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Abstract: [ Objective | This study aims to investigate the changes in the bacterial community structure of
coastal wetland soils in response to biochar addition during the ecological restoration of mangrove wetlands,
which is of significant importance for understanding the organic carbon cycling mechanisms in mangrove
wetlands and enhancing their carbon sequestration function. [ Method | Using soils from mangrove wetlands in
the Min River estuary as the research subject, three types of biochar (Spartina alterniflora biochar, reed
biochar, and Kandelia obovata biochar) and three addition levels (biochar—to—soil ratios of 1%, 2%, and 4% )
were set.The effects of biochar addition on bacterial diversity and community structure were examined through
high—throughput sequencing technology. [ Result ] (1) Spartina alterniflora biochar had the highest yield and
carbon content; (2) Biochar addition significantly increased the quantity and diversity of bacteria in mangrove
wetland soils, with the Shannon index peaking and OTUs being most numerous at 1% reed biochar addition; (3)
At the phylum level, the dominant bacterial phyla in mangrove wetland soils after biochar addition were
Proteobacteria, Actinobacteria, Chloroflexi, Acidobacteria, and Bacteroidetes. Spartina alterniflora and reed
biochar increased the relative abundance of Actinobacteria, while biochar addition effectively reduced the
relative abundance of Bacteroidetes. At the class level, Alphaproteobacteria, Actinobacteria, and
Gammaproteobacteria were the main groups.The relative abundance of Alphaproteobacteria was the highest with
2% reed biochar addition, while Actinobacteria was the most abundant with 1% Kandelia obovata biochar
addition. Biochar addition effectively reduced the relative abundance of Gammaproteobacteria; (4) A total of 67
significantly different taxa were identified between the biochar—treated and control groups. The relative
abundances of Bacteroides , Chloroflexi, and Flavobacteriaceae were significantly higher in soils without biochar
compared with those with biochar amendments. [ Conclusion | The soil bacterial community structure of
mangrove wetland changed by adding different kinds of biochar, and the soil bacterial community was affected
by the type and amount of biochar. Biochar addition could improve the diversity and species richness of soil
bacterial community.

Keywords : mangrove forest ; biochar;soil bacteria; diversity ; community structure
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Tab.1 Biochar addition methods and numbers

; i ; %'
b PRI vk . Ik PETT v .
. Serial . Serial
Treatment ['reatment
number number
100 g T3E+1 g B ALK A W) I S 100 g +3E+4 g P25 =W .
100 g of soil+1 g of Spartina alterniflora biochar ] 100 g of soil+4 g of reed biochar !
100 g +-4E+2 ¢ H ALK B A Y Ik S 100 g +-3E+1 g BKARAE P I K
100 g of soil+2 g of Spartina alterniflora biochar - 100 g of soil+1 g of Kandelia obovata biochar ]
100 g 1 +4 ¢ B ALK B AW he S 100 g +3E+2 g Bl AE Wy ¢ K
100 g of soil+4 g of Spartina alterniflora biochar ! 100 g of soil+2 g of Kandelia obovata biochar :
100 g T4+ g 24 ¢ . 100 g - e+4 g B A= 4 1 K
100 g of soil+1 g of reed biochar ] 100 g of soil+4 g of Kandelia obovata biochar !
100 g - 3E+2 g P 2B WA . 100 g HHECHIRZ) oK
100g of soil+2g of reed biochar ? 100 g soil (control )
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55 ‘CiE k30 s,72 “CHEAH 45 s, 3L 27 NEIR, e )5 72 “CHEAH 10 min, 10 ‘CLEFF . PCR 414K F 20 pL
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Tab.2 Physicochemical properties of biochars

%' T K53 1% pH{H 5%/ (ms-em™) k%
Serial number Yield Ash contents pH value Conductivity Carbon content
S 54.88 18.24 6.74 1.33 68.43
44.54 25.35 8.29 522 62.31

K 53.8 31.23 5.95 6.12 50.81
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BT A5 SEM RS
Fig.1 The SEM image of biochars
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ST SN o ZREMETR BN R 3 R o Ace FE UM Chao FE AL R AR YA £ 5 B, Wb F & i
BEE P25 AW ¢ (P) TR TNt 35 I g s I , BB B AR R AR i (S )RR 2B e (KO AR N 2t P 388 o 2 56 0
Jr R, PSR B LA 1% Bt (P) SR AN G Y Rh e 15, A WD AN RN Ace $8EUFT Chao 15
B X IR s H Simpson #8500 LA S, BOM APk LA 1% B8 IRt (K,) 22 5 2.3 (P<0.05) 5 H Shannon
FEECTT A, Bl T AE K AR J (S) VRN B 360, -+ HE AN TR Z2 APR38R W ok DA 1% B i (P,)
L R R AT B 22 5 8 BN, PR R LA 19 BRI (P) W] LI 2 4 R A HEAN R IR 1
B AN RN W e i N v - SN B IR 1 R

