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Abstract

Purpose In North West-Indo Gangetic Plains (NW-IGP) of
India in situ burning of crop residues is practiced by
majority of farmers’ which deteriorates soil and environ-
mental quality. Fungi have the potential for lignocellulose
degradation and can be used for the in situ decomposition
of crop residues. Lignocellulose degrading fungal spp.
were isolated and evaluated for the activity of lignocellu-
lolytic enzymes.

Method The lignocellulose degrading fungi were isolated
by appearance of zone on carboxy methyl cellulose (CMC)
agar media and tannic acid (TA) media. Carboxy methyl
cellulase, filter paperase, cellobiase, xylanase and laccase
activity were estimated in submerged, as well as solid state
fermentation using a mixture of rice and wheat straw in the
ratio of 4:1. rice—wheat straw as substrate. The residue left
after solid state fermentation was evaluated for carbon/ni-
trogen ratio, dry mass loss, and loss of cellulose, hemi-
cellulose and lignin. Selected potential isolates were
further tested in pot experiment for their effect on wheat
plants. The interaction among isolates was also studied.
Result After primary screening, 19 out of a total of 72
fungal isolates were selected based on their enzymatic
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activity profile and potential to degrade lignocellulosic
residues in submerged fermentation. Out of these 19 iso-
lates, 11 were further selected based on their enzymatic
secretions in solid state fermentation. All the 11 strains
were identified morphologically. Four fungal isolates
(RPW 1/3, RPW 1/6, RPWM 2/2 and RZWM 3/2) showed
higher enzymatic activities and more loss of dry mass and
cell wall constituents over the other isolates. These isolates
were identified by ITS region sequencing as Aspergillus
flavus, Aspergillus terreus, Penicillium pinophilum and
Alternaria alternata.

Conclusion This study revealed that fungal isolates may be
used for managing crop residues in conservation agricul-
ture based rice—wheat system of NW-IGP to eliminate ill
effects of residue burning.

Keywords Conservation agriculture - Crop residues -
Fungi - Lignocellulolytic activity

Introduction

Rice—wheat (RW) cropping system is one of the world’s
largest agricultural production systems, covering an area
of about 26 million hectares (Mha) spread over the Indo-
Gangetic Plains (IGP) in South Asia and China (Sarkar
2015). The conservation agriculture (CA) based manage-
ment practices and diversified farming system approach
not only saves natural resources but may help in improving
productivity, growth of cereals, accelerating farm income,
mitigating environment pollution and climate change
effects on agriculture. In IGP of North-West (NW) India,
management of voluminous rice residues (8—10 t ha™') in
RW fields is still a serious problem which stagnate the area
extension under CA. In conventional RW system, wheat
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planting is generally delayed (by 2-3 weeks) because of
little turn-around time between harvesting of rice and
sowing of wheat and the presence of heavy loads of rice
straw left on the field after combine harvesting. Among
current options available to farmers for rice residue man-
agement before wheat sowing are: (1) in situ incorporation
in the soil using rotavator; (2) removal or partial burning
of loose residue followed by zero-till sowing of wheat in
anchored residue; (3) full residue retention using happy
seeder machine for sowing of wheat and; (4) in situ open
field burning followed by conventional wheat sowing.
About 40% of crop residues (CRs) in IGP are being dis-
posed-off through open field burning due to unavailability
of happy seeders for sowing under residue conditions and
fast decomposing bioagents (Jain et al. 2014). Burning of
crop residues result in emission of noxious air pollutants
and greenhouse gases along with particulate matter and
hydrocarbons which affect the atmospheric chemistry
(Kanabkaew and Oanh 2011). CRs are good source of
plant nutrients and organic matter (40% of the total dry
biomass constituted by C) and are important for stability of
agricultural ecosystems (Dobermann and Fairhurst 2002).

