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Abstract

In India, cow dung is widely utilized to create formulations that serve as effective plant growth enhancers with antimicrobid prop-
erties. The cow dung-derived handmade paper manufacturing process produces two waste-liquor streams, a Raw Liquor (RL)
produced through the dewatering of the cow-dung slurry and a Black Liquor (BL) produced during the soda pulping of de-
watered cow dung. The present study explored the potential of these waste streams to be used as plant biofertilizers for gemi-
nation and cultivation of Vigna radiata seeds (mung bean, IPM-02-03 variety). An in vitro assay for seed germination efficiency
and a pot study for plant growth promotion (PGP) activity were used to assess this potential. The in vitro assay demonstrated
that nutrient-rich RL, with its 100% seed germination efficiency (better than the 85.7% of tap water) was an effective biofertilizer
for seed germination. In contrast, BL yielded poor seed germination efficiency. The pot study showed that water irrigation led to
good seed germination, survival, plant rooting and shooting, but it was probably deprived of nutrients for inducing good grain
yields. When water was replaced with RL, it was able to replicate the results, but with good grain yields. In contrast, BL pro-
duced poorer germination, seed survival and PGP results. The poor biofertilization efficiency of BL was most probably due tothe
nutrient losses and toxic chemicals produced in the harsh pulping process. The results showed that RL, though considered a
waste stream, is sufficiently nutrient-rich to act as an effective biofertilizer for germinating mung bean seeds and promoting plant
growth and grain yields.

Keywords: Biofertilizer, Black liquor, Cow dung, Handmade paper, Raw liquor, Waste-liquor

INTRODUCTION Dairying, Gol, 2023). As per the 20" Livestock Census

report (2019), India's total livestock population is ap-

In the Indian economy, livestock is an important sub-
sector of the agriculture sector. It forms an important
livelihood activity for most farmers, supporting agricul-
ture in the form of critical inputs, contributing to the
health and nutrition of the household, supplementing
incomes, offering employment opportunities and being
a dependable “bank on hooves” in times of need. It
actually acts as a supplementary and complementary
enterprise (Ministry of Fisheries, Animal husbandry and

proximately 536.76 million, with cattle and buffalo ac-
counting for 36.04% and 20.46% of the total population,
respectively. It is not surprising to note that livestock
plays a significant role in the socio-economic fabric of
India, engaging millions of people directly or indirectly
in dairy and poultry farming. During 2017-18, the contri-
bution of the livestock sector to the national Gross Do-
mestic Product (GDP)/Gross Value Added (GVA) was
4.10 percent (Kaur, 2017; Phand, 2021).
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It is also important to note that even though the live-
stock population has consistently grown over the dec-
ades, it has also resulted in a concomitant increase in
the generation of livestock wastes (Fasake and Da-
shora, 2021). The current annual production of cattle
manure in India is reported to be 2600 million tons, with
most of it remaining under utilized (Kaur et al., 2017).
The amount of manure produced is determined by a
variety of factors, including animal weight, breed, ani-
mal husbandry practices, the quantity and quality of
feed components, weather conditions and health
among others (Ravindranath et al., 2005; Avcioglu and
Turker,2012).

Dung is the ligno-cellulosic rich excreta of bovine ani-
mals. Cow dung is mostly used as plant biofertilizer,
cleansing agent, mosquito repellent and fuel source in
rural India (Gupta et al., 2016). Cow dung has also
been reported as a source of natural therapeutic com-
pounds obtained due to its unique microflora. The rich
ligno-cellulosic composition of cow dung has also been
reported for conversion as biofuel (Mishra et al,
2020).To utilize its untapped potential, researchers in
recent decades have proposed a variety of methods to
use animal dung for various applications, including
green energy (biogas), nutrient (fertilizer) and heavy
metal removal from wastewater (Ojedokun and Bello,
2016; Raj et al., 2014, Kaur et al.,2017; Kumar,2010).
In India, cow dung holds a special religious significance
and is not regarded as a waste. In rural India, dried cow
dung cakes are traditionally used as fuel in domestic
hearths. The food cooked on cow dung cakes is report-
ed to prevent nutrient loss. Traditionally, cow dung is
collected and allowed to undergo natural microbial de-
composition before being used directly as a natural and
organic plant biofertilizer and soil quality enhancer
(Kumar et al.,2020). It has also been used in anaerobic
digesters to produce biogas, which may be used as a
domestic fuel, while the slurry residue can be used as
farm manure (Bonten et al., 2014).

