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Comparlson of Bacterlal Communlty Siructure and Fuﬁctlonal Groups of Paddy Sml

Aggregates Between Karst and N(m Karst Areas  #
XIAO Xlaotyl JIN;Zhen-jiang 3" LENG Meng L1 Xie-song™” XI_ONG Li-yuan'

(1. College of Enwronmental_ Science and Engineering, Guilin University of TééHrllology, Guilin 541004, China; 2. Collaborative Innovation Center for Water Pollution Control
and Water, lSzifety in Karst Area, Guilin University of Technology, Guilin 541004, China; 3. Guangxi Key Laboratory of Environmental Pollution Control Theory and
Technology, Guilin University of Technology, Guilin 541004, China)

Abstract; Studying the similarities and differences in microbial community structure and functional groups in soil aggregates between karst areas (KA) and non-karst areas
(NKA) can provide a theoretical basis for revealing the interaction mechanism between soil organic microorganisms and soil aggregate structure stability in KA. The surface
soils (0-20 mm) were collected from paddy fields hoth in KA and NKA. The aggregates were divided into macro-aggregates (Mac, 0.25-2 mm) , micro-aggregates ( Mic,
0.053-0.25 mm) , and silt-clay fractions (SC, <0.053 mm) using the wet sieving method. The microbial community structure of soil aggregates was analyzed using high-
throughput sequencing. The keystone taxa were analyzed by the co-occurrence network , and their functions were predicted by FAPROTAX. The results showed that: (D the
proportion of Mac, mean weight diameter, and geometric mean diameter of aggregates in KA were 30. 94%), 0.41 mm, and 0. 15 mm, respectively. These three factors in KA
were significantly higher than those in NKA, indicating that the environment in the KA was conducive to the formation of aggregates. @ The relative abundances of
Acidobacteria, Proteobacteria, Acidobacteria( Gp3, Gp4, and Gp6) , and Sphingomonas in three particle size aggregates in KA were higher than those in NKA. The relative
abundance of Chloroflexi (6. 13% ) in Mic in KA was significantly higher than that in SC (2.79% ). @) Co-occurrence network analysis showed that Proteobacteria and
Acidobacteria were keystone taxa in three particle size aggregates. The positive correlation edge (65.5% ) of bacteria in KA was the highest, and most of the correlation was
synergistic. (@) Chemoheterotrophy (15. 52%, 15.30%, and 16.89% ) and aerobic chemoheterotrophy ( 14. 62%, 14.38%, and 15.97% ) were the most dominant functional
groups in the three particle size aggregates in KA, and their relative abundance was significantly higher than those in NKA. The relative abundance of chitinolysis in Mac in KA
(0.46% ) was significantly higher than that in SC (0.39% ). The results showed that the soil environment in KA can improve the stability of the aggregates, and the bacterial
community structure, key groups, and functional groups in the three particle size aggregates in KA were significantly different from those in NKA.

Key words: karst area; paddy field; soil aggregates; bacterial community; keystone taxa; functional groups
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Table 1  Physical and chemical properties of soil
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mm 0. 27 mm, = JL[F 3 B A% 53008 0. 15
mm A1 0. 10 mm, 7= X AX A8 4R 34 0 35 & T
FEA X, R W XA g A R AR B s 1 R
TETE.

®3 ERSEERRBHLIERARGHES iR E"
Table 3 Particle size distribution and stability of paddy soil aggregates in karst and non karst areas
BN % R &R e bn -~
TR Bt 5350 % o VR AR 2 PR AR o
0.25 ~2 mm 0.053 ~0.25 mm <0.053 mm . MWD/ mm - .,.GM'D{r.nm —
U 30.94 £2.70Ab 32.12 £2. 10Bb 36.94 £ 1. 78Ba 96. 37+ 10.41 £0. 04A 0. }5_,-.'&'@.-"01'-:4
et 18.30 +3.46Bc  36.21 £1.04Ab ~45.50 +3.56Aa 94.58 4 0.27+0.038 0:10 #0.01B
1) R b S 7 o R R e 5% 1 0 os) mi?ﬂ%ﬂnﬂﬁ Y a5
2.3 WIRGEAERREL T | ¢ o~ IA éEIT ﬁ[.‘. 'ji“ Ij © 14 9 79 ﬂ: % I]

