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Abstract

Aim: To determine the effect of application of microbial consortium for faster retting of jute (Corchorus spp.) over conventional retting without microbial
consortium on jute fibre recovery and fibre quality improvement.

Methodology: Large scale retting trials of jute were conducted in five important jute growing districts of West Bengal, India for four consecutive years
with and without microbial consortium. After completion of jute retting, fibre was extracted manually, processed and dry fibre weight was recorded. Jute
fibre samples were collected and analysed for fibre quality parameters. The fibre strength was estimated using electronic fibre bundle strength tester,
fibre fineness by air flow method and root content is measured as the length of fibre up to which root is present out of the total length of the fibre and is
expressed as percentlength.

Results: Application of microbial consortium reduced the retting duration and root content in jute fibre in all the locations irrespective of years. The jute
fibre recovery increased by 9.64 to 10.97% and 9.73 to 10.63% with microbial consortium over without microbial consortium respectively in different
locations and different years under study. The maximum jute fibre yield with (33.17 g ha™) and without microbial consortium (29.89 g ha”) was recordedin
Murshidabad district. Nadia district recorded significantly higher fibre strength of 24.92 g tex” and lowest retting duration of 11.92 days with microbial
consortium among all the locations.

Interpretation: The application of microbial consortium improved the fibre recovery and fibre quality leading to the increase in netincome by 315624 to
218017 ha” of jute farmers. Hence, the application of microbial consortium for jute retting can be used extensively by the jute farming community in jute
growing states of India for faster retting of jute along with quality fibre production, higher netincome and doubling farmers’income.
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The efficiency of jute retting microbial consortium under different agro-climatic conditions over without microbial consortium
for faster jute retting and fibre quality improvement

Large scale jute retting trials with and without microbial retting consortium conducted for 4 years in five major jute growing
districts of West Bengal under farmers’ field condition

Fibre yield data recorded and fibre samples were collected after completion of retting

| Fibre samples were analysed for different fibre quality parameters

Application of microbial consortium not only accelerates the jute retting process, it also enhances fibre recovery and fibre quality
significantly over conventional retting leading to increase in net return of farming community by Rs15,624 to 18,017 per ha
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Introduction

Jute (Corchorus olitorius L. and C. capsularis L.) is one of
the mostimportant cash crops of Eastern India, particularly for the
state of West Bengal. Under the changing climatic scenario,
cultivation of jute crop can help to mitigate the adverse effect of
climate change by low carbon footprint of 566 kg CO,-eq t" of jute
(Singh et al., 2018) and high carbon sequestration capacity of
4.88t05.30tha” of raw jute production (Singh et al., 2019) during
four months of its life cycle. Now a days, the ligno-cellulosic jute
fibre is used for high valued diversified products like carpet,
apparel, composites, canvas, decorative etc., which is otherwise
used only for manufacturing of low valued products like geo-
textiles, hessian cloth, sacking cloth, rope, jute bags etc. Use of jute
geotextiles in civil engineering construction has also been found to
reduce carbon footprint because of its effectiveness in carbon
sequestration and eco-compatibility (Ghosh et al., 2016). The
production and productivity of jute fibre in India has increased
manifold since 1950-51 (33 lakh ton bales and 10.4 q ha") to
2018-19 (103.4 lakh ton bales and 24.0 q ha") with the
introduction of short duration high yielding jute varieties along
with proper Integrated Nutrient Management and Integrated Pest
Management practices. However, the production of quality jute
fibre through deployment of improved retting practice by majority
of farming community is a distant dream.

Availability and production of quality jute fibre is the basic
need for manufacturing export oriented diversified jute products
by jute industry. Currently in India out of total jute fibre production,
20-25% jute fibre is under high grade, i.e., TD1-TD2 category, 40-
50% belongs to TD3 category and 35-40% is under TD4-TD5
grade (CACP, 2018-19). The biochemical process of retting, and
the availability of water during retting determines the jute fibre
quality. Faulty retting practices followed by the farming community
are another important factor for production of low grade jute fibre in
spite of sufficient availability of water. In India, more than 90% jute
farmers follow the conventional retting of jute in stagnant water
which generally requires a longer duration (18- 21 days) for
completion of retting. The longer duration of retting and use of mud,
soil and banana stem for immersing jute bundles produces inferior
quality jute fibre having unacceptable fibre colour, lower strength,
high root content etc. which are not desirable for the quality jute
fibre production.