Cow dung reportedly comprises ~80% water, ~14.4%
rumen undigested ligno-cellulosic fibrous residues and
other rumen metabolites and microorganisms. (Behera
and Ray, 2021). Approximate composition of cow dung
is 40% crude fiber, 20% carbohydrates, 10.5% ash, 7%
crude protein; 4% crude fat, depending upon the feed
and fodder given to the cow (Kumar et al.,2020). The
fermentative action of rich and diverse rumen microflo-
ra, mainly bacteria (Bacillus, Lactobacillus and Coryne-
bacterium sp.), fungi (Aspergillus and Trichoderma sp.),
protozoa and yeasts (Saccharomyces and Candida sp.)
on the ligno-cellulosic components decomposes it to
produce an array of metabolites (Gupta et al., 2016;
Bhatt and Maheswari, 2019). The metabolites can pro-
vide nutrients to the plants and act as growth promot-
ers. They also disable plant pathogens by acting as
biological control agents. This also facilitates the intro-

duction of a diverse and symbiotic microbial community
to the soil, enhancing its overall health and productivity.
The introduction and sustenance of these soil microbial
communities are known to play a positive role in vari-
ous ecological processes, including nutrient cycling,
organic matter decomposition and disease suppression
(Unc and Goss,2004; Durso and Cook, 2014; Zhang et
al., 2018). However, these microorganisms' specific
role and impact are poorly understood due to a lack of
scientific research data (Long et al., 2018; Gao et al,,
2019; Habibi et al., 2019).

One of the applications of cow dung is handmade pa-
per manufacturing. Handmade papermaking is a tradi-
tional craft that has been practiced for centuries in In-
dia. In this process, the cellulosic fibrous material of the
cow dung is isolated to produce paper. However, this
process generates waste liquors, which are likely to
contain residual ligno-cellulosic materials, organic me-
tabolites, and other nutrients. Kumarappa National
Handmade Paper Institute (KNHPI), which is a DSIR
(Department of Scientific and Industrial Research) rec-
ognized institute dedicated to research, development
and training, operates under the Khadi and Village In-
dustries Commission (KVIC), Ministry of Micro, Small
and Medium Enterprises (MSME), Government of In-
dia. Its primary focus is the overall development of the
Indian handmade paper industry utilizing environmen-
tally friendly technologies. Among KNHPI’s successful
innovations is the development of processes to utilize
cow dung for the manufacture of handmade paper,
paint and distemper. Fresh cow dung is mixed with wa-
ter (1:1 ratio) to prepare a slurry, which is followed by a
dewatering step to isolate the relatively dry fiber-rich
squeezed cow dung from the slurry, leaving behind the
waste RL. This nutrient and microbiologically-rich RL
(Raw Liquor) is usually drained and not used further in
the process. The RL, similar to cow dung, may find ap-
plication as a biofertilizer for agriculture.

To make the process of handmade papermaking from
cow dung sustainable and economical, KNHPI has uti-
lized BL (Black Liquor) as raw material for manufac-
turing various consumer products such as soap, sham-
poo, floor cleaner, liquid soap and natural dyes. BL is
the waste effluent generated from the pulping process
of cow dung. However, the RL and BL have not been
investigated for their ability to act as a plant biofertilizer
and growth promoter. The authors hypothesize that RL
and BL are likely to have a biofertilizer potential similar
to cow dung. The legume seed, mung bean, also
known as green gram, is widely cropped and is a good
source of human nutrition in India. Therefore, Mung
can be the model seed to prove the hypothesis. Mung
bean was chosen for the present study because of the
favourable climatic conditions for its cultivation in Raja-
sthan (Reddy, 2022) and its relatively short crop cycle
of around three months. Therefore, the present study
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aimed to investigate the potential of RL and BL as ef-
fective biofertilizers, assessing their impact on the over-
all growth and yield of mung bean plants (Vigna radi-
ata).