A TS T ABBR AT (PCoA ) ] u%tﬁ ;
s e 2 1 0 1 S0 '”1>
éﬂilﬂ%ﬁﬂiﬁﬁﬁfﬁﬁi%ﬁﬁ 87. 209 fé@#
A L e SR S e T, R

}_Jgaﬁffﬁai oAt K AR j:-’%zrs---'
%n%%i%ﬁiﬂﬁ%ﬁﬂ HE E&%ﬁaﬁeﬂ#ﬁ%&f AT RANEAT, T AT R M X 2 R 43

ST, L‘Lﬁé@%éﬁi%?"il—l%‘%ﬁi%ﬂ CGELLR
FaAL 0 S B AL B2 5

(Amdobactefla) __ﬁﬂ(éjé ] Iﬁ (Actinobacteria) . ilgj'ﬂ: lil,f-
(¢ Bactemldetes) 5&% ] l] ( Chloroflexi)~ E"ﬁ;@,ﬁ
[T(F mnlcuteaf) %E«ﬂ@ T ( Gemmatlm-onadetes)
] :] ( Planctomyeetes ) . 7“8 JE éﬁ'g I]
«( Proteobacterla) *ﬂﬂﬁfrﬁ & [ ( Verrucomicrobia ) 3t
514 8. 96%
~21.69%., 3.74% ~ 31.25%., 1.63% ~ 8.31%,
1.26% ~6.13% ., 0.82% ~8.13% ., 0.31% ~ 1. 44%
1.87% ~ 2.65% ., 27.72% ~ 38.11% 1 2.04% ~
= =
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Fig. 2 Classification of soil aggregates in karst and non-karst

paddy fields at phylum levels
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2.80%, ti 4HTE E OTU 14 81. 13% ~ 83. 79% . M3 i A
RZE T, R XA AR R T, FRAFEE ], BUFF A
1T SRR ZE B R T AE 3 A B R AR R AR
ARG = B 38 2 T AR DX T R B TR
JERETE 14E 3 A RAMAORLAR b (AR X 3= B 1 g 2%
FEAR. 20 7 XA A2 T2 187 1] (38.06% , 38.09% Al
38. 11% ) [ AH X 3= B2 bifi 25 11 2R 44 428 185 R T Jik
INEERB XS Z MR 3B A X E
(30.53%. 30.66% F 31.25% ). % % @ ']
(1.87% . 1.91% A1 2. 15% ) FIPEHE T (1. 76% .
2. 04% F12.93% ) B AH X =F B2 Bl 75 141 2R {40k 72 44
TN, 5 V5 DX B 1A R A vl g 2 2 T 1) DA 2
BF11(6.13% F1 7.35% ) B AH 6 32 B2 35 & 3% & T
¥y . BORIZH Y (2.79% 1 3.75% ) 5 ky. BRI 4y
TR RRAT TR T T RUAT R 1] (21. 69% 1 8. 31% ) Y
X B W E T A R AR (19.73% Al
5.46% ). LI EASREHIA 5 I KT AR
B K 22 b 0 B R 2 S
X 'ﬁ%!!f%iﬁm‘a' Eﬂiﬁl%ﬁifﬂﬁflfﬁﬂi
Vﬁu\%’éﬂﬂlﬁl 3 F)f AT R (Arthrobacter) 5‘1$

Ml & ( Gemmatimonas) . HFT T J& ( Geobacter) | TR
FFH ( Acidobacteria Gpl, Gp3., Gp4., Gp6., Gp7) .
B 2 B0 TR ( Sphingomonas ) A3\ B BRI &
( Sporosarcina) A 40 B UL & , A XT3 B A 4 TR
OTU 1) 24. 82% ~40. 29% . HRIE AR T, H I X
ZEHMUIA S | BTN (Gp3 ., Gp4, Gp6) | i 2 A
TR N 2E A\ B ER T B AE 3 A PRk AR b i A X
FEWRES TIREE X, M EE . irEE
HMBATEE Gpl 7E 3 A MR AR AR vh i A X =F 2 1
BB A XA R R (0.28% . 0.32%,
0.42% ) FERFF I Gpl (0.10% ., 0.11% ., 0. 14% ) ¥
AT i I o 1A SR A A A 34 R sl /). Al i X
Spartobacteria genera incertae sedis (0.85% . 1. 03%
F1.51% ) (AR G 3 B Bt 1A 3R A R A% 3 T Ut
N DR . BRI S r i AR I BT RFF
B Gpd FIRRFFHT Gp3 AH Xt =1 (0. 52%#’58%
1.32% ) i % v i R 4K (7.31%., 2.53% Fn
0.96% ). L) /-4 %%%Emﬁﬁﬁﬁtﬁﬁﬁﬁ
J:E/JEﬂ(EPJ:gWiﬁE%E/J*HXTEEF%#JZﬂ &
i%MUHj Téiﬁc%éﬂi%@ 5 4 Iﬁ)ﬂ‘ﬁ