CTRMRNE b - SELH TR RE 7 22 FE MR SR R 7 22 0 I SR W (GR 4) R RI R 8B W e s I i, 1820
T Ace H5 55 . Chao #5841 . Simpson 5 82 [H] HLA 1 58 35 25 5 (P<0.001) 5 A W1 R VS It A= 9 e RS I 2
BIAAE HAEH T, Ace 6% . Chao #5844 . Shannon $8 41 . Simpson $8 04 H A # g 2% 25 5% (P<0.001) .
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Tab.3 Alpha diversity indexes of soil bacterial in different treatments
o . Ace ‘Tﬁﬁ Chao ?FET%& S.impson .T'E’T;%j[ Shannon Tj?g*%j(
Ace index Chao index Simpson index Shannon index
S S, 1931.082+151.084" 1 882.478+132.18" 0.007+0.001" 6.185+0.035"
S, 1764.174+223.337" 1740.501+206.32" 0.006+0.001" 6.252+0.093"
S, 2 058.64+354.477" 2 013.854+333.658" 0.005+0.001" 6.432+0.146"
K K, 2 069.008+165.169" 2 016.475+160.324" 0.014+0.004" 6.102+0.138"
K, 1918.762+319.323" 1 889.137+294.634" 0.007+0.005" 6.315+0.241"
K, 1999.311+256.821" 1954.17+249.231" 0.007+0.004" 6.312+0.275"
P P, 2246.477+179.782" 2 196.968+176.306" 0.004+0.001" 6.566+0.127"
P, 1 869.24+68.55" 1 842.857+71.253" 0.006+0.001" 6.279+0.14"
P, 1774.822+61.571" 1758.278+61.139" 0.005+0b 6.291+0.024"
CK 1 663.998+99.248" 1 650.945+94.798" 0.007+0b 6.101+0.096"
[AlA7 AN ) P B R .35 22 57 (P<0.05)
Different letters in the same rows represent significant differences (P<0.05).
F4 AEEWRMESRMEITTHHEH T IBMAE SHEEBHONEZFES T
Tab.4 Two—-way ANOVA analysis of different biochar types and additions
on the soil bacterial diversity index of mangrove wetlands
ZAEPEFE AL Diversity index ¥ Factor df F P
Ace $8%L GRS 14.94 0.000"
Ace index whn e 9 66.381 0.000™"
A=W xS e 27 253.24 0.000"
Chao 754 EX7/P 15.658 0.000™
Chao index IlIRS 9 72.154 0.000™"
A W) e xRS e 27 274.429 0.000
Simpson F 44 EERL7/b/3 5.507 0.006™
Simpson index VAR 9 12.102 0.000™
e BT 27 26.547 0.000""
Shannon 4 £{ AWk 153.951 0.000™
Shannon index s 1407.384 0.000™"
AW e xS I 27 5158.285 0.000™

*: P<0.05; %% P<0.01;*%*, P<0.001, *:P<0.05;%*.P<0.01;***,P<0.001.
2.3 AW NS 40 B R AR RS

P& 2 2N [ A B A 8 40 B BV QTUs B3 70 A Venn &K T FE 5L 43 R 4 41, 430 2 B AR K
AW (S) PR B (P) BK A= W)k (KO FIANES INAE ) ik (CK) o PARFR 3 OTUs Bt i 2,

S P OK
Os
Or

@

NG

B2 AN[EIAE B S0 B 7 QTUs 204 Venn 2047

Fig.2 Distribution of the number of OTUs in different soil bacterial communities Venn diagram
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YRR 5 ARSI A ) e A FRAR E A, A S I A B A A A A AR
24 EWRAMTAFEEELEHNEMm

FEN KT L (B 3)  AHXT /N 0.019% M 2EREILA 144>, o, 28 B 1 1] (Proteobacteria) IR
(Actinobacteriota) 225 B ] (Chloroflexi) AT & [ 1 (Acidobacteriota) FIHUFTF & ] (Bacteroidota ) ML T,
HAR T 2 BE 43 )M 25.0190~29.58% . 10.88%~27.75% . 10.71%~16.12% . 7.20%~11.34% F1 6.23%~13.96%.,
CK A BT 1 T TAE XS = B 26.94% , P, P, Al K, A 3R T B T T AR G = B 35 8 CK AR B, AR X =F 1 433
4 29.58% .29.02% F129.08% , S Ab P B 75 V35 Il 2t 144 M08 T BRT 1 1A X =2 B sl /)N 5 Bl 2 AT 1 1RR G =F B2 Hh K 3]
INRIA K, K, S,.8,.K,.S, P, \CK P, P, , K Fil P &b B 25 8 I 3G It 2 v 1 AR % == B2 Daiv)N , CK b 38
AHXT B 13.38% , P2 Fl PA Kb SUICZR A T T ARG =5 B2 /N T CK AR B, 358 B 72 =45 A6 ) ke i VA o BRI 17 &
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5 [T ARG 2 R B 2 3 O B AT A T CK AR BEARXT 3= B0 10.68% , P b BRFR AT B T TAH XS =F B /& CK &b
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Fig.3  Composition of soil bacterial phylum levels in different treatments
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Fig.4  Composition of soil bacterial phyla in different treatments
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Fig.5 LEfSe analysis of soil bacterial communities in different biochar additions
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