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Characterlstlcs- of Bacterial Commumty Structure inl Fluvo- aqulc Soil Under leferent

Rotatlon Fallow __ n o i ;

NAN Zhen-wy_ , U Zhu' , DAI Hong-cui' , ZHANG Lei®, WAN(_;’,M*;'&U Jie', LIU Kai-chang' , MENG Wei-wei' * | WANG Xu-qing' *

(L. Nationél Engineering Laboratory of Wheat and Maize, Crop Research Irlsiitule, Shandong Academy of Agricultural Sciences, Ji'nan 250100, China; 2. Yantai Academy of
Agriculturai Sciences, Yantai 265500, China)

Abstract; The aim of this study was to provide a reference for promoting ecological restoration of farmland and the green development of agriculture in the alluvial plain of the
lower Yellow River by determining the effects of different rotation fallow patterns on the bacterial community of the fluvo-aquic soil. Farmland soil subject to a long-term rotation
fallow experiment since 2018 was studied using Illumina MiSeq high-throughput sequencing technology, and the ‘Tax4Fun’ bacterial function prediction tool was used to
analyze differences in soil bacterial community structure and function under the following four rotation fallow regimes; long fallow (LF), winter wheat and summer fallow
(WF), winter fallow and summer maize( FM) , and annual rotation of winter wheat and summer maize(WM). The environmental factors affecting changes in the soil bacterial
community structure and function were also analyzed. In total, 44 phyla, 146 classes, 338 orders, 530 families, 965 genera, and 2073 species of bacteria were detected in the
soil samples from the different rotation fallow regimes, and the dominant bacterial groups were Actinobacteria, Proteobacteria, Acidobacteria, and Chloroflexi in 0-20 ¢m and
20-40 cm soil layers. However, the relative abundances of the dominant bacteria groups were varied between the rotation fallow regimes. In the 0-20 ¢m layer of the seasonal
fallow soils( WF and FM) , bacteria were more abundant and community diversity was higher than that of the WM and LF soils. In 20-40 cm soil layer, the WF soil was more
abundant in bacterial and the community was more diverse. Based on the prediction function of the ‘ Tax4Fun’ tool, six primary metabolic pathways, 40 secondary metabolic
pathways( 18 types with relative abundance greater than 19% ), and 264 tertiary metabolic pathways were identified in the soil hacteria of the different rotation fallow regimes.
Seasonal fallow( WF and FM) was found to increase the relative abundance of heneficial bacterial metabolic pathways involved in metabolism, environmental information
processing, and genetic information processing. According to RDA analysis, the soil bacterial community in the 0-20 ¢m soil layer was significantly affected by soil moisture,
total phosphorus, available phosphorus, available potassium, pH, and C/N ratio( P <0.05) , and the soil bacterial community in 20-40 cm soil layer was significantly affected
by soil total phosphorus and available phosphorus(P <0.05). Therefore, different fallow patterns were linked to variation in the structure, diversity, and metabolic functions
of soil bacterial communities. Based on these results, seasonal fallow practices could promote the health and stability of farmland soil ecosystems.

Key words: rotation; fallow; soil bacteria; community structure; function prediction
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WM 3300.7 +70.8b 4634.9 +110.6b 4782.0+291.1a 6.91 £0.07b 95.92 £0.11a
LF 3102.3 +71.8¢ 4245.8 £127.3¢ 4201.8 £139.4c¢ 6.82 +£0.06¢ 96.32 0. 15a
20 ~40 FM 3514.3 £83.5b 4850.3 £16.4b 4845.5 £31.0b 7.07 £0.09ab 95.75 £0.03b
WF 3692.7 £97.2a 5164.5 £127.9a 5135.0 £114.8a 7.14 £0.06a 95.44 0. 10c
WM 3488.7 +89.6b 4935.6 +£168.3b 4929.9 +198.3b 7.01 £0.05b 95.64 +0.17bc

1) 6l L2 R FUA R NG 5 3% Ab B R] 22 5 .2 (P < 0. 05)

ANFECAERBEA FH - HE20 TR RV P A 2 g
RNFEEARBETT, 0 ~20 cm F120 ~40 cm
TR TR IR 1K AR XS F= BE AR (1 3). 0 ~ 20
em FEPIE 3(a)], BT ] (Actinobacteria ) |

