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Changes of Biological and Chemical Properties during Composting of
Livestock Manure with Isolated Native Microbe
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In order to produce high-quality fermenting composts, bacteria strains with high activities of extracellular
enzymes (cellulase, chitinase, amylase, protease and lipase) were isolated from the soils in 6 provinces of
Korea, and characterized by 16S rRNA gene sequence analysis and properties. The selected 7 stains inoculated
to livestock manure for2’ fermenting time, and experimental treatment divided into 3 groups, B1, B2 and B3,
according to microbial activity and enzyme type. Our results showed that microbe applications (B1, B2 and
B3) can increase (p<0.05) both rhizomes (17-38%) and enzyme activities (50-81%) in compost after
fermenting time, respectively, compared to non-microbe treatment (control). The microbe application also
decreased significantly (p<0.05) the NH; and H,S gas contents 13.4 and 27.3% compared with control, and the
Propionic acid and Butyric acid gas contents 14.5 and 19.6%, respectively, as compared to the control. The
microbial degradation rate (%) of pesticides and heavy metals increased significantly (p<0.05) after
fermenting time, respectively, as compared to the control. Especially, microbe applications were more
effective in total rhizomes yields and bioactivities than non-microbe treatment. Thus the results of this study
could help in development of potential bioinoculants and composting techniques that maybe suitable for crop
production, and protectable for earth environment under various conditions.
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Table 1. Number of sampling area and isolated microorganism.
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2] at9] 16S rRNA #2304} A7 1M E&

2453t 16S rRNA 4R 5-35517] 918f bacteria©]
Eo|¥ o7 HAEI= 27F (E coli numbering — ; 5 —AGA

GTT TGA TCM TGG CTC AG-3)%} 1492R (£ coli
numbering 1492-1510; 5 —GGYTACCTTGTTACGACTT-3)
primerS ARE-5}C) (Lane, 1991), Temperature cyclingS
GenAmp™ PCR System 9700 (Applied Biosystem)< o]
3to] predenaturation IFHE 94 C oA 387F =345},
denature (94°C, 30%), annealing (50C, 30%), elongation
(72C, 40%) ¥re-L = 303 WHES}I post—elongation
(72C, 108)& a8t +34 NG44 primer=
800R, 518F 2 1055F2 AMGa}, 7|4 BAle
HEalo] ABI PRISM™ 310 Genetic Analyzer (Applied Biosystem)
2 A3} Sequencing kit dANTPO]| &34-E2! label
HO

23k
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BigDyeTM Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystem)< ARESIH L, ¥HS-2A
2 96CoA] 102, 50C o)A 5%, 60T 4] 45 (25 cycles)
o= sgith WINENS fAES SR Sistol
NCBI®] BLAST (Basic Local Alignment Search Tool) %
EzTaxon server (http:// http://147.47.212. 35:8080)= ©]
g5t9ich, 29 9714197 databased] Boldl H714L
-2 PHYDIT program (ver 3,2; http:// plaza,snu,ac.kr /~jphydit/
phydit)S ©]-83}¢] Clustal W multiple alignment® A&
sto] Al A2te] o] &8kt A7IA G A A=
Jukes & Cantor distance model® ARE3Fo] FA5hH,

Sampling site No. of samples Total isolated strains Selected strains
Goheung-gun 12 150 6
Gwangyang-si 15 135 58
Gurye-gun 56 400 117
Jeollanam-do Naju-si 84 470 234
Sunchon 116 750 219
Wando-gun 4 55 19
Yeonggwang-gun 4 30 2
Hwasun-gun 11 80 24
Jeollabuk-do Iksan-si 28 140 151
Jeju-do Seogwipo-si 22 250 190
Andong-si 73 400 188
Yeongcheon-si 2 170 146
Gyeongsangbuk-do .
Uiseong-gun 13 75 20
Pohang-si 26 200 80
Chungcheongbuk-do Cheongju-si 2 21 1
Chungcheongnam-do Dang) 1n-gun 2 190 bl
Seosan-si 16 240 151
Total 513 3,756 1,737
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Table 2. Identification of the isolated strains.