MATERIALS AND METHODS

Material

The fresh cow dung used in the experiments was pro-
cured from Pinjrapole Gaushala, Sanganer, Jaipur,
India, and processed further to generate waste liquors,
as described in the next section. The certified mung
bean seeds (Vigna radiata) of IPM-02-03 variety were
procured from Rajasthan State Seeds Corporation Lim-
ited, Jaipur, India and used in all the experiments.

Collection and evaluation of waste liquors

The RL and BL were collected from the in-house cow
dung-derived handmade paper manufacturing process
at KNHPI, Jaipur (Fig.1). The RL was collected from
the cow dung dewatering machine. The pulping of the
dewatered, fiber rich squeezed cow dung was conduct-
ed with 6% sodium hydroxide solution for 3 h at 100°
C.The BL was collected as the byproduct of the pulp-
ing process. The liquors were analyzed for various pa-
rameters of interest, viz. macro and micro nutrient con-
tent and microbial load as per the standard test proto-
cols in Table 1.

In vitro seed germination assay and pot study

The in vitro seed germination assay studies were con-
ducted in petri dishes by placing Whatman filter paper,
followed by autoclave sterilisation. Further experiments
involved (i) Soaking step and (ii) Watering step. These
steps were conducted with different combinations of
three solutions (i) tap water (ii) RL and (iii) BL, as tabu-
lated in Table 2 and described below.

The soaking step of seeds was conducted separately in
sterile glass beakers by incubating the mung bean
seeds for 4 hours in either tap water, RL, or BL solu-
tions. After incubation , 56 seeds were transferred from
the beaker to pre-sterilized petri dishes for the germina-
tion studies. The petri dishes were incubated in the
dark at ambient temperature until the seeds exhibited
signs of germination, usually lasting around 22 to 44 h.
During this period, the filter paper was prevented from
drying with intermittent addition of the respective water-
ing solution.The experiments were designed and con-
ducted in ftriplicates in 5 sets, termed as Sets G1-G5
(Table 2).

In the pot study, the experiment was conducted using
certified mung seeds (Vigna radiata, variety IPM-02-
03). The study was designed in sextuplicates with five
sets of samples, as shown in Table 3. The Set P1 des-
ignated as control used tap water for irrigation. In Sets

P2 and P4, the tap water was replaced with RL and BL,
respectively. In Set P3, the pots were irrigated alterna-
tively with RL and tap water, while Set P5 had alterna-
tive BL and water irrigation. During the pot study, soil
used for filling the pots was sterilized through the tyn-
dallization process.Thus, the pot study utilized four ex-
perimental and one control treatment. So, the total
number of sets was four treatments in sextuplicates
and one control in sextuplicates, totalling thirty treat-
ments. Each treatment was conducted with 10 seeds
per pot. The pot size was 12 inches high and 10 inches
wide. The observations from the treatments were rec-
orded at four-day intervals till the harvest on the 92™
day for the growth of the germinating mung seeds. The
observations included the root and shoot length (in cm)
of the uprooted plants, the pod yield (in number) and
the pulse (in grams) from the different sets of plants to
assess the effect of RL and BL on the overall growth
and yield of the mung bean plants.

RESULTS AND DISCUSSION

Physicochemical analysis of the waste liquors

The nutrient content and total microbial population of
RL and BL collected during the cow dung-derived
handmade paper manufacturing process are given in
Table 1. The RL obtained after the dewatering process
showed a low ash content of 1.8% and a relatively high
total solid content of 7.97% (w/v), while the nitrogen,
phosphorus and potassium (NPK) were 4.1%, 175 mg/
L and 461.7 mg/L respectively. The C/N ratio was 0.92
with marginal presence of other micronutrients, except
for iron at 10.01 mg/L. In contrast, the BL obtained after
the pulping process of the cow dung showed a margin-
al increase in ash content to 2.0% and a reduction in
the total solids to 6.12% (w/v). The NPK values showed
a decrease in nitrogen and phosphorus values to 3.4%
and 75 mg/L, respectively, while the potassium was
observed to be elevated to 630.1 mg/L. The iron values
were also considerably reduced to 3.11 mg/L in BL.
The results showed that RL and BL possessed a strong
presence of nutrients, especially NPK, crucial for plant
growth. The RL, particularly with its considerably higher
amounts of nitrate/nitrogen, phosphorus and potassium
levels, is a good candidate to be used as a biofertilizer.
The microbiological analysis of RL and BL showed that
they possessed microbial loads of 7.2 x 10° and 7.8 x
10° CFU/mL, respectively, where the lower load of BL
may be attributed to the pulping process, which could
have induced changes in the liquor composition. Table
1 presents the chemical and microbiological analysis of
both the waste liquors: RL and BL. The changes in the
chemical and microbiological composition of BL com-
pared to RL may be attributed to the alkaline and high-
temperature pulping process. The significance of these
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Fresh Mixer
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Fig. 1. Schematic of cow dung derived Handmade paper manufacturing process with generation of Raw Liquor (RL) and

