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ABSTRACT

Trichoderma species a common filamentous fungi found in the environment and abundantly in soil, because of its
antagonistic activity against plant pathogens allows its potential use as a biological control agent. The use of
biological agents is becoming an increasingly important alternative to chemical agent in Pulping and Bleaching
process of paper industry. Trichoderma reesel is known to produce xylanase which is an enzyme very important for
brightening of paper in the pulp and paper industry. In the present study the compatibility of Trichoderma reesei
with some ligninolytic white rot fungi has been evaluated to identify a potential compatible ligninolytic white rot
fungi with Trichoderma reesei that can be utilized in practical application of co-culture in bio pulping and bio
bleaching of pulp and paper industry. Results showed that the six ligninolytic white rot fungi were compatible with
Trichoderma reesel proving its potential to be used as compatible fungal partners in co-culturing for efficient bio
bleaching.
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INTRODUCTION

The paper and pulp industry is a potential soufa@ajor pollution, generating large volumes of imgely colored
effluent for each metric ton of paper produced.iByithe pulp processing, approximately 5-10% oflitpein of the
raw materials remains in the pulp which is respaesfor the brown colour of the pulp and the laspsof the
pulping process, Bleaching needs to be carriedirouthich remaining fraction of lignin is being rene and
whitening and brightening of the pulp occurs [1lheTresidual lignin from wood pulp is chemicallydiated by
using chlorine bleaching. Elemental chlorine reastth lignin and other organic matter in the pulgrrhing
chlorinated compounds that are extracted with alkahly about 40-45% of the original weight of thod goes
into paper production and therefore the efflueat tomes out is rich in organic matter [2].

Bio pulping and bio bleaching are two alternatigehinologies which can reduce the chemical pollutisolation
and screening of fungal strains suitable for bipmg have been performed in many laboratories siheel970s.
The benefits of pre-treating wood chips with whibéfungi, which degrade wood lignin during incubattime 2-4
weeks have been described by several authors B, dignocellulolytic enzymes-producing fungi amédespread,
and include species from the ascomycetes {Eighoderma reesei) and basidiomycetes such as white-rot (e.g.
Phanerochaete chrysosporium) and brown-rot fungi (e.g-omitopsis palustris).
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Biobleaching which is considered to be effectiveldgical methods as promising alternative to thealaland
chemical bleaches and reduces the utilization eirgbals and energy , pollutants and increaseyidld and
strength of pulp [6] Many microorganisms, includiiuggi and bacteria, have been found to be capzldegrading
plant cell wall fibers [7].

Biobleaching is an important alternative to redtiee use of chlorine and chlorine compounds in tleadhing
process. Biological bleaching is carried out usivigte-rot fungi to degrade residual lignin in thelp by using
ligninolytic enzymes such as manganese peroxidadelaccase or by using hemicellulolytic enzymeshsas
xylanases [8].

Fungal treatment decreases mechanical pulping gnggnificantly increases paper strength propsrtaad lowers
brightness, but has minimal effect on other optmalperties. Paper obtained by fungal treatmentagpto be
yellowing. For brightening of cellulosic fibers xylase enzyme is used. There are many fungi whieckreown to
produce xylanaseTrichoderma is one of the best known fungi which produce enzyméth high xylanolytic
activity. Cellulase-free xylanase preparations hbgen tested successfully in industrial applicatisoch as the
prebleaching of kraft pulp in the pulp and papelustry. Fungal treatment of cornstalks withex lacteusis known
to have enhanced the delignification and xylan thasng mild alkaline pretreatment and enzymatipedtibility of
glucan. The 15 day biotreatment modified the ligsiructure and increased loss of lignin (from 7%6{0 80%)
and xylan (from 40.68% to 51.37%) [9].

Two biopotential fungi which are not antagonist lbotmpatible/synergistic of which one or both arkecéve in
lignin degradation and producing xylanase enzymeilldvdnelp in increasing the efficiency of biobleadhiby
degrading lignin in an ecofriendly manner and algmuld help in brightening the cellulosic fibersepenting
yellowing of paper. Dual culture means combinatidriwo fungi which can grow together without hargiieach
other’s growth and are compatible with each otberl culture can enhance the rate of degradation to

The main objective of present study was to iderttifg compatible biopotential fungi so that it camused in dual
culture to increase the efficiency of bio bleachifige fungal combination has to be such that otigrignolytic and
the other helps to improve the quality of the dele fiber, especially the brightening propertyrad paper.

