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Community structure and functional groups of soil bacteria and their influencing factors in Longji rice
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Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004, China)

Abstract: The study of soil bacterial community structure and functional groups in rice terraces can provide a theoretical basis for the
sustainable management of terraces. Nineteen soil samples were collected at different altitudes in Longji rice terraces. Bacterial community
structure was analyzed using 16S rRNA high—throughput sequencing, and its functional group was predicted using FAPROTAX functional
prediction software. The results showed that the dominant phyla were Proteobacteria and Chloroflexi with 37.40%~63.28% and 11.30%~
40.78% abundance, respectively. The dominant genera were Sphingomonas and Rhodanobacter with 7.13%~20.87% and 2.34%~21.53%

abundance, respectively. Clustering heatmap of dominance operational taxonomic units (OTUs) showed that the environmental factors
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significantly related to bacterial abundance were pH, carbon—nitrogen ratio(C/N), alkali-hydrolyzed nitrogen (AN), and altitude. A total of

51 functional groups were predicted based on all the OTUs. Denitrification, sulfur respiration, and hydrocarbon degradation functional

groups were significantly related to pH, C/N, AN, and altitude. The above results indicated that soil pH, C/N, AN, and altitude significantly

affected soil bacterial community structure and functional groups in Longji rice terraces.

Keywords:rice terraces; bacterial community; functional group; pH; carbon—nitrogen ratio

Tofs R U S5 = B S AR AR H 2 AT B
SR B AR A A DR 2% 5 ) AH O A L
VR R G0, Hoal BT DO F Hofh Al 4 s oF)
J5 2CHY B R, 5 3 R F A B, RE RS R T
L3P 0 e, s T 5 P ) 325 B 4080 38 i b 2R OK 1) T 38
S G KT A R, A 1 A A
FH P 2 RB 8% A7 080 T35 0 R0, 0 7 b 25 A
ol FH V8 B ) AR A 2 S B R SR A & 1 R K
oy S BE 2 AR, I FLBS 6 RE R %63 38 =
T— A Bk, A7 B 00 B R F 2 R #  HK
FE, TR A R A A T S B A3 A A T O 3 ARG RN A
WR B A B IX . 7E 2018 4R 55 FLIR A BREE B
v SCARE  E RIS s b ARG R R AR HAE DY) 4
ANBE 7 1L HURS VR F R AR AR 4 209 A R
B SR g = 4 SR I, 5 RE VR G 2y
BL A ) T A ll STk st ™ i LR 3P FIAS /A A BT
FRELfk

- A P R P 48 I R R O 1
BLIR bR 2 — 6 45 pH RN 3% 40 B8 IR T 19 AR 4
o HORT, AERSAE RS o, S A W AE AR T
B0 HE ) b R AL 2 0 R L R R HL A AR
H AT, 5¢F 56 - 3604 9 Jr i i F 9 4T ik,
9 58 ARSI 5T 2 B, O A A RS FE b S R A B
R R HE R (1 450~1 500 m) R &R, + 33
I A SRR Rk T A R B B £ 0 B R RO
ZAETRF IS . AR B, RN R G RE
8 SRR K RS 2 R ol e 0 o s A R Y - el
Prithi. XECRFFE R, HEBUEY S 2K REA KN
SO AN, RS KRS AN AR 9 v R R
A BN AR R, SR T e WA
X AFNH R R B 4 B 2 e i A A5 s 1 L,
2 TR AR 75 25 A0 R ) BE S A A7 WP 4 o 4 S AL A
TR AT AE o DRI, SR O DR D) A9 R T R o
A F 5% 52, I e WA 7 T I 9E « —J2& 43 AT s
T RIS SR AL AT BB R s — 2
AT A P 39 v 52 e 8 S A RV RN D BB ()
BOAEIR F, DU & AR R B, S AR
—366—