Black Liquor (BL) streams

chemical constituents was assessed by making a com-
parison with the World Health Organization (WHO) lim-
its for irrigation water. The levels for many of the chemi-
cal constituents, especially for Total Solids and NPK
are much higher than that of WHO limits. This suggests
that RL and BL irrigation has good potential to make
essential nutrients bioavailable to plants and also obvi-
ate the need for the application of any external inorgan-
ic fertilizers .

In vitro seed germination assay

The external factors affecting seed germination are
nutrient concentration, nutrient composition, tempera-
ture, air, moisture and light (darkness). In this study,
the waste liquors, RL and BL were expected to dictate
the nutrient concentration and composition. Hence, to
determine the biofertilization efficiency of RL and BL,
an in vitro mung bean seed germination study was
conducted in a controlled environment by maintaining

Table 1.Showing physico-chemical and microbiological properties of raw liquor (RL) and black liquor (BL); and the

analyical methods used

Parameter Test Method Raw Liquor Black liquor WHO Limit®®
Ash FCO-1985 1.80% 2.00% Not applicable#
pH IS: 3025 (part 11): 1983, Reaff.2017 6.92 8.09
Total Solids FCO-1985 7.97% (wlv) 6.12% (w/v) 0-2000mg/I
Nitrate Nitrogen APHA 23rd Ed. 2017 (4500-NO3-B) 4.10% 3.40% 0-10 mg/l
Phosphorus APHA 23rd Ed. 2017 (P-4500) 175 mg/L 75 mg/L 0-2 mg/I
Potassium (as K) CEGTH/STP/C/204 461.70 mg/L 630.1 mg/L 0-2 mg/l
C/N Ratio FCO-1985 0.92 0.81 10:01
Zinc (as Zn) CEGTH/STP/C/204 2.92 mg/L 0.80 mg/L Not applicable#
Calcium (as Ca) IS: 3025, Part-40: 1991 60 mg/L 564 mg/L 0-20mgl/I
Magnesium (as Mg) IS: 3025, Part-46: 1991 150 mg/L 590.49 mg/L 0-5mgl/l
Copper (as Cu) CEGTH/STP/C/204 0.34 mg/L 0.13 mg/L 2.0mgl/l
Lead (as Pb) CEGTH/STP/C/204 0.10 mg/L 0.06 mg/L 0.01 mg/I
Arsenic (as As)* CEGTH/STP/C/204 Not detected Not detected 0.01 mgl/l
Cadmium (as Cd)* CEGTH/STP/C/204 Not detected Not detected 0.003 mgl/l
Mercury (as Hg)* CEGTH/STP/C/204 Not detected Not detected 0.006 mgl/l
Tin (as Sn)* CEGTH/STP/C/204 Not detected Not detected Not applicable#
Iron (as Fe) CEGTH/STP/C/204 10.01 mg/L 3.11 mg/L Not applicable#
Manganese (as Mn) CEGTH/STP/C/204 4.40 mg/L 1.53 mg/L 0.45mg/I

. 4.0 x 10%cells or
Total Viable Count 55465 5012 7.2x10° 7.5x 10° CFU per 1g bio-

(CFU/ml)

fertilizer

*Detection limits (mg/L): As (0.05); Cd (0.01); Hg (0.01) and Sn (0.05), #No health based guideline value is proposed; Source:

a-https://cpcb.nic.in/who-guidelines-for-drinking-water-quality/, b-https://www.fao.org/3/t0234e/T0234E01.html
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Set G4 "