2.3

ere

A2 ¥ B ] ( Proteobacteria ), MR T B ]
( Acidobacteria) 14425 B[] ( Chloroflexi ) 42+ HE 40
() EZPLHATERE TR 12 DFEA p PSR 2 5435
K 26.08%. 19.90%. 17.12% F1 13.03%, 2 &
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76.13% ; R THHMELE 1. 16%, 556 7 KT
X EERT 1.0%, X FEE/NT 1.0% E’J?HEIETI‘]
A0 3.87%. fE EERBER D, L E
(Actinobacteria) 7£ FM " ix E & (31.27% ) , fﬁ?’f
WF Hodx > (23.34%); #H 2, & 2 & [
( Chloroflexi) 76 WF H1i & (13.92% ) , H1E FM
il A (11.66%); % — £ & M2 Wl
( Proteobacteria ) , 7 WF #1 FM ™ AH X 3 B 5 &
(22.15% F121.08% ) ; T FRFF B[] ( Acidobacteria )
76 LF i F 5 (22.08% ) , HAX & T AR H
["]( Proteobacteria, 17.26% ) ,7E FM HAH X} 3= i i
%(12.93% ).

20 ~40 em HJEHE 3(b) ], HIEANE ) T 5

HERE S 0 ~20 em HJZAHFE], 76 12 DFEA P
PR B 4y A 22.34%, 21.00%, 15.93% Al
12.37%, 2915 71. 64% ; REETZRME L5 1.67%,
T4 10 2R T TH R T 1. 0%, HX F /N T
1. 0% MAITT 12915 5. 01% . 50 ~20 em +JZ2ANA,
LF F1 WM b e £ A & E T
(Actinobacteria, 21.23% #124.64% ) , il FM #1 WF
i) Sk A8 FE B 1] ( Proteobacteria, 23.67% Al
27.11% ) ; BR AT B '] ( Acidobacteria ) 125 25 [ |]
(Chloroflexi) £ LF Hiz 45 (20. 33% 11 13. 84% ) ,
HE T2 ( Proteobacteria, 12.90% ) 5 B2 AT B
["T( Acidobacteria) F1ZEZ5 R ] ( Chloroflexi ) #H%} = B
3 AIAE WF A1 FM iR (13. 05% F110. 85% ).

(a) 0-20 em + )22
F

FM —

W Actinobacteria
M Proteobacteria
W Acidobacteria
® Chloroflexi
B Gemmatimonadota
Bacteroidota
M Firmicutes
B Myxococcota
B Methylomirabilota *
W Planctomycetota
B Verrucomicrobiota
m unclassified k norank d_ Bacteria
W others

Y

R

- I— 1

‘ (b) 20~40 cm + J2 '

B Actinobacteria

W Proteobacteria

B Acidobacteria

W Chloroflexi

B Gemmatimonadota
Methylomirabilota

M Firmicutes

M Bacteroidota

B Myxococcota

W unclassified k_ norank d_ Bacteria

B GALIS

Planctomycetota

B Nitrospirota

M Latescibacterota

B Verrucomicrobiota

W others

1 I | 1
0 20 40 60 80 100

AR %

B3 THEMAEEY phylum KF B FEE

Fig. 3 Community abundance at the phylum level of soil bacterial communities

2.4 AN[FEFAEARBEA H S ea B VR 4 i 22 57
ARFAEARBE T T, 0 ~20 em F120 ~ 40
em T EEAHRAEF OTU 7K V-2 T Bray Curtis #5525

) PCoA 73 M 422 % (K1 4).0 ~20 ecm L2
[E4(a) ], hFERBSr PCL F PC2 Sk Ak byl 4y 2t
T YA BR R W PCoA 43 HT, PC1 Al PC2 T 43 5 fiff
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B 42 %

BE41.59% F 14.13% BEIE A L 2 5, & i ik
55.72% . LF {i T PC1, PC2 IEfH X ; FM {ii T
PC1 U {H X 3 A1 PC2 IEfE X 3 ; WF 5 FM 7&
PC1 H i X 3k 2 3, (HA T PC2 i fB X 3k
WM {7 F PC1 IEfA X 3 A1 PC2 1E i {E X 38k 9 ],
5 LF B,

20 ~40 cm )2 [ K 4(b) ], PCoA 43HT iR

, (a) 0~20 em L2 i e LF
20 - : A FM
¢ WF
WM
;\E 10 -
0
ﬁ:
= |
£ [
- | S »---
_'EU t—
] 1

