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Variations of soil physical-chemical properties and the diversity of actinomycetes

during the process of swallowing of earthworms
YUAN Xianghua, ZHOU Yanling, SONG Qingzi, Tuo Hongmei, MA Qingin, WANG Yiding "
College of Life Science, Sichuan Normal University, Chengdu 610101, China

Abstract: The aim of the present study is to explore the dynamics of the diversity of actinomycetes and physical and
chemical properties of soil during the process of swallowing of earthworms. Surrounding living soil of earthworms, intestinal
contents, and earthworm feces acted as the special habitat soils of prophase, metaphase, and anaphase during the process.
The pure culture method was used to separate and purify actinomycetes from the three phases, and a clone library was
constructed to analyze the diversity of actinomycetes. The soil physical-chemical properties in three phases were determined
according to the national standard. The correlation of physical—chemical properties of soil and the diversity of actinomycete
was analyzed by using the principal component analysis and the correlation analysis. Results showed that 27, 15, and 17
actinomycetes were separated from living soil, intestinal contents, and earthworm feces, respectively. Morphological analysis
and 16S rDNA sequencing showed that actinomycetes from living soil belonged to Actinosynnema, Streptomyces, and

Nocardiopsis, whereas those separated from the intestinal contents and feces belonged to Streptomyces. The diversity of
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actinomycetes declined in relation to living soil, feces, and intestinal contents. Clone libraries of living soil, intestinal
contents, and feces had 40, 20, and 30 operational taxonomic units (OTUs) divided into 11, 6, and 6 families; 24%, 3.
3%, and 11.7% were unknown bacterium. The dominant actinomycetes were Nocardioidaceae, Microbacteriaceae, and
Streptomycetaceae, respectively. There was no significant difference of total P content between the three phases. The
physical and chemical properties of living soil were the lowest. The intestinal contents had the most contents of available N,
whereas feces had the most contents of organic matter, total N and K, and available P. The principal component analysis
and the correlation analysis showed that available P, total N, total P, available P, and organic matter content of the soil
had a great influence on the diversity of actinomycetes. There was a negative relationship between the content of available P,
total N, and actinomycete diversity in the process of swallowing of earthworms, whereas the coefficient was —0.998 and -1,
respectively. The present study provided a theoretical basis for further research on the relationship among earthworms, soil ,

and actinomycetes.

Key Words: actinomycetes; diversity; earthworm; physical-chemical properties of soil; cultivation; library of 16S rDNA

clone; principal components analysis; correlation
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1.1 FEALRAE S AL
W FEAE LA T U145 BB T VLXK (RIS BE 1 (30°41733" N, 104°1337" E ) |, J& 7. 4ty 22 XU I 1
S, IR R KRS 28 R IBOUK REeAE 7 20, FAEAEY KRS sk | 58 5545
SKH S FEAT 535 F 0—20 em SRAEBHZE 118, Wiz e b i s| A= 6 -4 ORISR 0], 208 5 %R
W] Sk (1 5 ER 15| ( Pheretima californica) . 44 H3ER51IF 500 3 3840, 43 B 00 + B4 | SRR 4496 2
DNA FINST 5 7 6 5] 2% |y 0 05| 2 4 )7 8 2% Haynes 251V WY )74k . I RE i WOAE Jim U 5 (0] S 36 38 947
B R e 5, 75% LR SR KA T H/KIEEUE 3 WK, SR A WA R TR AT,
1.2 SEARBAME B 2
I 2% ke W51 A= 0% - 48 i NS B 2 T i 2, AR AT JE R S i AR 2 mm R 0.15 mm B, # AR 1
TS RE S A SEA TR R BN R RS 3 N, SPSS 18.0 M REABR AL M R AT B & VERG
1.3 ARSI IO B S E MR G E b
1.3.1 IESRIME N e
4 3 FIRE LYK ,40°C (140 t/min 523% 30 min, FEER 3 AT, SRS 2B AL T 0 5
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1.3.2  HERFRER A 16S rDNA J3-51 I &

B BRI TS DNA, AZHTA 16S rRNA SEK 38 HI5 1) 27F (5'-AGAGTTTGATCATGGCTCAG-3") il 1540R
(5-AAGGAGGTGATCCAACCGCA-3") " 47 16S rDNA PCR ¥ 14, ¥ K % .12.5 pL 2xPCR Mix; 5|14 1
pL; DNA 0.5 pL; AZE/K 10 WL, SRR :94°C FiAE P 30 s,94°C A8 1 10 s,55°C 1B K 1 min, 72°C #Ef# 1 min, 30
AMEER,72°C ZEAH 10 min' ™, PCR F=4 2 B JAGHIN 5 2% 13 A 9 TR H R A w1y
1.3.3  A[REFRIMER R ) R G R E AT

i it BLAST PP B TS 16S rDNA FPEIAHIL BB R LN P51, MEGA 5.0 HR45 N-J i M &
FRER, HEMEN 1000''* ,Acidimicrobium ferrooxidans (U75647. 1) YEAMEE .