Set G2

Set G5

Fig. 2. In vitro mung bean seed (Vigna radiata) germination assay in petri-dishes with tap water, Raw quuor (RL) and
Black Liquor (BL) solutions. Panel A showing three flasks labeled as X, Y and Z for soaking of the seeds in tap water,
RL, and BL respectively; Panel B showing five Petri dishes labeled Sets G1— G5 with germinating seeds and following
the combination scheme of soaking and wetting depicted in Table 2; Panel C showing the stacking of seeds germinated

in sets G1— G5 as described in Table 2 after 44 h incubation

Table 2. Showing in vitro germination (%) assay of mung bean (Vigna radiata) and treatments designedwith various
combinations of RL, BL and tap water for soaking of the seeds in a beaker before transferring them to petri dishes as

Sets (G1 — G5) and watering them in vitro
Set Soaking Watering Germination(%)
G1 Tap water Tap water 85.7
G2 RL Tap water 100.0
G3 BL Tap water 71.4
G4 Tap water RL 100.0
G5 Tap water BL 50.0

all these external factors constant except for the addi-
tion of either RL, BL or water to the germinating seeds
as outlined in Table 2. The external factors were kept
constant by keeping all the pots in the same area under
similar conditions.

The in vitro assay involved a primary 4 h. seed soaking
step in a beaker followed by their transfer to sterile Petri
dishes and a secondary watering step with various so-
lutions (RL, BL and tap water). The filter papers were
watered intermittently as and when necessary to pre-
vent them from drying. The assay results conducted in
triplicates are summarized in Fig. 2 and Table 2. The
results indicated that the control experiment (Set G1),
involving tap water soaking and watering, resulted in
85.7% germination rate. Sets G2 and G4, with RL soak-
ing followed by tap water watering and tap water soak-
ing followed by RL watering schemes, respectively,
demonstrated a 100% germination rate. Thus, replacing
water with RL in the soaking or watering steps produc-
es higher seed germination rates. This is most probably
due to nutrients in the RL fertilizing the germination
process. The Set G3, with seeds soaked in BL and wa-
tered with tap water showed a relatively lower germina-
tion rate of 71.43%. The lowest germination percent-
age, 50% was observed in Set G5, where the seeds
were soaked in tap water and watered with BL. The
results suggest that replacing tap water in the control
experiment with BL in either the soaking or watering
steps attenuates the germination efficiency. The in vitro

assay results have demonstrated the promising bioferti-
lization potential of RL, which needs to be further
probed in soil cultivation studies. In contrast, the BL did
not appear promising as a biofertilizer. The BL's nutri-
ents were probably bioavailable to the seeds, and the
harmful effects (reduction in germination percentage
and the reduced root and shoot lengths in the germinat-
ed seedlings) were due to other factors induced during
the pulping process.

Although it is difficult to pinpoint the reason for the re-
duced biofertilization efficiency of BL, it may be sur-
mised that this might be due to the high temperature
and alkaline pulping conditions. The pulping conditions
likely led to evaporative losses and heat-induced ther-
mal and alkaline pH-induced chemical degradation of
plant nutrients in the liquor. The degradation can occur
due to physical changes, chemical reactions, microbial
conversion of the plant residues, and organic fertilizers
in the liquor. For example, complex carbohydrates may
be hydrolyzed to simpler saccharides, making them
bioavailable, but this can also reduce the long-term
sustained availability of carbohydrates to soil microor-
ganisms (Paul and Clark,1996). The conditions can
degrade the liquor's heat and pH-sensitive biochemi-
cals such as vitamins and enzymes (proteins). The de-
graded compounds may also affect various biochemical
processes in the plants and soil. Hence, minerals them-
selves may not be susceptible to degradation, but the
alterations in the physical and chemical properties of
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Table 3. Showing attributes of mung bean (Vigna radiata) cultivation of germinated seeds (~10 seeds per pot) for 92
days with a combination of RL, BL and tap water (W) in pots (Observations recorded at four days intervals)

Set Watering Germination Survival of Root Length Shoot Length Yield (g/
scheme (%) Seedlings (%) (cm) (cm) treatment)

P1 W (Control) 86.66 + 0.94 100.00 6.34 £ 1.58 8.04+1 .17 0.08

P2 RL 83.33+1.25 96.66 10.99 + 1.97 15.32 £ 3.11 5.87

P3 RL +W 86.66 + 1.25 96.66 8.93+0.76 16.37 £ 2.91 10.22

P4 BL 6.60 + 0.47 50.00 3.00+0.33 12.50 £ 1.75 0.00

P5 BL + W 70.00 + 0.82 64.68 7.35+1.76 13.57 £ 2.46 2.59

the soil may lead to changes in mineral availability and
uptake by plants (Marschner, 2012; Higdon and Frei,
2003). Deterioration of soil structure caused by land
application of sodium-based BL has also been reported
by Xiao et al. (2006). A combination of one or more of
the above-mentioned factors is likely to have led to the
reduced biofertilization efficiency of BL.