MATERIALSAND METHODS

Sour ce of fungal isolates:

Daedaleopsis confragosa used in the present study was isolated from frgitbodies growing on the dead/living
wooden logs collected from Pavagadh forest nearotfah in Gujarat state and fruiting bodies Rifellinus
pectinatus was collected fromArboretum of The Maharaja Sayajirao University cdr8da, Gujarat, India. The
fruiting bodies were excised, packed in sterileymahylene bags and brought to the laboratory tifgibodies were
surface sterilized by 0.1% HgCfor 60 seconds and washed thoroughly with distiNeater followed by 70%
ethanol for few seconds and inoculated on Potatdrbse Agar (PDA) Medium. Pure cultures were esshbd by
routine methods and maintained at 4 P€1)Daedaleopsis confragosa (DC) andPhellinus pectinatus (PHE) were
identified from the Forest Research Institute, Reln. The fungal isolates ofrichoderma viride (TV),
Trichoderma harzianum (TH), Pleurotus eryngii (PE), Pleurotus florida (PF), Pleurotus ostreatus (PO), Pleurotus
sajorcaju (PS) Irpex lacteus (IL) andPycnoporus sanguineus(PYS) were procured from Forest Research Institute,
Dehradun.The fungal isolate offrichoderma reesei 4876 (TR) andPhanerochaete chrysosporium787(PC)were
procured from MTCC culture collection centre, Ctligadh.

All the cultures were maintained on Potato dextragar (PDA) at 4 (+2 in Seed Anatomy laboratory of
Department of Botany at The Maharaja Sayajirao esity of Baroda, Gujarat, India. For further seslpetridish
containing potato dextrose agar medium were in¢edlavith 0.5 cm diameter agar plug, cut from thewgng
edges of colonies of the isolates and incubatéuicimbator at 25(3)°C in dark with 70% relative humidity.

Screening of fungal isolates for ligninolytic, cellulolytic and xylanolytic test: All fungal isolates were screened in
our laboratory to check ligninolytic and celluldtyenzyme activity of fungi [10]. Xylan-agar diffiesm method [11]
was used to confirm the ability of fungi to produertracellular cellulase free xylanase during thggiowth.
Ligninolytic activity was assessed by observing dlagk brown colored zone around the respectivedlinglonies
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[10] and Cellulolytic and xylanolytic activities we analysed by observing zone of clearance if amnéd
surrounding the fungal colonies.

A Mutual i.nterm.i.ng]i.ng’

B. Partial mutual intermingling

C. Early stage D. Later stage

invasion/replacement invasionreplacement

E. Inhibition'Deadlock

(at tonchini patat) F. Inhibition/Deadlock

(at distance)

Fig. 1 Schematic diagram representing inter actions between two different fungal strains grown adj acently (4 cm apart) on MEA culture
media observed after oneweek incubation period (based on the observations of Porter (1924) [12] and cited by Skidmore & Dickinson
(1976)[13], and Stahl & Christensen [14](1992))

Paired interaction test on agar plates. In vitro antagonistic effect of the fungi was ewtled through paired
interaction test. This method was used to checkpeuitility of two fungi to grow together. Five mniagheter agar
plug was cut from the growing edge of 10 days allfuce of the fungal isolate and inoculated atrtergin of the
petriplate containing 20 ml sterilized Malt Extrafgar medium. The paired test fungi (agar plug)evelaced on
opposite sides of petriplate and incubated at 26+8faintaining 70% humidity for 4 weeks. Petriplatéh
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individually inoculated fungal culture (Mono cules) isolates were kept as control. Three replicatse kept for
each set of experiment.

The isolates were screened for their compatibdity@gonistic potential against the other fungalaies by

observing the relative growth of both fungi till@fungus inhibits the growth of other or one kil other or they
both overgrow each other and form overlapping zdine. compatibility was assessed by observing theraction

between the two test fungi at the zone of contacper Porter 1924. A schematic diagram of the @atésn

proposed by Porter 1924 [12] is represented in Eig.

According to Porter (1924) the five different moadsnteraction are as follows.

