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IR AL AR B R S IE R Y
e 2= 5 Y B I M) oz

AT, AR, B BT, §EHY, KFH, 75k
(1R RS A SRR, 11 570228; 2. MR R 2% FEREE R A B B S SC I 2=, 1 11 570228;
3. MR R ARl AR 2= B, 1 0 571158)

. NI MGR S MG R XU G PR Z A R, A N (R 2 B B AR AR 9 S A £ A
KRR ) R LRI (155 X)) AR 57 a5 X (a5 X)) 3 FiA S 20 MR L S5 IR E A
FALE R A 28 A FRAE, FAPEE MR R S IR A A R LR A B R . 255080 1 RFEA:5E
PR FAEETEES, R REAERAGSHER . REBE XML ERK(14.39
nmol-g-h™") 535X (11.48 nmol-g-h™") #H Lt AR A BB 25 5, (B 35 T4 X (8.08 nmol g '*h™") (P<0.05);
WEBE X REAEAR(11.67 nmol-g-h™) 5 JFA X (11.29 nmol-g-h™) . %X (9.62 nmol-g™-h™) 48 L I HH
WA ES RFEAERMRMAGERETHBE R EER. 2. BYRAZAMEEAAN = 2R, BFAH
A B UURR) IR A 2 S A B R AR AL a3 R AL B A BB A IX R AR A A3 %2.(0.52 nmol g *h ™) B
L BE R T )RA X (0.10 nmol-g ™ h ™) (P<0.05); FNZE AR A BT A A A EZ R AR E . FUEX
PRI A E AR B R T 225, WP RS TFREP<0.05) . W& TS50 RS
FFNIR S F AR AT A T R I, ORI . 6% . A SR S AR ZW TR RS AR A AR
FALH R A LA —E 25, AFIAF TR AR | S RS A S R 2R f A b R BT
WS AR S, IR TLd 3 5 R R R A AL B R P 7R 2D WK X Sl A e W S A B IR] . 9 4 SR LT AR A A 25
1B FNEIR TAERRCER KB BOPAR S AR 2%

X B2IA): Sl REE AL BRI ZIRMIE IR DR

FESES: S718.5 XHEFRERS: A

SR WEIH, 28K, BEE, 45, ZORPRUTERA) SO fb A DR A S A 258 1Y ) 2 AR B PR I 7 7. 4
HAEWEAR, 2023, 14(1): 129-135. DOL: 10.15886/j.cnki.rdswxb.2023.01.012
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R A 2 4 BRI 0 10 O A0 B, ik e
MR . AR R T B R AL R
R 1 A A PR R e A SRRl AL R
A AR, AT LARRAR TG PR dEdP BRI IR
HA AR R AT, DO RS
T, B A AR AR SR . ARRER
ARSI, RS R SR AR B AP B8 SRk HE 191
AERZES, (BATSIHAN AT 24000 SRR A =
AR BRI AS I R R AL TSR R
S BUTZ N IR AR S RGP TR A L BR
AP T2 AR, fEGERr A B2 AR P
A HL R Ui R A ) R ) A B Y 2R
o WA R B 2 B X LR AR SBE PA A F 5T
NATTAS LA ARAE 22 Bk A= W AL A B v B A PR
R, ARIEN YR BAOTR, AT
DU i) S B BRI TR 0, DR BRI A R) AR 25
AGRNEAREA T EENE L SR
B, B AR R AR A A 52 B R L iR A
(DO). %A pH, A HLEK . SRS F 2 R
Wi, A7 A A B e 23 S S e =B O T IR ST LA
ARIE S A AR i A X T AR ) G B 3 S 4 R i, S
6 10 IR Pl 4 SC B TP H A LD AR IR TARIX
B, R LA R S i A ) AN ] A= 35 % T ARy
PR T SR B R R A R AR AR, B
ZLRARAY R A IR TAR B RCR KB B A
FRBERL S