Strain . . Lo . e

Name Phylum or Class Nearest type strain (EzTaxon server) Accession no. Similarity nt/difference Total nt Identification
0-332  Actinobacteria Arthrobacter oryzae KV-651(T) AB279889 99.93 1/1452 1458 Arthrobacter oryzae
C-15  Actinobacteria ]]Vg’g;‘;l(’gt”"“m trichothecenolyticum O\ b0475 98.89  16/1437 1459 mi‘f{f;”i’jslry’z::”u .
C-4 Actinobacteria Promicromonospora aerolata V54A(T) AJ487302 99.12 12/1369 1437 Promicromonospora sp.
EM-2  Alphaproteobacteria Acetobacter fabarum 985(T) AM905849 100.0 0/1417 1427 Acetobacter fabarum
USD-3  Alphaproteobacteria Bradyrhizobium japonicum LMG 6138(T)  X66024 100.0 0/1416 1425 Bradyrhizobium japonicum
C-128-C  Alphaproteobacteria Rhizobium leguminosarum USDA 2370(T) U29386 99.79 3/1410 1418 Rhizobium leguminosarum
C-175-G Alphaproteobacteria Rhizobium leguminosarum USDA 2370(T)  U29386 99.79 3/1410 1418 Rhizobium leguminosarum
CE Firmicutes Bacillus cereus ATCC 14579(T) AE016877 99.87 2/1488 1489 Bacillus sp.
D-11 Firmicutes Bacillus cereus ATCC 14579(T) AE016877 99.87 2/1488 1489 Bacillus sp.
NEB17  Firmicutes Bacillus cereus ATCC 14579(T) AE016877 100.0 0/1488 1489 Bacillus cereus.
SM1 Firmicutes Bacillus cereus ATCC 14579(T) AE016877 100.0 0/1488 1489 Bacillus cereus
SM2 Firmicutes Bacillus cereus ATCC 14579(T) AE016877 100.0 0/1488 1489 Bacillus cereus
C-13 Firmicutes Bacillus thuringiensis ATCC 10792(T) ACNF01000156  100.0 0/1496 1496 Bacillus thuringiensis
BBI1 Firmicutes Bacillus firmus NCIMB 9366(T) X60616 99.37 9/1419 1502 Bacillus firmus
BB2 Firmicutes Bacillus firmus NCIMB 9366(T) X60616 99.36 9/1419 1502 Bacillus firmus
C-19 Firmicutes Bacillus licheniformis ATCC 14580(T) CP000002 99.87 2/1500 1501 Bacillus licheniformis
0-335  Firmicutes Lysinibacillus fusiformis NBRC 15717(T)  AB271743 99.79 3/1476 1482 Lysinibacillus fusiformis
0-333  Firmicutes Paenibacillus pabuli JCM 9074(T) AB073191 99.60 6/1481 1491 Paenibacillus pabuli
0-334  Firmicutes Paenibacillus pabuli JCM 9074(T) AB073191 99.59 6/1481 1491 Paenibacillus pabuli
0-80 Firmicutes Bacillus tequilensisNRRL B-41771(T) EU138487 99.86 1/1168 1476 Bacillus sp.
0-93 Firmicutes Bacillus mariflavi TF-11(T) AF483624 99.86 2/1473 1477 Bacillus mariflavi
0O-101  Firmicutes Bacillus tequilensisNRRL B-41771(T) EU138487 99.86 1/1168 1476 Bacillus sp.
O-150  Firmicutes Bacillus tequilensisNRRL B-41771(T) EU138487 99.86 1/1168 1476 Bacillus sp.
0-524  Firmicutes Bacillus licheniformis ATCC 14580(T) CP000002 99.46 8/1476 1476 Bacillus sp.
0-103  Firmicutes Bacillus tequilensisNRRL B-41771(T) EU138487 99.86 1/1168 1476 Bacillus sp.
0O-132  Firmicutes Bacillus amyloliquefaciens FZB42(T) CP000560 99.86 2/1424 1424 Bacillus sp.
O-189  Firmicutes Bacillus tequilensisNRRL B-41771(T) EU138487 99.86 1/1168 1476 Bacillus sp.
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Table 2. Countinued.