1. Mutually intermingling growth where both fungregv into one another without any macroscopic sighs
interactions. (Fig.1 A)

2 (i) Intermingling growth where the fungus beinlgserved is growing into the opposed fungus eitl@ve or

below or above and below its colony, and its cargll (Fig.1 B)

(i) Intermingling growth where the fungus undesebvation has ceased growth and is being overgrbwtmother
colony. (Fig.1 B)

3. Slight inhibition where the fungal growth appchaeach other until almost in contact and a namewmarcation
line, 1-2 mm, between the two colonies is cleaityble. (Fig.1 E)

4. Mutual inhibition at a distance of >2 mm. (Fig:L

According to Stahl & Christensen (1992) [14] thede®f interactions can be categorized as

1. Neutral intermingling — one or both colonieswyrioto the other with no apparent adverse effecthenmycelium

of either. (Fig. 1 A)

2. Replacement — one mycelium grows into the cdherbegins to consume and replace it. (Fig.1 C & D)

3. Deadlock — neither mycelium can enter terrimegupied by the other. (Fig. 1 E)

All the important results were photographed witmyoybershot model no. DSC-H20.

RESULTSAND DISCUSSION

The objective of the present study was to screem@gal co culture that produce ligninolytic enzynmadeng with

xylanase and absence or scanty production of ogftid enzymes. In identifying an unknown fungus fts

potential use in paper industry one of the firsegiions is whether this fungus is ligninolytic @lwolytic. This is
usually determined by the well known Bavendamn. téss known since long that mycelia of certaigtnér fungi
contain enzymes which catalyze the oxidation ofnpfeand related compounds. Bavendamn (1928) [H5] tve
first to point out the difference between the white and brown rot fungi with respect to their adide enzymes.
When white rot fungi cultivated on nutrient agantaning certain phenolic compounds as gallic acitannic acid,
the white rot fungi produce a deeply coloured zarmind the mycelium while the fungi brown rot dd.no

In the present study enzymatic activities of 12ghinisolates have been screened by using solidantditaining
coloured indicator compound which enables visusad®n of enzyme production and darkbrown colocamezand
its intensity indicating positive extracellular gnze production and Results obtained by Bavendatestshas been
represented in Table 1.

Out of 12 fungi all fungi excepirichoderma reesei showed positive reactions to tannic acid, indigatihem to
release lignin degrading enzymes and hence arenttéignin degraders. After seven days of incidratthe
medium which is substituted with Tannic acid showrezlculture with brown coloration zone when vievienn the
lower side of the petridish indicating presencdigrinolytic enzymes. Petridish substituted with CMcarboxy
methyl cellulose) after one week incubation pesdtn flooded with Congo red did not show clear zexeept TV
and TH confirming the presence of ligninolytic emms and absence of cellulolytic enzymes.

Xylanases in combination with cellulases have aggilbns in food processing [16] whereas, xylanasitisout
cellulases are important in paper industry as traity of paper depends upon the amount of celaufm®sent in the
paper. Therefore, to select potential cellulase-frglanase producing fungi, rapid plate techniques warried out
and enzyme activities (xylanase and cellulase) weeasured. Interestinglylrichoderma species, popular in
biological control of plant diseassBowed its broad range of xylanase activity.
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One of the major problems in screening large nurnbermicrobial strains for their xylanase producalgjlity, is the
lack of single rapid reliable screening technigbience, solid agar screening method was used feesirg.
Initially, solid screening medium containing xylas the sole carbon source developed for this parpess
employed [17]. Xylanase producing organisms weestified on the basis of the clearing zone formexliad the
colonies. Petriplates substituted with 1% xylareafine week incubation period when flooded withgmoned and
washed by 1% NacCl solution, all the fungi except, BP@ and PC showed zone of clearance showing pesiti
reaction for xylanase enzyme activity (Tablel). thk screened fungi except TR produces ligninolgtizymes. TV
and TH showed positive reaction for ligninolytiellalolytic and xylanolytic activity. Except TV antH all the test
fungi shows negative reaction to celluloytic adgiviTR shows an absence of ligninolytic and xylatiol activity
but positive xylanolytic activity.

Table: 1 Ligninalytic, Cellulolytic and Xylanolytic activity of different fungi

Fungal isolates  Ligninolytiq Cellulolyti@  Xylanokgt
TV Positive Positive Positive
TH Positive Positive Positive
TR Negative Negative Positive
PS Positive Negative Positive
PC Positive Negative Negative
PF Positive Negative Positive
PE Positive Negative Positive
IL Positive Negative Positive

PYS Positive Negative Positive
DC Positive Negative Negative
PHE Positive Negative Positive
PC Positive Negative Negative|

Table: 2 Characteristic features observed on 3", 6™ and 9" day of incubation of different fungal isolates grown with its co culture partner
Trichoderma reesel