1.4 JHZKH 168 rDNA b [ SO (14 )
1.4.1 JHZRTA 16S tDNA 4 3% Zlifk

SoilGen DNA Kit #& HU & DNA Jf 1 b 5 M, B2 B 16S rRNA FE K ¢ 55 M 51 ¥ F243 (5'-
GGATGAGCCCGCGGCCTA-3") ;R513(5'-CGGCCGCGGCTGCTGGCACGTA-3") ' 448 3 bt S i i 4k & 168
rDNA , PCR 1R K FRT 2 IR R 1 ik P4 28 i ok T 5 44k
1.4.2  JHZETH 16S rDNA e Fa SCZE 4 S BH P o B i 1B

16S tDNA % % pMD19-T # /A I (TaKaRa) , % $%/K % : pMD19-T Vector 1.0 wL, Solution I 5.0 wL, Template
4.0 pL, M WHAEZ A E. coli DHSou, ¥ FABERRBE IS " BEALH I FHM: 52 bk LR S BT B AR R A
R R
1.5 QI FRIMETE N R G LT

TELZE 25 16S tDNA H 2844551 (http : //www.ncbi.nlm. nih. gov/tools/ vecscreen/ ) #45 #& ( Chimeria ) >
(http ://comp—bio.anu.edu.au/bellerophon/bellerophon.pl ) , Clustal =X H.Xf /¥ 31 ( multiple alignment) "> BioEdit
7.0 3T HEXFZE SRR A AR DL =97.0% 1 J¥ 811K Ry [R)— 34 43 S A 7T ( Operational taxonomic unit,
OTU) ' BIBRARAZ T OTU, WA~ OTU Hhrie— 45535 b SO A et A
1.6 AR AR T AR S B BT A AH DI B

K H SPADE ( Species prediction and diversity estimation) (http ://chao.stat.nthu.edu. tw/softwareCE. html. ) ifl
1 Estimated sample coverage ,Species richness Shannon Index Simpson Index $8 50 PFAl SC I il 2k i B9 2 FE4:
JH Analytic Rarefaction version ( htip ;//strata.uga.edu/software/index.html ) 2§l #is Bt 1 261> | Office Excel 2003
et If AL BRI , SPSS 18.0 AT AR BT 3 L7373t B SRAG R BT 55 R T 22 A AR DG AT

2 ERE5S

2.1 AP S b

H13% 1 AT, 3 BRRE S B pH BRI e I8 N Y pH S ; Ji T8 7Y 728 ) A 51 38 9 A R0 B0 R A
iR 2SN B IR {EL X S i T A A 3 T 3 N S ) AN 3 rh ) SO i R e 230 0.52 g/
kg F10.53 g/kg, JEA I LHEAY 1.4 4% ;A7 HLORERORE & f 76 AR 16 3 i 18 ) 25 ) Ais 2 ik v as 1, Horp
Ji 3 PN 25 0 AR 26 r A SRR 1 3 iR A T Y 3.6 RN 1.7 A% 53 AR A B I B 25 s AR
BT N A 5 R T S P AR R
2.2 WIHSRINERTE 16S 1DNA RE L B M