F A 45 PCL A PC2 43 il W LA Mg % 52. 11% H01
14. 72% #f % A 2% 7=, &3t i8 66.83%. LF i T
PC1 IEfA XA PC2 IE AWM, FM {7 T PCI,
PC2 IESAEM ; WF £ F PC1 IE{E X 31 PC2 7t
fEXEE; WM AT PCl, PC2 FifE X 5. 50 ~20 em
+JZA, LF il WM 7£ PC1, PC2 3% 4 11 F%,
FM il WF ¥J7E PC1 1% . PC2 1E45.

20

(b) 20~40 cm f:J3 |

PC2 (14.72%)

-20 -10 0 10 20 30 40

-20 0 10 20
PCI1 (41.59%) PCI (52.11%)
, o
“E4 HEEEEE OTU 7}<$E’]EEﬁ!Zﬁﬁ$ﬁ P u D A
Flg 4 PLoA on OTU level of soil bacterial L,ommunm-bs \ J F ‘:.M

2.5 & H?‘ﬁibk%#izﬁflii%%éﬁl @%‘izﬁw J.J*’

LT Sila ﬁiﬂ%ﬂ? ¥ 16S éﬁsﬂa /\%ﬁc;@
KEGG HCHFE I 4 500 2 i Ty
SE A R 0 40 cm L-HE 165 E"J OTUS {3 |
e B 45
level 10§72 (#.3) s — 93l 1 il % ( patfiway
level 2040 2 FLrINT = B K T 1. 0% B9 LT
AR IE B A 7 18 2K (3R 4) 5 = IR i
( pathway level 3)264 25,

MFE 3 AL AE 0 ~20 em F120 ~40 em 3
o, 6 R Re A B X ARy B
4415 ( metabolism) > 43515 B AL B ( environmental
information processmg) > 1./3 ’f"Jz: 15 o 5L }E ( genetlc

5 SFL A g o 1 (,.{)athwafw

5 QHEI i *I ( cellular g
processes ) ps 7'@’delﬁ‘{human dlseases) > ﬁﬁ[‘/vu
(organlsmal §ystems) FM (R R AR D i *HX]L$F
RERHT WF(P%0.05) ,H %5 FM, WM 12 5
AL, LF BOFREE (5 B AL B B AR 2 1 1 f
L WE 2 B AR (P <0.05) ; WF I35t %5 B Ab
NGB A YA RGN REY B35 i, LF NIty
BERAN(P <0.05) ; A R DRI 22 5 1 o 3%
20 ~40 em )z BB A U A0 i e ) fiE
FRENS 0 ~20 cm HJZAML; FM A WE FHTRRT
IHDIRE 5 T LF R WM, WE R WM (1938 % 15 .
WERFNA DA RSB W% & T FM Al LF (P <
0.05) ; AZEFIRH LF <FM < WF < WM.

information ™ processmg})

®3 TEARBEE-RIEREERNBEXEE /%

Table 3  Relative abundances of level 1 functional metabolic pathways in soil bacterial communities based on Tax4Fun/%

+ZE/em AR A PRI E Sk B i ISV SL ] 0 M NZEH APLFRG
LF 61.27 =0. 05ab 20. 09 =0. 06a 10. 80 0. 02d 4.86 +0.05a 2.02 +0.01d 0.84 £0.01c
0~20 FM 61.37 =0. 10a 19. 67 +0. 09b 10.97 £0.07¢ 4.87 0. 04a 2.12 £0.05¢ 0. 89 +0. 02b
WF 61.04 £0. 10c 19.19 £0. 05¢ 11.40 +£0.0la 4.97 £0.03a 2.33 £0.02a 0.95 +£0.01a
WM 61.12 +0. 09bc 19.71 +£0. 06b 11. 14 +0. 03b 4.84 +0. 13a 2.18 0. 02b 0. 88 0. 02b
LARFEA 61.2 =0. 04a 19. 66 +0. 04b 11. 08 0. 03¢ 4.89 +0.04d 2.16 £0.0le 0.89 +0. 01f
LF 60.93 0. 15b 20.59 £0. 20a 10. 63 0. 09¢ 4.96 +0.02a 1.98 0. 03d 0.81 £0.01¢
20 ~ 40 FM 61.22 £0.07a 19. 85 +0. 14b 10.95 0. 02b 4.92 +0. 06a 2.10 £0. 02¢ 0. 84 +0. 02b
WF 61.36 +£0.07a 19.11 £0.07¢ 11.29 +0. 05a 4.98 +0.03a 2.24 +0.01b 0.91 £0.01a
WM 60. 85 +0. 04b 19. 68 +0. 06b 11.19 0. 07a 4.93 +£0.02a 2.32 £0.02a 0.91 £0.01a
LARFEA 61.09 =0.03a 19. 81 +0. 06b 11.01 0. 03¢ 4.95 +0.01d 2.16 £0.0le 0. 87 =0. 00f