Pot study

The in vitro assay was only a measure of the ability of
RL and BL to facilitate seed germination in petri dishes.
A pot study was undertaken to assess their effect in a
more realistic soil-based environment. A pot study uti-
lized a soil-filled container to cultivate plants in a near-
natural environment. In plant studies, a two-step ap-
proach with initial in vitro seed germination in a con-
trolled environment followed by its cultivation in a pot
environment is usually used. As the germination step
influences the crop yield and quality, it was conducted
in vitro before transferring the seedlings to the pots.
This also permits monitoring the early stages of plant
development to ensure that only the healthy and uni-
form seedlings were selected for transfer to the pot
study.

However, in the present study, the conventional ap-
proach was discarded and experiments were conduct-
ed with 5 seeds placed directly in the pots and irrigated
with RL, BL and tap water. The experiments were con-
ducted in 30 cms high and 25 cms wide pots, keeping
all factors constant except for the irrigation scheme
involving RL, BL or tap water, as defined in Table 3.The
crop growth progress was monitored at four-day inter-
vals, and the crop was harvested at the end of 92 days.
The results of the germination efficiency and PGP are
mentioned in Table 3. Fig. 3 shows pictures of the
plants during various stages of the pot study. Fig. 4
shows the root and shoot lengths of the potted plants at
harvest.

The control set, Set P1, irrigated with tap water,
demonstrated an impressive 86.66% germination rate
and 100% seedling survival, serving as the benchmark
for other sets. Set P2, irrigated with only RL, exhibited
germination and seedling survival rates of 83.33% and
96.66%, respectively, comparable to Set P1. In Set P3,
where RL and tap water irrigation were alternated, ger-
mination reached 86.66%, equivalent to Set P1, while

seedling survival remained at 96.66%. This suggests
that intermittent tap water irrigation did not compromise
the effectiveness of RL as a biofertilizer. However, Set
P4, irrigated with BL, displayed a meagre 6.66% germi-
nation and 50% seedling survival rate, unequivocally
indicating BL's poor biofertilization performance. This
trend was also reflected in Set P5, involving alternating
BL and tap water irrigation steps. The introduction of
tap water seemed to mitigate some of BL's adverse
effects, resulting in 70% germination and 64.68% seed-
ling survival rates. In conclusion, these results strongly
suggest that RL was an effective biofertilizer, while BL
demonstrated poor biofertilization efficiency.

The PGP parameters monitored by recording the root
length, shoot length and grain yield at harvest is illus-
trated in Fig. 3 and Table 3. The results showed that
tap water irrigation in Set P1, though producing good
germination and seed survival rates, failed the PGP
activity test with poor root length (6.34 cm), shoot
length (8.04 cm) and grain yield (0.08g) values. Set
P2’s excellent germination and seed survival rates
were also reflected in the PGP activity results, yielding
root length, shoot length and grain yield of 10.99 cm,
15.32 cm and 5.87 g, respectively. When alternate, RL
and tap water were employed as designed in Set P3;
these values were observed to be 8.93 cm, 16.37 cm
and 10.22 g, respectively. These results showed that
intermittent introduction of tap water along with RL ap-
peared to produce near equivalent root and shoot
lengths, with enhanced grain yields. The PGP activity
also reflected the poor germination resulting in Set P4.
The BL irrigation produced only 3.00 cm root length,
12.50 cm shoot length and nil grain yield, reinforcing
the earlier observation that BL was a poor biofertilizer.
The results of SetP5 produced 7.35 cm root length,
13.57 cm shoot length and 2.59 g grain yield. Hence,
the deleterious effect of BL appears to be alleviated by
replacing it with tap water. An interesting point to note
here was that the PGP attributes of BL + Water in Set
P5 were better than the absolute control Set P1.
Comparing the overall yields, Set P2 and Set P3 led to
7237% and 12675% increase in yield. Combining these
results showed that RL is a good biofertilizer, with its
nutrients being bioavailable to the mung seed for ger-
mination, survival, and PGP activity. In contrast, BL
appeared to be a mung crop growth inhibitor when
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60 das