Rice residue can be managed in situ by hastening the
microbial decomposition so that zero-till machine is able to
seed wheat into the residues without burning. Decompo-
sition and N release from crop residues depend on auto-
chthonous soil microbes, length of decomposition period,
and soil and environmental conditions. Fungi are an
important component of soil micro-biota in soil constitut-
ing more of the soil biomass (Ainsworth and Bisby 1995)
than bacteria, depending on depth and nutrient conditions
of soil. Fungi being filamentous in nature possess have an
advantage in the decomposition of lignocellulosic waste as
they possess ability to produce prolific spores that can
quickly invade substrates and supported by a broad variety
of enzymes with complementary catalytic activities (Lun-
dell et al. 2010). Fungi play an important role in the
degradation of agricultural wastes such as wheat straw
(Dinis et al. 2009), rice straw (Chang et al. 2012), maize
stover (Wan and Li 2010), and sugarcane residue (Maza
et al. 2014). Moreover, mixed cultures can have greater
influence on substrate colonization because of the higher
production of enzymes and resistance to contaminant
microbes compared to pure cultures. However, the most
important factor in the use of mixed cultures is the strain
compatibility, which will influence the overall performance
of microbes, their organization, distribution, population
size and the ecological balance of the communities. Hence,
a compatible consortium of lignocellulolytic fungal might
play an important role in the rapid degradation of rice straw
(Kausar et al. 2010).
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In view of the non-availability of a machine (e.g., Happy
Seeder) on a commercial scale, there is a need to isolate
and inoculate the CR degrading fungi for faster decom-
position of rice straw before sowing of wheat to allow use
of normal zero-till planters and reduce its adverse effect on
wheat growth. Although, residue degrading fungi are
already present in soil but their population vary greatly
from place to place and field to field depending on the
management, edaphic and environmental conditions. Our
hypothesis is that isolation and augmentation of fast
degrading autochthonous fungi from fields under RW
systems will enhance their population density upon field
inoculation. Therefore, present study was carried out, (1) to
isolate and identify lignocellulolytic fungi in liquid and
solid state fermentation from fields under CA based RW
systems and (2) to study the effect of inoculation of the
identified efficient fungal species on enzyme release, crop
residue degradation potential, and growth and yield of
wheat in NW IGP of India.

Materials and methods
Sampling site

The soil samples were collected from CSISA (Cereal
Systems Initiative for South Asia) experimental research
platform located at ICAR-Central Soil Salinity Research
Institute (CSSRI), Karnal, Haryana, India (29°70'N latitude
and 76°96'E longitude) in May, 2013 after four years of
continuous RW system. Four treatment scenarios were
designed based on various drivers of agricultural changes
as described in Gathala et al. (2013). These scenarios
varied in cropping systems, tillage, crop establishment
methods, crop residue management and crop management
practices. Four scenarios viz., (1) scenario I: rice (CT/TPR;
conventional till/transplanted rice)-wheat (conventional
till) system as in farmers’ practice where rice and wheat
residues were removed; (2) scenario II: rice-wheat—
mungbean (CT/TPR-ZT; zero-till-ZT) rotation where full
(100%) rice and mungbean, and anchored wheat residue
retained on soil surface; (3) scenario III: rice—~wheat—
mungbean (ZT-ZT-ZT) where full (100%) rice and
mungbean, and anchored wheat residue retained on soil
surface; (4) scenario IV: maize—wheat-mungbean (ZT-
ZT-7ZT) where maize (65%) and full mungbean, and
anchored wheat residue retained on soil surface. In north-
western IGP of India, scenarios II and III are important to
fulfill the need of the food security. In both these scenarios
(IT and III), residue load for rice and wheat averaged 6 and
1.5 t/ha (dry weight basis), respectively.
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Isolation and primary screening of lignocellulolytic
fungi

After harvesting of wheat, in May, 2013 soil samples were
collected from O to 15 cm layer from each scenario. For
soil sampling, plot of each scenario was divided into four
grids (10 x 50-m). Within each grid, soil was collected
from nine locations and composited to make the repre-
sentative sample. After sieving the soil samples, fungi were
isolated from fresh samples on potato dextrose agar (PDA),
czapek-dox agar (CDA) and rose bengal agar (RBA) plates,
each containing 30 pg/mL of chloramphenicol. The inoc-
ulated plates were incubated at 28 + 2 °C and fungal
growth was observed daily for 7 days. Purified fungal
isolates were named according to crops and their estab-
lishment method. These isolates were screened (primary)
by qualitative analysis of both cellulolytic and lignolytic
activities on the basis of zone formation in carboxy methyl
cellulose (CMC) and tannic acid (TA) agar plates,
respectively. The cellulolytic activity was detected using
the CMC agar media and presence of polyphenol oxidase
was tested using TA media proposed by Cruz-Hernandez
et al. (2005) with some modifications in its preparation.
Tannic acid and rest of the constituents were separately
autoclaved and mixed after cooling of TA. A fungal
inoculum disc of 5-mm was cut from the hyphal edge of
5-day-old PDA culture. Each inoculum disc was placed at
the centre of the media plate and incubated at 32 °C for
7 days. The CMC media plates were stained with Gram’s
iodine for 3-5 min (Kasana et al. 2008). The ratio of halo
zone diameter to colony diameter was calculated and
expressed as Index of Relative Enzyme Activity (ICMC)
(Peciulyte 2007). On TA agar plates appearance of a dark
brown pigment was considered as an indicator of
polyphenol oxidase (PPO) activity. The fungal isolates
showing maximum zone formation on agar media were
used for secondary screening by submerged fermentation.