ARG IR TR 16S rDNA REEHEALH T | Bl A % 13 rh i 27 MRS (1), 204 T 3 AN Js - BE R TR
J& Streptomyces (25 ¥k) , Fhiti < F T J& Nocardiopsis (1 #8) , W22 @ Actinosynnema (1 #8) . MIHIE N EY)
TSI TP ARAT 15 BRAN 17 BRALE B (18] 2, 18] 3) , BN BERE T Streptomyces, HH T23 26, T28 J&AE 1 + 4
g 2y AT AR, S4 (S5 . S10 21 HIEAHIE N AV AT RIPR, F5 F25 238 N A -5 il 200 A

http ; //www.ecologica.cn



37 &

Bio £ Lnl A0, sy £ A PG m] 355 30 Rk B AR Ao A8 S 5 e A1 5 B e T A i s B R Y 3 B Berh M0
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87, T26 (KU317907)
Streptomyces virginiae (F1792555.1)
T34 (KU317910)
Streptomyces virginiae (FJ481068.1)
T29 (KU317909)
57 | 96 1 Streptomyces nojiriensis (EU570616.1)
100 | T1 (KU317900)
Streptomyces erythrochromogenes (AB184746.2)
T19 (KU324452)
Streptomyces tanashiensis (AJ781362.1)
T5 (KU317901)
T[ Streptomyces narbonensis (FJ481061.1)
100 | TI1 (KU324451)
Streptomyces atratus (EU841683.1)
T23 (KU317906)
Streptomyces parws (EU741180.1)
T28 (KU324455)
Streptomyces flavogriseus (KM678243.1)
T30 (KU324456)
Streptomyces globosus (EF371433.1)
34 93 | | T42 (KU317915)
1 99 1 Streptomyces mutomycini (JQ924397.1)
T43 (KU317916)
99 L_ Streptomyces niveus (KF613004.1)
Streptomyces chartreusis (FJ481059.1)
T15 (KU317904)
T41 (KU317914)
97 L Streptomyces neopeptinius (KJ571076.1)
92 100 | Streptomyces europaeiscabiei (HQ441821.1)
T35 (KU317911)
Streptomyces bottropensis (NR115571.1)
100 17T7 (KU324448)
Streptomyces diastatochromogenes (JN862862.1)

96 L T40 (KU317913)

Streptomyces achromogenes subsp. tomaymyceticus (AB184506.1)
T21 (KU324453)

Streptomyces phaeofaciens (NR041126.1)

100 179 (KU324450)
Streptomyces viridocyaneus (KM214825.1)

4]00["[20 (KU317905)
100 T38 (KU317912)
—| Streptomyces lividans (EU790486.1)
100 [ T45 (KU317917)
Streptomyces malachitospinus (NR041423.1)
100  T22 (KU324454)
45 Streptomyces flavoviridis (EU841559.1)
95| 9 T6 (KU317902)
Streptomyces marokkonensis (KC493997.1)
T8 (KU324449)
100 | Streptomyces albogriseolus (NR112487.1)
100 - T13 (KU317903)
| Nocardiopsis prasina (NR044906.1)

a1 100

73
88

100

23 57

100

53

~ T27 (KU317908)

100 L Actinosynnema mirum (KF956730.1)
Acidimicrobium ferrooxidans (U75647)

47

0.005
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Fig.1 The phylogenetic tree of culturable actinobacteria from living soil

2.3 TERESCIERIR
R 16S tRNA JE BRSPS 1911 R BE 2R 270bp, ST H BER/N—8, S etk )5,
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Table 1 Basic physical-chemical properties of 3 kinds of sample
B o AHLB 2R HRA 2 AR il A
S unl (H,0) Total organic C/ Total N/ Available N / Total P/ Available P/ Total K/ Available K/
amples

’ ? (g/kg) (¢/ke) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
A ) L , ) . b I
Living soil 6.84 50.6160+2.4912¢  0.9890+0.0022"  0.0652+0.0061¢  1.1800+0.0191*  0.0270+0.0006° 11.7850+0.0724" 0.3771+0.0181"
W . , , | , , |

. 6.71 64.0047+£2.9046” 1.0810+0.0015*  0.2364+0.0198*  1.2271+0.0111*  0.0769+0.0005"  15.4733+0.4692* 0.5202+0.0019*

Intestinal contents
1513 Feces 6.81 72.0453+1.8017*  1.08530.0016*  0.1130+0.0056"  1.0607+0.0669*  0.0804+0.0003"  15.9203+0.6884" 0.5352+0.0243*

T B A FIE AR (n=3)  [EIFVBHR R PREE B AR TR 7R 22 53 B35 (P<0.05).