iElibke et SRS IR
1 #ME57F%

1.1 #FR R

T B REVERS T4 B A 600 224 1 i s, HEFR
HABRHIE & AT P B8 X e 45 H iR
e E LR R L, BEEEAR T 29 80 kmo B FAE
Hofs FET by Ak STV A 2 XU X, AP 2SI 18.1 °CL 1)
ity i e Y 39.5 °C, Wi pe IR B - 4.8 °C, ToRG I 314
d, AEFE R 12 1 500~2 400 mm, 4534 H BEEF %81 223 h,
AR A SRR 82% . Je B REAEBA B 20 A1 72 3k
850~1 060 m Z [H] , i F A £ 109°32' ~110°14" L4
25°35'~26°17" Z[A]", Je B FVERS B s ik RS
W, EERERERS , MR, 7 — Rl 6 000~
7500 kg-hm™. iEHE 5 H T AIFGBHE KGR, 90T
AIE) 10 A B AR WCH S RS RN IR B gt A LG
B A NSy 3, B it FH TS HL A A IEAE R SR IE ,
A 1 050~1 500 kg hm™, Ji5 H36 AE AR KRG A KR B0
M 7E o
1.2 iR TEEHRARE

2016 4E 3 J 27 H A3 J1 28 H , 76 0 6 H 5 X
TR HVER (ALS) i B, KRB IR 10 m =y B 2261 7R
FECE 1), 3 19 A, 225 (IO Ak 27 3 B
PO T - AR AR AR o TR P B AL R B 3
AR R B SRR R )1 0~20 em B2+
B 3ARE B SNR A N VAR . FEAR A 1] 5256
Fa, RREPR R A IELRY, — - UrE 2
mm i , LA -80 CUKFEAF , T 5 Se M B HE VR 45 1)
3T s I — WA AR Al B AR T S I L 4 il ik
0.85.0.25.0.15 mm ¥ J5 F B it Ab AR A7, H T +
b2 SR T
1.3 TEBEUIERRFSSENNE

A BT AT T 2 IR RO A A 4y
Bror B AT AR AT . RIEE KA (SWE)
(A 72 SR FHBE T35 5 pH B I R FH G COL 28 18 /K A
B F IR A K 1:2.5 By el 48, TS % pH it (Y
51 1S128C) EHMNE 5 1A &0 (AP) >R FHER 2 -6

http://www.aed.org.cn



FBRE .S AERESHTRARRREMMINEXRFRZMEF 27

20214 5A8

ﬂc%ﬁf?‘%?ﬂﬂﬁ s LA BLAK (SOC) SR FH R 4 iR — . B TR

1.4 %‘iﬁ%ﬂﬂur‘

BRAN AR E 3 B A CAND SR TR0 3 B0 I A RAHEIEATRUEYIIN R o (R EAE A DNA
:tj%%ux (TN 2R FH vt 12 3 7 L e AUE I 5 + & U7 & (Power Soil, QTAGEN 24wl ) #E 47 £: A 41
HE SRR (TP) SR FIBR IRl Al R o . LRkt DNAFRIRJS , 68 F 0.8% Sntll it B8 Je B VK G I DNA.
W1, PG 8 W P IX 3, 5 WU AT Barcode YHRF 5351 90 XA