. Nature of
Name of fungi 4 day & day ¢ day interaction
Trichodermaviride Both the fungi come in Sporulation of TR started and TV also overgrows TR but| Partial mutual
(TV) Fig. 1 (A-C) contact with eachother TR overgrows TV growth of TV was restricted intermingling
Tr|cr_10derma Growth of TR was more than Sporulation of TR started and Growth of both the fungi Invasion
hgmanum (TH) TH TR overgrows TH stopped Ireplacement
Fig. 1 (D-F) :
Pleurotus ervnaii Growth of PE was very slow| Sporulation of TR started and TR arown till the inoculums! Invasion
- yng & TR covered the whole growth of PE continued to ~g .
(PE) Fig. 1 (G-I) disc of PE and killed PE Ireplacement
plate occur on TR
Pleurotus florida SLO;\QE O{,Jm?tr\:v c?fspn;qLZtthan The growth of PF was TR completely grown on Invasion
(PF) Fig. 1 (3-L) 9 ! inhibited by TR the PF & killed PF Ireplacement

startet.

Pleurotus ostreatus

TR grows faster and covered

TR overgrows on the
inoculums disc of PO but

PO continued to grow but
later on its growth was

Partial mutual

(PO) Fig. 1 (M-O) the whole plate growth of PO also stated stopped intermingling
Pleurotus sajorkaju TR grows faster and covered Growth of PS continued to F.’S cor]tlnued to OVETgrow | putual
: till the inoculums disc of . L
(PS) Fig. 1 (P-R) the whole plate occuron TR R intermingling
Growth of TR was more & IL overgrows on TR and Growth of IL continued up
I(Irf;:»::liactguzsA_C) both the fungi came in to almost covered half of the to 3 weeks of incubation i'\r/1ltuet|9niiln lin
9- contact with each other plate period ging
Daedaleopsis Growth of TR was more & Growth of both the fungi .
confragrosa (DC) Fig. 2 | both the fungi came in to seems to be stopped but DC Sjr?lvxzeoljsDo(f: i?]?;ﬂttl)gttjii?] up :\r/]ltu; ;Jniiln lin
(D-F) contact with each other grows slowly ging
. ! Growth of TR was more & ) ) PHE continued to over
Fptﬁg)n L::? pegtl(rgtlt;s both the fungi came in to Ec?rtmi:at:tevjittjt? %'aﬁ]nz)%:grto grow even after 20 days of :\r/]ltu; ;Jniiln lin
9 contact with each other incubation period ging
Pycnoporus sanguineus Growth of TR was more than PYS overgrows on TR but PYS continued to grow and| Mutual
(PYS) Fig. 2 (J-L) PYS & TR covered the wholeg sporulation of PYS was not | later covered the whole intermingling
plate occured plate
Phanerochaete Growth of TR was more & PC overgrows on TR and PC continued to grow and Mutual
chrysosporium (PC) Fig. | both the fungi came in to almost covered half of the completely overgrown on intermingling

2 (M-0)

contact with each other

plate

TR
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Observations on the compatibility of the fungi lre tco-culture / paired interaction tests could isérjuished into
three categories.

1. Both fungi come in contact on the PDA medium gnalvth of both fungal isolates are inhibited Na further
growth occurs once the two come in contact.

2. The two fungal isolates in the paired interactiest come in contact and growth of one is inbibiby the other
but it is not killed. The fungal isolate grows ¢retcounterpart.

3. The two fungal isolates in paired interactiost tsome in contact, one overgrows over the othérkdls it.

A paired fungi was considered compatible once ttmye in contact and still each one grows over theroat its
own pace with the formation of an overlapping zaréch increases / advance towards both the sidwes.gfowth
of the fungal isolates with its counterpart hasnbespresented individually in figure 2 and 3. Cletegistic features
of co cultures observed after the different incidmperiod have been represented in Table 2.

Based on the observations of fungal isolates watitounterpart on3 6" and 9" day indicated in Table 2 it could
be depicted thafrichodermareesel was found to be compatible with six fungal isetaPS, IL, DC, PHE, PYS and
PC.