Secondary screening of lignocellulolytic fungal
isolates by submerged fermentation

Lignocellulolytic enzymes activity of fungal isolates from
primary screening was estimated using Mandel and Weber
medium (Mandels and Weber 1969) supplemented with
10 g/l of powdered straw of rice and wheat (in the ratio of
4:1) at pH 7.0 and incubated at 30 °C for 10 days. Since
Scenario II is generally followed by farmers where 100%
rice residue and partial wheat residues are left in fields for
degradation, hence the culture media was supplemented
with rice and wheat (4:1) powdered straw. At the end of
incubation, contents of each flask were filtered and cen-
trifuged. The supernatants were used for crude enzyme
preparation.

Selection of lignocellulolytic fungal isolates by solid
state fermentation

A 5.0¢g of rice and wheat straw mixture (4:1) was
moistened with 15.0 ml of Reese’s mineral medium
(Reese and Mandels 1963) in a 250 ml flask was inocu-
lated with isolates showing higher enzymatic activity in
submerged fermentation. At 7 days after incubation at
30 °C, the enzyme was extracted using citrate buffer
(0.05 M, pH 4.8) and centrifugation at 9000 rpm for
10 min at 4 °C. The supernatant was used for estimation
of enzymatic activities. The remaining solid residue was
dried at 75 °C for 24 h and weighed for dry mass loss
estimation. Degradation of straw was expressed as dry
mass loss (%) and calculated as the difference between
the dry mass of substrates with and without inoculation
(Saparrat et al. 2008).

Biochemical analysis of crop residues

Cell wall components of the mixed straw were determined
using the method described by AOAC (1995). The oven-
dried residue samples were ground to pass 40 mesh for
analyzing different cell wall fractions. The fiber fractions
of cell wall of the straw mixture such as cellulose, hemi-
cellulose and lignin were estimated following the method
of Van Soest et al. (1991). Both C and N were determined
by CHNS analyser (Element Vario III) and C to N ratio
was calculated.

Enzyme assay

Carboxy methyl cellulase or Endo-B-1,4-glucanase (EC
3.2.1.4), Filter paperase, Cellobiase (EC 3.2.1.21) and
endo-[3-1,4-xylanase (EC 3.2.1.8) were measured as per the
procedure described by Ghose (1987) and Ghose and Bis-
aria (1987) using CMC, Whatman No.1 filter paper, cel-
lobiose, and beech wood xylan as substrates, respectively.
Dinitrosalicylic acid (DNS) method (Miller 1959) was used
to determine reducing sugars. Laccase or p-diphenol oxi-
dase (EC 1.10.3.2) was estimated by the modified method
of Sandhu and Arora (1985). The relative activity of lac-
case was expressed as colorimetric units per gram of sub-
strate (cu/g).

Pot experiment

Pot experiment was conducted to test the pathogenicity
of isolates on wheat crop. Recommended package of
practices of wheat were followed during the whole life
cycle (Bajwa 2012). Pots of 30 cm in diameter and
45 cm in height were filled with 10 kg of soil and 15
seeds of wheat were sown in each pot. Liquid culture of
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all the 11 isolates screened from 72 isolates was pre-
pared in potato dextrose broth (PDB) by inoculating
three discs (5 mm diameter) of fungal isolates. Liquid
culture was applied at three times during wheat growth,
i.e., immediately after sowing, at the time of first irri-
gation (21 DAS; days after sowing) and at second irri-
gation applied at 45 DAS.

All experiments were done in triplicate and the mean of
three is presented in results.

Identification of fungal isolates

Fungal isolates was identified by observing and recording
the cultural characteristics such as color and size of
colony, mycelia growth and change in media color during
growth. Isolates were also microscopically analyzed for
morphological properties (shape, surface, margin and
pigmentation). Fungal isolates were identified using
standard manuals (Domsch et al. 1980; Gilman 2001;
Nagamani et al. 2006). Selected fungal isolates were also
identified by sequence analysis of rDNA gene. The DNA
extraction was done using a modified CTAB (Cetyl
trimethylammonium bromide) method (Edward et al.
1991). The rDNA region consisting of internal tran-
scribed region (ITS) 1, 5.8S subunit and ITS 2 region,
was amplified using ITS 1 and ITS 4 primers (Gardes and
Bruns 1993). The PCR reaction was carried using
2.5 mM dNTPs, 1.5 mM MgCl,, 10 p moles each of
forward and reverse primer and 1 U of Taq DNA poly-
merase. The PCR thermal profile consisted of initial
denaturation at 94 °C for 5 min, followed by 35 cycles of
denaturation at 94 °C for 30 s, annealing at 53 °C for
1 min, extension at 72 °C for 1 min, followed by final
extension at 72 °C for 7 min. The PCR products were
purified using gel extraction kit (Bioserve Biotechnolo-
gies Ltd., India) and checked on agarose gel elec-
trophoresis (1.5%) for its purity and integrity. The
purified PCR products were then used directly for DNA
sequencing. Sequence homology was analyzed using the
BLAST search and compared with the sequences reported
in GenBank. Sequence-based identities with the best hit
were defined as the sequences with the highest maximum
identity to the query sequence.