75 das

Set P1

Set P2

Set P3

Set P4

Set P5

2 YA 4
Fig. 3. Pot experiments showing mung bean (Vigna radi-
ata) seeds germination and seedling survival after 43, 60
and 75 DAS (Days After Sowing) with different treatments
designated as Sets P1-P5 with a combination of tap
water, RL and BL as described in Table 3 and Pot Study

section

used as such, but it supported the plant growth to some
extent if used in alternation with water for the irrigation
of plants. Therefore, BL appeared to be useful only in
its diluted form.

Cow dung, known for its elevated lignocellulosic and
nutrient levels, has diverse applications in rural econo-
mies, particularly in countries like India. A diverse
range of plant growth-promoting bacteria is harbored
within cow dung, exhibiting various activities such as
cellulase, protease, urease, lipase, and amylase pro-
duction. Dung is recognized as a crucial element in
most biodynamic preparations, acting as a reservoir of
beneficial microorganisms.Biodynamic products en-
compass essential macro and micronutrients, amino
acids, and substances that foster growth, including in-
dole acetic acid (IAA), gibberellins, and beneficial mi-
croorganisms (Dhiman et al., 2019).Behera et al.
(2021) have also reported bioprospecting of cow dung

microflora for sustainable agricultural, biotechnological
and environmental applications. Besides its role as a
biofertilizer, cow dung has also proven to be a valuable
raw material for paper production (Kumar et al., 2020;
Yang et al., 2023; Yang et al., 2023a; Fasake and Da-
shora, 2020). However, the papermaking process gen-
erates waste-liquor streams with limited applications.
This study was initiated with the idea that the nutrient-
rich liquid, once separated from its lignocellulosic con-
tent, could serve as an effective fertilizer comparable to
cow dung. The KNHPI explored two handmade paper
manufacturing methods using cow dung. In the first
approach, cow dung is squeezed to separate the ligno-
cellulosic-rich solids from the liquid. The solid part is
utilized for handmade paper manufacture, while the
nutrient-rich liquid fraction, referred to as RL, is consid-
ered on par with cow dung as a fertilizer. In the second
method, cow dung undergoes dilute alkali treatment at
high temperatures and atmospheric pressure to en-
hance lignocellulosic fraction recovery. The resulting
liquor is known as BL. Although the second method
yields good paper quality, the pulping conditions used
(three hours boiling with 6% sodium hydroxide on oven-
dried basis of the cow dung) might be harsh for inher-
ent microflora and, therefore, may compromise the BL's
efficacy as a biofertilizer compared to RL.

Fasake and Deshora (2020) have reported the charac-
teristics and morphology of natural cow dung-derived
polymers with potential industrial applications, including
bio-based filler during handmade paper manufacture.
They also reported that the waste liquors have abun-
dant nutrients, including nitrogen, phosphorus and po-
tassium, thus making it a good candidate for fertilizer
use. Mukhuba et al. (2018) reported that fresh cow
dung diluted with water possesses 1.6 ppm ammonium,
0.9 ppm potassium and 0.43 ppm phosphorus content.
In the present study, physicochemical and microbiologi-
cal analysis of the RL and BL demonstrated that these
liquors have more than adequate nutrient amounts,
especially NPK, and good microbial loads to act as
plant fertilizers. The present analysis also established
that the mechanical and chemical processing did not
completely degrade the nutrient content and transmit-
ted it to the liquid fractions, RL and BL, respectively.
Contrary to the findings of Bhatt and Maheshwari
(2019), the results regarding physico-chemical proper-
ties showed differences, with higher values for pH and
NPK, except for electrical conductivity (EC).

