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Article Info ABSTRACT

Article type: Background and Obijectives: The existence of agricultural wastes,
Full Length Research Paper  especially wood and degradation-resistant wastes and time-consuming
composting of these residues, show the importance of using degrading
microorganisms as bioactivators. By inoculating microorganisms into
hard-to-decompose agricultural residues, it is possible to increase their
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Accepted: 07.06.2021 isolate, identify and determine the efficacy of cellulolytic and ligninolytic
bacteria and fungi.

Keywords: Materials and Methods: Samples were taken from semi-rotten tissues of

Agricultural residues, trees, organic matter including compost, vermicompost, animal manure,

gglcltjlgzé animal samples such as termites, earthworms, amur fish and commercial

samples containing bioactivators. In order to isolate bacterial and fungal
isolates with the ability to produce cellulose and ligninase enzymes, after
preparing a series of dilutions from the extracts of each sample, culture was
performed on common culture media. After purification of bacteria and
fungi, the efficiency in terms of cellulase and ligninase activity was
determined by measuring the diameter of the transparent halo on
specific culture media. Molecular identification of selected bacterial and
fungal isolates was performed by amplification of 16S rDNA region and
ITS1-5.8S-1TS2 region, respectively.

Fungi,
Ligninase

Results: A total of 83 bacterial isolates and 18 fungal isolates capable of
producing cellulase were identified. BB12 and CCB9 isolates showed the
highest cellulase activity with a ratio of halo diameter to colony diameter
of 9.5 and 7.5, respectively. In fungal isolates, the highest cellulolytic
activity was related to WF2 and WF4 isolates; the ratio of halo diameter to
colony diameter in each of these two isolates was 4.57 and 2.4,
respectively. Regarding ligninolytic activity, it was found that Chapak
culture medium containing one gram of methyl blue is the best medium to
study ligninolytic activity and the highest ratio of halo diameter to colony
diameter in Chapak medium was in WB6 and WB5 bacterial isolates,
respectively in the amount of 10 and 7. In fungal isolates, ligninolytic
activity was observed only in WF2 and WF4 isolates; So that the ratio of
halo diameter to colony diameter was 2.17 and 2, respectively. The results
of molecular identification showed that the selected bacterial isolates were
most similar to Bacillus halotolerans, Bacillus siamensis, Bacillus
paralicheniformis, Bacillus subtilis, Bacillus atrophaeus, Bacillus
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amyloliquefaciens, Bacillus circulans, Bacillus sercatus, Bacillus sp. The
fungi  were more similar to Penicillium corylophilum and
Pseudogymnoascus pannorum. The maximum parsimony tree with 1000
bootstrap replications showed that bacterial and fungal isolates were
located in 9 and 2 clades, respectively.

Conclusion: Examination of cellulolytic activity showed that Bacillus
amyloliquefaciens showed the highest amount of cellulolytic activity and
the highest ligninolytic activity was seen in Serratia marcescens. In fungal
isolates, the highest cellulolytic and ligninolytic activities were observed in
Penicillium corylophilum and Pseudogymnoascus pannorum. Based on the
results of this study, further investigation is suggested about the possibility
of using a combination of selected microorganisms to prepare initial
formulations for faster conversion of agricultural waste into compost.
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Table 1. Isolation and measurement of cellulolytic and ligninolytic activity of bacterial isolates.

S 58 s S sl
Ligninolytic activity cellulolytic activity & ASL sl S Sl Joma s,
Sl ks e Sl ks e COdei:JIE&Zterial Isolation place No.
Halo to colony diameter ratio Halo to colony diameter ratio

Y/yy Imnop 0/A+ T VCB1 )