1 MR5ERE

1.1 WHRERER B TTLIR PR AN i R A R
JbHB, Hb BR AL FR A 110°307 ~ 110°02'E, 19°15" ~
20°09'N. J& THAHF R 2 KA, 42 4F H BRI
B, AE S IR Y 24.1°C, PRS2 1 750
mm, =0 5—10 H, B2 11 2R4FE 4 M, 3
ST A 2017 I LRI SR DR AR TR, R
3 P 3B 3 o ARG R 760 hm?, A B 5 AE 2021 4
3SHEFE )L 8H (WFE)F XE M
(19.62°N, 110.81°F) Ay it A= 21 A4 Al (Ji AR 1X0) |
LIRIMAIE X (B X)) Kl 77 fa 38 X I (X))
3 N IX IR R AR A TR AR, T A T AR AR b A 3
T I B FRGH, O FA b Ry XJ M 2% (Laguncularia
racemosa), &2 X 4T T N T FPAE A 4 4720 B
DXk, a3 X £ 201R 55 1 B SR A A0 305 (2 2 1 B

Fildi 5 A LT MoK IR AR IS4 ) o

12 H@EEE REMHNE 8 em, K 50 cm 1)
B 7 S5 R AE 10 ~ 25 em R LI Ak
UURRW), AR S HEAT 3 IRBEMLRAE, 7 [0l 5256
F I B TATREE IR AR SR T R 206 o %
BHASHETIR ST, RS BRE S AERCT 4°C VKA, 45
A S50 2 A G B A ol sz

1.3 MBEEFUE JURWNERE . 85 pH %
TEPLI7 P+ 52 YSI(COMBI 5000) %AEBdE . iR
Py PR R Eh AL (NO,-N) . 2 & (NH,-N) Ay il
FE S WP e N R IEORD [ E SOA B OR bR o )
(HJ634-2012) 47, DB TOC fifi HEE 4K R4 41
AR R AT DU U, S G W' BE fif A Perkin-
Elmer Lambda-25 73 W6 RETFHEATINE . i 36
BRSHMAT 3 WEENE

14 REUERESEESCERNE VIFYKR
il A R IR A AR A 3SR FH )6 5 Rk 45 T
IR R S TR S R R BN T K%
W1 2 7 AT LR &) i s B e K, AR
Ft57 BES 20 min LA b, TG TR T S A e K
AF| Labeo 1025 H#EREIR P, A BRI AH [F]
OB TR FRAE N TS 9% 24 ho BRI 1 AN/
I i PR AR B MR B, H LATH38. Fn(Fn = 100%
PNOy /“""NOy), HAR A /M A 0.1 mL ¥
A 12.5 mmol-L™' ) "NO;5, A JG L4485, i lh
FEMLA 200 uL 51 5538500 50% 1Y ZnCly, 24 1E#F:
e3R8 h ZJS A ZnCly, AEfL 5REE A
A 8 5 Ao 5 % AR AR U A RPN,
N KB E o VS AR AR PN, TN, SR HH T B
HE#E i 1% 1 (Membrane Inlet Mass Spectrometry,
MIMS) 5 .

1.5 Sit45r#r i IBM SPSS Statistics 25 k{4
X I 458 PR 75 382 1 A o6 P B PE 34T Person A1
Spearman 43 #1, J# F Origin 2018 LA & Adobe
Ilustrator 2021 4752 56 45 J (AR 1 241, 5
word TR E T LR 20 25 4 LA a3
PEXR.