S6 (KT958875)
65 | S4 (KT958876)
Streptomyces flavogriseus (KM678243.1)
S2 (KT958868)
S12 (KT958871)
Streptomyces rubiginosohel volus (KJ632658.1)
S10 (KT958878)
S3 (KT958869)
Streptomyces olivoviridis (NR112325.1)

86 S13 (KU317899)
100 [Streptumyces niveus (KF613004.1)

S14 (KT958872)
100 I: Streptomyces chartreusis (HQ607428.1)

100 — S19 (KT958874)
Streptomyces lividans (AB184826.1)
68 | S5 (KT958870)
100 [1's9 (KT958877)
Streptomyces marokkonensis (KC493997.1)

100 | S1 (KU317898)
Streptomyces pilosus (NR041073.1)

55 Streptomyces malachitospinus (NR041423.1)
Wu S20 (KT958880)

94

100,

81

99

65

S15 (KT958873)
S16 (KT958879)
Acidimicrobium ferrooxidans (U75647.1)

0.005
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Fig.2 The phylogenetic tree of culturable actinobacteria from intestinal soil

2.4 SCPEREAE IS BOTS T

281 Z5BHA: TR 91 2K 36 A & PR A4 ( Chimeria ) |, W 5] A= 35 + 398 38 P9 2540 051 288 7 e S )% v 43 3]
40 .20 .30 > OTUs(£2)
2.5 WEARLKEZ AL T

T TR PR S AT A5 R A0SR 2, W] A= 1% 18 g 1B N AW W13 v B SR A 15 2R (C) 43R 20.0%
80.3% Fi1 66.7% ; W Fh - & & ( Species richness) 7351 256.0 .44.0 F1 44.5 ; T 4 $5 %0 ( Shannon Index) 4351 4 5.
279 2.658 Fil 3.789 ; % R 45 %4 ( Simpson Index) 73514 0.02815 ,0.18785 #i1 0.05037,

Vs 1 PN 75400 i e S PP i e e, TSP TR i I TE N A5 0 T 80.3% I TR TAT , A= 17 1 S8 RN | 285 e o S/
AL AN AR T 20.0% F1 66.7% MITER TR . PIFh = BER PTG AR rh R R AP 28500 — A 248 bR, X L&
FEFREC AT A 06 RIS WA S e 2 LT e Wi N A W s 2 i R AP 2R Y 5.8 B, e ARIEEUMR
VTR 1 Z RE PR R W = B A AR H8 B — SR L [ 2 B A 0% B2 A I 2 R A e, W1 2k 2
R 2 REPE S v 30 N A TR TR R AR IR, 3 AR AR AR 34 & B 8y, T LI 1 N 2 i 2 T
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ARSI 5) B e W8I 2K 2 AR TR R TR R 1 2 BE I

68 F1 (KU324431)

48|! Streptomyces lavendulae (FJ481058.1)
Streptomyces flavogriseus (KM678243.1)

F5 (KU324434)

F21 (KU324442)

Streptomyces pluricolorescens (HQ607411.1)
F4 (KU324433)

F29 (KU324446)

99 I Streptomyces clavifer (NR043507.1)

37

F11 (KU324436)
23 —|
100 | Streptomyces virginiae (F1792555.1)

81 F19 (KU324440)
:Streptomyces phaeochromogenes (FJ481064.1)

99|, F31 (KU324447)
921 Streptomyces narbonensis (FJ792551.1)
F12 (KU324437)

100 | Streptomyces sp. RIA4055 (JX535245.1)
F24 (KU324444)
100 I Streptomyces werraensis (HQ607432.1)

100  F13 (KU324438)
_[ Streptomyces achromogenes subsp.tomaymyceticus (AB184506.1)

95 F22 (KU324443)
_igg F18 (KU324439)
100 | Streptomyces neopeptinius (KI571076.1)

100, F3 (KU324432)
Streptomyces akiyoshiensis (AB184095.2)
F20 (KU324441)
8 L Streptomyces lienomycini (EU841554.1)
100 [ F7 (KU324435)
Streptomyces malachitospinus (NR041423.1)
48 F25 (KU324445)

100 | Streptomyces lividans (AB184826.1)
Acidimicrobium ferrooxidans (U75647)

51

100

0.005

3 BIESNTERHEAENREREN
Fig.3 The phylogenetic tree of culturable actinobacteria from earthworm feces
x2 3MERPMLE 16S rDNA X ETREHMSHEEH
Table 2 The number of 16S rDNA clones and diversity Index in the 3 samples
v e - . - b S M
BEs ST OTU % T %ﬂ‘%&? TARAEE q%.ﬂﬁu%ﬁt
Total - Species Shannon Simpson
Sample OTUs Coverage/ % . . .
Clones richness index index
A% 3 Living soil 45 40 20 256 5.279 0.02815
J% 38 N 454 Intestinal contents 61 20 80.3 44.0 2.658 0.18785
51 2€ Feces 51 30 66.7 44.5 3.789 0.05037