To surmount the drawbacks of conventional retting,
ICAR-Central Research Institute for Jute & Allied Fibres has
developed a microbial consortium called “CRIJAF  SONA”
consisting three highly efficient strains of Bacillus spp. for faster
retting and quality improvement of jute (Das et al., 2015). The
microbial consortium has already been demonstrated under
farmers’ field conditions and proved beneficial for faster retting
and quality improvement of jute (Majumdar and Satpathy, 2014;
Das et al., 2018). With the encouraging results of Front Line
Demonstrations of the microbial consortium, the microbial
consortium (CRIJAF SONA) based retting technology had been
adopted by the National Jute Board (NJB) under Ministry of

Textiles, Government of India for its large scale dissemination to
the farming community with the aim for fibre quality improvement
since 2015. In view of the above, the present study was
conducted to find out the effect of application of microbial
consortium for jute retting on fibre quality, recovery and net
income of farming community.

Materials and Methods

Experimental location: The present study was conducted in five
important jute growing districts viz. East Burdwan (23.8833 °N to
22.9334 °N, 88.4167 °E to 87.9333 °E), Hooghly (23.2231 °N to
22.6001 °N, 88.5023 °E to 87.5069 °E), Murshidabad (24.8587
°Nt023.7234 °N, 88.7325 °E to 87.8428 °E), North 24 Parganas
(23.2463 °Nt022.1316 °N, 88.9840 °E to 87.3296 °E) and Nadia
(24.0972 °N t0 22.8869 °N, 88.7916 °E to 87.1323 °E) districts of
West Bengal under farmers’ field condition. Farmers were
randomly selected for the study in each district. The study was
conducted for four consecutive years during 2016 to 2019. For
each year, separate set of farmers (20 number) were selected
from different locations of each district (Fig. 1). Jute (Corchorus
olitorius L) cv. JRO 204 was sown by the farmers in the 1% week of
April each year, following the standard package of practices and
the jute crop was harvested after 120 days of sowing (1% week of
August) by the selected farmers. The harvested jute plants were
then used for carrying out retting trial. Initially, the farmers were
selected to get the benefit of microbial consortium (CRIJAF
SONA) for faster retting and quality improvement of jute. The
enlisted farmers were given the microbial consortium @ 4 kg for 1
bigha (0.13 ha) area, which is the minimum holding of majority
jute farmers along with appropriate technical guidance to carry
outthe improved retting with microbial consortium.

Microbial consortium: The microbial consortium used in this
study consisted of three different strains of Bacillus isolated from
retting water. These Bacillus strains were pectinlytic bacteria
having high polygalcturonase (5.1 to 6.0 Ilu ml"), pectin lyase
(185.7-230.7 Uml™) and xylanse (15-16.2 IUml") activities without
any cellulase activity (Das et al., 2015). These three strains were
initially identified as three different strains of Bacillus pumilus
(Das et al., 2015) by ribotyping of a 977 bp fragment and later
indepth study on these strains were identified as Bacillus
safensis, B. velezensis and B. altitudinis through whole genome
sequencing of the isolates (Datta et al., 2020). The talc based
formulation of microbial consortium was used in the present
study.

Jute retting trial: The selected farmers for the present study
carried out jute retting in two separate retting tank following
farmers’ practice, i.e., conventional retting and improved retting
with microbial consortium. Under conventional (Farmers’
practice) and improved retting with microbial consortium, the jute
plants harvested from 0.13 ha area each were retted separately.
In both cases, jute plants were harvested from 0.13 ha area
separately and kept for leaf shedding for 3 to 4 days. The jute
bundles were then immersed in water of separate retting tanks by
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Fig. 1: Location details of the study area.
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making “Jak” (arrangement of jute bundles for retting) in 2-3
layers. In case of conventional retting, mud/soil and banana
plants were used as weighing materials for immersion of jak in
water as done by the common jute farmers. In case of improved
method of retting, the microbial formulation was applied @ 30 kg
ha” in each layer of jute bundles while making the “Jak” in such a
way, so, that comparatively more amount of microbial formulation
was applied at the basal portion of jute plants and lower amount at
the top portion of jute plants (Majumdar et al., 2013). After
completion of jak, the old empty cement/ fertilizer bags filled with
soil/ mud were kept over the jak forimmersion in the retting water.
After completion of jute retting, fibre was extracted manually
following single plant extraction method in both the cases.
Extracted jute fibres were then washed and sundried. After proper
drying of jute fibre, fibre weight was recorded. Jute fibre samples
(1 kg each) were collected from both the retting trials for
estimating fibre quality estimation of in the laboratory.

