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Characterization of Microbial Community Structure of
Vermicomposting in Peanut Shells
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Abstract: The ever-increasing worldwide production of peanuts has led to a large accumulation of shells.
The usage of these residues has been limited due to their high lignin content. Vermicomposting was used
to stabilize the peanut shells (PS). Chopped PS was mixed with cow dung at a ratio of 60:40 (on a dry
weight basis ). Eisenia fetida was selected. The experiment was classified into two treatments; the
control, which contained 1 000 g of the mixed substrates without earthworms, and the treatment with
earthworms, which contained the mixed substrates and 120 individuals of Eisenia fetida. The duration of
the experiment was 48 days. The C/N ratio of the initial substrate was approximately 37.00. The C/N
ratio in the treatment with earthworms was less than 15.00 on day 48, whereas it was 23. 17 in the
control. This suggested that earthworms stimulated the decomposition of shells. The mortality rate of
Eisenia fetida was 19% by the end of the experiment. Cocoons and juvenile earthworms were observed
during vermicomposting, indicating that the earthworms adapted to the high lignin content of the shells.
The Shannon — Wiener index of fungi in the initial mixed material was 1.33. By the end of the
vermicomposting, the values were 2. 59 and 1. 66 in the treatment with earthworms and in the control,
respectively. This indicated that the diversity of fungi was promoted by the presence of earthworms.
A significant increase in the abundance of Rhodococcus, Arthrobacter, unclassified _  _
Peptostreptococcaceae, Sporosarcina, Cercophora, unclassified _ ¢ _ Dothideomycetes, Preussia and
unclassified_f_Lasiosphaeriaceae in the treatment with earthworms was observed.
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Tab.1 Chemical characteristics of initial substrates
FEAE S5 17 43
pH 18 6.51 £0.02 6.37 £0.02
E’mféj‘ﬂﬁ?}%fﬁ%kb/(g-kg") 570.08 £0.24 367.28 £1.09

BAEVEFRRIL/ (g-kg™") 10.83 £0.08  11.20 0. 11
A 52.66 £0.38  32.79 +0.37
¥ i ) 16.92 +0. 11
LT Y R R % 11. 84 +0. 09
A R B % 27.42 £0.04
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2.1 Bpi5[HEHIE 2 TOC TN S EMHBA LT

iz W5 M ] 2 B2 TOC TN 5 1 (1 A8 fb an 35 2 i
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M ) 25 SR e 5] Ao R A R BR AL ) TOC i & HE 4y
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Tab.2 Changes in TOC and TN during vermicomposting g/kg
jposil CK b3
M ) B i)/ d
TOC TN TOC TN
0 (412.69 = 0.70)* (10.92 + 0.08)° (412.47 £ 0.96)* (11.19 = 0.14)"

12
24
36
48

(371.58 + 0.71)"
(351.60 = 0.74)°
(343.93 +£0.48)1
(328.63 + 0.49)°

(11.65 + 0.24)°
(12.95+ 0.12)°
(17.44 £ 0.96)"
(24.77 = 1.11)*°
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(386.39 + 0.60)°
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(359.81 + 0.39)°
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(14.58 £ 0.16)"
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Fig.1 C/N ratios of substrates during vermicomposting
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Tab.3 Number of adult earthworms, juvenile earthworms

and cocoons during vermicomposting

HE i 1t ]/ d 45 L ] 2
0 (120 £0.01) "
12 (117 £1.00)* (19 £1.15)¢ (71 £3.79)"
24 (111 £2.89)" (26 +1.53)" (49 £2.65)"
36 (106 £1.53)¢ (37 £2.31)*  (3520.58)°
48 (97 £2.65)%  (20£0.58)° (26 +1.53)¢
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Fig.2 Rarefaction curves of sequences of bacterial 16S rRNA
and fungal 18S rRNA depicting effect of 3% dissimilarity