;t;:l; Phylum or Class Nearest type strain (EzTaxon server) Accession no. Similarity nt/difference Total nt Identification
0-525  Firmicutes Bacillus licheniformis ATCC 14580(T) ABQL01000001 99.80 3/1475 1476 Bacillus sp.
0-526  Firmicutes Bacillus altitudinis 41KF2b(T) AJ831842 99.93 1/1475 1475 Bacillus sp.
0-407  Firmicutes Bacillus subtilis subsp.subtilisNCIB3610(T) ABQL01000001 99.80 3/1475 1475 Bacillus sp.

LP Firmicutes Lactobacillus plantarum GQ461604 99.93 1/1386 1397 L. plantarum
LS Firmicutes Lactobacillus salivarius AF089108 99.93 1/1386 1397 Lactobacillus sp.
0-364  Gammaproteobacteria  Enterobacter cowanii CIP 107300(T) AJ508303 99.41 8/1359 1476 Enterobacter cowanii
0-361  Gammaproteobacteria  Enterobacter ludwigii DSM 16688(T) AJ508302 98.91 16/1467 1476 Enterobacteriaceae sp.
BL Gammaproteobacteria  Enterobacter ludwigii DSM 16688(T) AJ508302 98.91 16/1467 1476 Enterobacteriaceae sp.
A2H  Gammaproteobacteria fg;’,b_o(]f[‘;"t” nimipressuralis LMG 796077 9959 61460 1474 nﬁ;’;:‘e’fs‘l’;’jzs
RL Gammaproteobacteria fg;’so(l}‘;“” nimipressuralis LMG AB004749 99.86 6/1460 1474 nz:;:ff;’;:; )
P-1 Gammaproteobacteria ~ Rahnella aquatilis DSM 4594(T) AJ233426 99.52 7/1448 1474 Rahnella aquatilis
P-2 Gammaproteobacteria  Rahnella aquatilis DSM 4594(T) AJ233426 99.52 7/1448 1474 Rahnella aquatilis
P-6 Gammaproteobacteria  Rahnella aquatilis DSM 4594(T) AJ233426 99.52 7/1448 1474 Rahnella aquatilis
0-368  Gammaproteobacteria ~ Serratia marcescens subsp. 121(T) AJ233431 99.86 2/1473 1473 Serratia marcescens
C-2 Gammaproteobacteria  Serratia proteamaculans DSM 4543(T) AJ233434 99.66 5/1472 1472 Serratia sp.
C-11 Gammaproteobacteria ~ Serratia proteamaculans DSM 4543(T) AJ233434 99.66 5/1472 1472 Serratia sp.
C-12 Gammaproteobacteria  Serratia proteamaculans DSM 4543(T) AJ233434 99.66 5/1472 1472 Serratia sp.

C-3 Gammaproteobacteria  Serratia quinivorans DSM 4597(T) AJ233435 99.93 1/1474 1474 Serratia quinivorans
C-14 Gammaproteobacteria  Serratia quinivorans DSM 4597(T) AJ233435 99.93 1/1474 1474 Serratia quinivorans
€28  Gammaproteobacteria  Stenotrophomonas rhizophila e-pl0(T) — AJ293463 9973 41485 1493 Ste";’ht::é’jzﬂ”;”"“‘?
320 Gammaproteobacteria  Providencia vermicola OP1(T) AMO040495 99.59 6/1475 1476 Providencia sp.
362 Gammaproteobacteria  Providencia vermicola OP1(T) AMO040495 99.59 6/1477 1476 Providencia sp.
482 Gammaproteobacteria ~ Aeromonas eucrenophila NCIMB 74(T) X60411 99.66 5/1477 1487 Aeromonas sp.
EM1 Yeast Pichia deserticola NRRL Y-12918 EF550226 99.47 3/557 566 Pichia deserticola

Table 3. Comparison of cellulase, amylase, protease, lipase, chitinase activities and auxin contents from the isolated bacteria.