1) AR 22 RIBA Rl - RER R AL B 22 5 .3 (P <0. 05 ) , A fRFEA [T AN R /NG b 30 — 20 e A QIAHE % 6] 22 5+ 1.3 (P < 0. 05)
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FBLRAE . AR AEAOPE T L a0 T e 45

WA 4983

INFE 4 AJH7E 0 ~20 em F120 ~40 em 13
T AR R T 1. 0% 19 18 38— 2R Ty AR i 2
BE 4 5N 96.36% ~ 96.63% F1 96.43% ~
96. 69 %, HH X 2 B K T 5. 0% B934 6135 ek 1L
AW ( carbohydrate metabolism ) | SR AT
fX % iZ ( membrane
transport ) | {5 5 ¥ 5 (signal transduction) . Ffj Bl
TR 4E A= ZE 19 AL B ( metabolism of cofactors and
vitamins) . g 8 X ( energy metabolism ) F14Z iR

(‘amino acid metabolism ) |

{3 ( nucleotide metabolism) X 7 Z5. FHXFFEFE K F
1. 0% () - D REAC @ M b, LF 5 FM, WF F
WM 7E 0 ~20 cm F120 ~40 ecm 124545 10, 11,

x4

9 FN 12, 13, 15 KEPEAAER FE 25 (P <0.05),
FM 5 WF il WM 7EP L2405 4 9, 11 Fi 11, 13
KIPEAFAE R E 2R (P <0.05), WF 5 WM 7EH
FEMETA 10 Kl EAFAE R F 257 (P <0.05). 0
~20 em TR RBEEY G RS M (glycan
biosynthesis and metabolism) | #%4k (translation) . &
il F14& 52 (replication and repair ) F1 40 B 14 4% Y2 9k
(infectious disease: bacterial ) X 4 25 — 2 I REAC 15}
M HETE 4 AL BRI 22 5030 % (P <0.05), 20 ~
40 em TR RYREEACE | BT | A0 ML G 3

TR IIRE A B AE 4 b ) 25 R4 ) B
(P<0.05).

TEAFREEPENEERT 120N _RINEEREHER" /%

Table 4 Level 2 functional metabolic pathways with relative abundances of more than 1% in soil bacterial communities based on Tax4Fun