on number of OTUs identified in samplings
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Tab.4 Comparison of operational taxonomic units (OTUs) richness and diversity indices of 16S rRNA and 18S rRNA

gene libraries for clustering at 97 % identity

g i) HA
OTUs (& ACE #8%( Chao 1 #58%%  Shannon — Wiener $5% OTUs (it ACE #5%( Chao 1 3§%%  Shannon — Wiener $§5 %\
1300. 13 1 346. 08 144. 20 152. 36
5.72 1.33
T0 1154 (1264.40, (1288.54, 11 (130.03,  (131.39,
(5.70,5.73) (1.31,1.34)
1347.41)  1428.23) 175. 03) 206. 16)
1487.61 1518.63 134. 09 133. 21
5.87 1.42
CK1 1 354 (1455.59, (1470.72, 104 (121.15, (118.91,
(5.85.5.88) (1.41,1.43)
1529.73) 1 586.21) 162.05) 170.47)
1505.23 1505.29 208. 49 213.16
5.71 2.56
Tl 1382 (1475.31, (1468.68, 165 (190. 62, (189.72,
(5.70.,5.73) (2.55.,2.57)
1544.73)  1557.36) 241.86) 264.43)
1538.49 1 546. 90 136. 20 140. 77
5.83 1.45
CK2 1377 (1501.58, (1499. 14, 105 (119.91,  (119.60,
(5.82.5.85) (1.44.1.46)
1586.33)  1613.32) 170. 30) 192.61)
1485.42 1489. 88 205.51 200. 80
5.35 2.48
™ 1316 (1447.45, (1442.00, 165 (191.73,  (187.34,
(5.33,5.37) (2.472.49)
1534.35)  1555.96) 232.20) 231.76)
1479.26 1495.87 156.76 157. 40
5.72 1. 30
CK3 1317 (1442.04, (1445.67, 107 (138.33, (135. 89,
(5.71.5.74) (1.29.1.31)
1527.55)  1565.66) 193.72) 208. 04)
1430. 00 1429.29 215.50 209. 00
5.18 2.46
T3 1269 (1393.20, (1384.07, 183 (204. 82, (200. 14,
(5.16,5.20) (2.45.2.47)
1477.69) 1492.28) 236.71) 230. 67)
1509.75 1513.06 117.65 108. 55
5.79 1. 66
CK4 1373 (1477.31, (1472.34, 96 (106.33,  (101.09,
(5.77.5.81) (1.65.,1.68)
1552.29)  1570.46) 142.73) 129. 65)
1444.13 1482.24 229.70 227.96
5.47 2.59
T4 1280 (1406.31, (1425.56, 188 (215.26,  (211.86,
(5.45.,5.49) (2.57.,2.60)
1493.27)  1560.99) 256.97) 264.22)

T 455 R Bl R B A K]

LR WA W) eI S5 K 5 W) B IS W X IR AL A [R]
(18 4) 2 (& 4a) FECE (18] 4b) By or S A, —
Ao i 5l AE BRAL, 5 — A R IRl 5 W IR R Y.
NMDS1 75 i 5] 42 25 20 3 A 0 1 9 5 00 IR 4
IR AT o e Ah, X BRAH P g NMDS2. L i 1]
AL PRZE Y AR SR TR [ 4a A i ] 3 G 2H AP
T1 JEE§ T2 T3 Fl T4, 53X — B 5 LB, ir fi] HE ) 477 15
505 B 20 TR A AT 22 S, X U0 BT s X A A
7673 i B A FEAE 5 I A OG o ok 88 e Bk — 2Bk
SRR I B R A R
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TE T oAb B2 AT 4500 A W 1] 28 /& Proteobacteria |
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Bacteroidetes I
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Firmicutes 3 28 # 1F 0 0 #2484 b 3100
PARTANEN %7 G0 S 76 H il i F2 v o 3 5 030 14
T 38 5 2 Chloroflexi, Actinobacteria J2 Ji% 2 HE i
Wi — AR I BB N R T R R
SR R KR FE A BF 5T AR g Ak B 4L v,
Actinobacteria (%) AH X =F £ B & B[R] (14 4 2 110 3 /0,
i 5] A2 3L JYG ) D A e S RE P T X BRUAL O LR o
il o TR A5 A B Gk B 0, G 3 W HE H W B
Bacteroidetes fg U B fift £ 45 2F 4 = 1 JL T BT AE Y
KAy T, FEVF L WF5 P HE W] T Proteobacteria ,
Actinobacteria F1 Bacteroidetes 7E & WLy 14 [ f# , Wi .
ARBEIE R i 5 T EEA/EH . A& PENG
452 IIE 52 Bacteroidetes 8 1 S HE R, [H 9 & AT
DA A 5T 21 4 22 5% Ak Ry /N o3 5 R 0 R %, DT R A1
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Fig.3 Cluster analysis based on sequencing