Fig. 2
Fig: 2 Paired interaction test of Trichodermareesei with other fungal isolates
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TR-PHE

Fig. 3
Fig: 3 Paired interaction test of Trichoderma reesei with other fungal isolates
Fig. 2,3

Paired interaction test of TR with the other 9 fungal isolates

Fig. 2

A-C. TRTV
D-F: TR-TH
G-1: TR-PE
J-L: TR-PF
M-O: TR-PO
P-R: TR-PS

A total of 11 interactions of different fungal istds withTrichoderma reesei (Table 2) were studied at three
different incubation periods. In all these 11 comaltions, growh of TR was very fast compared to ofhagal
isolates and growth of the foBteurotus sp. were found to be slower. The growth of offu@gal isolates studied
was relatively slower than TR but faster thanPheurotus sp.

All the combinations of fast growing fungal cultareiith TR showed mutual intermingling except thesiiaction
with TV and TH which appeared to be a partial muingermingling (Fig. 1 B) and invasion/ replacerhen early
stage (Fig. 1 C) respectively. This interactionf&fand TH in the combination with TR was distinct the &' day
when sporulation of both fungi started. At a lastage (& day) the co culture showed clear overlapping zone
followed by the growth of TV invasion/replacemamntd growth of both the fungi TR and TH further steg.

Growth of TR towards all th@leurotus sp. was very fast and within three days of inclmaperiod completely
growing and covering the whole culture plate. Giowf all Pleurotus sp. started on"day except PF which started
to grow on the § day itself. But on the™®day TR over grows on PE and PF and TR coveringrtheulum disc.
These two combinations thus fall under the categorgision/replacement of later stage (Fig.1 D).ov@h of PO
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stopped on the'™®day is categorized to be invasion/replacemenatef Istage (Fig.1 D) and combination of TR with
PS is mutual intermingling as PS also grows aloitg WR till the inoculums disc[13,14].

In the interaction of the two different fungi thatgern of hyphal growth (one below the other) whsesved by
Skidmore & Dickinson (1976),[13] and they explaing@ hyphal mode of growth by interacting fungi Isues
either above or below or above and below its calamy its corollary. The partial mutual intermimgji(represented
diagrammatically in Figure 1), was recognized byd8iore & Dickinson (1976),[13] as simply ‘intermilngg’ and
‘neutral intermingling’ by Stahl & Christensen (123814]. Among all mutual intermingling interaction$ TR with
fast-growing fungi, the interaction of all fungitWiTR were observed quite clear, and showed oveeldphyphal
growth without any kind of changes and abnormalitie

A total of three different modes of interacting flimvere observed from the present study which cbeldompared
with the citations of Porter (1924) [12] and Sta&hlChristensen (1992)[14]. Porter (1924)[12]desaikfeur
interactions, but did not mention invasion/replaeaimStahl & Christensen (1992)[14] combined mutura partial
intermingling into one ‘neutral intermingling’, wthh was described in separate events (basicallgraetsteps) by
Porter (1924)[12]. They also combined the intemagiviz. inhibition at contact point as well at a distanct®
deadlock and introduced the category of ‘replacgine

Trichoderma belonging to clasAscomycetes is one of the most widely studied genera for bitiad agents [18]. On
Malt agar medium, isolates @fichoderma viren, T. harzianum, T. polysporum completely inhibited the growth of
several white rot fungi [19]. Several attempts h&een made to enhance enzyme production by thd figg
cultivation strategy. Paranthameinal 2009 [20] studied the effect of fungal co cultémeproduction of tannic acid
and gallic acid from grape waste under solid stateentation. The co culture &enicillium chrysogenum andT.
viride produced highest activity than other organismschae activity infremetes versicolor was increased several
times when this fungus was cocultivated wittichoderma harzianum and other soil fungi [21]. Moreover, the
induction of new isozymes was also observed in dudtures of Pleurotus ostreatus with Trichoderma
longibrachiatum [22] and Trametes sp. AH28-2 with aTrichoderma strain [23]. In the present studyichoderma
resei though very rapidly grow as compared to othesidiomycetes fungi but six of them are compatible with TR.
Trichoderma reesei is known for producing xylanase enzyme and othegifiPS, IL, DC, PHE, PYS, PC are well
known selective delignifying white rot wood decayifungi interact synergistically in mixed culturadatogether
helps in increase the process of delignificationvalf as brightness of cellulose fibers. The prestundy evaluated
only three different interactiomiz. mutual intermingling, partial mutual interminglirand invasion/replacement.
Inhibition/deadlock at touching point and at a aliste was not observed. From the present studyuid doe
conferred that TR interact synergistically in mixadture and is compatible with six white rot fu{&s, IL, DC,
PHE, PYS, PC) indicating its potential use for atiure in industrial applications.
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