Similar observations regarding the PGP characteristics
of bacteria from cow dung were reported by Ram et al.
(2020) and Aiysha et al. (2019). In the contemporary
agricultural landscape, the commercial marketing em-
phasises the quality rather than the quantity of crops.
This shift in focus is evident in the rising demand for
crops cultivated with organic fertilizers, which are cur-
rently recognized as standard agricultural best practic-
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es (Ahmad et al., 2019). Moreover, the simultaneous
use of organic (such as compost from cattle manure)
and inorganic (NPK) fertilizers is reported to result in an
elevation of soil organic carbon (SOC) and total nitro-
gen. This was also found to enhance the bacterial com-
munity responsible for decomposing complex organic
substances and facilitating the transformations of soil
carbon, nitrogen, and phosphorus (Li ef al., 2019).
During the second step of the present study, i.e. in vitro
seed germination assay, when compared to the control,
the RL enhanced the percentage of mung bean seed
germination, while the BL appeared to degrade it. In the
third step, the mung bean productivity conducted in pot
study with different combinations of tap water, RL and
BL irrigation again showed that RL produced superior
seed germination, seedling survival, root length, shoot
length and grain yields when compared to the control.
In comparison, the plant growth-promoting activity of BL
was very poor.

The superior results with RL were most probably be-
cause it is merely a diluted extract of cow dung, while
BL is an alkaline extract of mild-alkali and heat-treated
cowdung. The alkaline pulping process is also likely to
induce reactions that produce chemical compounds.
The reduced seed germination and plant productivity
with BL can be attributed to its alkalinity and the likely
loss of plant nutrients due to the thermal degradation of
one or the other plant nutrients during the boiling
process.

In another study by Bello et al.(2023), the experiment
revealed that the combined utilization of cow-dung ma-
nures, mulching and NPK has a noteworthy impact on
the production of Celosia argentea plant compared to
the control group.This discovery highlighted that intensi-
fying Celosia argentea production through the integrat-
ed use of NPK fertilizer, cow-dung manure and muich-
ing could be a crucial approach for sustainable produc-
tion. The research findings of Kumar et al. (2022) re-

-«

P‘idI

B

Set P3

/

Fig. 4. Pot study harvested plants showing plant growth promotion parameters, root length, shoot length and grain yield
in response to different treatments designated as sets P1- P5 with a combination of RL, BL and tap water as mentioned

in Table 3
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vealed that the lasting impact of applying biochar and
cow dung manure significantly influenced the subse-
quent yield of green gram crops in acid sandy loam
soils. This influence was attributed to the liming effect,
which enhanced soil properties and nutrient accessibil-
ity. Particularly noteworthy was the positive outcome
observed when using a combination of coconut shell
biochar (8 tons per hectare) and cow dung manure (10
tons per hectare) along with the recommended NPK
fertilizers.

The present study, meticulously designed in vitro condi-
tions involving a four-hour immersion of mung seeds in
RL, BL, and tap water, yielded significant results. Set
P1, using only tap water, achieved an 85.7% germina-
tion rate. Set P2 exceeded expectations, displaying
root lengths, shoot lengths, and grain yields of 10.99
cm, 15.32 cm, and 5.87 g. Set P3, with alternative solu-
tions (RL and tapwater), showed increased values of
8.93 cm, 16.37 cm, and 10.22 g. Compared overall, Set
P2 and Set P3 exhibited a 7237% and 12675% boost in
yield, respectively, emphasizing the substantial impact
of RL on the growth and yield of mung plants.

Conclusion

The present study focused on testing the potential of
cow dung liquors obtained after removing the fiber-rich
ligno-cellulosic components as biofertilizers. The liquor
produced from cow dung during the handmade paper
manufacturing process (referred as RL) was a valuable
source of NPK, other mineral nutrients, and beneficial
microorganisms. Applying RL as a biofertilizer demon-
strated excellent promotion of the growth and yield of
mung bean seeds. On the other hand, the liquor ob-
tained after the pulping process (referred to as BL) was
not an effective biofertilizer, likely due to factors such
as alkalinity, potential presence of toxic chemicals and
a relatively low microbial load besides a probable ther-
mal degradation of plant nutrients. However, diluted BL
showed some effectiveness. Therefore, this study sug-
gests that RL could serve as a beneficial source of
biofertilizers to replace the use of synthetic fertilizers to
a partial, if not complete extent. Further works, includ-
ing cost-to-benefit and life-cycle analyses related to
RL's production cost, the extent of synthetic fertilizer
replacement, and shelf-life, are essential for translating
this technology to practical field applications and
commercializing it. This approach may contribute to the
sustainable management of cow dung waste and
support the development of a circular economy in
society.
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