100
95J-=
451

40

35 ¢

30 +

25 |

FIRF 0 /%

20

15 I

10 |

il

51

others
Sporosarcina
- Sphingomonas
Spartobacteria genera incertae sedis
I Acidobacteria GpT7
Acidobacteria Gp6
B Acidobacteria Gp4
Acidobacteria Gp3
B Acidobacteria Gpl
I | Geobacter
B Gemmatimonas
Arthrobacter

il

Full Mac Mic Mac
L

L

C Full
L

Mic sC

K N

K

B3 HERREFERRBEHIEARGEAERKESE

Fig. 3 Classification of soil aggregates in karst and non-karst paddy fields at genus levels
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Table 4  Correlation between whole soil genus and physicochemical properties

pH/H,0 Soc AP TP AN TN C/N Ca®* Mg?*
Arthrobacter -0.812" -0.657  -0.886*  -0.714 -0. 600 -0. 600 -0.543  -0.943*  -0.829*
Geobacter -0.725 -0.771  -0.943*  -0.771 -0.543 -0.714 -0.371  -0.886" -0.771
Gemmatimonas 0.725 0.943™  0.943* 0.943™  0.714 0. 886 * 0. 657 0. 886 0.943 *
Acidobacteria Gpl -0.638 -0.771  -0.771 -0. 600 -0.714 -0.714 -0.429 -0.714 -0. 600
Acidobacteria Gp3 0.841" 0.771 0. 600 0.771 1.000**  0.829* 0.829*  0.657 0.771
Acidobacteria Gp4 0.754 0.886*  0.657 0.829 " 0.943™  0.943*  0.657 0. 600 0.714
Acidobacteria Gp6 0. 638 0.943™  0.771 0.771 0. 886 " 0.886 " 0.714 0.714 0.771
Sphingomonas 0.812" 0.829*  0.714 0. 886 * 0.771 0.943™  0.371 0. 600 0. 657

1) * F/RTE 0. 05 95 ek B3

* FIRTE 0. 01 4] AR B3, T
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S o R | FRAF R Gp3 AN SR
J& 5 pH H 2 IEARC, ZF MR G | BATE (Gpd |
Gp6) FIH P R 8 5 SOC S IEAE , AP s
FHLAT B8 R 5 20 e PR 45 5 M OG , 2R PR B R S5 28
Wbk 5 A OG. 36 5 AN TR AT SR A rp 4 i £ 2T
FE 5 SOC FHCH: , AT R h 425 T 1] 5 SOC &
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Table 5 Correlation between SOC and phylum and