..'--‘.
-

+J2E/em  WMHIEE WE Tl LF M WF WM ESilEES
kAL Rt 12,970,032 12.93£0.03a  12.93£0.03a  13.0220. 10a,"12796:%0. 064
SR 12.42£0.03b  12.59+0.04a  [243£0.02b | 12.33£0.01¢ 12:44"0,10b
g e SR A 6,980£0.021b  7.075£0.017a  [7.068%0.010a | 6.987£0.015b 7403 £0.05e
A iwil 74068 £0.047a  7.057 +0.030a u'“6 980 0. 019a. 6.951£0. 1040 7. p},‘f'ofo%
T FA IR A A7720.015a 5.187£0.012a [ 5, 189 £0. 016a 5.198£0.033a | 519 t()....l_()Zfﬂl_,
SR R 5 1RO 4481 £0.015a  4.434£0.039a) 4. 26(1+0 012¢ | 4326 £0.041b 4.88#0.09h
A ' | 642 +0.008b  3.633£0.010p 3. 649 +0. O6ab 3,672 +0.022a 3.65 £0.02]
o | HAbE SRR 5135 ﬂ) 006h  2.766 £0.007a 2. 744%0.002ab 42.70 £0.0190¢  2.73 +0.03k -
(o0 & | # w*ﬁ%@ﬂﬂhM/M{ 5_1 /E 72f7 #0.025a  2.572 0. 055b“.,.r' 2.500£0.09h 12763 £0. 1132 /726550 13k
{ D R st |, pf 2202450140 2,270 £0.031¢ 2418 +0:012a  2.338+0.006h .2 31 +0:081
PR AT [l A0 14580140 12132017 ¢ T11.50£0.02¢ | 12,06 £0. 17b 12,070, 2
- F5E% ) 17510 £0.082h | 7.533 £0.096ab" 7.685 £0.051a 7,646 +0.124ab  7.59 +0.11d
7 V| il 4.377 £0.006d__| 4.455£0.027c  4.630 £0.002a 4507 +0.009h 4.49 £0. 10g
L bRl A A 0orE0. 80 4.0950.033¢  4.296+0.004a  4.173£0.007b 415 0. 11i
o & . PR 2.920£0.006b  2.233£0.009h  2.279+0.008a  2.267 0.017a 2.25 £0.031
A R iz sh 2.292£0.018b  2.291£0.020b  2.357 +0.010a  2.316 £0.047ab  2.31£0.04l
R S3ET 1.871 £0.020a  1.851+0.010a  1.859 £0.007a  1.829 +0.049a 1.85 +0.03m
NP AL 1.321£0.016d  1.387 £0.040c  1.578 +0.017a  1.474 £0.016b 1.44 £0. 10n
kA& ot 12.82+0.02b  12.97%0.03a  13.01+0.03a  13.00 £0.0la 12.95 0. 08a
SRR 12.36 £0.09ab  12.39 £0.03a 12.45 +0. 04a 12.26 +0.01b 12.37 £0. 08
BN Z A 6.967 £0.030b  7.001 £0.036b  7.065£0.018a 6. 975 0. 005b 7.00 £0. 05e
(AW 7.276 £0.024a  7.131£0.034b  7.053£0.019¢  6.911 0. 024d 7.09 £0. 14e
T Wt 5.135£0.018b  5.177 £0.015a  5.186£0.002a  5.177 £0.016a 5.17 +0. 021
SRR R 5 1R 4.439£0.049a  4.413£0.033a  4.380£0.029a  4.245 +0.041b 4.37 £0.08g
Je At 3.602 £0.007c  3.635+0.008b  3.663 £0.006a  3.668 +0.004a 3.64 0. 03i
FoAb AR G 2.701 £0.019b  2.721£0.020b  2.753£0.012a  2.707 0. 007b 2.72 0. 02j
20 ~40 SR EAL A P 2.606 +0.021b  2.670 £0.050a  2.588 £0.019h  2.674 +0.026a 2.63 +0.05]
B A RS R 2.222+0.031c  2.273+0.008b  2.352%0.018a  2.390 0. 021a 2.31 +0.07k
B B [lLige 13.08£0.22a  12.33+0.21b  11.49+0.10d  11.89 =0. 10c 12.19 0. 63¢
(GeEids 7.514+£0.085b  7.521£0.083b  7.621 £0.048b  7.794 £0.061a 7.61 0. 13d
A 4.295+0.035¢  4.426 £0.007b  4.570 £0.020a  4.523 £0.028a 4.45 £0. 11g
WHfFRME  BHmBE 3.970 £0.038c  4.100 £0.012b  4.246 £0.020a  4.211 0. 030a 4.13 £0. 12h
P& . SrR AR 2.181 +0.019¢  2.239+0.004b  2.277 £0.006a  2.266 +0.013a 2.24 £0. 04k
AL R iz sh 2.314£0.011b  2.308 £0.025b  2.344 £0.019ab  2.374 0.012a 2.33 0. 03k
AR RKS3ET: 1.929 +0.004a  1.900 £0.017b  1.901 £0.006b  1.825 0. 009¢ 1.89 +0. 041
NFei AT R 1.283£0.029d  1.386+0.024c  1.484 +£0.012b  1.597 +0.018a 1.44 +0. 12m
1) Ml )2 AT NG R FoR A BRI 25 5 B3 (P <0. 05) , B HEARISIARRY/ING FRE R R Re R R 7 22 7 8. (P <0. 05)
2.6 RFVRAEMBIARE L EANGREERN AT L HEANB R A5 15 LI TG TTA 5B 7

