elSSN 1981-1829

L ———

ciencia € —
Agrotecnologia

Science and Agrotechnology

I —

Potential use of cellulose soybean hulls as a source of
carboxymethyl cellulose for coating bean seeds

Uso potencial de celulose de cascas de soja como fonte de carboximetilcelulose
para revestimento de sementes de feijao

Diego Palmiro Ramirez Ascheri'(, Patricio Javier Robles Barros?{), José Luis Ramirez Ascheri3?), Roberta Signini*

ABSTRACT

Implementing sustainable practices for using agricultural waste is urgentin
the face of the challenges of climate change. This study aimed to investigate
the application of carboxymethyl cellulose (CMC) derived from soybean
hulls as a bioinput in the seed coat of beans. CMC was obtained after
bleaching the pulp, alkalizing and etherifying it varying the chloroacetic
acid concentration and the reaction time. The properties of CMC were
compared to those of soybean hulls and bleached pulp. The CMC with the
highest degree of substitution (DS) was chosen as bioinput. In addition
to the control treatment, concentrations of 1%, 2%, and 3% CMC were
used for coating, and the impact on the physiological quality of seeds
was evaluated. CMC proved suitable as a coating agent for seeds, with
a DS of 1.56 obtained with 1.2 g chloroacetic acid per gram of bleached
pulp during 192 min at 63 °C. The 2% CMC solution proved to be effective,
resulting in 93%, 94%, and 43.5% of germinated seeds at 5 days, 8 days,
and after accelerated aging, respectively. Seedlings reached 34.2 cm in
length and a dry mass of 0.05 g. Our results indicate that soybean hulls
can be successfully used in the production of CMC as a coating material,
improving the physiological quality of bean seeds and contributing to
more sustainable agricultural practices.

Index terms: Bioinput; seed physiological quality; agrobiodiversity;
sustainability; organic synthesis.

RESUMO

Este estudo aborda a necessidade de adogdo de praticas sustentaveis de
aproveitamento de residuos agricolas diante dos desafios das mudangas
climaticas. O objetivo do presente estudo foi investigar a aplicacdo da
carboximetilcelulose (CMC) obtida a partir da casca de soja como bioinsumo no
revestimento de sementes de feijdo. A CMC foi obtida ap6s o branqueamento
da polpa, alcalinizagdo e eterificagdo, variando o 4cido cloroacético e o tempo
de reacdo. Compararam-se as propriedades da CMC com as da casca de
soja e da polpa branqueada. A CMC com maior grau de substitui¢do (GS) foi
escolhida como bioinsumo. Além do tratamento controle, foram avaliadas as
concentragdes de 1%, 2% e 3% de CMC para o recobrimento, impactando na
qualidade fisiolégica das sementes. ACMC revelou-se adequada como agente
de recobrimento para as sementes, com um GS de 1,56, obtido com 1,2 g de
acido cloroacético por grama de polpa branqueada, durante 192 minutos a 63
°C. Asolucdo de 2% de CMC mostrou-se eficaz, resultando em mais de 94% de
germinacdo aos 8 dias, 93% na primeira contagem de sementes germinadas
(5° dia), 43,5% ap6s o envelhecimento acelerado, e crescimento de plantulas
de 34,2 cm de comprimento e massa seca de 0,05 g. Os resultados indicam
que a casca de soja tem potencial para utilizagdo na produgdo de CMC, que
pode ser aplicada como recobrimento, melhorando a qualidade fisiolégica das
sementes de feijdo e contribuindo para préticas agricolas mais sustentaveis.

Termos para indexagdo: Bioinsumo; qualidade fisiologica da
semente; agrobiodiversidade; sustentabilidade; sintese organica.
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Introduction

Overcoming the challenges posed by climate change and the
loss of biodiversity demands new practices for the sustainable
use of agricultural and agro-industrial wastes to minimize
deforestation and the production of bioinputs. Soybean hulls,
which are rich in cellulose (32 - 41% on a dry basis) (Barros
et al., 2020; Debiagi, Faria-Tischer, & Mali, 2020), stand out
as a sustainable raw material with potential use as a bioinput.