Interaction study of isolates

Interaction study of selected four isolates was done on
PDA. Mycelium discs of 5 mm were cut from 5 days old
culture. In one plate one disc of each two isolates were
placed 40 mm apart from each other. The co-inoculated
plates were incubated at 30 °C for 5-7 days. Interactions
were noted according to the procedure described by Molla
et al. (2001).

)
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Data analysis

The data was subjected to ANOVA (analysis of variance)
and tested for its significance using LSD (least significant
difference) at P = 0.05 by PC-SAS software (SAS Insti-
tute, Cary, NC, USA, 2001). For grouping of fungal iso-
lates on the basis of their biochemical activities, the data
were subjected to Group Average Clustering by STAT-
GRAPHICS to obtain a dendrogram. The clustering was
also obtained on basis of similarity in the sequences of
amplified ITS region of fungal strains by ClustalW
program.

Results and discussion

Isolation of fungi and primary screening
for lignocellulolytic activity

A total of 72 fungi were isolated from experimental plots.
Twenty of these isolates were from scenario I, 14 from
scenario II, 17 from scenario III and 21 from scenario IV.
All isolates had varying potential to produce clear zone
around colony on CMC agar plates. The fungal isolates
RPWI1/1, RPWI1/3, RPWI1/8, RPWI1/9, RPWI/10,
RPWM2/5, RZWM3/2, RZWM3/4, and MWM4/7 showed
ICMC >1 whereas RPW1/6, RPWM2/2, RPWM?2/4,
RZWM3/1, MWM4/6, MWM4/8, MWM4/9 and MWM4/
13 showed ICMC >0.5 (supplementary Table 1). Out of 72
cultures, 21 cultures produced dark brown zone around
colony on TA media which indicated their ability to pro-
duce PPO. This mixture of PPO enzymes (monophenol
oxidase and catechol oxidase) catalyzes the reaction
between polyphenol and oxygen to form dark brown-black
complexes, which play a crucial role in the degradation of
phenolic compounds in lignin (Kausar et al. 2010). Only a
few isolates showed zone formation in both CMC and TA
agar plates. Isolates having ICMC >0.5 (irrespective of
zone on TA media plates) and isolates having very good
dark brown zone (MWM4/5 and MWM4/14) were selected
for further secondary screening. Lignin degradation is a
critical step in the bioconversion of lignocellulosic mate-
rials in rice straw, because cellulose and hemicellulose are
coated and protected from biodegradation by cellulases.
Hence, it becomes important to isolate and screen the
fungal strains having potential for lignin degradation.

Secondary screening of fungi in rice-wheat straw
amended broth

Primarily screened 19 isolates were selected for quantita-
tive estimation of enzymatic activity in broth amended with
mixed straw powder of rice and wheat (4:1 ratio) as a
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carbon source. Fungi have the ability to decompose cel-
lulose, hemicellulose and lignin in plants by secreting
various sets of hydrolytic and oxidative enzymes (Abd-
Elzaher and Fadel 2010). Synergistic action of cellulose
degrading enzymes (endoglucanases, exoglucanases, cel-
lobiohydrolases and glucosidases) will result in effective
biodegradation of cellulose to glucose (Lynd et al. 2002).
Cellulose being the main component of the cereal residues,
screening is a critical step for the selection of isolates
which can rapidly degrade cellulose. Cellobiases or beta-
glucosidases are the enzymes that participate in hydrolysis
of B (1 — 4) linkage and hydrolyse the exocellulose pro-
duct into individual monosaccharide units. In our study
isolate RPW 1/10 showed maximum cellobiase activity
(0.374 TU/ml). Isolate MWM 4/7 showed maximum
activities of enzymes CMCase (0.512 IU/ml) and xylanase
(1.689 IU/ml) and isolate RPWM 2/2 showed maximum
FPase activity (0.167 IU/ml) among all the isolates
(Fig. 1). Although, the enzyme activities shown by the
isolates MWM 4/5 and MWM 4/14 were low (Fig. 1), but
they showed a significant brown zone production in pri-
mary screening. Therefore, these isolates were also selec-
ted for secondary screening. The isolate MWM 4/5 had a
very low radial growth rate (data not shown) making it
difficult to produce enzymes for assay and therefore, was
not selected for further study. Laccase activity was found
negligible in all isolates in liquid state fermentation. It
might be due to secretion of laccase is too much low that it
could not be detected in liquid state. On the basis of dif-
ferent enzyme (cellobiase, CMCase, FPase and xylanase)
production potential of the 19 fungal isolates, the cluster
analysis was carried out and a dendrogram was generated
by STATGRAPHICS and Group Average Clustering
Method (Fig. 2). Based on the cluster analysis two major
groups were identified. Group 1 comprised ten members
and Group 2 has nine. Group 1 has higher enzyme activities