T yyy- YZABCDE VCB2 M

o Y/0, MOEARED VCB3 S a3 Y

£/v 10 Y/qy SuvwzA VCB4 ¢

\TAT R Y/ UWZABCD VCB5 0

Y/0g JKImn g/ y- Jdmnoper CB1 1

v ikim ¥/ Ay Stz CB2 v

V/qy "oPd o/A T CB3 A

VoM ¥y o PSS CB4 q

§/vo o ¥/ Amroparsty CB5 Ve

V/AA P Y/ 0 WXYZABCD CB6 1

Y/ Kimno Y/03 WZABCD CB7 s VY

o - coef CB8 Y

o y fstuvwxyz CB9 Ve

/04 Pd §/v o lIkimnopg CB10 Vo

Y/) ¢ Mopa £/Y4 fikimnopa CB11 &
/0P § /Y ikimnop CB12 %

V€4



YE+e & D)wc\\ D)Bbc)lag‘bagysdb%ﬂ.\ng)m

-\ J}.\’ anlsl
Continue Table 1.
St S S Pk Sl
Ligninolytic activity cellulolytic activity AL sl us Sl Jous Ciss
Code of bacterial .
SIS Al s e Sl s e isolates Isolation place No.
Halo to colony diameter ratio Halo to colony diameter ratio
T Y/AtuvwxyzAB MB1 A
. o/vq oM MB2 4
Yat% cd Y/0 opqgrstuvwxy MB3 Yo
V704 M Y/01 wxyzABCD MB4 LJ >}§ "
i/v0 fghi v parstuvwxy MB5 Yy
(VA pa YoV nopqgrstuvwx MB6 Yy
Y/0 kimno 0/\V fghijk MB7 Y
Y nopq 0/YY efghi CCB]. Yo
§/vv 10 o/ %fon CCB2 ™
1° § /vy oniikimn cecB3 %
AN Y/ 08 WHEABCD CCB4 YA
\/-\4\ nopq Y'/VO mnopgrstuv CCBS Y‘\
§ /vy €9 y/¢y PE CCB6 Y.
v/g M y/7 OPE CCB7 )
§/AV o ¥y parstuvixy CcCBS8 Y
b Ann 38 O %S\Lsn
y /v o v/e CCB9 3 v
- ol s S Sladss
Vans o fohiikl CCB10 Y
Valds o fohiikl CCB11 Yo
Y/0 kimno 5 fghijkl CCB12 !
g/vy €10 ¥y stz CCB13 TV
\ /A0 P ¥/ Mnoparst CCB14 YA
VYA Yy parstuvy CCB15 4
T YoV nopgrstuvwx CCB16 6
V/AA TP o/A 10 CCB17 £)
\//\/\ nopq r/o-\ nopgrstuvwx SBl f_T
Y/0 kimno YAy nopgrstuvwx SB2 §v
Y/0 kimno §$/0V hijklmno SB3 65
/0 P9 Y/AY SUvexyzAB SB4 £0
T ¥/ VWxyzABCD SB5 6
§/48 de Y/vY parstuvwxy SB6 sy
y Hlndss S
¥ 0P o fohiid SB7 e 0 ‘A
Y/\ ¢ MnoPd = cdef SBS £q
$/VY efg Y/0 oparstuvwxy SB9 0+
T Y/0 wxyzABCD SB10 0\
\/vo "OPd § /Ay fniikim SB11 oY
y/gvPa y fstuvwxyz SB12 oy

Voo



ol ySod 5Ty (615 o [ o (U pSU s (A o lwlind g g5lwlos

=\ Jod> aalsl
Continue Table 1.
Ligninolytic activity cellulolytic activity AL bl s Sl oo s,
S dls s e Sl s s COdei:;:fecste”al Isolation place No.
Halo to colony diameter ratio Halo to colony diameter ratio

o Y/ A Stz TB1 ot

o \ /vy ABCDE B2 0o
. §/1 Idmnopar TB3 o1
£/Y0 0" ¥/ noparstuvx TB4 oV
Valaal o/A %10 TB5 $lyge oA
Yalal ¥/ Yy sty TB6 0q
T Y/ o Oprstuvixy TB7 e
Valdal o/A 10 TBS T
y 1oPd /0 e TB9 A\
y nopd y/0 PE WB1 ar
. ¥/ Imoparst WB2 At
Vg9 g/ Shiikimno WB3 10

y P4 v e WB4 T
v §/1 ¢ Jkimnopar WB5 h\%
Ve Y/ oPasUeRY WB6 W K W
£/vo e WB7 P “
iAnds Y/q) SuzA WBS v
§ /Y0 &0 y /| ABCDE WB9 v\
o ¥y Mnoparstw WB10 VY
Vg Pa y/1y BCE WB11 VY
vP qe° WB12 G

¢ ohi ¥/ o tUwxyzABC FB1 Vo
. ¥/yy Aty FB2 sl oale a
yP ¢ Kimnopars FB3 v
o VY E EWB1 VA

y /vy @ Y/8 8 WPABCD EWB2 ve
Vv P v/ CPE EWB3 Ae
o y 2ABCDE EWB4 el AY
o ¥ o EWB5 AY
o v o EWB6 AV

b e STl glalstin O o3l el p Ao o Jlea| de.w 03 I gme I 6lyls O i a5 ogline By > (glsls slael
Values followed by different letters within columns are significantly different using Duncan’s multiple range test (P<0.05).
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Table 2. Isolation and measurement of cellulolytic and ligninolytic activity of fungal isolates.