Selected Extracellular enzyme production
strains CMCasse Amylase Chitinase Proteinase Lipase Auxin
------------------------ {001 D — cm ppm
0-526 0.73+0.01" 0.3240.02 0.31£0.01 0.6£0.01 0.2+0.01 48+2.1
CE 0.35+0.01 0.60+0.03 0.2540.01 1.2+0.03 0.3+0.01 36+1.6
0-524 0.64+0.02 0.78+0.03 0.27+0.01 0.6+0.01 0.3+0.01 42+1.7
0-93 0.39+0.01 0.46+0.02 0.20+0.01 0.4+0.01 0.3+0.01 25+1.2
0-407 0.74+0.02 0.86+0.02 0.20+0.01 1.2+0.08 0.5+0.02 41+1.0
0-101 0.85+0.03 0.95+0.03 0.29+0.01 1.2+0.06 0.5+0.01 48+1.3
0-320 0.26+0.02 0.384+0.03 0.20+0.01 0.1+0.01 0.2+0.01 35+1.1

"Treatment means are with +S.E. of three replications (#=3).
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Fig. 1. Germination rate of soybean affected by the
isolated strains. Treatment means are with +S.E. of three
replications (#=3).
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Fig. 2. Dry weight (a: leaf and b: root) of two soybean
cultivar affected by the isolated strains. Treatment means
are with £S.E. of three replications (#=3).
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Fig. 3. Change of temperature by the inoculated strains in
compost during composting time.
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Table 4. Change of C/N ratio by the inoculated strains in compost during 2' composting time.

Composting day

' composting) Treatment T-C T-N C/N ratio
__________ [ —
C 27.6 1.21 22.8
C+B1 28.5 1.28 223
10 C+B2 28.6 1.24 23.1
C+B3 28.1 1.28 22.0
LSDgos' ns ns ns
C 23.2 1.18 19.7
C+B1 18.3 1.09 16.8
20 C+B2 17.7 1.12 15.8
C+B3 19.1 1.08 17.7
LSDy.0s 1.1 ns 1.2
"Means separation within columns by LSD at 5% level (p<0.05, n=3)
Table 5. Changes of microbial population by the inoculated strains in compost during 2' composting time.
Innoculated day Treatment Bacteria Atinomycetes Fungi
x10” cfu ml’' x10" cfu ml' x10° cfu m¢'
0 c' 4.9+0.15" 3.4£0.17 3.2+0.09
C 10.5+0.31 7.3+0.14 4.6+0.07
10 C+B1 12.940.40 8.6+0.15 4.3+0.10
C+B2 12.6+0.33 9.1+0.09 4.1+0.06
C+B3 13.1£0.38 8.3+0.14 4.140.11
C 11.940.19 10.240.15 4.0+0.12
20 C+B1 15.740.27 13.940.19 3.540.06
C+B2 15.840.33 15.840.16 3.0+0.08
C+B3 14.1+£0.24 14.1+£0.21 3.7+0.09

'C, compost; C+B1, compost+probioticsl; C+B2, compost+probiotics2; C+B3, compost+probiotics3

Treatment means are with +S.E. of three replications (n=3).
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Table 6. Enzyme activities in compost after composting
time.

Treatment CMCase Amylase Chitinase Auxin

------------ U g'1 e ug g'1
c' 0.16¢" 0.29b 0.16b 147¢
C+Bl1 0.23b 0.48a 0.25a 280a
C+B2 0.31a 0.5% 0.30a 216b
C+B3 0.29ab 0.54a 0.24a 227b

TC, compost; C+B1, compost+probioticsl; C+B2, compost +
probiotics2; C+B3, compost+probiotics3.
*Means separation within columns by LSD at 5% level

(p<0.05, n=3).
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Fig. 4. Germination test using the compost extract.
Treatment means are with £S.E. of three replications
(n=3).