Fig. 1 Enzyme activities (IU/
ml) of fungal isolates under
submerged fermentation
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than Group 2. On the basis of enzymatic activities, all
isolates of Group 1 and MWM 4/14 and RZWM 3/2 of
Group 2 were selected for solid state fermentation. RZWM
3/2 was the only isolate which exhibited all enzymatic
activities, as well as good brown zone formation in primary
screening. Although MWM 4/14 was poor in enzyme
activity but showed high brown zone formation in primary
screening, and was included in further studies.

Lignocellulolytic activity in solid state fermentation

In total, 12 isolates were selected for solid state fermen-
tation, but in later stages, isolate RPW 1/1 was lost during
experimentation due to unavoidable reasons. Therefore,
only 11 isolates were used for further study. Enzyme
activities of 11 fungal strains were estimated in extract of
fermented solid media. Isolate RPWM 2/2 which was
earlier identified as Penicillium janthinellum by morpho-
logical characteristics but later identified (by ITS sequen-
ces) as Penicillium pinophilum showed maximum
CMCase, Fpase and xylanase activity but lower laccase
activity (Fig. 3). Zeng et al. (2006) reported that ligno-
cellulose degradation by soil fungus Penicillium simpli-
cissum improved when laccase activity was relatively low.
Isolates MWM 4/9 and MWM 4/13 were identified as
Penicillium oxalicum. Jorgensen and Olsson (2006)
reported that several species of Penicillium were shown to
have the ability to produce cellulolytic enzyme systems.
Krogh et al. (2004) investigated 12 filamentous fungi from
genus Penicillium for the production of cellulolytic and
xylanolytic enzymes and found some Penicillium spp. as
good producers of enzymes. Many species of Penicillium
has been reported as good producer of xylanase (Chavez
et al. 2006) like Penicillium janthinellum (Milagres et al.
1993), Penicillium oxalicum (Liao et al. 2012) Penicillium
janczewskii (Terrasan et al. 2010). Isolates RZWM 3/2 and
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Fig. 2 Dendrogram
representing 19 fungal isolates
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MWM 4/7 belonging to Alternaria alternate. Isolates
RZWM 3/2 showed highest activities of both cellobiase
and laccase enzymes (Fig. 3). Sohail et al. (2011) reported
that Alternaria sp.MS28 has the ability to produce cellu-
lases in presence of various substrates. The endophytic
fungi Alternaria alternata also have been reported to pro-
duce xylanase (Wipusaree et al. 2011).

No significant difference was recorded in laccase activity
of RZWM 3/2 and RPW 1/6. Based on morphological and
cultural characteristics, RPW 1/3 and RPW 1/10, RPW 1/6
and RPW 1/9, and RZWM 3/1 were identified as Asper-
gillus flavus, Aspergillus terreus and Aspergillus niger,
respectively. Many Species of Aspergilli produces cellu-
lases and exhibits strong hydrolytic activity towards cellu-
lose (Ogbonna et al. 2015). Some species of Aspergilli like
A. flavus (Saritha and Maruthi 2010), A. niger (Chinedu
et al. 2008) and A. terreus (Jahromi et al. 2011) were found
effective in the biodegradation of different lignocellulosic
materials by producing oxidative and hydrolytic enzymes.
A. niger is known globally for its ability to produce broad
range of extracellular glucohydrolases, including xylanases,
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Enzyme activities of isolates (1U/g)

pectinases, and B-glucosidase (Ward et al. 2005). This is
because of the potential of fungus to propagate and colonize
a variety of environments, principally those rich in
decomposing plant material (Meijer et al. 2011). Ability of
A. niger to decompose various lignocellulosic substrates
like wheat straw (Kaur and Sahota 2004), rice straw (Lee
et al. 2011) and litter (Song et al. 2010) has been reported.
Aspergillus terreus was reported as good producer of
xylanase but having lower activity of cellulase in liquid
medium having wheat bran as carbon source (Sorgatto et al.
2012). Production of cellulases by A. ferreus in fermenta-
tion of different substrates was reported by many authors
like oil plam empty fruit bunch fiber (Shahriarinour et al.
2011), rice straw and sugar cane bagasse (Kumar and Parikh
2015).