MR 2 R (8 4) il N9 se B SCPE i 2 O 52122, 1128 va B SO PR it it Zeoe T 22, A 76 1
HEva e SRR MMZI LT 2 B . W Kemp' ™ S5 A BLIE T A1, Wl P 28490 5 e S P2 R AR ok 2 ke 451 s T8 1N 25 400 P
AN TR T |, 9513 T B SO TR 5 1 36 v DR 2 R 2R AR R T L A T 4 e A SR LR i ] 2 3 LR
T BORN SRR TR B . 3K — &5 R MR M 151 7 VR FAE - S R T 1 AR PR AR, R T 0 AR PR A T
e S5\ 2SN 18 N AP AR YR, A= I LA B A R R
2.6 IEFIMLE 16S 1DNA REEKF T

P IR TR T Y R G 7 | i s] 28 75 3 e B SO A 40 A OTUs (45 Dok ), Horp 11 4>
OTUs (11 ek T ) JR AR R ,1 4> OTU (1 Db 1) J& TR H b i BRI E FH ( Acidimicrobiaceae )
28 /> OTUs(33 M owbe+) 24 T B 19 10 DK S) |, 43 31 R -R [CEEFL Pseudonocardiaceae ) |21
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+ K B Bt ( Nocardioidaceae ). ¥ + [K #}

( Nocardiaceae) AT B Bl ( Microbacteriaceae ) | il 2% & or —=— il
351 —e— FEfH
Bt ( Actinomycetaceae )., /N HL Bl 2 £ 50l —a— 3
( Micromonosporaceae ) .73 3 ¥T & £t ( Mycobacteriaceae ) | % g 55 |
HE % B Pl ( Streptomycetaceae ). FK A K H Bl E% 20 L
( Tsukamurellaceae ) |, 8K & £} ( Kineococcaceae ) . i#~ §§ 5L
FCHERHE 7 A TR T (15.6%) , &A1 4P i {24k %;} 10 b
LR, K RINERH SRS AR S 6 M (13%)F ° s L
SASEET (11%) JR-RI g pobra R ol 4
WA S ERE R & 1 D bET (2% ) . 0 10 2 30 40 50 60
WS A 26 S SO AT 20 A OTUS (61 45 R Cones 8
F) 2 4 OTUs J&AR AL TE (2 A 5abeF) , 18 4 B4 3R R T 5 RO TR R 2

OTUs(59 N TaleT) /48 T i E (Y 6 /~BH (18] 6),  Figd Rarefaction curve of unculturable actinobacteria at 3
A3 ) 2 25 9 R G B (Nocardioidaceae ) | 4 85 1 A soil samples

( Streptomycetaceae ) | i I~ F< 7 Bl ( Nocardiaceae ) | f FF

BB} Microbacteriaceae ) 73 3T B ( Mycobacteriaceae ) F/NEAHI R ( Micromonosporaceae ) , AL 48
MIERET(79%) , JENmiE NP T ARSI R e, TR RERRS 4 A FEFET(6.6%) |, J&F B h SRR, 7052
FRRRE 1A BT (1.6%) , AR T 3 RSS2 D31 (3.3%) .

W51 2 FERE SR A 30 4> OTUs (51 A FERET) , Hi 54> OTUs J& R AL H (6 D FERET ) ,25 4> OTUs
AT E BB 6 MR E 7) , 433220 R ICE R Nocardioidaceae ) #5857 £} ( Streptomycetaceae ) i~
R Bl ( Nocardiaceae ) | 3 #T B b ( Microbacteriaceae ) | 43 £ ¥ 1 £ ( Mycobacteriaceae ) #1 ¥¥ & & £t
(Glycomycetaceae) , HERE HAFE 15 1 3EBET (29%) , & W1 26 RO OCH LR RE , WOFF I BHS 13 ek 1
(25.5%) , & F P AR A, PR R PHMUE 1 D 3ebET(2%) .

