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Abstract; Study ing the impéct of land-use changes in wetland systems on lhe community structure of bacteria in soil aggregates can provide a theoretical basis for elucidating
the impact’mechanisms of the stability of wetland soil aggregates. The soil samples (0-20 cm) were collected from a natural wetland and paddy field in the Huixian karst
wetland. The bacterial community structure in soil aggregates (macroaggregates 0. 25-2 mm, microaggregates 0. 053-0. 25 mm, and silt-clay <0. 053 mm) were analyzed using
high-throughput sequencing and ecological network analysis. The results showed that () the proportion of microaggregates in the paddy field was 29. 64%, which was
significantly higher than that in the natural wetland (22.20% ), and @) there were differences in the relative abundance of bacteria hetween the natural wetland and paddy
field. The relative abundance of Chloroflexi in macroaggregates, microaggregates, and silt-clay in the paddy field were 7. 97%, 8.56%, and 7. 40%, respectively, which were
significantly higher than those in the natural wetland (4.93%, 4.81%, and 3.76% ). The relative abundance of Anaerolineales in macroaggregates, microaggregates, and
silt-clay in the paddy field were 2.35%, 3.03%, and 2.65%, respectively, which were significantly higher than those in the natural wetland (0.92%, 0.91%, and
0.43% ). @) Fcological network analysis showed that the number of nodes, edges, and the average numbers of neighbors in microaggregates and the silt-clay network in the
paddy field were higher than those in the natural wetland, the average connectivity of the network was greater in the two components, and the characteristic path length was
shorter. There was a longer characteristic path length, higher modularity, and lower average connectivity in the macroaggregate network of the paddy field. The above results
indicated that the hacterial community structure in soil aggregates was altered after a natural wetland was used as a paddy field. The material circulation and information
transmission efficiency of bacterial communities was higher in both microaggregates and silt-clay of the paddy field, whereas the bacterial community structure with low network
tightness and high modularity in macroaggregates was more stable.

Key words: karst wetland; paddy field; soil aggregates; bacterial community; ecological network
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AR AR 85 gt SESLAL, P 55 D021 DT
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SHAERE BT P <0, 05 m?iﬁkmﬂﬁ 1T pHLA)
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Table 1  Basic physical and chemical properties of soil

. H TN AN TP AP BLH B0
(H0) /g-kg /mg-kg /g-kg /mg-kg /cmol -kg /cmol -kg
g H 7.65 0. 05b 2.97 0. 03a 88.17 +£3.87a 1.23 0. 02a 28.18 £1.07a  13.61 0. 19a 0.90 +0.01a
KRN HD, 7.86 0. 09a 1.67 £0.08b  42.35 +2.45b 0.50 £0. 02b 2.83 +0.22b 11. 04 +0. 04b 0.46 +0.01b
1) AR TR/ING R F R AN R R A 7 200 22 5 B35 (P < 0. 05) 5 i - PIMH + bRz (n =3)
®2 FAELHAAFAXTEAREAR"
Table 2 Composition of soil aggregates under different land use patterns
Bt %
AT /%
AR 0.25 ~2 mm 0.053 ~0.25 mm <0.053 mm e/ %
g H 28.59 +4.55Ba 29.64 +1.97Ba 40.90 +0. 61Aa 99. 14
KR 23.77 £2.04Ba 22.20 +2. 80Bb 44.74 +8.60Aa 90. 71
1) AR S TR R 6] — i - ) 5 OR [RDRLAR (] 22 5 .35 (P < 0. 05) , A [E/ING P REFR IR A 8] =t B 7 3] — R A2 ] 22 5 .35 (P <

0.05) ; I FIIMH + 45HfEZE (n =3) ; TIH

e EE R R T8 b 4 - R P SR A r () kB AR AL
W 3. AT LAE A8 H 4+ DL B 45 4% A1 SR Ak
Y SOC M1 DOC a3 (P <0.05) & T KR
FE L, X [l —Fb 4= A 7 Aok, Jeie 2 AE

SRR SRR, LA R AR H ) SOC 1 DOC & & #B
BE (P <0.05) @& T HALPIFRLAS 1T D/S FE 435 A
RAFR . Bk KRG H B (P <0.05) & T
e .
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Table 3 Changes in carbon content in whole soil and different aggregates under different land-use patterns
PR R Ak
| L H A A7 =X
LUIRES o 0.25 ~2 mm 0.053 ~0.25 mm <0.053 mm
1 g H 26.81 +£0.30Ba 24.69 +0.70Ca 32.11 £0.10Aa 24.94 +£0.46Ca
(S0C)/g kg .
PN Siiai 13.86 +0.48Cb 17.38 0. 88Bb 19.75 £0.42Ab 11.20 £0.75Db
n g H 260.00 +7.57ABa 238.75 +14.14Ba 286.04 +25.41Aa 256.33 +3.75Ba
w(DOC)/mg-kg .
KRG Hb, 159.16 +8.89Bb 148.26 +16.61Bb 206.04 +4.25Ab 173.75 £22.30Bb
D/S/% et H 0.97 +0.03ABb 0.95 +0.06ABa 0.89 +0.08Bb 1.03 £0.01Ab
0
RIRHL 1.15 £0.03Ba 0.85 £0.06Da 1.04 £0.03Ca 1.55 £0.21Aa