genus of soil aggregates

P Soc S R 4 BRI 30 o H R, I e
KR WIARE B kg s .
Proteobacteria -0.029 -0.657 - -0.314 Biﬁig%ﬁ:qjém%ummﬁleﬂi itﬁ[ﬂ;ﬁﬁﬁik
Actinobacteria 0. 200 0.771 -0.143 /J\EZ ﬂﬁéﬂi%ﬁ%ﬂ@i@ﬁi*ﬁiﬁ s Z: [ﬁjjt/J\ %M: EFI?Q
v Acidobacteria -0.143  -0.600  -0.200 ERBEA A MR B B B (degree > 0. 15) | B4
Bacteroid, —-0. 086 -0. 600 0.029
Fidn:::te:tes 0.086  0.714 0.029 I (closeness centrality >0.12) fﬁg‘/ﬁ%w L
Chloroflexi ~0.257  -0.886" 0. 200 J& ( betweenness centrality < 0.10) ﬁﬁ ﬁ'f éé GBS
Arthrobacter —0.143  0.771 _q‘ﬁ?— B l:.,;lt LR NP Amdobac]’.él:?_ Gp3.
Geob 0.314 * 02257
G ? adjr 0. 143 g 233 500 Amdobactena G;'p6 Pfotel‘pbactena pi| Nm‘os(jy/ 1%&[1]
emmalimonas . - 3
Acidobacteria Gpl__ ~0.257 é43 « Lo RN aSphmgomonas\ "Microvirga , hlgﬂﬁ“ﬂJ
J&  Acidobacteria Gp3 | -0.143  -0; 143 I-O _’;‘ZI Amdobactqng Gp4 %u ’Am&‘obactena Gpb; ;[:53 ﬁ;;{?‘ 20
ri izj"im?‘;g{; f _8' ?‘11: _g 2;)(7)-{# .., % m N Aomdobacten; ¥ p6 Proteohactena %‘Ej
obaclerw .-' . -
" Acidobactetr Gp7 0,314 0 657 , o, 31y f’H BaCterOlde‘;eS A R SR A APIdObaCtefla
Sphmgombnds I-— 0.143 -0, 657a-”l J o ﬁ&5 Gpl . Proteoba(]:tema %ﬂ Amdobacterla Gpl7;1% @%ﬁi
- F r w |I
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Fig. 4 Co-occurrence networks of bacterial in soil aggregates
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“A.  Proteobacteria Acidobacteria Gpb Zill Firmicutes. M T/K- &, 251 A SR A i i) SE B 28
Acidobacteria Gpl6; #3 . FiFiZH 73 4. Acidobacteria  FFEEAJE TSI W 1 T FIERAT BT, RIS JE 1T AN
Gp6. Acidobacteria Gpl6, Proteobacteria I FRFT B 1] R 451 A B AR v e HL 52 i 1) GBS
Fo6 TEEARMGMLIAIMNEEY
Table 6 Topological index of soil aggregate
HEIX JEERX
R
Mac Mic sc Mac Mic sC
R 199 206 194 121 128 128
PERIIE 1009 1302 973 838 876 903
IEA SIS 532(52.7%) 854(65.5% ) 529(54.3% ) 447(53.3% ) 464(52.9% ) 462(51.1% )
UVEESUES 477(47.2% ) 448 (34.4% ) 444(45.6% ) 391(46.6% ) 412(47.0% ) 441(48.8% )

Ak 0.787 0. 667

0.816

0. 720 0.731 0.752

1) 1B/ SO SO 45 5 AU D 1E/ SO G B RGO o5 T

2.5 VAERARANT T RE TN 73 By

ABRFEH, SET T 46 AT AU B D REEHE
VEBHIXT E KT 0. 1% BT REVE N £ 2 Uik
P IR 17 A R DI RESSRE (I S)TE A
S AL RE S FR 25 ( chemoheterotrophy )R ﬁﬁ%h’ﬂﬁ
5 3% 25 (aerobic chemoheterotrophy ) R % ﬁ’ ﬁgfr ES
%j& ﬂ? W 25 (iron resplratlon) [t
( nitrogen flxan(m) AR HIZE mtrlf;eatl " L) *
TWAH IR & ‘ﬂﬁﬂé & aeroblc nitrite OX1datlon) { JL’fJCf %
ﬂ?”ﬁﬁf Fﬁ* ( resplr_.atlon of sulfur compoundsi) . ﬁ
h ﬂjﬂ]ﬁ%@ ( sulfate respiration ). HE ﬂ_’,A % 2 ﬁ’i
( aromatlc*compound degradation) | ﬁf}%ﬁﬂﬁA Y @ﬁ{
( hydrpcarbon degradatlon Yy, HOE E
(methylotrophy) | & ¥ ( fermentation) , JL T i/ \ﬁ’

( ureoEfsns ).

100

2% (chitinolysis) | HERER I 5 ( nitrate reductio_n-) filf
PR £ I 1 ( nitrate réspiration ) 1AL _(.fmtr()gen
respiration ) . E/ﬁl_jéi%ﬂ 3 /\*_L{é@%ﬁ:éﬂi'lﬁﬂi
I ?@ﬁﬂé\$fhﬂ]ttﬁﬁﬁ{ﬁ|: /ﬁ&L,.i‘lf%?{Jc
S L S A e
(LN :"L’Ilil%ﬁiﬁf*ﬁj ?Eféﬂﬁqjﬁﬁﬂirﬁtﬂﬁ
15. 52% 544! 62% | 15 30% 5 14.38% F 16/ 89% .
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LT I B 1 0. a6, PR T
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Fig. 5 Relative abundance of bacterial function prediction of paddy soil aggregates in karst and non-karst areas
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