25 L w4 1 I (R R W 2 R S, R E G R 2 H RS EE A
Il 18 (Fr B b ) B T 2 FEE R 2 A, A ik 2 v A5 TR ; I DA IS (R e ) B AR TR
ZREVERITE R B B R N, Ak, 3 A B AR R R AT B RS, R TCE R O R
FEREA AT SRR, B R IRERHE 3 Bz 00,

2.7 THERARPRA A Y R AT

Wi A A AR A S B M BT I [ 5 i T 2 R | PR3 2 o3 o i AT 2 05 1o i, )
FHREAE AR F 22 R AR = R o0 W S B 4 R ARy 22 DTR A K T 85% I ] Bk A i il 32 52 1y A2
SRR X 8 A T BT K AT T A, 4R (3R 3) R 8 S TIEEARHIE A AT 43R 2 A AR

®3 EHS(PCA)MEFHEE SFERETEHE

Table 3 Factor loading, eigenvalue and cumulative percentage of principal component analysis

B F Factors %43 Components T Factors X473 Components

1 2 1 2
A% Total N 1.000 0.009 H 5 Available P 0.999 -0.049
A Available K 0.997 -0.077 40 Total K 0.997 -0.080
HHLE Totalorganic C 0.932 -0.362 pH -0.817 -0.577
BALA Available N 0.709 0.705 4= Total P -0.508 0.862
FHIEME Eigenvalue 6.283 1.717 TTHRE Percent/% 78.535 21.465
ZRTHRE Cumlative/ % 78.535 100.000
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T62 (KU378188)

99 | 16 (KU378161)

Pseudonocardia seranimata (NR108393.1)
Nocardia salmonicida (KP890675.1)
T80 (KU378199)
Nocardia farcinica (KT003513.1)
98 1T79 (KU378198)
90

Mycobacterium sp. SA13 (KJ599866.1)
To61 (KU378187)
Mycobacterium parascrofulaceum (KT020753.1)
38 T60 (KU378186)
68 | T7 (KU378162)
44 Marmoricola sp. CNJ780 (DQ448720.1)
T78 (KU378197)

291 Nocardioides sp. NCCP-1277 (LC065304.1)

70 94 ,T46 (KU378179)
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Fig.5 The phylogenetic tree structured by 16S rDNA clone library from living soil
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98 I— N44 (KU378125)
78 Microbacterium trichothecenolyticum (KJ591018.1)
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78—| Microbacterium flavescens (KC485334.1)
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42 L Microbacterium arborescens (KR259235.1)
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e
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Fig.6 The phylogenetic tree structured by 16S rDNA clone library from intestinal soil

A pH BT BOR, b 2R BT i oK, FMr 1 STHRE Ny 78.835% , ST 2 MY TTRRA N 21.465% , F
J8IT 1 TTERA B R, U] 4 S A A A A R AL X i 1 e e R R R 2 AR A A
YEHL,
2.8 HEIALPE TS A A 2 HEE R AR DG S BT

AR o AT as 2R o A B 5 5 R AR DG G5 2R 3R 4 Pl Al R M Al 42 5 5 £
SRAT 0 i B A AR O F O RO -0.998 5 5 1 A U7 i B AR R 3 AR SR MG R B -1, T
A RO AN A SR T S PR . 535t pH AL SRR AR | A R
LH AR HAT R A M, YW M1 L S A v | S PR P 5 O B 2 RV A EL

http ; //www.ecologica.cn



10 37 %
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67 1 F49 (KU378149)
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13 {71?24 (KU378136)
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64 F34 (KU378141)
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I (=)}

96 | F19 (KU378133)
IActinomycetales bacterium W2.09 (JX458455.1)

—— F63 (KU378157)
83 | Uncultured actinobacterium (HM480625.1)

69 — F23 (KU378135)
I Uncultured actinobacterium (HF584500.1)

vy —————F66 (KU378159)
98 L Uncultured actinobacterium (KJ849445.1)
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Fig.7 The phylogenetic tree structured by 16S rDNA clone library from earthworm feces
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Table 4 Correlation analysis between the diversity indexes and soil physical-chemical properties of 3 samples

B o

T H . Total A HAA 255 Total P R PER U L4

Ttem P . Total N Available N Available K Available P Total K
organic C

B Coverage -0.925 0.828 0.977 0.849 -0.302 0.954 0.963 0.954

FhEE Species richness 0.823 -0.928 -1.000** -0.717 0.498 -0.996 -0.998* -0.996

FAHE R Shannon index 0.987 -0.68 -0.903 -0.947 0.079 -0.862 -0.876 -0.861

S P45 %L Simpson index -0.952 0.27 0.607 0.989 0.385 0.536 0.56 0.534
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