The fungal isolate MWM 4/14 was identified as Cla-
dosporium cladosporioides. This isolate did not show good
activities of any enzyme but Lynch et al.(1981) reported
cellulase activity in Cladosporium cladosporioides,
whereas Jin et al. (2012) reported both cellulase, as well as
laccase activity.
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Effect of selected fungal isolates on crop residue
decomposition

Among the isolates, highest residue loss was realized with
A. flavus RPW 1/3 (31%) followed by A. terreus RPW 1/6
(29%) > Alternaria alternata RZWM 3/2 (26%) > P.
Jjanthinellum RPWM 2/2 (21%) > P. oxalicum MWM 4/13
(18%) and lowest loss was observed with C. cladospori-
oides MWM 4/14 (2%) (Fig. 4). Similar results were also
reported by Sinegani et al. (2005) who recorded 21.1% loss
in weight of rice residue after 3 weeks with A. terreus.

Effect of fungal isolates on loss of cell wall
constituents

Maximum cellulose loss was recorded with A. terreus
RPW 1/6 (42.06%) and A. flavus RPW 1/3 (41.90%) fol-
lowed by P. janthinellum RPWM 2/2 (37.10%) and A.
alternata RZWM 3/2 (33.31%) (Table 1). Similarly,
hemicellulose was lost maximum with A. ferreus RPW 1/6
(44.69%) followed by P. janthinellum RPWM 2/2
(41.38%), A. flavus RPW 1/3 (36.95%), A. alternata
RZWM 3/2 (31.01%). Lignin loss was maximum in case of
A. alternata RZWM 3/2 (16.52%) followed by A. flavus
RPW 1/3 (15.23%), A. terreus RPW 1/9 (13.65) and A.
flavus RPW 1/10 (12.74%). Isolates which showed more
dry mass loss (Fig. 4) also showed more loss of cell wall
constituents (Table 1). Our study showed that Aspergillus
spp. are good lignocellulosic degrader. It was found that
higher degree of cellulose and hemicelluloses loss was
recorded by some isolates but degree of lignin loss was
comparatively low. Consistent with the results from our
study, Chang et al. (2012) also reported that isolates
showing higher degree of cellulose and hemicelluloses loss

Fig. 4 Dry mass loss of residue
after solid state fermentation.
The data represent the average
of triplicates and the result is
reported as the mean £+ SD

Alternaria alternata MWM 4/7

Fungal isolates

Aspergillus flavus RPW 1/10
Aspergillus terreus RPW 1/9
Aspergillus terreus RPW 1/6

Aspergillus flavus RPW 1/3

Cladosporium cladosporioides MWM 4/14
Penicillium oxalicum MWM 4/13

Penicillium oxalicum MWM 4/9

Alternaria alternata RZWM 3/2
Aspergillus niger RZWM 3/1

Penicillium janthinellum RPWM 2/2

in general do not exhibit lignin loss, For example, it was
reported that Fusarium moniliforme showed high degree of
lignin degradation (34.7%) while holocellulose degradation
was low (2.1%). In another fungal species Penicillium
ochrochloron Y5 has more cellulose and hemicellulose
degradation was observed as compared with lignin degra-
dation of wheat straw by 43.5, 49.7 and 9.3% after 10 days
incubation (Yin et al. 2011). Reanprayoon (2011) found
that weight loss of rice straw was between 50 and 70% by
Aspergillus niger and in thermophilic condition cellulose,
hemicellulose and lignin contents decreased by more than
80% after three weeks.

Effect of fungal isolates on carbon and nitrogen
contents and their ratio in treated rice and wheat
straw

The isolates RPW 1/3, RPW 1/6, RPWM 2/2 and RZWM
3/2 showed similar and lowest C content (37%) in the straw
mixture (Table 1). During the process of biodegradation
organic carbon is converted to CO2 and energy as meta-
bolic end products. Consequently, total carbon content of
substrate decreases as degradation progresses. N content
was highest (0.90%) in RPWM 2/2 treated sample followed
by RZWM 3/2 (0.81%) and RPW 1/3 (0.78%). The
increase in total nitrogen content might be due to the
synthesis of new cell structure, enzymes and hormones by
microorganisms (Zhu 2007). The C:N ratio of crop residue
is a key factor for its degradation. During the initial
decomposition phase, low C:N ratio causes manifold
increase in the decomposition rate (Golueke 1992). Fungal
isolate P. janthinellum RPWM 2/2 showed maximum
decrease in C:N ratio up to 33% as compared to the control
(Table 1). Sharma et al. (2014) suggested the use of

4
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Table 1 Effect of fungal inoculants on loss of cell wall constituents, and changes in carbon and nitrogen contents and C:N ratio in the mixture of

rice and wheat straw (4:1)