ANEEVEAR T, 0 ~20 em 120 ~40 cm

25 (K5).0~20 em H)ZF[ K 5(a) ],RDAL F1
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B 42 %

RDA2 | 2 fi# B 722 5 & 0] ik 77.32% ( RDAIL:

61.09% ; RDA2: 16.23% ), BEME I Mt + 3 PR 5% [A]
TXF AT R TR S5 52 um. B R R
I IKF(SWC, r» =0.852,P =0.002) , 4= W
(TP, r* =0.666,P =0.008) ., %W (AP, r* =
0.489,P =0.048) . % (AK, * =0.504,P =
0.038) . pH(r* =0.614,P =0.011) | BRE L (C/N,
r* =0.539,P =0.033) > 3 B 5200 41 B B V5 AL
W, o, RHESK RS 2R B D 2K

60

. eLr
30 em+ B i

50 |- (a)0-20 em:tf2 sSwe : FM
[ i m WF

40 TP \‘. v WM

30 - B |\ AK

5 "‘..I'[\IK A '

¢ 35 T0

RDA2 (16.23%)

=60 -

=70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50

(P <0.01). 20 ~40 ecm )2 [ E 5(b)],RDAI
F1RDA2 FH 2 fiff B 72 5 i 7] 3k 81.32% ( RDAL:
72.24% ; RDA2: 9.08% ). Bk 16 45 R WoR, 4
WE(TP, r» =0.629,P =0.014) . AW (AP, =
0.552,P =0.039) k3= ZL 5% i 21 & 1 75 A8 1k 1) R 5%
K. AHLEK (TOC) . & (TN) | WA (AN) | 3
BN (TK) X0 ~40 em 12 1) - S A0 B TS 45 40 5%
ANEE (P >0.05) , 2 BEFIA 08 W50 8% (P
<0.05).

60

50 L (b) 20~40 cm 1 2
40 + o
30
7[} ~
o A TN
i 10 + h,ﬂlOE
& iDipmmmnns " et *N( = ‘)“crr\ """"""""
[} o,
2 10 pné / \w "“‘a o
= =20 - £ IK SwWC
=30 Ap""'/ x 3, ‘ i A
2 :
0L € :
s | ‘.
-60 |- :
1 1 1 1 1 | 1 1 | | 1

-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60

RDA1(61.09%) RD}'\HT?.)-’]- %)

J, swc R AR, T0C X TN FOE MV 7 ) AK AR 200, AN wrwma, [ &

Tl AP AT i, AK R, C/N ﬁ'rﬁiz“ﬁ A o

: B AR R ST EE T A0 TS 7
2 ‘l.' : Fig. 5 Redundancy Janabsis (JRDA:) of soilibacterial communitiés and environmental fagtors

s b P ¢ T R TR B RN o KR A
g (3 PR3 A B A 80 1 S AR R AR Y
3.1 R[EASARERBEXS A B+ A B R TR Z AR PR i 22 ) ol i S W i 2R K
Al TP, ZE S FE SR G R L XA BT R B, KR

AN FFAERBE 7 2 S B R i rh BOE R 4R
FE 75 e 0 - S P Ak MR & A A Ak, 0 T o+ 4 i A=
PRI B 77 AR, 0 ~ 20 em & /NEE-E
PHE AR TR B AE S %L 2 a ﬁt
BEO) - HEAN RS o AR 2, 2
~40 cm 2 /N -EARBE N B0 i A g 2 lﬂ%‘i«%%
F& . ZHEREE AR XUl T R A
T EAEARAE T USRI 1 HE A0 B 1) 2 RE . nT AR N
R B RAR SR AR T XA Y
Bl ik T R3S A SR, R T A LR
AR . B4k, AT 85 e R ARy, ) 4 4
R A R T RE R A = PR R HE
iﬁa%ii"?ﬁﬂ&"ﬂkﬁﬁ%ﬂiﬁ%ﬂ@ﬁﬁﬁﬁﬁ%ﬁ FITH
A AR R BTN AR 2 R 5L,
(IO S S o KSR (0 710 1T e e o w2 11
WAL, AN R B 2 REE RN T B R AR A
FEPELE 2 a PRBEHIEAN RS 0 E W LT R