Ligninolytic activity cellulolytic activity b glaglis us Sl fous s,
Code of fungal Isolation place No
S 4 s s S a e ks s isolates P '
Halo to colony diameter ratio Halo to colony diameter ratio
P Vv e SF1 )
b Ol Ol S
. v/ e SF2 Y
P \/+YcC WF1 Y
YAV g/ov? WEF2 B B ¢
b c s o e S
. An WF3 °
Y A WF4 !
b \/av© CF1 v
P Vel CF2 A
b VAT E s
' CF3 4
P VA CF4 v
P V/AY® VCF1 1
P VA VCF2 o 3305 5235 1\
P Vv © VCF3 Y
P VAY € MF1 Ve
Wb \/¥s © MF2 Vo
b V/eg© MF3 Jlsss 1
P VA S MF4 3%
P (VAR MF5 YA

Al o Sls glanelse Q}nﬂ ol gy o Jlez| C]a..« 03 )15 e SN Gyls O g a5 ogline g > (glsls slael
Values followed by different letters within columns are significantly different using Duncan’s multiple range test (P<0.05).
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Figure 1. Clear halo formed around the colony of bacterial and fungal isolates.
A) Cellulolytic activity of bacterial isolate TB9. B) Ligninolytic activity of bacterial isolate CCB5.
C) Cellulolytic activity of fungal isolate WF2. D) Ligninolytic activity of fungal isolate WF4.
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Table 3. Morphological and biochemical characteristics of selected bacterial isolates.

Jsul S5 Pl Slass! SVl s 5 Js S 4

Indole Gelatinase Amylase Urease Catalase Oxidase Gram Shape Bacterial strain
_ + + - + + + Sl CB8 (CL-1)
_ + + - + - + Sl CCB3 (CL-2)
_ + + + + - + Slds MB3 (CL-3)
_ + + - + - + Sl CCB9 (CL-4)
_ + + - + - + Slads SB8 (CL-5)
_ + + - + + + Sl TB9 (CL-6)
_ + + + + - + Slabee WB4 (CL-7)
- + + - + + + Slakes WB12 (CL-8)
. _ + - + - - les FB3 (CL-9)
_ + + + + - + Slde EWB6 (CL-10)
_ + + + + - + slabes WB5 (CL-11)
- + - - + - - Slabee WB6 (CL-12)

ol 5 S Sliion o 050U 5 (J 590 SO o s slaojled 5 0d glalis ()6 5 5 S slaali —E s

Table 4. Identified bacterial and fungal isolates and accession numbers of molecular bank and Soil and Water
Research Institute collection.

uww}ﬂ) a)Lm..i':

Accession numbers of Soil and molecular bank icroorganism name Strain No.
Water Research Institute collection

CCSM-B 00625 MN877626 Bacillus halotolerans CB8 (CL-1) )
CCSM-B 00626 MN877627 Bacillus siamensis CCB3 (CL-2) Al
CCSM-B 00627 MN877628 Bacillus paralicheniformis MB3 (CL-3) Y
CCSM-B 00628 MN877629 Bacillus subtilis CCB9 (CL-4) ¢
CCSM-B 00629 MN877630 Bacillus subtilis SB8 (CL-5) ¢
CCSM-B 00630 MN877631 Bacillus halotolerans TB9 (CL-6) 1
CCSM-B 00631 MN877632 Bacillus atrophaeus WB4 (CL-7) A
CCSM-B 00632 MN877633 Bacillus amyloliquefaciens WB12 (CL-8) A
CCSM-B 00633 MN877634 Citrobacter amalonaticus FB3 (CL-9) 4
CCSM-B 00634 MN877635 Bacillus circulans EWB6 (CL-10) Ve
CCSM-B 00635 KY404136 Bacillus sp. WBS5 (CL-11) A
CCSM-B 00636 MG386237 Serratia marcescens WB6 (CL-12) ‘Y
CCSM-F 00063 MN879384 Penicillium corylophilum WF2 (CL-13) W
CCSM-F 00064 MN879385 Pseudogymnoascus pannorum WF4 (CL-14) Ve
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Figure 2. A Maximum Parsimony tree based on 16S rDNA region sequences. The bootstrap values > 60%
(1000 replications) are shown at the branches. Flavobacterium acidificum was selected as an external group.
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Figure 3. A Maximum Parsimony tree based on 1TS1-5.8S-1TS2 region sequences. The bootstrap values > 60%
(1000 replications) are shown at the branches. Ascobolus denudatus was selected as an external group.
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