taxonomy of bacteria and fungi
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Fig.4 NMDS dimension analysis based on sequencing

taxonomy of bacteria and fungi
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Saccharibacteria [ 4 X} 2 BE U3 86 . xb T2 E,
T Wik ] Ab B 20 F % BR 20 H, Ascomycota Filunclassfied_
k_Fungi & B Z M AEDITER XELERE
AWASTHI % Ry 45 3R — 50, R 4E , Ascomycota
TE Jif 48 M ] aof 2 7P 5 77 7. Ascomycota fi 2
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Tab.5 Relative abundance of microbes at phylum level %
] TO CK1 T1 CK2 T2 CK3 T3 CK4 T4
Proteobacteria 48.17 37.97 32.48 37.32 27.83 31.96 21.21 25.79 24.55
Actinobacteria 15. 64 20. 57 31.76 22.07 37.44 26.79 44.85 27.98 36. 04
Bacteroidetes 13.70 10. 90 7.21 12.12 8.41 12. 82 6.94 8. 69 10. 81
Firmicutes 10. 00 12. 45 14. 01 16. 29 18.33 17.58 17.58 18. 69 16. 48
Chloroflexi 6. 15 9.65 6.71 5.26 3.33 4.17 3.77 6.86 4.41
2 T Saccharibacteria 1. 65 1.93 2.19 1.96 2.40 2.78 2.58 3.91 3.35
Verrucomicrobia 1.32 1.07 1.26
Acidbacteria 1. 85 1.32 2.26 1.73
Parcubacteria 1.02 1. 05 1.74
Gemmatimonadetes 1.12 1.09
Others 3.37 3.61 3.06 2.84 2.85 3.07 3.52 4.36
Ascomycota 97.11 98.39 95.02 98.72 85.94 89.41 91.95 81.42 85.44
unclassfied_k_Fungi 2.43 1.47 4.13 1.18 12.52 10. 47 7.15 18. 46 13. 66
B Zygomycota 1.32