According to estimations of the (Companhia Nacional
de Abastecimento - CONAB, 2024), Brazil will produce
approximately 312.3 million tons of soybean in the 2023/2024
harvest, resulting in approximately 26 million tons of soybean
hulls. Part of this co-product can be used to produce cellulose
derivatives. Studies such as those of Barros et al. (2020) indicate
that cellulose extracted from soybean hulls can be converted into
carboxymethyl cellulose (CMC) through simple processes, such
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as pulping and bleaching, without additional treatments with
organic solvents due to the low ether content.

Considering the increasing interest in developing coatings
from biodegradable materials, bioinputs have emerged as
a safe option in agriculture, promoting sustainability and
environmental conservation (Jahangiri, Mohanty, & Misra,
2024; Pirzada et al., 2020; Zhang et al., 2022). This approach
contributes to reducing raw material waste and optimizing the
utilization of resources such as soybean hulls.

Among the physicochemical properties and applications of
CMC, the average degree of substitution (DS) is fundamental.
This parameter is defined as the average number of substituted
carboxymethyl groups per monomeric unit of cellulose (Nobrega
& Amorim 2015; Nobrega et al., 2019). DS could directly influence
the effectiveness of CMC as a seed coating agent, as together with
the solubility of CMC, it plays a crucial role in the viscosity of the
polymer (Nobrega & Amorim, 2015; Nobrega et al., 2019).

In seed coating, the surface of the seed is coated with
polymers in solution (Rocha et al., 2019) that adhere to chemicals
(Camargo et al., 2017, Ludwig et al., 2020) or microbiological
products. CMC is used alone or in combination with other
polymers or biological agents (Paravar et al., 2023).

Chin, Lim and Yien (2021) explored various approaches,
including using a CMC solution combined with a fungal
bioagent (Trichoderma asperellum) as a coating for pak choi.
Abeywardana et al. (2023) used a mixture of sodium alginate and
CMC, incorporating hydroxyapatite urea nanoparticles doped
with zinc, to coat corn seeds.

In a similar context, Moeljani, Priyadarshini and Wuryandari
(2023) adopted CMC as a coating agent for rice, onion, pepper,
and cucumber seeds, enriching the solution with liquid smoke
and carbonates. However, these approaches do not offer a
comprehensive assessment of CMC coating capacity, as CMC
is often used as an adhesive agent for other products rather than
being the main coating substance.

Preliminary studies are crucial to ensure that the coating
agent is compatible and does not affect the physiological quality
of treated seeds. Scarsi et al. (2020) observed that increasing
the concentration of a polymer reduces seedling emergence,
and highly hydrophilic polymers can reduce seed germination
and vigor. In this sense, there is still no consensus on the ideal
concentration of CMC for coating seeds. Camargo et al. (2017)
obtained satisfactory results in coating soybean seeds using
different CMC concentrations mixed with fungicide. In addition,
Bouri et al. (2022) obtained promising results by combining two
active ingredients (zinc pyrithione and triclosan) associated with
0.5% CMC to control seed-borne pathogens.

To date, there is a lack of consolidated research using CMC
derived from soybean hulls as a coating agent, especially
concerning its concentration. This study aimed to assess the
physiological quality of bean seeds from the Pérola cultivar
coated with CMC derived from soybean hulls.

Material and Methods

The Brejeiro soybean oil company, located in Anapolis, GO,
kindly supplied the soybean hulls. Preparing the hulls (Figure
1) involved drying them in an oven with forced air recirculation
(Marconi, MA-035) at 105 + 3 °C for approximately 12 h.
Afterward, the soybean hulls were ground in a Willy-type
vertical rotor mill equipped with four movable knives and four
fixed knives (SPlabor, SP-31) with a 1 mm mesh opening, and
were referred to as ground soybean hulls (GSH).

The extraction and purification of the cellulose pulp, as well
as the production of CMC, followed the method described by
Barros et al. (2020). Cellulose pulp was obtained from ground
soybean hulls using a 1% NaOH solution with a GSH/NaOH
ratio of 1/20 (m/v). The temperature was maintained at 90 +
3 °C for 2 h with constant stirring. After pulping, the mixture
was cooled in an ice bath until it reached 25 + 3 °C and filtered
through a Buchner n° 3 glass funnel using distilled water until
the pH reached neutrality. The raw pulp was then dried in a
forced-air oven at 60 + 3 °C for 15 h.