1)D/S F7w DOC/SOC, Kl

2.2 AP BRI TR 22 R RIS 4H AL
5 AR SRS 4 + e A R AR AR T o Z2RE1E
FRELFR 4. NPT LR RS H 4 UL ROk . Bk

4 1Y Richness $8Z0F1 Chaol 8% % (P <
0. 05) Ik F KSR IE M K AT 1A Fn il 1A SR A4 rp i
Shannon 84003 (P <0. 05) & T4 . Zkidd sy,

F4 TRIHARAAXNEe LR TIBARETEE « SHMEESY

Table 4 The « diversity of soil bacteria in whole soil and different aggregates of different land-use types
T R A 4
EiEE d- 37 ! T
" * o 0.25 ~2 mm 0.053 ~0.25 mm <0. US?\'mm_
Rich FE 3439 +281Ab 3684 +273Aa *3656 £470Aa 3489 #375Ab
1chness L — i & —_—
KR Hh 4389 +151 Aa 4108 +493Aa | 4155 8277 Aa 4125 + ;}‘7Aa‘
] 1 & .;. )
Shannon fem 6.65 £0. 12Aa 6.53 0. 06Aa’ 652 £0. 01 Aa 6.136 ¥0. 03Ba &
KR EH | 6.65 0,07 Aa 6.49+0.05Ba * |/ 6.51 £0.08Ba 6. 29/0.09Ca"
. | 4770 :f}S"f@b*'-- 5013 £349Aa) &+ =15 160 +409Aa 4910 £3674b |
AR Y. FES 5582625740

< [sRa s ha

5594 +344Aa 5759 £ 324 Aa

v
=

el e o SRR
R MR (% 5) 140 Richndss 45

=
¥

HOR Chiaol F58'5 SOC & k1 DOC P B 20 ¥ s

HIE(PK0.01) 145 D/S BB EEHK(P <005) ;
ChaolIfEHy . ki 5 SoC
0.05).

% OTUs JE7T U205 % B, M% B K T

A~ EL ]

FEERENMHX(P<

R5 2T RARKEE o ZHEMEEY
St@maSmaxEsiny
Table 5 Correlation analysis between bacterial o diversity index

and soil carbon content in whole soil and different aggregates

" - A o 2 FERE TR
MR AR e Richness Shannon Chaol
SOC -0.938* -0.019 -0.934™
2+ DOC -0.921*  -0.308 -0.939*
D/S 0.881" 0. 265 0.845"
SOC -0. 468 0.374 -0.628
0.25 ~2 mm DOC -0.445 0.166 -0.659
D/S -0.171 -0.331 -0.469
SOC -0.614 0.156 -0.699
0.053 ~0.25 mm DOC -0.776 0.154 -0.805
D/S 0.250 -0. 158 0.383
SOC -0. 807 0.545 -0.814"
<0.053 mm DOC -0.798 0.543  -0.793
D/S 0. 687 -0.390 0. 682

1) * IR P <0.05 7KF LR, ™ R P <0.01 KF L AgAHC
P, T

1%%H%gm¢féqu%%ﬁ§%%ﬂ
( Proteobacteria) ﬁfz‘ﬂ:%fn( Acidobacteria) . TRZ
[T ( Actinobacteria) . Z¢Z5 R[] ( Chloroflexi) . LT
] FOR O OE ]
( Gemmatimonadetes ) . 7F & [ | ] ( Planctomycetes ) .

PE B 1] ( Verrucomicrobia ) | fid 14 8 € & [

(' Bacteroidetes )

s
( Nitrospirae ) fll Rokubacteria , & {ITHY9 48 X} =F B 5 40
B OTUs B 94. 82% ~96. 52% . 1648 1 | BRAT 1#
ITHER AR | SR R ARFRY | R B AT 3 B
3K 21.96% . 20. 72% K1 19. 85% , & W bt % A1 5
PARAR B3 I BRAT TR 1T A AR = BE S e, TR
SRIBHD AR AL R AE LA I . M) —Rife ok, e rp
LRISTE T TR RAA | T A SR AR R | kL B A
SFERET N 7.97%  8.56% F1 7. 40% , 3 (P <
0.05) &= T RIRIEHL (4.93% ., 4.81% F1 3.76% ) ;
TR TR 1) #E 3 3 Ffobr 42 vp A AR X6 2 5 43 31 Ry
5.47% . 5.27% 1 4. 38%, .35 (P <0. 05) fIX F K&
TEHL(9.94% . 7.43% M1 5. 47% ). N4+ 3kF  FEHl
SRR X R (8. 11% ) B# (P <0.05) TR
SRIPHL (5.07% ), K SR U0 b 30 26 W 1A X =3 B
(11.24% ) BF (P <0.05) 7= TREH (8.28% ).
TEHACE B X FERT 1% B 14 4
[ 1(b)]: ¥HE ¥ AR B ( Sphingomonadales ) | 8-
A2 3 B H ( B-Proteobacterium ), f# Bk H H