Fibre quality: Fibre colour is the property of a fibre, which
distinguishes its appearance as redness, yellowness, greyness
etc. The colour of the dried jute fibre was recorded by visual
observation. The fibre strength was estimated following the
method of Roy et al. (2009) using electronic fibre bundle strength
tester and the fibre fineness by airflow method (Bandopadhyay and
Sinha, 1968) using electronic fibre fineness meter. The hard
incompletely decomposed barky region at the lower end of the reed
normally called root or cuttings. The root content in terms of length
percentage was recorded by the method of Roy et al. (2017).

Statistical analyses: Descriptive statistical analyses was used
for different parameters to establish the range of variability and
deviation within location using standard error of mean. To
compare the treatment, mean within and between locations as
well as different years, Two-way ANOVA was applied. Mean
values of each replication were estimated and tested using
Tukey's honest significant difference test at P < 0.05. For pair wise
comparison (with-microbial consortium and without microbial
consortium) of different factors, t-test was applied. All statistical
analyses were carried out with SAS 9.3 and R software.

Results and Discussion

The data presented in Table 1 and 2 clearly indicates that
jute retting duration reduced significantly with the application of
microbial consortium compared to without microbial consortium,
irrespective of location and years (Fig. 2a). In all the five important
jute growing districts under study, jute retting duration was
significantly higher without microbial consortium. Among the
districts, the lowest retting duration with microbial consortium was
recorded in Hooghly district (11.65 days), followed by Nadia
(11.71 days), East Burdwan (12.4 days), North 24 Parganas (13.1
days) and Murshidabad (13.96 days) whereas on the other hand,
significantly higher retting duration was recorded in Murshidabad
(20.88 days), followed by North 24 Parganas (19.6 days), East
Burdwan (19.06 days), Nadia (18.37 days) and Hooghly (18.2
days) district without application of microbial consortium.

The significant decrease in retting duration with microbial
consortium was also reported (Majumdar and Satpathy, 2014;
Das et al., 2018; Singh et al., 2019, Majumdar et al., 2021 and
Chatterjee and Mondal, 2022). The significantly lower jute retting
duration over the years with microbial consortium implies the
efficacy of the microbial consortium in quick completion of jute
retting. The efficiency of the microbial consortium is because of
unique pectinolytic characteristics of constituent microbes of the
consortium. The variations in the pectatelyase genes possibly
contributed to their specialized pectinolytic functions during the
retting process as evidenced from the whole genome sequencing of
the constituent microbes. The presence and organization of
different carbohydrate degrading CAZymes classes viz., PL1, PL9,
Gh28, CE8 and CE12 in all three genomes of the microbes
confirmed their pectin degrading capacity (Datta et al., 2020).

The fibre strength of jute was significantly higher with
microbial consortium compared to the corresponding fibre
strength obtained without microbial consortium in all the five jute
growing districts of West Bengal, irrespective of years (Fig. 2b).
Among the jute growing districts, there was significant variations
in fibre strength with and without the use of microbial consortium
(Table 1). Variation in jute fibre strength was inversely
proportional to the retting duration. The places where lower retting
duration was recorded, those places recorded higher fibre
strength of jute fibre and vice versa. The maximum jute fibre
strength (24.92 g tex”) and lowest retting duration of 11.92 days
with microbial formulation was recorded in Nadia district among
all the districts under study. Among the locations, Nadia and
Hooghly districts recorded significantly higher fibre strength of
24.92 and 24.64 g tex”, respectively, with microbial consortium
compared to other locations. On the other hand, comparatively
higher jute fibre strength without microbial formulation was
recorded in Nadia district (21.55 gtex") compared to other
locations. The higher fibre strength of jute fibre with the application
of microbial consortium in different locations have been reported
(Majumdar et al., 2013; Majumdar and Satpathy, 2014; Das et al.,
2015; Dasetal., 2018 and Majumdar et al., 2021).