The raw pulp was mixed with a bleaching solution [27 g
of NaOH and 75 mL of a 50% glacial acetic acid (CH,COOH)
solution diluted in 1 L of distilled water and 2% sodium
chlorite (NaClO,)] in the ratio of 1/75 (m/v). The reaction
was maintained at 95 + 3 °C under stirring for 4 h and was
immediately cooled in an ice bath until it reached 25 £ 1 °C.
The pulp was then filtered through a Buchner funnel n° 3 using
distilled water until it reached a neutral pH. The bleached
pulp, known as soybean hull pulp (SHP), was dried in a forced
circulation oven at 60 £ 3 °C for 12 h.

CMC was produced by acetylating cellulose from soybean
hulls using two main steps: alkalinization and etherification.
First, 3 g of soybean hull pulp was homogenized in 80
mL of isopropyl alcohol with constant stirring for 30 min.
Subsequently, 10 mL of a 50% NaOH solution was added,
and stirring continued for another 30 min. The experimental
design for the etherification stage was conducted randomly,
following a double factorial scheme (2 x 2, in triplicates),
varying the amount of chloroacetic acid (C,H,ClO,) added to
1.0 g soybean hull pulp (1.2 and 2.1 g) and the reaction time
(192 and 228 min). The temperature of the reaction was kept
constant at 63 °C. At the end of the reaction, the resulting
mixture was filtered and washed three times with 300 mL
of 70% ethyl alcohol and then neutralized with 90% glacial
acetic acid. The liquid resulting from the etherification step
was purified according to Mondal, Yeasmin and Rahman
(2015). For that, 150 mL of 80% ethanol was added to the
mixture, with constant stirring for 30 min, followed by
vacuum filtration. This procedure was repeated using absolute
ethyl alcohol and then methyl alcohol. The product obtained
was dried at 50 °C in an oven with forced air recirculation
until it reached a constant mass, resulting in the final CMC.
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Figure 1: Flowchart depicting the processes for extracting and purifying cellulosic pulp, as well as synthesizing
carboxymethylcellulose from cellulose extracted from soybean hulls.

Determinations of the degree of substitution (DS) and
apparent viscosity were conducted in triplicates to assess the
purity of the CMC, which was used for coating the bean seeds.
DS was determined following the ASTM 1439-03 procedure
(American Society for Testing and Materials - ASTM, 2003).
Initially, 3 g CMC was immersed in 75 mL of 95% ethyl alcohol,
with constant stirring for 5 min. Then, 5 mL of nitric acid (HNO,)
was added to the mixture and heated to boiling (~80 °C) for 5
min while stirring. The temperature was then reduced to 25
°C while stirring for 15 min. The mixture was filtered, washed
with 150 mL of 80% ethanol and 15 mL methyl alcohol, and
the filtered product was dried at 105 °C for 3 h.

After drying, 1.0 g of the treated CMC was mixed with 100
mL of distilled water and 25 mL of 0.4 N NaOH. The reaction
was constantly stirred until boiling (~100 °C) for 15 min.
While still hot, the mixture was titrated with 0.4 N HCI until
it became colorless, using phenolphthalein as an indicator. DS
was calculated according to Equations 1 and 2.

_(BC)-(DE)
B F

A (1)

Where: A =milliequivalents of HC] consumed/g of sample; B =
volume of NaOH used (mL); C = normality of NaOH solution
(N); D = volume of HCI (mL); F = mass of sample (g).

0.1624

T 1-(0.0584) @

The apparent viscosity of CMC was measured following
the methodology described by Barros et al. (2020). Before
the measurements, preliminary studies were conducted to
understand the behavior of 2% (w/v) CMC in distilled water
with constant stirring for 20 min at 1300 rpm.

The viscosity measurements were conducted using a
concentric tube viscometer (Brookfield, model DVII+) equipped
with a sample adapter and pin n° 18. Samples (8 mL of the
solutions) were subjected to variations in the speed of the pin
from 3 to 60 rpm. The temperature was maintained at 25 °C by
circulating water in a thermostatic bath (Brookfield, SC4-45Y)
fitted with a cooling unit (Tecnal, TE-183). The viscosity was
measured in cP for 10 min for each speed selected.