2 HR5SMH

21 HEERFRZEDHEFE RAEXIEARE
SEOU AL I Bl 2 A AR B R AR A e A
R, FHAFAEIS 28 23 A 225 (18] 1) o Bk TOC 41, I
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A4Sy EE I E Dﬁ: NE N E
40t e 6l
C
P35t Sl
o~ Q4+t
E3m =
251 ?
fayEx JEAE X HIX fayEx
E 40 ¢ )
. ~30t
P [ on
— b fo
b £ 20 +
&
W 10t
0
X HIX 113 X
B e S F 15 B W
12t ri
o
s O
= 6
K b
= 31 b
IL I .
0
JEAEIX B IX i35 JEEIX B IX X

F 1 ARFEZE AT B R
ISR R [R) A2 B AN [ 25717 18] B9 S 3% 25 57 (P<0.05) A S 3% 25 57 (P<0.01); a. b, ¢ /R [RI1Z= 5 A [A] AF 5 2 [a] 1) i 2%

K.
PN 3432 B 247 1Y B 50 T BRI
FHRZ B RAE A 35 1) (R

DU R Y B 522 29.03 ~ 29.93°C, ¥IMH

29.46°C . T Z=J 33.80 ~ 39.84°C, ¥J{H 36.57°C,

AFERTHYREFERREERETES
(P<0.01), TR 2= R A 5 Z A A7 AW B 38 25 57
(P<0.01),

YUY pH JLHE N 6.17 ~ 7.17, #4118 6.55;
Wi 2% pH 4 636~ 7.01, ¥1H 6.64, H P& X
pH A7 7ER B 35 1 22 22 53 (P<0.01), fa 3 X A7 7E
WE I Z £ 5 (P<0.05) . LY pH S35 A4
XA 5 T X (P<0.01) A fa 38 X B 2 5 T
1B IX [ aH(P<0.05) .

FEVIRER BEYE R 4 338 ~ 7902 mg-L,
¥IE 6 151 mg- L' HiZ= 4 509 ~ 9 691 mg-L™, 1
{H 7 214 mg-L', SRS A X & B X &
52K i TR X A, Jf B BR 520 5 A ORI

BIX %5 WESN, KRN EE. TRy
FEEIF A X R I HI A 25 19 2797 22 7 (P<0.01), &
S IXFIH 2 1 215 25 55 (P<0.05) .

B &Y R A (NH,-N)JE Fl A 15.92 ~
17.59 mg-kg™!, #{H 17.11 mg-kg™, W2 12.78 ~
30.93 mg-kg !, HIMEH K 20.51 mgkg'. FHFBEX
RABEHWIETHZE(P<0.05), HNEBE X B#
A 48 2 b T Ay 2 AN XA (P<0.01) .

BRI A (NOy-N)JEHE N 0.72 ~ 7.86
mgkg!, ¥ 1 4.09 mgkg!, W ZE 227~ 12.11
mg-kg ', HIMH 8.33 mg-kg s BRI
HAEA BE M ZT 227 (P<0.05), Ik X FER
XEPESANRE, AEXFT TN EE
(P<0.01), HABEZ [ #H HA MW EMWER
(P<0.01).

AR A 5 (TR TOC WA B 22 5, A
i) A 5% B9 UL R TOC 77 76 B 8 i 290 1k 25 55
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(P<0.05), JE A= X UL TOC #) & TBE X
Ffa3E X (P<0.05) .
22 REHURERERSEEEUEENNZHE
AN [ A S5 T AR AR TTC AR A 1) B i A AR S A b ik
RULIE 2, B 2 wTAL, DURRAY) SR TE bR 2 ] A7
TER ORI 25 22 5 . B2 A AL R X [H]
8.08 ~ 14.39 nmol-g "-h™!, H: A& & X Y I filg fb ik
Kig e (14.39 nmol-g “h'!), I & & TR X (P<
0.05); FN Z= K fif Ak 3R W A T 9.62~ 11.67
nmol-g-h™ Z[H], TR FATER . AR TR
AL R B T 255
B3R A A A AL R X E R 0.10 ~ 0.52
nmol-g "h', & & X 1 I i b 3 % i & (0.52
nmol-g "*h™"), W35 T A X (P<0.05), WiZEIK
A AL F AT 0.48-0.60 nmol-g -h ! Z [A], A
20

—_

N
T

)

ab

% /(nmol-g"-h™")
® 1o

~

(=]