The fibre strength of jute was significantly higher with
microbial consortium over without microbial consortium over the
years (Table 2). There was minimum variation in jute fibre strength
data with or without microbial consortium over the years. The jute
fibre strength with microbial consortium was at par for the years
2014,2015and 2017. The use of microbial consortium consisting
efficient pectinolytic bacterial strains might have assisted in the
quick depolymerisation of pectin and also reduction of the
cellulolytic activities of other microbes responsible for cellulose
degradation. This also helped in the faster completion of retting
process and improvement in fibre strength as compared to the
control retting in a plethora of cellulolytic and pectinolytic
microbes presentin natural water system.

The higher value of jute fibre fineness means the fibre is
coarser and the lower fineness value reflects the fine nature of the
fibre. The data presented in Table 1 and 2 shows that the
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Fig. 2: Box plot representing effect of microbial consortium (MC) for jute retting on (a) retting duration, (b) fibre strength, (c) fibre fineness, (d) fibre yield,
(e) netincome and (f) root content.
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application of microbial consortium helps in the production of fine
fibre significantly over without microbial consortium at different
locations and in different years under study (Fig. 2c). There was
no significant difference in fibre fineness with microbial
consortium among different locations as well as across different
years under study. The production of fine jute fibre with the use of
microbial consortium in multi locational trials has been reported
(Dasetal., 2012; Das et al., 2015; Das et al., 2018 and Majumdar
et al., 2021). The significant effect of microbial consortium in the
production of fine jute fibre irrespective of years has been
reported by Das et al. (2015) and Majumdar et al. (2015).

The significant effect of application of microbial
consortium on jute fibre fineness is due to quick and uniform
retting by the action of secreted enzymes responsible for
degradation of pectin, zylan and other gummy substances
without any cellulolytic activity (Gomes et al., 1992) leading to the
production of less gummy fibre, i.e., fine fibre having higher
fineness. On the other hand, in absence of specialized microbes
responsible for jute retting, the completion of jute retting takes
longer duration in case of retting without microbial consortium as
evidenced from Table 1 and 2 in the presence of different
pectinolytic and cellulolytic microorganisms present in natural
water system, which leads to the production of coarse gummy
fibre having lower fineness. The effectiveness of pectinolytic
microbial consortium in jute fibre quality improvement has been
reported (Banik et al., 2007; Das etal., 2011; Das et al., 2012).

Higher root content depicts lower fibre quality and vice
versa. The root contentin jute fibre was significantly lower with the
application of microbial consortium irrespective of locations and
years over without microbial consortium (Fig. 2f). There was no
significant difference in root content of jute fibre with microbial
consortium at different locations and as well as in different years
(Table 1 and 2). The root content in jute fibre without microbial
consortium was higher by more than two times over the
corresponding root content with microbial consortium irrespective
of locations and years (Fig. 2 f). The lower root content in jute fibre
with microbial consortium in different locations and across the
years is because of uniform and proper retting by the enzymatic
action of constituent microbes which helped to minimize the root
content in jute fibre compared to retting without microbial
consortium. The microbes present in the microbial consortium
have high polygalacturonase and pectin lyase activities that
degrade the pectins present in jute plants due to which the fibre
becomes accessible to xylan-degrading enzymes and action of
xylanase secreted by the microbes impart a bio-bleaching effect
to the fibre which support in uniform retting and minimization of
root content in jute fibre (Das et al., 2015). Lower root content in
jute fibre on using microbial consortium over without microbial
consortium has also been reported (Das et al., 2015; Das et al.,
2018; Majumdar et al., 2021). Chatterjee and Mondal (2022)
reported that 83.75% jute growers in Nadia and North 24
Parganas districts of West Bengal used microbial consortium
(CRIJAF SONA) for retting, found reported absence of root
content in resultant jute fibre. Thus, microbial consortium was the

only contributing factor for minimization of root content of jute
fibre, it acted independently and its effect was significant for this
quality parameter irrespective of locations and years.

The jute fibre yield increased significantly with the
application of microbial consortium over without microbial
consortium in different locations as well as in different years of the
study (Fig. 2d). Although no variation was found jute fibre
recovery in different years either with or without microbial
consortium, however, a slight variation was observed at different
locations with or without microbial consortium (Table 1and 2). The
maximum jute fibre yield with microbial consortium (33.17 g ha”)
was observed in Murshidabad district, which was higher by 10.97%
over the corresponding fibre yield without microbial consortium. The
jute fibre yield in Nadia (31.62 gha™) and North 24 Parganas (31.31
gha”) with microbial consortium were at par and the lowest fibre
yield was recorded in Hooghly district (30.93 gha™).