We compared the microscopic and infrared spectroscopy
analyses of CMC with the samples of ground soybean hulls,
cellulose pulp, and bleached pulp, and the CMC with the highest
degree of substitution and apparent viscosity was chosen as a
coating material for the bean seeds.

To assess the surface morphology of the samples, scanning
electron microscopy was conducted using a Hitachi TM3030 plus
benchtop scanning electron microscope. Samples were previously
dried for 12 h at 60 °C, as described by Santos et al. (2015).
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To identify the functional groups in the molecular structures
of the samples, they were first dried in an oven at 60 °C for
12 h, ground, and mixed with KBr in a ratio of 1/100 (m/m).
The resulting mixtures were pressed into pellets and dried
in a vacuum oven at 60 °C for 24 h. Spectra were acquired
using a Perkin Elmer Spectrum Frontier FT-IR/NIR infrared
spectrophotometer (Perkin Elmer, Norwalk, CT) in the region
between 4000 and 400 cm!, with a resolution of 4 cm™!, following
the methodology described by Ascheri et al. (2014).

The seed coating process was adapted from the methodology
of Bertoldo et al. (2010). CMC solutions were prepared in 1,
2, and 3% (m/v) concentrations under constant stirring for 1
h. The coating experiment was conducted randomly with four
treatments (no coating — control, 1, 2, and 3% CMC) and four
replications. Each experimental unit consisted of a 150 mL
beaker containing 200 bean seeds with the CMC solution which
were left to stand for 5 min.

The seeds soaked in the CMC solution (Figure 2) were
poured onto 11 x 11 cm stainless steel wire mesh to remove
excess liquid and dried in a forced-air oven at 35+ 3 °C for 1 h.

After coating, the coated seeds were subjected to a
physiological quality assessment. Samples of 200 seeds per
treatment were divided into four replicates of 50 seeds, placed
on germitest paper previously moistened with distilled water
equivalent to 2.5 times the weight of the paper. The germination
boxes were placed in a germinator at 25 °C. The evaluation was
conducted on the 8" day after the test was implemented. The
percentage of normal seedlings (G) was considered (Brasil,
2009) according to Equation 3.

3)

G(%) = [ 100x Number of seeds germmated}
Total number of seeds 8 day

The first count of germinated seeds (FC) was conducted
along with the germination test to assess vigor, considering the
percentage of normal seedlings present on the 5" day after the start
of the germination test (Brasil, 2009), according to Equation 4.

4

FC(%) = [1 00 Number of seeds germmated}
5° day

Total number of seeds

The accelerated aging test was conducted according to the
methodology of Krzyzanowski, Franca-Neto and Henning
(1991) to complement the vigor analysis. Two hundred seeds
from each treatment were distributed in a single layer on a
stainless-steel wire mesh and placed in germination boxes
measuring 11 x 11 x 3.5 cm, containing 40 mL of distilled
water. The seeds were maintained at 42 + 3 °C for 48 h. After
this period, the seeds were subjected to the germination test as
described above for five days at 25 °C (Brasil, 2009). Vigor was
determined using Equation 4.

The seedling length was determined by sowing four sub-
samples of 10 seeds per treatment on the germiest paper
moistened 2.5 times the weight of the paper. The rolls were
kept for 10 days in a germination chamber, in the dark, at 25
°C. Afterward, the primary root of the germinated seedlings
was measured using a ruler, and the results were expressed in
centimeters (Nakagawa, 1999).

To obtain the dry mass, seedlings were placed in labeled
paper bags and taken to an oven with forced air circulation,
maintained at a temperature of 80 °C for 24 h (Nakagawa,
1999). Dry mass was evaluated on a scale with a precision of
0.001 g, and the average results were expressed in milligrams
per seedling.

The results obtained at the end of the bleached cellulose pulp
carboxymethylation were subjected to variance analysis at a 5%
probability level to verify the interaction between the proportion
of chloroacetic acid and reaction time.