ot
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(Pedogp.;i{;erales )-" R4 H B ( Anaerohneafe_s/)/

Sohbadferales SBR1031 fﬂﬂ‘ﬁﬁ H
( Blastocatellales) , ‘& AT 04 A0 X} =F B 5 40 54 & OTUs
] 43. 89% ~ 54. 57% . TEAF T MR B H 76 KA1 R
A TP SR A RN Ry L RORL B R X R B 3 G

Gemmatales .

02559 s

2.48% . 3.83% Kl 4. 21% , AE AL a5 K IR I H A1
o IR —HiA2 ke, R A SR B 78 K A R A
A R AR | R AR X = B 23 51 2. 53%
2.32% F1 2.45%, .3 (P <0.05) {& T KR IE
(7.32%., 5.09% M1 3.37% ) ; TiFe H RS 48# H7E
3 Aok B AR X B 4 S 2.35% , 3.03% FiI
2.65%,% % (P <0.05) i T KR HL (0.92%,
0.91% F10.43% ). \N&+ kA, fg H IR A48 5 H A
P E (2.35% ) B (P <0.05) &5 T KRG
(1.10% ) , A B0 i F 257 DL g5k
B, iR 5 3 AR T AN [RRE A 4 A R A
HH A 18 A

X EANEA 1R H K- F S R S i AT
TCARATHT (B 2) |, TTTAKF- P ity 52 R i R A %gﬁ
24.17% [ 2(a) ], B7J<¥Wi/\¢ﬂaf%iﬁ¢ﬁ”*‘f
% 26.22% [ E2(b)/]! E%ﬁéﬁ%%@% Deéﬂ?f%
BT IR (P=0.04) FH KT (P = 0. 6)’16)%?%

*’Jﬂtﬂ’%%ﬂﬁl\? ii%ééﬂfl%r}%n 7J<¥EF«
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AR SEPE N 57. 07% . AS[R) - R 7 28
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Fig. 2 RDA of abundance of phyla and orders of soil bacteria and soil carbon content
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Table 6  Correlation of abundance of phyla and orders of soil bacteria with DOC

AR ]

A H

Chloroflexi

Verrucomicrobia

Nitrospirae Anaerolineales Solibacterales

DOC 0.854 0.568 *

0.767 ** 0.827 ™ 0. 606 *

Bk Hit
Foanii I ' M Whole
fim A | M Mac
: B Mic

0.1 -..?

m
-0.2 -0.1 0 0.1 0.2
PCoA1 (34.52%)
B3 MEBELEHERSSH (PCoA)

Fig. 3 Prm('lpal component analy%ls of [bacterial

commumty structure (PCOA) .
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A BSR4 463 B FE A AR RS | BRRLZL 43
BB T 3 A 5O KA B A e, 8 1
PSR AR RIS . 800 (1 B 22 e 0 L o
PR, TR P A SR e TEAPAR 5 T3, A o
ST 10 445 T AT K3 2 RSP P TR DA RIS | R 20 43
T TR ; 6 A~ P4 S LLIEMTE 6 R
Sy . AR FE o, IS4 0403 1 2 PR A 1
Mﬂﬁﬁm*ﬁﬁ&@w%ﬁ%ﬁﬁgﬁam%
IR BN i N 7
LQTH@%W$mmm$Lm%@%ﬁ
AN+ 90 i) B 04536 R T L7 £ (18 4)
D%ﬁ%ﬁm@ m%ﬁ%M%ﬁﬁmﬂﬁ%

¥, | Table7 Key topological fealures off 5011 ba.dlenal networks in different aggrégates under différent land-use types F
) s I P R AR
sy i 1) | .
’ ! 1 Eﬂ == e J( J A 0..25 7_} mm 0.053 ~0.25 mm <0.053 mm
o J '1 L ’
Pyl T 305 211 190
‘ ‘ KRN b, 181 188 186
- g Hl 1111 1324 1339
ke
= KARN b, 1369 1118 1176
M B 5 1% ) %am 625(56.25) 860 (64.95) 868 (64.82)
KRV Hh 896 (65.45) 661(59.12) 710(60.37)
RIS A 1% ) %aﬂﬂ 486(43.74) 464(35.05) 471(35.18)
KRN b 473(34.55) 457(40. 87) 466(39. 63)
44 %aEﬂ 11.21 13.55 15.37
RIRI 16.52 12.55 13.23
" i 10. 64 12.65 14. 04
SEHIAR A
A RARH 15.01 11.75 12.33
W %aEH 0.76 0. 69 0. 63
RIRI 0.59 0.70 0. 66
P B 7 K i *aEH 4.47 3.38 3.02
RARH 2.84 4.18 3.63
TR P AR R 15 R 22 5 FERHAT R AR O BE O RE R A R R (K 8) ,FER