The district of Murshidabad also recorded significantly
higher jute fibre yield (29.89 gha”) without microbial consortium
among all the locations followed by Nadia, North 24 Parganas
and Hooghly districts, which were at par. The variations in fibre
yield among different locations irrespective of with and without
microbial consortium may due to higher biomass production as a
result of difference in agronomic conditions such as soil nutrient
status, fertilizer application and other crop management factors.
The higher jute fibre yield in any particular location with microbial
consortium over without microbial consortium is mainly due to
lower retting duration with the application of microbial consortium.
The microbial consortium used for jute retting had higher
pectinolytic and xylanolytic activities without any cellulolytic
activity, which is ideal for faster retting of jute (Das et al., 2015).
Hence, the application of microbial consortium encourages faster
retting of jute which aids to higher recovery of jute fibre, as over
retting was avoided in this case.

On the other hand, in the absence of microbial
consortium, the completion of jute retting in natural water system
took longer time which encouraged over retting of top portion of
the jute plants and loss of fibre, which is reflected as lower fibre
yield. The middle and lower portion of jute plants have high methy!
esterified pectins as compared to their top portion, which contain
less complex structure of pectins. Hence, biodegradation of
middle and lower portion of jute plants took longer time retting for
as compared to the top portion which took shorter retting duration
leading to over retting of jute fibre and lower fibre recovery (Das et
al., 2018) in case of retting without microbial consortium. The jute
fibre recovery increased by 9.64 to 10.97 % and 9.73 to 10.63%
with microbial consortium over without microbial consortium
respectively in differentlocations and different years (Table 1,2).

The total and netincome was significantly higher with the
application of microbial consortium for jute retting over without
microbial consortium irrespective of locations and years (Table
1,2). Among the locations, the total income with microbial
consortium was significantly higher in Murshidabad district (%1,
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07,421 ha"), followed by Nadia, North 24 Parganas, East
Burdwan and Hooghly districts. The total income without
microbial consortium also followed similar. The net income with
microbial consortium was significantly higher in Murshidabad
district (245,171 ha™) over other locations, and all other locations
were at par. The netincome with microbial consortium was higher
by 215,624 to 18,017 ha over the net income without microbial
consortium at different locations under study. The totalincome as
well as net income with and without microbial consortium
increased significantly every year (Table 2). The increase in total
and net income without microbial consortium each year was
mainly due to higher minimum support price offered by the
Government and higher market price. The increase in total and
net income with microbial consortium each year is primarily fibre
quality improvement by using microbial consortium which helped
to get higher price for the quality fibre produced, although the jute
fibre yield was at par each year.

In a recent study, Chatterjee and Mondal (2022) reported
that 97.92% farmers got higher market price for their resultant
fibre by using microbial consortium (CRIJAF SONA) over without
microbial consortium in Nadia and North 24 Parganas districts of
West Bengal. The net income with microbial consortium was
higher by 213,795 to 218,339 ha" over the net income without
microbial consortium in different years under study. The quality
fibre produced by using microbial consortium received higher
price each year as compared to the fibre produced without
microbial consortium. The higher total and net income earned by
the farming community in each year at different locations with
microbial consortium was significantly higher over the
corresponding total and net income earned without using
microbial consortium was because of higher fibre yield and
improvement in fibre quality. The jute fibre yield was increased by
2.7210 3.28 gha™ and 2.81 to 3.05 gha " respectively at different
locations and years with microbial consortium due to higher fibre
recovery over without microbial consortium along with fibre
quality improvement in terms of fibre colour, fibre strength, fibre
fineness and root content (Table 1,2).

Use of highly efficient microbial consortium having higher
pectinolytic and xylanolytic activity without any cellulose activity
for jute retting has significantly contributed in reduction of retting
duration by 6 to 7 days, improvement n fibre quality and recovery
irrespective of locations and years. The increase in jute fibre
recovery by 9.64 to 10.97% and improvement in fibre quality with
applied microbial consortium for jute retting has substantially
increased the net return of farming community by 215624 to
218017 ha' over without microbial consortium at five intensive jute
growing districts of West Bengal. The use of microbial consortium
for jute retting was the only contributing factor for faster retting,
quality fibre production and increase in the net income of jute
farmers across different jute growing districts of West Bengal.
Hence, the application of microbial consortium for jute retting can
be used extensively by the jute farming community in jute growing
states of India for faster retting of jute along with quality fibre
production, higher netincome and doubling farmers’income.
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