Isolate Cellulose loss, % Hemicellulose loss, % Lignin loss, % C, % N, % C/N ratio
A. flavus RPW 1/3 41.90a 36.95¢ 15.23b 37.15d 0.78bc 47.68de
A. terreus RPW 1/6 42.06a 44.69a 9.49f 37.27d 0.73bed 50.92cde
A. terreus RPW 1/9 27.12d 24.50f 13.65¢ 39.08b 0.72bcd 54.34bcd
A. flavus RPW 1/10 20.53f 18.02¢ 12.74d 38.31c 0.69cd 55.82abc
P. janthinellum RPWM 2/2 37.10b 41.38b 0.40j 37.23d 0.90a 41.54f
A. niger RZWM 3/1 24.83e 17.15¢g 10.05¢ 38.33¢c 0.70cd 54.68bcd
A. alternata RZWM 3/2 33.31c 31.01d 16.52a 37.52d 0.81b 46.94¢
A. alternata MWM 4/7 21.93e 16.07h 1.28i 40.09a 0.69cd 58.67ab
P. oxalicum MWM 4/9 21.11ef 28.17e L.11i 38.80bc 0.67d 58.44ab
P. oxalicum MWM 4/13 27.55d 28.51e 3.40h 39.91a 0.68d 58.80ab
C. cladosporioides MWM 4/14 10.18¢g 14.10i 5.83¢g 38.94bc 0.67d 57.81abc
Control 4.64h 3.28j 0.00k 40.60a 0.65d 62.16a

Small alphabets followed in a column shows significant differences amongst isolates at 5% level of significance

different fungal, bacterial and actinomycetes inoculants to
hasten the composting process of rice straw by lowering
C:N ratio to 15:1 within 60 days of incubation. Significant
reduction in cellulose and lignin content were reported in
rice straw inoculated with mixed culture of Rhizopus ory-
zae, Aspergillus oryzae and Aspergillus fumigatus as
compared to their individual application. Mixed culture of
these three fungal strains also reduced C:N ratio to 10:1
compared to 70:1 in rice straw mixed with soil (Viji and
Neelenarayanan 2015). Although direct transformation of
CRs in fields is an alternative for their cost effective uti-
lization but bulky undecomposed residues can lead to
unfavourable effects on successive crop growth and yields
due to production of certain phytotoxic allelo chemicals
(Inderjit et al. 2004). Therefore, a best possible alternative
to manage CRs is its bioconversion through the action of
hydrolytic enzymes produced by lignocellulolytic
microorganisms (Vuorinen 2000; Tuomela et al. 2000).

Evaluation of selected fungal isolates in wheat

Results from our pot study indicated that none of the iso-
lates showed any deleterious effect of pathogenicity in
growth, yield attributes and grain yield of wheat (Table 2).
Number of plants/pot ranged from 10 to 11.33 in different
isolates. However, yield attributes like number of effective
tillers/pot, spike length, number of grains/spike and 1000
grain weight was either similar or significantly higher in
pots treated with different isolates compared to untreated
control. Significantly higher wheat grain yield was recor-
ded with majority of the isolates, except P. oxalicum
MWM 4/9 and P. oxalicum MWM 4/13 compared to
control treatment. While isolates A. flavus RPW 1/3
(61.76 g), A. terreus RPW 1/6 (61.40 g) and A. terreus

’r @ Springer

RPW 1/9 (64.51 g) produced the maximum yield, lowest
yield was recorded for P. oxalicum MWM 4/13 (47.38 g)
and control 1 (49.28 g). The increase in wheat yield might
be due to degrading potential of isolate which helped in
making increased availability of nutrients to the crop
plants. The increase in wheat yield by different isolates was
due to the combined effect of more number of effective
tillers/pot, increase in number of grains per spike and grain
size.

Molecular identification

Amongst different isolates evaluated, isolates RPW 1/3,
RPW 1/6, RPWM 2/2 and RZWM 3/2 showed best results
in terms of enzyme activities, as well as dry mass loss of
straw. The molecular identification of these four fungal
isolates was carried out by ITS region sequencing and
sequences submitted to NCBI GenBank with accession
numbers (KR363622, KR363623, KR363624 and
KT818505). The BLAST search showed 99, 97, 99 and
100% similarity with Aspergillus flavus, Aspergillus ter-
reus, Talaromyces pinophilus (anamorph: Penicillium
pinophilum) and Alternaria alternata, respectively. All of
the species identified by ITS sequencing further supports
the morphological analysis showing the robustness of the
morphological identification except strain RPWM 2/2.
RPWM 2/2 earlier identified as Penicillium janthinellum
but by molecular method was identified as Penicillium
pinophilum.