The polynomial model used to predict these responses is
shown in Equation 5 (Neto, Scarminio, & Bruns, 2010):

Y =B+ BX + X, + B, X X, +¢ (5)

Where: X, and X, are the variables referring to the factors; B, is
the intersection point; B, and B, refer to linear effects; 3, refers
to double interaction effects; € = experimental error.

The mathematical model was chosen using analysis of
variance and the adjusted coefficient of determination (RQaj.). The
regression coefficients were estimated using the least squares
method, and their significance was assessed by the probability
value (p <0.05).

Figure 2: Images of bean seeds treated with different carboxymethylcellulose concentrations. A) Control, no CMC; B) 1%

CMC, C) 2% CMC, and C) 3% CMC.
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The results of the physiological quality of bean seeds with
and without CMC coating were subjected to analysis of variance
(ANOVA) at the 5% probability level to verify the effects of
CMC concentration on germination, vigor, seedling length,
and seedling dry mass. The Tukey test was applied at a 5%
probability level when the difference was significant.

TIBCO (2020) was used for statistical analyses and graph
production.

Result and Discussion

The carboxymethylation process, considering the
proportion of chloroacetic acid per unit of soybean hull pulp
and the reaction time, resulted in the production of CMC
with different degrees of substitution and apparent viscosity
(Table 1). All the treatments were effective, with DS ranging
from 0.95 to 1.56. Notably, these DS values are higher than
those for commercial CMC, generally around 0.7 (Nobrega;
Amorim, 2015). This result indicates that CMC made from
soybean hull cellulose can be obtained with the desired
characteristics for specific applications.

Table 1: Degree of substitution and apparent viscosity
of carboxymethyl cellulose obtained from soybean hull
cellulose varying the proportion of chloroacetic acid and
reaction time.

Factors*

Treatment CP(g) t(min) SL?ke)ft'}?St%fn Viéfopsai‘trye?ctp)
T, 1.2 192 0.95+0.01 63.19+0.02
T, 1.2 228 1.02+0.03 66.04+0.04
T, 2.1 192 1.56+£0.04 305.49+0.74
T 2.1 228 1.41+£0.05  123.75£0.25

4

Data are mean + standard deviation. *CP=chloroacetic acid/pulp
ratio (g/g); t=reaction time (min).

= A w2
= 508 X Detector= SEL 10SC  EMI=20.68 KV
0.:891  20-Mar-2618 3opn

The conditions used in this study made it possible to
produce high-quality CMC, characterized by a greater number
of substituted carboxymethyl groups in its structure, reflected
in a high DS. T, was the treatment with the highest DS (1.56)
and apparent viscosity (305.49 cP), while the lowest values
were obtained in T, (Table 1).T, consisted of using 2.1 g of
chloroacetic acid for 192 min at a constant temperature of 63
°C. Under these experimental conditions, molecular structural
changes were observed in the cellulose from soybean hulls
during the carboxymethylation process.

Initially, ground soybean hulls (Figure 3A) had a
heterogeneous morphology, with more compact fibers and a
rigid, smooth surface due to hemicellulose, lignin, and waxes. In
Figure 3B, due to the chemical attack of the NaOH solution and
chloroacetic acid on ground soybean hulls during the pulping and
bleaching process, respectively, broke down the hull’s surface,
giving rise to small particles that formed lumps of cellulose.

Figure 3C shows that CMC particles have flattened, rounded
shapes. In this image, no cellulose fibers were observed, which
suggests the destruction of the plant cell (Cerrutti et al., 2017)
due to the replacement of —OH groups by carboxymethyl groups
in the cellulose structure (Cai et al., 2018).

Figure 4 confirms the loss of the main functional groups
that characterize hemicellulose and lignin and the increase in
cellulose functional groups during the pulping and bleaching
processes of soybean hulls. Through the FTIR spectrum, we
confirmed the presence of the main functional groups of CMC
formed during the carboxymethylation process.

A gradual decrease in the peak located in the 3419 cm’!
band resulting from the asymmetric and symmetric stretching
of the cellulose —OH group was observed after pulping and
bleaching. This is due to the partial replacement of hydroxyl
groups by carboxymethyl groups in the prepared CMC. A similar
behavior was observed in the 2926 cm™! peak corresponding
to the stretching of the —CH group, which is related to the
organic compounds of hemicellulose and lignin, reaffirming the
degradation of non-cellulose compounds.