JEAEIX
2 ARFZEFHEFETURYI R (A) B R SE A SR (B)
R FIR ) A= AN 215 (] AR .38 22 57 (P<0.01)5 2, b, ¢ FoRIA] 2R [l AR5 2 Tl ) i 2 2 5

BEREIX fIEX

A e

A2 A B ER . FARIREA A
FAERDEENETES, WERR S TREE
(P<0.01),

23 TR4EENERFIRBEUERERESSNL
REMEN DU RS Ak SR R S A R 2
B Z 0 N1 25 G, AR SR (R )R],
S AN R A A A 38 2 0 5 B LA G (R 2R 4%
BIX AN ; AR RN 3 FiOR LB TR
FE AR S 2 A A R A 5 . SR G
435 W R R G B A s i BRAL Rl - 5 R Ak R
R4 R A AL E R JEFT RDA 2007, 45 5 1% 3 fir
7, RDA1 flifit B i A 78.13%, RDA2 Hlifit Bf 1y
10.10%. Z5 3R W, IR PTARPIH A & 7
H AL AR R A A = Ak T B, i

A= B AN

0.8
B SCEN £

1 N
0.6 T a |
04l ab
0.2} b

0
J Az X B IX faIEX

%= 1 ET Spearman 7B N fEINRER SRR L E FRIX R

RAEI, SR AR % REAAfLHE B pH N HAA A TOC
B PRI AT 0.754%%* -0.442  —0.591* —0.288  —0.927** —0.426 0.669*
)R A IX
REA AR 0.754%* 0.183  —0.126 0.105 -0.523 —0.835%*  (.92]%*
SR AR % 0.950%* 0.822%*%  0.326 0.433  —0.664* 0.632* 0.158
BE BEK
REA AR 0.950%* 0.822%%  0.117 0.383  —0.630* 0.685* 0.053
SR AR % 0.900%* 0.791%*%  0.502 0.433  -0.100 —-0.791%*  —0.158
03X
REAAHER 0.900%* 0.949%*%  0.427 0.433 0.133 —-0.949%*  —0.474
SR AR % 0.633* 0210 -0.288 -0.567 —0.683* -0.211 -0.211
}EEEIX V——v—1 ™
REAAHER 0.633* -0.252 0.085  —0.683* —0.267 0.211 0.211
o SR AR % 0.383 -0.049 0.111 0.363 0.000 -0.400 0.000
WZE BEKX S
REA AR 0.383 0.344  —0.466 0.218 0.042 -0.159 0.159
SR AR % 0.800%** -0.652* —0.485  —0.317 0.711%* 0.685* 0.580
03X
REA AR 0.800%** —-0.596* —0.661* —0.433 0.962*%*  0.896**  0.369

TE: ** RIRP < 0.01, AHOCHER .3 * 7R P< 0.05, FISCTE R .
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Demtrification
044
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=
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g o ¥S3
R Anammo
04}
NO,
't
—0.5 0 0.5 1.0 1.5

RDA1 78.13%
P30 o A DT R A B DR A AL A R Y

RDA 417
xf, ys. yt MR 3 AV, 3 0 8 ARFCRAEA
3 W it

ST X IR UTAR Y pH AR F IR K 1Y pH, 284K TT
TR it 18 1 A £ AR A 5 0, -t T 8 5 BF 3 2 4
a3 PR AKHERCS G 5, 3 A4 DX A IX A2 52 )
B/, W0 pH e o A X T BT S AP AR, iR
e, AL S AU (I TOC), P A ik
SRR B R XD, i 55 . X IkEh i 2=
S BRI B R R 25 R R B B AR T2 IR OK,
TELIR MR AT S BRAAAE SR B M A i A . 2D AR
TR B | pHL., £ B 45 BAK DX A9 2 1k 22
S5 Li U s R . SRR IR R AR
RA] RS B A 1 s B 5 2= TR BRI J 3, 2
BB RAEY LRz —, FEL
TR A ST, Horp, i dE XA
SRR TR HE AT BB TR DX B SR 3
TTHEK K 23