A o HEART
IR R AR X
0 95 190 380 km
Bl XREATEE
Figure 1 Schematic diagram of sampling points
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Table 1 Physico—chemical properties of paddy soils in Longji rice terraces (0~20 ¢cm)
R (273 g & pH ALK A A S AR e LA
Sample ALS/m SWC/% (H,0) SOC/(g-kg")  TN/(g-kg') AN/(mg-kg')  TP/(g-kg') AP/(mg-kg") C/N
1 1063 42.64+0.01  4.49+0.08 17.52+0.01 2.53+0.01 123.63+0.30 0.13+0.02 84.26+5.97 6.93+0.04
2 1057 30.07£0.00  4.85+0.06 18.57+0.01 2.41+0.02 92.99+0.35 0.14+0.08 40.99+0.42 7.70+0.06
3 1045 37.84+£0.00  4.78+0.01 15.20+0.06 1.76+0.01 96.23+1.13 0.13+0.01 83.96+5.90 8.62+0.03
4 1031 38.49+£0.00  4.60+0.01 16.05+0.02 1.52+0.01 108.88+0.64 0.18+0.10 74.55+0.54 10.55+0.13
5 1020 39.51£0.01  5.00+0.01 16.30+0.02 3.35+0.00 131.03+0.59 0.19+0.11 82.51+2.35 4.87+0.01
6 1011 34.09+£0.00  4.67+0.02 21.34+0.02 2.80+0.00 100.50+0.59 0.18+0.10 102.92+0.44 7.62+0.01
7 999 27.47+£0.00  4.60+0.00 22.45+0.01 1.99+0.01 92.35+0.70 0.49+0.28 85.60+1.64 11.25+0.04
8 989 43.17+0.00  4.95+0.01 23.77+0.08 2.16+0.00 104.05+0.54 0.56+0.32 95.57+0.08 11.03+0.03
9 981 42.38+0.01  4.71+0.01 21.59+0.01 2.01+0.01 102.74+0.38 0.30+0.18 93.59+0.25 10.73+0.03
10 975 34.40+£0.01  4.60+0.01 17.09+0.02 1.17+0.01 92.23+0.33 0.53+0.31 33.83+1.19 14.55+0.14
11 966 39.86+£0.01  4.64+0.01 14.55+0.01 1.07+0.00 81.40+0.38 0.52+0.03 37.30+0.30 13.55+0.02
12 953 41.00£0.00  4.71+0.07 16.14+0.05 1.42+0.00 84.77+0.73 0.29+0.17 74.20+2.42 11.40+0.05
13 941 24.76+£0.00  4.76+0.01 17.27+0.05 1.06+0.01 66.12+0.06 0.58+0.33 29.87+0.38 16.31+0.13
14 931 46.67+0.01  4.61+0.03 20.13+0.10 2.31+0.00 76.43+0.43 0.33+0.19 28.91+1.61 8.73+0.05
15 920 56.12+0.02  5.23+0.01 24.15+0.01 1.36+0.01 101.31+0.42 0.45+0.26 106.84+7.53 17.81+0.08
16 910 46.05£0.01  5.16+0.12 16.68+0.01 1.26+0.01 83.34+0.95 0.50+0.29 55.63+4.10 13.24+0.15
17 880 66.35£0.01  4.81+0.01 28.32+0.07 2.78+0.01 93.49+1.94 0.36+0.21 73.49+4.48 10.17+0.05
18 864 35.90+0.01  4.84+0.01 18.55+0.03 2.48+0.01 122.34+0.43 0.10+0.06 68.16+0.35 7.48+0.02
19 851 44.15+0.00  4.88+0.01 23.13+0.02 2.84+0.00 129.19+0.48 0.08+0.04 51.48+0.75 8.15+0.02
FH4(E Average  — 40.58 4.78 19.41 2.00 99.11 0.32 68.61 10.66
T R R bR 2, — R TR
Notes: The data in the table are mean+SD ,—indicates no data.
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Figure 2 Soil microbial a—diversity index in Longji rice terraces
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Table 2 Correlation between soil microbial a—diversity and environmental factors (r)

FEF5 Index ALS SWC pH AP SOC AN TN TP C/N
Observed -0.078 0.061 -0.018 -0.093 0.032 0.022 -0.091 -0.010 0.001
Chaol -0.043 0.089 -0.042 -0.022 0.221 0.195 0.111 -0.057 -0.117
Ace -0.076 0.177 -0.022 0.078 0.359 0.183 0.166 -0.015 -0.107
Shannon -0.291 0.105 0.371 -0.036 —-0.046 -0.040 -0.339 0.114 0.293
Simpson -0.494* 0.246 0.551% 0.090 0.048 0.139 -0.243 0.167 0.321
Coverage 0.077 -0.141 0.045 -0.053 -0.297 -0.207 -0.154 0.055 0.120
1 Note: * P<0.05,
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Figure 3 Principal component analysis of bacterial B—diversity in

Longji rice terraces based on Bray—Curtis distance algorithm
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Figure 4 Bacterial community composition at the level of phylum(a) and genus(b) in Longji rice terraces
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Figure 5 Correlation between bacterial OTUs for advantage and environmental factors of Longji rice terraces
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Figure 6 Heatmap of soil physicochemical factors with bacterial functional group in Longji rice terraces
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