Figure 3: Scanning electron microscopy at 500x magnification. A) Ground soybean hulls, B) bleached pulp, and C)
carboxymethyl cellulose obtained under conditions of 2.1 g chloroacetic acid/bleached pulp, reaction time of 192 min, and

temperature of 63 °C.
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Figure 4: FTIR spectrum of ground dry soybean hulls (—),
bleached pulp (——), and carboxymethyl cellulose (——)
obtained with a ratio of 2.1 g chloroacetic acid/bleached
pulp, a reaction time of 192 min, and temperature of 63 °C.

The band located in the 1730 cm! region is attributed to the
C=0 stretching of the ester group of the hemicellulose structures
or the ester of the carboxylic group that make up lignin. The
reduction in amorphous content is suggested by the decrease
in the intensity of the spectrum in the raw and bleached pulp,
indicating the removal of most of the hemicellulose and lignin
from the soybean hulls. This peak was not observed in the CMC
spectrum, indicating that the bleaching of the cellulose pulp was
suitable for synthesizing CMC. The most intense peak at 1617
cm! is attributed to the C=0 stretching of the COO" group, which
confirms the presence of the carboxymethyl substituent (Oun
& Rhim, 2015). The intensity of this peak increased during
the process, confirming the CMC obtained during the process.

The physiological quality of beans coated with a 2% CMC
solution (E,) was superior to the other treatments. On the other
hand, the physiological quality of beans treated with a 3% CMC
solution (E,) was inferior to all the treatments studied (Table 2).
This discrepancy amongthe treatments was revealed by analysis
of variance (ANOVA), as shown in Table 3.

Seed coating creates an environment conducive to germination
and initial plant establishment, resulting in faster and more
uniform emergence, as well as protection against adverse
conditions and soil pathogens. Together, the rate of germination
and establishment is improved contributing to an increase in crop
yield. The results in Table 2 indicate that the coating treatments
had a positive effect on the physiological quality of bean seeds
when compared to untreated seeds. Figure 5 shows representative
seedlings from each treatment.

Table 2: Variation in the physiological quality of bean seeds from the Pérola cultivar according to the concentration of

carboxymethyl cellulose applied as a coating agent.

Treatments AA (%) FC (%) G (%) SL (cm) SDM (g)
Control 41.5+£0.7ab 85.5+1.1b 87.0+0.8b 26.2+0.4b 0.03+0.01b
E, (CMC 1%) 39.0+0.8b 85.510.7b 86.8+0.9b 30.1£0.6b 0.03+0.02b
E, (CMC 2%) 43.540.5a 93.0+0.8a 94.5+0.5a 34.2+0.6a 0.05+0.01a
E, (CMC 3%) 29.8+0.9c 83.0+0.5b 83.8+0.6¢ 28.6+0.8c 0.02+0.01b

Data are mean + standard deviations (n = 4).

Significant differences (Tukey test, P<0.05) among treatments are shown by letters. AA=

accelerated aging; FC= first count of germinated seeds; G= germination; SL= seedling length; SDM= seedling dry mass.

Table 3: Summary of the analysis of variance applied to the physiological quality values of bean seeds from the Pérola

cultivar with and without carboxymethyl cellulose coating.

AA FC G SL SDM
Factor DF
SS F SS F SS F SS F SS F
Treatment 3 44319  23.7*% 225 19.6* 251.5 49.1%* 133.57 109.8* 0.0028 3.5%
Residue 12 74.75 - 46 - 20.5 - 4.86 - 0.0032 -
Total 15 517.94 - 271 - 272 - 138.43 - 0.0061 -

Significant differences are shown by *. DF= degrees of freedom; SS= sum of squares; F= F test; AA= accelerated aging; FC= first count of
germinated seeds; G= germination; SL= seedling length; SDM= seedling dry mass.
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TREATMENT (CMC 1%)

TREATMENT (CMC 2%)

Figure 5: Photographic images of bean seedlings from
the Pérola cultivar. Seeds were treated with different
concentrations of carboxymethyl cellulose as a coating agent.