AR R, A0 B0 TR A HILB Y A
e I TR ZE A TE SRR & IR, fa b DX 1 TR
V) KB 43 R RS UKL, X T BB 2 T BOX X I
TOC iR o I A 7 2 22
L ] ( Actinobacteria), ZZJE &[] (Proteobac-
teria), JEBER ] (Firmicutes), $UFF ] (Bacteroi-
detes) SEfUE MIRE R, 1R A 2 B AL A ) 22
H M7 R B ] (Planctomycetes)'”, Fii 2 2 £ 1 fif
A=W 5 IR I AT H k4 2R RO,
IKA3 . pH. WL SRR AT M | AR R A AR 2 xt

T PR A R0 = B AR AN TR RN, Bt
J R VF 2 R 0 T 0 5 B L [R] Bh 1 19 &5
Feo ARMITE K IUE I IX R AL AN DR 4R 2 S Ak
i B AEBE, T BESE i 1 IR A XA v A £
il T2 AR R AP AR Y, iR R AL
B 15 Bl 5 BOZ A B R A AN IR AR S AL R
fIRU™2) B A0 % IR SR SR A ) el A B IR
9 (35+1) °C, WA BF 5 IR 8 & S Al A SR A XA
35 2T 25 Sl nT R R A W 2R ) TR W e A
2 M TR, RO TR 2 TR IR R T 04 3
B, HIZA TR S AN 2 T 5 2, O
AT R, A R 11 SO A R, R TR £
1) DR AR 2 AL S B A o Y RS L [ s R
R4S T2 AR M IR AR . AT 2t
AT P T 5 4 A2 R AR T e A R R A2
T SN A SR T 02, IO [R] A= 3 R PR R 1 25 57
PEARRE R PR T B — BRI T A5

TR 300 3 6t B A R N 5 R 2 B o A
18, %5 2 04 HBE AT RE VA 25 T Il Ak 7e IR AR 451
LT RA ALY NO,y . A5 KB
U EE T, RO AR AR i T, AR A R R
S DRI X, S Al A 238 R S AR k2 1
IEAH S 2R, [A] 322 DX 3R Y IR 4 2 S A i 3% [ A
S N OR A I NS 2 E N () S (5
fil TSR AR B A AR B A s, R AR B A PR
il NG PR R ) S R L I AR A Y e
pH 4 7 ~ 8, WFFE R B, i F I T3 A3 Bl = il
A ARG SRS ARSI B i A X A H AR AR B
(1) pH BTG, I 7E 22 5 A X RN 2 A
XA AE R BT BB TR, WA X
TUB 9 R B 5, 1 8 SO Ak R TR B 5 4k
AR, AR RN, SET S S 58U
FRIWREAIR, AHIF G245 5 T RE SR 2 AbER B (2%
At S R A 0 BT (P < 0.01) o

il S80IV R 2 T 3 M X S il A T R s il
M 030 — gt i, DLARH SR fh R B A8
025 (1EF) il B 2 A 2 AE 7R3 W 5 i) TE A G
PEBI T 43 B 245 3R I W 2R A0 5 XA 7R R
A . AR SLERZE R LT AR TR T Al R AT
T BEONFRIR, 760 2 5 A X AMB & X 0] e 48
Z IR 455 75 (CF) M AR P 25 1 (IMOF ) il & 1
A, FEITMUTRY S A A A & i 5 HeRIE
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R BRZ BT I IEA AR, dn] BER AL
W OK BUE TR R, SRR /A S
PR AR SR A T R A FR AR PR 3R, B i o 1 AH 5 1
(ER R SRIEAEC WFTE A BRI B A R 5
RAFAESRIIRIEZR, DN S A s AR MR, PR 4R 7
JE A s T A A L R A, DORR W B s S
MR PRI A AT . SRR BFFEAs R R
W1, 3 Y3 A LA T LR e R A R, TiAS
FE b 2 e X e B i Al R 5 TR
TOC & A —EHRE.