Interaction between selected isolates

Interactions between different isolates were observed in
our study (Table 3). All the interactions (except between P.
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Table 2 Effect of fungal isolates on growth, yield attributes and grain yield of wheat

Treatments Number of Effective Spike length No. of 1000 grain Grain yield
plants/pot tillers/pot (cm) grains/spike weight (g) (g/pot) (g)
Control 11.33a 31.00ab 14.33a 41.87cde 38.64ab 49.28ef
Aspergillus flavus RPW 1/3 11.00ab 36.67a 14.70a 44.00abc 41.74a 61.76a
Aspergillus terreus RPW 1/6 10.33ab 34.33ab 14.60a 43.87abc 40.95a 61.40a
Aspergillus terreus RPW 1/9 10.67ab 36.67a 14.47a 43.73abc 40.31a 64.51a
Aspergillus flavus RPW 1/10 11.33a 33.67ab 14.63a 40.21ef 37.72ab 50.18def
Penicillium janthinellum RPWM 2/2 10.33ab 30.00ab 14.37a 44.93ab 40.84a 55.42b
Aspergillus niger RZWM 3/1 10.67ab 32.33ab 13.63ab 42.00cde 38.16ab 53.57bed
Alternaria alternata RZWM 3/2 10.67ab 30.00ab 14.77a 45.50a 43.54a 55.61b
Alternaria alternata MWM 4/7 10.00b 28.67b 14.47a 44.93ab 37.77ab 54.17bc
Penicillium oxalicun MWM 4/9 11.00ab 32.00ab 13.00b 39.07f 41.33a 50.96¢cde
Penicillium oxalicum MWM 4/13 10.67ab 28.67b 14.07ab 42.68bcd 30.94b 47.38f
Cladosporium cladosporioides MWM 4/14 10.33ab 32.33ab 14.00ab 43.27abc 38.91ab 53.94bc

Small alphabets followed in a column shows significant differences amongst isolates at 5% level of significance

Table 3 Interactions among four fungal isolates on potato dextrose agar plates

Interacting isolates

Type of interaction

A. flavus RPW 1/3

A. terreus RPW1/6

A. flavus RPW 1/3

P. pinophilum RPWM 2/2
A. flavus RPW 1/3

A. alternata RZWM 3/2

. terreus RPW1/6

. pinophilum RPWM 2/2
. terreus RPW1/6

. alternata RZWM 3/2

. pinophilum RPWM 2/2
. alternata RZWM 3/2

BN o o> v

Inhibition of growth of both at distance was observed (Deadlock at distance)

Isolate P. pinophilum RPWM 2/2 extended its growth towards A. flavus RPW 1/3. It is partial
mutual intermingling type of interaction (Fig. 5a, b)

Growth of both the isolates stopped at their contact point. This is deadlock at touching area
type of interaction

Growth of both the isolates stopped at their contact point. This is deadlock at touching area
type of interaction

A very prominent clear area was observed between the both isolates. This is deadlock
interaction at distance

These isolates also showed dead lock interaction at distance but distance between isolates is
less can be seen only in reverse plate view

Fig. 5 Interaction between A.
Sflavus RPW 1/3 and P.
pinophilum RPWM 2/2

(a) Obverse side view (b) Reverse side view
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pinophilum RPWM 2/2 and A. flavus RPW 1/3) showed
antagonism with different types. In the antagonism inter-
action different extends of deadlock interaction was
observed. Fungal isolates A. flavus RPW 1/3 and P. pino-
philum RPWM 2/2 may interact synergistically as these
showed partial mutual intermingling type of interaction
(Fig. 5) and may be used in mixed culture for bioconver-
sion of crop residues. Other isolates may also be used
solely or may be further tested for their compatibility with
other microbial isolates.

Conclusion

Results from our study showed that fungal isolates from
rice-wheat fields can enhance degradation of rice and
wheat residues with no adverse effect on wheat growth.
Four fungal isolates viz. A. flavus RPW 1/3, A. terreus
RPW 1/6, Alternaria alternata RZWM 3/2 and P. jan-
thinellum RPWM 2/2 showed higher degradation potential
compared to the other isolates as evident from their enzy-
matic activities, loss of dry mass and cell wall constituents.
A consortium of lignocellulolytic fungi comprising
Aspergillus flavus RPW 1/3 and Penicillium pinophilum
RPWM 2/2 showing partial mutual compatible interaction
may prove efficient for degradation of crop residues. Use of
native microbes for degradation of crop residues at a fast
rate will increase buildup of soil organic matter and other
soil physical and chemical properties. The nonpathogenic
isolates having high degradative potential are needed to be
evaluated under field conditions for their effective use in
crop residue decomposition. Fast degradation of lignocel-
lulosic biomass by autochthonous fungi may allow use of
normal zero-till machine for timely sowing of wheat into
combined harvested rice fields and avoid in situ burning of
rice straw.
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