According to TeKrony (2005), the accelerated aging test
exposes seeds to high temperature and high relative humidity.
These conditions induce rapid deterioration of the seeds. High-
vigor seeds resist these stress conditions, deteriorating more
slowly and exhibiting high germination after aging, compared
to low-vigor seeds (TeKrony, 2005).

Our accelerated aging test at 42 °C/48 h/100% relative
humidity revealed that bean seeds from the Perola cultivar
coated with 2% CMC solution, showed superior preservation
compared to the other treatments. Although the Tukey test
showed no significant differences between this treatment and
the control, E, had more than 43% of germinated seeds, a
difference of 2% compared to the control treatment. On the
other hand, the higher concentration of CMC (E,) resulted in
less than 30% of seeds germinating after the accelerated aging
procedure. Statistically, germination of seeds in treatment E,
was similar to the control (39.0%).

Nakagawa (1999) stated that the first count of germinated
seeds effectively determines seed vigor. Table 2 showed that
coating bean seeds with 2% CMC resulted in a better response
in the first count of germinated seeds (93%), further confirmed
by the germination test.

After 8 days of germination, the number of normal seedlings
in treatments E, and E, was 86.8% and 83.8%, respectively, with
no significant differences compared to control seeds (Table 3).

Seedling growth can be quantified using the seedling length
and dry mass, indicators of seedling performance, which depend
on the physiological quality of the seeds (Nakagawa, 1999).
Seedlings from treatment E, had the highest length (average
of 34.2 cm) (Table 2). We also observed longer primary and
secondary roots with greater density in seedlings from this
treatment. On average, the control seeds were 26.2 cm long, with
a better formed root system than the other treatments. However,

the length of the shoot (hypocotyl) was reduced. Seedlings from
E,, (30.1 cm), and E, (28.6 cm) were longer than the control,
but the root system was less vigorous and the hypocotyl length
was similar to the control seeds without coating. Thus, E, and
E, coatings positively affected seedling length, although to a
lesser extent than E, (Figure 6).

TREATMENT TREATMENT
(CMC 2%) (CMC 3%)

TREATMENT
(CMC 1%)

Figure 6: Seedling length from seeds coated with different
concentrations of carboxymethyl cellulose.

The highest seedling dry mass was also, achieved in
treatment E, (0.05 g/seedling on average). The other treatments
showed no significant differences, with values from 0.02 to 0.03
g/seedling (Table 2).

CMC coating acts as a physical barrier around the seed
(Keawkham, Siri, & Hynes, 2014). Our results revealed that
1% CMC was insufficient to promote the seeds’ physiological
potential, probably resulting in insufficient adhesive capacity.
In contrast, 2% CMC increased this capacity and probably
improved the passage of water and oxygen for seedling
development (Schoeninger & Bischoff, 2014).

However, the 3% CMC resulted in lower proportion of
normal seedlings compared to the 2% treatment, indicating that
an even more pronounced adhesive capacity and excess water
permeability can compromise cell turgidity, leading to cell wall
rupture and seed death (Madsen et al., 2016). Scarsi et al. (2020)
highlight that higher polymer concentrations reduce seedling
emergence, and highly hydrophilic polymers also reduce seed
germination and vigor.

Our observations indicate that treatment E,, containing
2% CMC, has a lower capacity to inhibit the speed of seed
germination (Moeljani, Priyadarshini, & Wuryandari, 2023). In
other words, this treatment accelerates the growth of seedlings by
providing adequate water supply, resulting in normal seedlings
with a higher vigor index. This finding is supported by the fact
that carboxymethyl cellulose (CMC) also acts as a regulator of
the soaking process (Palupi et al., 2012).
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Conclusions

Our study explores a novel coating derived from soybean
hulls, offering an eco-friendly alternative to synthetic coating
compounds. Utilizing cellulose pulp bleached with an acetate
clarifying solution, CMC of exceptional quality was produced,
with a degree of substitution of 1.56 and a viscosity of 305.49
cP. This water-soluble polymer, synthesized with chloroacetic
acid, promoted bean seed germination and seedling growth at
a concentration of 2% of CMC, underscoring the potential of
soybean hulls for sustainable agricultural applications.
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