R - g
PRAL RS2 . SR OriginPro 2021 #F4: Kl . 1K
e R YA AR R R

G301 6.65 Fil 718, HAEKFLAAZ R 13 pH e b 3
S, (HANE AR K BRI HAR L, N 5 RR O s 7
BB pH. M3 200 - A R
SOC &Hr510 16.92 i1 19.96 g/kg, DOC & %435
}102.68 FI 111.04 mg/kg, H ALK F AR} 1 SOC
Fl DOC Je &2, AFAFRMR 2 2 B AKX DOC F1

&7 SOC frik. HAEKE AR NH,-N FIEZE TN

Toh R, (HEHEE NOS-N i, FIH ALK

sEEE
2 BERSAM AR EL  XECR 4 5 B NOSN FITN 2
2.1 TEEARBAYMR i, HXF NH,-N &I REMm ., HgEixs AP

1S 7A
w

P AN ENES AUPY R N R T =R i (b
SRR PE BT S K BER I M A I, &=

H15R 2 FIRN, AR S R 219 AR AR i 25 i 1
SRR T I YE AR TR pH 7R E ML

F2 HEWEBRANMFTHTAN DIREARELIERAFIE
Table 2  Effects of different plant species and seasons on soil properties
SoC DOC TN NH,-N NO;-N
(g/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg)
6.65+0.07 Bab 16.92 + 0.63 Ba 102.68 £ 9.08 Aab1.33 + 0.05 Bab0.72 £ 0.10 Ba 0.49 £ 0.05 Ab

H/
n

FA AEH
HAY
CM

pH AP Salinity
(mg/kg) (%o)

1474 £3.46 Aa 2.72 £ 0.23 Aa

%

=4

SA 6.77+£0.11Ba 17.42+1.79 Aa 131.62 + 16.78 Aa 1.58 +0.17 Ba 0.74+0.04 Ba 1.13 +0.23 Aa 10.33+1.18 Aa2.39+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 Ba 0.36+0.10 Ab 11.08 =2.00 Aa 2.54 +0.26 Aa

K Z CM 7.18+0.03Aa 19.96+0.50 Aa 111.04 +4.68 Aa 2.31 +0.05Aa 1.68 +0.09 Aa 0.33 £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 Aa 0.61 +0.09 Aa 8.70+2.17 Aa 1.14+0.02 Bb

MR 7.07+0.06 Aa 1628 £0.68 Ab 79.10 £5.20 Ab 1.78 £ 0.02 AC 1.34 +0.15 Aa 0.21 £ 0.05 Ab 12.46 = 1.64 Aa 1.66 + 0.20 Ba

HE: CM: MY Cyperus malaccensis; SA: HAEKYE Spartina alterniflora; MR: X|EFHK Mangrove restoration; [RF/NE ¥
BJEAN [) 3R 7% [7) — 2755 A [ H o S A0 1) 22 7t Wil 35 (P<<0.05),  [A] 31 K5 - B AN [] 3R [] — AE A 2R BN [] 28745 26 5 i 3 (P<0.05) . R I
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pH. SOC. TN il NH,-N &5, $hEEg, m FHE, X COMXA Fl COMXB £ TR ELN, &=

DOC. NO;-N il AP & #AHIT . TR Z 0 AOB 2, MR BB R Z=5 48
22 SELDEEEFEE LB 23S BAE TN BT AT B A TR D RE Rk PR 5 i 1

e 3 A, REWEEAL R E 5 AOA il AOB To i R .
*3 HEWEBRNSHTUNEEUMEDEEZMANEZSZ M

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

fab 7 AOA AOB COMXA COMXB

F P F P F P F P
T 21.901 <0.001"" 3.458 0.048" 3.120 0.062 2.746 0.084
ESRTEIXA 0.902 0.352 32.107 <0.001"" 0.001 0.974 3.179 0.087
TR A< ZE 5481k 1.151 0.333 2.382 0.114 0.996 0.384 1.423 0.261

TE: % R R R P<0.05. P<0.01 Fll P<0.001 37K,

1 AT LG R 3 AOA amod  FERPEDLEL, HeAh, &7 3 M AEHE) AOB
BRI P DVBUE - 2 A 2243 500 7.80%10° copies/g FI - SRR EEH /TR Z ., it g 3% COMXA
7.16x10° copies/g, HAEKFEAIZNT AOA amod FH  FEHFE DUETE H AL 253 3|k 2.43%10° copies/g Fll
FRETC & W, [EXFLRAR R AL T AOA amod 2.95x10° copies/g, H.AEKH AR B EMEIK T L%
FERFERE, FNAMX AOA amod SEFFEETLRE  COMXA EEFEFERE, XHEMHMXT COMXA FHEIH
SO, FEME AR A AOB amod FERFEDIEAE  FERm. 3 FUEGHEH 3% COMXB R # DIECH
B MA&Z 0y 08 5.21x107 copies/g Al 7.96x  2.49x107 ~ 4.56x107 copies/g, B Z= 1) H AL K HE 1T
107copies/g, HAEKE (RN} AOB amod FE[F % U1 %k Ab, FEBEZERIRZAT A BT COMXB JE [R5 U1 %3
Te i, N A4 2R 2 N AOB amod ol E M,