i R IR T4 g SR AN R R I 10 R (H R AR
BRAEFR A3 0, 4 Chaol F8%CFI Shannon 48§ £ &
K&, Simpson FEEUE FEAUE R X AL,
RAFE2ZES T RE S IFERT M ARG R A 6 It
Ab A AT TSR BR Oy T Y ) L PRt AR
AE R 3G W 22 R B R T, A AR B ST (8] 7
it — 2 oe.
3.2 ARFEAEAHERT A A S B R 25 40 (5 M)
ARV EEAERBE 7 AR BB A H IR AN %+
E AR R WA HE T A AN R VR 45 1
KA. AR, 4 FirF 0 ~20 em 120
~40 cm 12 H I ] (Actinobacteria ) | 48
FEH 1] ( Proteobacteria) . W& #T ] ( Acidobacteria)
LR ] ( Chloroflexi ) 55 21 B E 2 AR AR A
AL AR EBEAE A 12 A 25 . X
AT REE T/ NRUEEPREE T A W v 2H Ik
R 5 SORAS [l 48 VR Bk 208 - 8 Ak
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PR e A = e e A Y e b R
R 2 K e JE vt A Bh T Rt 4 2 PR An
TR AR 22 5207 R AR - S 40 B R 4 b
2 AN ZREEAR X RS, (AN TRl R B S R i il
P AN R TE E R A B AP 2 R
& B AR AR R IRV VEAR B, 20 ~ 40
em FJEHXTFERERT 1. 0% MAE 1R L T 0 ~
20 em 12, X ATREREH TIR)Z LR EFEZ A
st A s A, AT fE R A A AR R AR
I3AT B3 AN TR 15 A 0% Youssef 251 (A
B HEP A AT A B OR [E R 1T, e B 35 1Y) 25 S fif
AR R BB R AESRGEZ M. (81T PCoA
ST EBL, 10 ~20 em L)ZEHELE2 a KPFAIE &
FEVAE S A A B AT, D0 B X 2 A Ak ] 40 R A
g EFRARALL; T 20 ~40 em )2 HIX 2 A EREAH
SrES UL I R S A 25 . AR R
f)b AN A= SR REAS (1 35 43 A AER 8 8, BERH AR Hif“
H YN R B A R A A 22 57 0
3.3 ANEESVEMHE A T A0 BTSSR S

O R R R A R LIS 'ﬂﬂkﬁﬁﬁ%’% v

“, f@ﬁdjiﬁﬁ%ﬁﬂﬁﬂéﬁﬂﬁf s8I i iﬁ&i
I Zliﬁfhjiﬂ NGRS i ﬁ;ﬁiﬂ
T U P BT Ji L A T v 2 *’Jkiﬂ&ﬂ;ﬁlﬁ’jﬂ
i, L@i%ﬁﬂlﬂlﬁh BARIHE R A T AR R AR L.

i%@%%%ﬁﬁﬁ%$ﬁ%&ﬂi@%%?7ﬂ 7

SRR By X 9 20 T R 7 4 e iﬁ’)w
P P 0 T B AR L BRI A
R E B R 4R /\Z’é‘ﬁfﬁﬂﬁm%
geix 6 KR IUHhE H4E R AES RETRE. H,
R IE B R R VR RBE 7 A o = B 2 f
R, PR AR AL BRE AL (5 B AL AL TR R A
DR WUFTRACHE . PRI B A P a2 (5 B AL B
+ B 41 B %D Rk, 32 Nk S BN
Tax4 Fun DIREFUN R B, 2 500 & ZE’J%%%’@%‘%@
SRR | ARG Y EE R A G, ST
5 AR Z AT 2 2 5 s i i IEH'# , /ﬁ\:{J\iE
Z5E SR SRR M7ES 5L E BAL B A4
T, 258 (5 B e A b S o S 2 1 Al R R
AU AR XS Xia 5 8 L H R AR T 5
DX ST/ N ARBHIAS [RI B 5 2 L Al e 1 7% D g
TIN5 R A — B R A 32 2 i e
LN BRI e i A O R A P 20 i Il e
WA TR | 2K e CO, , SR A st A A Al 5 Bk
S a5 R, BRI BR S A AR O )%
Wl Y L S A R R e O TR Wl AR
R AR R B T PR B - R A T R

SR G s H X B 5 T 2 AR 1, /)
EWHRIR #2552 a PRBE 5 4 B3 R A B 1
s — 23yl XA i ) 30 2 T SRR A 1 I
KNG LB, 35— AR U B A A
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