Table 7. Change of NH; and H,S gas contents by the
inoculated strains in compost during 2' composting time.

Composting day (2' composting)

Compost
0 10 20
NH; gas (mg ke')
c’ 15.9 14.6 14.9a"
C+B1 16.4 14.0 13.0b
C+B2 15.8 13.7 12.2b
C+B3 16.7 14.1 12.9b
H;S gas (mg ke')
C 9.8 7.9 7.7a
C+BI 9.8 7.4 6.2b
C+B2 9.5 6.5 4.8¢
C+B3 9.6 6.9 5.6b

'C, compost; C+B1, compost+probioticsl; C+B2, compost +
probiotics2; C+B3, compost+probiotics3.

*Means separation within columns by LSD at 5% level
(p<0.05, n=3).

wol Bulgk Zom £2 FA9| Eu7t 7= &%
o8 Felats A2t iﬂﬂl—?oﬂﬂi
LA Aol 794 (p<0.05 )_E Z7lslgon, E3
CHBIA g7} =2 o84 AkdS Hol =9 44
S8kt -8 2o L‘&El‘:} EH|37} s = 5
¢k By FE 4o dup AAtE =X1E FRlst

7] $18l i A3 petri—dishol] 2]45to] Hobalzl At
Fig, 49| X.i= vje} Zro] 21A[bof| A= thtk et 14-21%
7} Z7}a1, 11 0] C+Bl, C+B2, C+B3 #2747} $-4=5t df
ogl& Bt

LZL|OP7tALL 2Erd X|it SEHet 13} Ua
IFgol Erh= 30LAel EeletE Evlol HET - HH]
TR AL 202840 9] H=E 54T A, Table 7

)

olA] mizufsl o czo] wlstol grmLol 712 [NH,

J=orela] wst 1133

Table 8. Changes of Propionic acid and Butyric acid gas
contents by the inoculated strains during 2' composting
time.

Composting day

Treatment (2' composting)
0 10 20
Propionic acid (mg kg'l)
c’ 35.0 34.5 33.7a"
C+BI 349 32.1 30.3b
C+B2 36.1 324 26.6¢
C+B3 35.5 332 28.8b
Butyric acid (mg kg)
C 52.6 51.1 49.9a
C+Bl1 53.1 50.4 42.4b
C+B2 53.2 50.8 40.7bc
C+B3 51.9 49.3 40.1c

'C, compost; C+B1, compost+probioticsl; C+B2, compost +
probiotics2; C+B3, compost+probiotics3.

*Means separation within columns by LSD at 5% level
(»<0.05, n=3).
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Table 9. Microbial degradation rate (%) of pesticides after composting of livestock manure.

Bio-decomposition of pesticide

Treatment Procymidone Isoprothiolane Fluquinconazole

10 days 30days 10 days 30days 10 days 30days
c' 32¢* 85b 27b 55¢ 13b 67c
C+B1 40b 97a 34ab 74b 20a 79
C+B2 48a 97a 40a 85a 24a 84a
C+B3 44ab 95a 33ab 79b 24a 78b
'C, compost; C+B1, compost+probiotics1; C+B2, compost+probiotics2; C+B3, compost+probiotics3.
*Means separation within columns by LSD at 5% level (p<0.05, n=3).
Table 10. Microbial degradation content of heavy metals after composting of livestock manure.

Heavy metal content

Treatment

As Cr Cu Zn

mg kg'1

c' 6.1a" 6.3a 50a 174a
C+Bl1 5.0b 4.6b 42b 160b
C+B2 2.1d 2.2¢ 27¢ 114d
C+B3 3.2¢ 4.2b 3lc 128¢
TC, compost; C+B1, compost+probioticsl; C+B2, composttprobiotics2; C+B3, compost+probiotics3.
*Means separation within columns by LSD at 5% level (p<0.05, n=3).
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