Others 0. 46 0.14 0.85

0.10 0. 21 0.12 0.90 0.12 0.90




%13

PREAF 45 Mrus| 3k il 78 2R 58 B IR WU B 9% 45 A R AR F 5 309

K S BoR TR RKEFRRUEW A . EP IR
BETRY F, 34 & 2 Devosia . unclassified _f_
Phyllobacteriaceae, norank _ o _ Anaerolineaceae
norank_f_BIrii41 | Cellulomonas F1 Bacillus , FoAH Xt
B 7.50% . 3.94% .3.56% .3.08% .3.01%
H12.52% . Devosia BN J& A HLIK 75 1) HE HE i 72
HRL I B BB AT RE R AR S T IR B
unclassified_p_Ascomycota ,Cercophora Fl unclassified_c_
Sordariomycetes , #H X} 5 B 43 H] S~ 68.06% ,16. 67 %
1 3.26% . 5 Fhwf 451 kA8 T 0 B Y AH A 7R i ]
HEW AL 12 KRR MR P, DR R R R
Rhodococcus ., Devosia , norank _ f _ Anaerolineaceae |
Bacillus . Cellulomonas . Arthrobacter Fl norank _ p _
Saccharibacteria , 3 $6 J& 9 A0 X = BE 43 5 1 9. 03% |
3.67% 3. 17% ,2.44% .2.33% ,2.30% F1 2. 17%
Xp R, BB & J&  Devosia | norank _ f _
Anaerolineaceae | Cellulomonas F Bacillus , H AH % F
FESr AR 5.07% 4.79% 4.70% F11 3.34% , HEJE
W FEH, Cellulomonas VI L Jil 3 A HL 4 1) W fige , £z b
e w512 0 T HE AR L Cellulomonas BYAR X F B, 7E
Xf B ZH oK WL % B Rhodococcus , 1t Wt | HE i 2H %) 19
B Bt , Rhodococcus W) AH X = B 522 38 i #a #5, 76 )5 W)
TH U6 B AR FE 5 24 .36 48 KIS AH X = B2 7y
R 15.13% 17.76% F1 13.42% , i 15] 3 ) 2H 26

24 KR AR R A, I #A R Rhodococeus
Bacillus , unclassified _f_Planococcaceae Fl norank _p_
Saccharibacteria, X} {8 2H /7, L & 40 H J& Bacillus .
Cellulomona .Devosia A1 norank_f_BIrii41 . Bacillus [
ARORT = B 7 HE ] A0 391 45 0, E B Bacillus FLAT %558
W S A VAR T o (T TS 56 0 47 i sl Ak 3
IR BRAH P I A WU L) 8. ] Ga (& Hp s |
s % 43 I FR R AL BRE]7E 0. 001 ,0. 01 .,0. 05 /KF |
ZS ) Bon T MR AL B 2 [A] 20 AR 25 R
A5 M 051 42 B 20 W %% 3 Rhodococcus # AH XF = & i
ZW N (p <0.001 ), Arthrobacter , unclassified _f _
Peptostreptococcaceae fil Sporosarcina [ ¥ % = F
BERN . WY R RS o R A G 4
SRR, H bz 451 T RE A E R A i R A HL B 2y
file AT A R VR R A M. i ikoE, — Lt
Rhodococcus J& 1 T 4= W) A %% Ak 58 86 R Tt 41 4 3R 5
FFERHIW 11 L Rhodococeus 1 37 45 b ¥ 21 3%
S T AT BE S 4B A 58 ik PR A — S IS o 7 i ]
i G T | N7 7/ G 5 I O 0 LR APV T
Rhodococcus ™, 2% J& 75 Wiz 5] HE i 3o 72 b 3R AN UL,
HAPET RE 5K AL A A o6, — 28R e
Bacillus 1 Cellulomonas [l H A 47 4t R AP 4E R
TEE T A BT 0 M ARE T B AT AR BB
AL, FOAE W i b 0T ™ AR 1/ 73 1 i P ]

norank_o_Acidimicrobiales
Pseudomonas

Arnimonas norank_f Elev—16S-1332

Thermomonas Mycobacterium

Simiduia

Nocardioldes
Xanthomonadaceae Flavobacterium
Micromonospora
Sporosarcina
_o_Xanthomonadates

Varlibacter

norank_c_Acidobacteria
Confluentibacter

Rhizobium

Cellulomonas

Aminobacter Devosia

Ohtaekwc

0
© To CK1 T1 CK2 T2 CK3 T3 CK4 T4
b

) TO CK1 T1 CK2 T2 CK3 T3 CK4 T4
b3

Baillus

_c_Dothideomycetes|
ied_k_Fungi
ung _Sordariomycetes

Cercophora

ed_c_ mycetes ed_p_Ascomycota

|_{ TLasiosphaeriaceae

(b) BEH
S 2 e P 1 4L AR

Fig.5 Composition of bacterial and fungal communities at genus level
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