4 7 i

AN TR AR LT AR X IR A DA A 7 52 A I
23 AR, Horp B 52 DX % AL I AR T 5
G 2 A A S AR L R 22 e i o L, R IX
HAEIN 32 2= i/ N HER DU R LA Y
PG TA 5 R AR O S AR DX Ry o DTCRR) B A A T8
RAA =2 57, RA A A R B A s 22
Fto SR IR A A A R 3 B [A) R A AL
B, BRI TSR I E 2L, RO IR S A AL
HRKTE B X f e, I A XAk, AT 22 5%
AN, R AN R SR S A R Z )47 43
BRI A REE . BB T B | pHL R E
HLF% AL AL TOC ¥ 540 Mb At Fi A
TERON B R S &, Hoh IR AN A5 S Al A
PR EA I R OC R B, L P 2R AR
i R AR ) B RZ MR R 2R

BE Rk
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Temporal and spatial variation and environmental response of
denitrification and anaerobic ammonium oxidation rates in
mangrove sediments

LIN Yubin'?, QIN Yonggiang®, MA Siyuan®’, ZENG Ruohan'?, CHEN Yumei'?, DIAO Xiaoping>*
(1. College of Ecology and Environment, Hainan University, Haikou, Hainan 570228; 2. Key Laboratory of Marine Resource Utilization in South China
Sea, Hainan University, Haikou, Hainan 570228; 3. School of Biology, Hainan Normal University, Haikou, Hainan 571158, China)

Abstract: The temporal and spatial distribution of denitrification and anaerobic ammonium oxidation
(anammox) rates in mangrove sediments in different mangrove habitats (native mangrove area, restored
mangrove area, and abandoned fish pond area) was analyzed by using isotope tracer technique (°N) to
determine environmental factors affecting denitrification and anammox rates of the mangrove sediments. The
results indicated that there were seasonal differences in physical and chemical factors of the mangrove
sediments in different habitats, and that the denitrification rates of the mangrove sediments had spatial
variation. The denitrification rate of the mangrove sediment was significantly higher in the restored mangrove
area (14.39 nmol-g™"-h™") than in the native mangrove area (8.08 nmol-g™"-h™") in dry season (P < 0.05), but not
significantly different from that in the abandoned fish pond area (11.48 nmol-g'-h™"). There was no significant
difference in denitrification rate among the habitats in rainy season since the denitrification rate of the
mangrove sediment was 11.67 nmol-g™'-h™" in the restored mangrove area, 11.29 nmol-g'-h™" in the native
mangrove area and 9.62 nmol-g '*h™' in the abandoned fish pond area. There was no significant seasonal
variation in denitrification rate among the habitats. The anammox rates of the mangrove sediments showed a
temporal and spatial variation in the habitats. The anammox rates in dry season tended to showed a similar
change to the denitrification rates in the sediments of different habitats in dry season, and the anammox rate in
the restored mangrove area was the highest in dry season (0.52 nmol-g'-h™), which was significantly higher
than that in the native mangrove area (0.10 nmol-g '-h™") (P < 0.05). No significant difference was observed in
the anammox rate in all the habitats in rainy season. The anammox rate of the mangrove sediment in the native
mangrove area had obvious seasonal variation, and it is higher in rainy season than in dry season (P < 0.01).
Correlation analysis of various environmental factors with the denitrification rate and the anammox rate in the
mangrove sediments showed difference in the correlations of sediment temperature, salinity, ammonia nitrogen
and nitrate nitrogen with denitrification and anammox rates in different seasons. The sediment temperature,
ammonia nitrogen and nitrate nitrogen in different habitats were significantly correlated with denitrification rate
and anammox rate. Obvious synergy between denitrification rate and anammox rate was found in the mangrove
areas.
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