I DOC ., SOC #1 D/S TEMZ& il EHEBE Ry 2, 4 A

2, RARWE b = 35 B9 & 2 1 43 0 ol 18,

1 A 12,

SOC XIBy . BPRLAL 73 W 28 F4 52 Wi B0 K, e TH AR SR

M P A R O 11

AT 3R 5 5T A SRS Y v A v

il 37 N L N N (T e S/ N = N W I |
( Anaerolineae) . 2 HLfI Rl ( Gemmatimonadaceae) |
Acidibacter FNHFT 5 J& ( Terrabacter ) W52 M, b R
AL H 5 DOC 5 B IEHIE(P <0.01) ; KA
Hi W 2% 7 B i A B B ( Desulfarculaceae ) |
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Table 8 Betweenness centrality, closeness centrality, and degree for keystone species
in the networks abstained for different aggregates under different land-use types
FiAR/mm LR LIDEE D i A o R e
1 0.1272 0.297 19 Anaerolineae
2 0.040 6 0.287 18 Gemmatimonadaceae
| 3 0.0343 0.283 17 Acidibacter
4 0.0110 0.285 16 Rokubacteriales
0.25 ~2 5 0.0107 0.285 16 Terrabacter
1 0.0615 0.451 37 Desulfarculaceae
2 0. 069 1 0.474 32 Acidobacteria Subgroup 6
KIRTT 3 0.0652 0. 483 32 Bacillus
4 0.0379 0. 441 31 Rhodoplanes
5 0.009 1 0.410 30 RB41
1 0.0208 0.298 21 mlel-7
2 0.0202 0.343 21 Stenotrophobacter
fE 3 0.0599 0.388 21 Sphingomonas
4 0.0650 0.392 21 Massilia
5 0. 006 6 0.283 20 SC-1-84
0.053 ~0.25 ‘ - — —
1 0.0129 0.303 |25 Ensifer ¢ 1 A
2 . 0.0421 0. 320 25 Dehalococcoidif,-" L
RIRIEH 3 | 20.0078 0.297 23 Mesorhizobium._ul.‘“'“ —
4 “0.0582 0.332 | 23 RB41 !,p"'.‘
¥ 0.0329 0.306 | 2 Metagenome % v
nox . 0.0350 0.403 L 31 . 8-Proteobacteria
= ] 2 y A.',O.“(I)FQZ-‘I" 0. 426 I of 30 8-Proteobacteria f .
i feiHl W gt /’ .‘__0:':' 1393 0.4727% ! 32 - Gemmalimonafdeles. A ._f-.:.
.-“-' A4 ST S 070380 0.368 | 28 Gemmatimonadetes =
Lokss ad | 54/ 00362 0.400" & 281 Acidobacterid“Stibgroup 6 /4
- 1 .."‘ “*' ._J 0 0158 0.336 « 36 Terrimonas -
= 20 N 0.071 4 0.373 | 34 RB41
f. ) KR ‘: 3 a b 0Q80 = 0. 308 30 Pedosphaeraceae
I RV ‘ sr 7 Go0rs 0.330 30 Nocardioides
“ 5 70,0025 0.296 29 Sphingomonas

Acidobacteria Subgroup 6. ¥ f T & J& ( Bacillus) |
Rhodoplanes Fl1 RB41 {521 7EAS AT SRR Fed H )
28 FFZ mlel -7, Stenotrophobacter K G4 P PR M
J& ( Sphingomonas) . T 3EH J& ( Massilia ) 1 SC-1-84
M8 W KSR W M B 4% F % % Ensifer,
Dehalococcoidia . R %8 B J& ( Mesorhizobium ) . RB41
F1 Metagenome 152 W, Fo v AR 9% 1 J@ 1 RB41 5
DOC % @& EAIE(P <0.01). 7EH  Fokirh A% 1
2% =3 52 575 I B 29 ( 8-Proteobacteria ) | 2 FLJifI
7 24 ( Gemmatimonadetes ) #1 Acidobacteria Subgroup
6 MIFE s RARITHb 28 FH5Z Terrimonas . RB41 |
Pedosphaeraceae . Nocardioides FlI AP EE
( Sphingomonas) eE=AIER
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