12 L 1&5= 12r -k
@ A =% @ 4«5 ATa
g 10} a 8 10t
'% Aa [ & 0 Aab l
8 8 “' “o 8 -[
. L = sl
% J AIa Aa J = l Ab
B o6l I & gl Ba I
= l o I Ba
® o 1 Ba T
4r 4r : I
G %
S 2t Ab Ab o 2t
< ma I
0 0
45 6
i) Aal_1HZF C) Aa L 155
g 40r &= g Aa [ 4%
=% a I
g 35¢ Aa 3 Aa
S 30 Aa =4t [ |1 J
= T Aab = Aa
& 25t I T = Aa
= l Ab I = 3 Ba [ Il
¥ 20 Aa 1 3 T T
ol 1 ) ! l
10}
>
S sl s Iy
g 0.5 3
0.0 “
CM SA MR CM SA MR
it el it eyl

(K K G F R[] R W) — RS R [A] 22745 (0] 22 53 1 35 (P<0.05), /NG FRER R s [Al— 235 R [Rl gl S 200 a) 24 57t i 2%
(P<0.05))
E1 #AHEENEPTANESE TREEUREYEENZIG

Fig. 1 Effects of different plant species and seasons on ammonia oxidizer abundance in coastal wetland soils
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23 FEUREYHIERERFENZNE T L FE B AT B 252 (8] 2) 5 AH G E B 3R, AOA
FEALARMAR AL 34T 220, 13 DOC & & 7 F 5 SOC 1 DOC £ 8 3 IEAH (K 3). TN J& 521
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Fig. 2 Random forest analysis of ammonia oxidizer abundance and soil physicochemical properties
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Fig. 3 Correlations between ammonia oxidizer abundance and soil physicochemical properties
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B350 AOB 2 (8] 2); AOB F 5 TN FI Salinity
B ERAME, {45 pH, SOC., NO;-N #l NH,-N &
BEIEAKE(E 3). TN &0 COMXA F A £ 2
PR, Wi e AR PE Y COMXB £
JEE ¥ TG 3 R

3 e

3.0 HEEERBRMFFTTAHI HIEEBEN R

fie £ WV A 18 pH BRI S Pk, HAEK A
2% -4 pH 24/, (EX B RS 05 BRI 5
4% pH. X FTRER T LM S A B 2 BRI A L
Yt , (R Ztd R A A LR, IS8 pH T
;S = A N4 R O LT R e s AL I 2 N R
i e A & B 4 pH, RlE B B
i, A4 pH BEXPECR RO, A, BB R,
5 pH 56 &R R AR, Wik, BT
PR B 7 o L B AR OK R 5, AR HEBRARER , X
WG BERR T EZ 4% pH, AP AL, HHEK
AR BN NOS-N i, DA R bR U] i 35
iR b 14 NOS-N i, X ] RESE A B ALK R
AW EIAR R I ¥ e E R Y AR PR
Pris e T R, AN IS AR A,
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o5 A4S A TR 835 52 0] U VA T e 39 1 B Ak 1
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TR TT LE 1 S R A HLS G i L B R KR L 3R
O3 B A S R 1 e A RHE . B ISR TR RE
W], B R TR S 8 4 SOC
:‘lﬁ%[m_ﬂ]o
32 HEHEBNFEFTTUNLEIEUBEDI

BEEE EE R

AR 4, AOA 1 amod HEIH
TR, KUY AOA TE M VLI FI% M s rh 2 42 )i
e R A . BAEK AR AOA TC i3
SO, (BRI FERRAR 2 R AOA F2 . Al e K 4
T MWAOA Rl NH; ¥ JE 3RS, U HJE NH; £ %
KIEFAHET LA HEED ik, SoC Framl
AEZR] AOA FEMEZFE ., AOA FJEH SOC
M DOC & B FIEAEIE 2. B 3), Wik, K& Fhbk
FE(H SOC A1 DOC & M BB/ AOA FEF
MR EZN . BACKE AR T L5 KR, 4
T RAMEL, AR TRABER, sk, XEfh
MR BE SR bR ALK B A o, Wl LA 3 )
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1 DOC W43 . QAT HEAKE Yy 3 A B A
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RS ER Y AR 2 NI AOA F 12,
EIETENLEITA Fr i — 224248 . 5 AOA #HZ, NI
TR S T 42 AOB £, X gl AOB Y
HEBNE AOA N —3, A E R = ANLAR I . AOB
FHEEH TN 250 E AR AUE T X —Wa, 2R
AOB i i 21 B PRI 1l 4 48 1) BIL AT A 1 ik — 25 F
. WAh, SRR IT 20 R, MBI 78 22
AL clade A Fil clade B Y470 b 54 m0 (36 3), X AT
e Tt 2E AL FE L AOA 1 AOB 1A H %y
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UASLIVEYE R EER
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Y@ T8 PRI, EORFE AL T L X, 42
) H B T 10 °C, Bk, AZREEIE A
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ATHEEA 2 AOB 5 TH M HE R,
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T AE KB AR FIOA B bR A6 A2 45 it 1) 5 5% i)
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