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Abstract 
Soybean is the most produced oil crop in the world, with great increase in its 
annual production as well as great generation of waste from its industrializa-
tion. The soybean hulls can be used for the elaboration of products such as 
carboxymethyl cellulose (CMC), adding high value to this residue and it can 
be used as a coating polymer in seeds. The objective of this work was to ana-
lyze the physiological quality of soybean seeds treated with CMC and fungi-
cide, recording images to verify the effectiveness of the coating in the seeds. 
The experiment was randomized into factorial scheme 2 × 4 with four repli-
cates, two soybean cultivars M-7110 and M-7739 and four types of coating: 
without (control), CMC, fungicide and fungicide/CMC. The variables ana-
lyzed were: vigor (first count), germination test, accelerated aging, length and 
dry mass of the radicle and hypocotyl length. The images were made with a 
scanning electron microscope (SEM) with zoom of 50 and 200 times. The 
CMC used alone or with fungicide, provided good physiological quality of 
soybean seeds. In some analyzes there was difference between the cultivars M 
7110 and M 7739. The combination of CMC and fungicide provided a better 
coating on the seeds. 
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1. Introduction 

Soybean (Glycine max L.) is the most cultivated oil crop in the world [1]. Brazil 
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is the second largest producer and the seeds have great economic importance for 
agribusiness. In the 2016/2017 harvest, Brazil had a production of 110.16 million 
tons of grains [1]. 

In order to achieve great productivity, several factors have to be considered, a 
good physiological quality of seeds is one of them, since the seed is the first 
agricultural input to be chosen, combined with appropriate mechanization and 
cultural treatments can achieve great productivity [2]. 

Soybean seed presents a continuous evolution with high investments in tech-
nology, always generating new cultivars and forms of treatment [3], e.g., Cultivar 
M-7110 (cycle early) and M-7739 (cycle late), in addition to being the most 
produced and commercialized cultivars in the Brazilian Midwest [4]. 

As a novel technique, seed coating, or film coating, consists of depositing a 
thin, uniform layer of a polymer on the surface of the seed. A very precise pro-
tective material with minimal impact on the environment can be used in con-
junction with chemical and biological treatment [5]. 

The coating of seeds with films allows a uniform application of chemical and 
biological agents against the attack of pathogens, reducing in this way the im-
pacts on the environment and health of the farmer. This method can also be 
used to control seed storage conditions, preventing the increase of humidity and 
guaranteeing its quality, since even a small increase in the moisture content of 
the seed is enough to reduce its germination capacity [6]. 

One of these polymers that act in the coating of seeds is the carboxymethyl 
cellulose that is obtained from chemical processes of the cellulose until obtaining 
the polymer granulated powder [7]. 

CMC is a natural polymer, derived from cellulose, marketed in solid form as 
the carboxymethylcellulose. It has the structure based on the β-(1 → 4) 
-D-glucopyranose polymer of cellulose. Carboxymethylcellulose has been appli-
cations, such as: encapsulation processes and controlled release of active ingre-
dients [5]. 

Another way, and the most widespread among producers for seed treatment 
and sanitary control, is the chemical treatment. Due to the benefits of seed 
treatment with fungicides in the control of pathogens and improvement in the 
initial development of seedlings, it is justified to investigate the effect of the ap-
plication of agrochemicals associated or not, thus verifying their physiological 
potential [8]. 

However, in addition to increasing seed protection and assisting seedling ini-
tial development, seed dressing products and mixtures thereof should not ad-
versely interfere with the physiological quality of the seed, either immediately 
after treatment or during the Storage [4]. 

Considering these facts and the fact that the treatment of seeds with polymers 
and chemical products still requires information, the objective in this work was 
to verify the physiological quality of early and late cycle soybean seeds submitted 
to the treatment with the polymer carboxymethyl cellulose, fungicide and evalu-
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ations with recording images to verify the effectiveness of the treatments in the 
coating of the seeds. 

2. Material and Methods 

Tests were developed in the Laboratory of Drying and Storage of Vegetable 
Products and chemistry laboratory from CCET—Henrique Santillo, Universi-
dade Estadual de Goiás, Anápolis-GO, Brazil. 

Seeds used in the experiment were produced in the 2016/2017 haverst. The 
seeds were supplied by a company assigned to Anápolis—GO, whose geograph-
ical coordinates are 16˚22'22" south latitude and 48˚53'08" west longitude and 
1012 m altitude. The climate of the region according to the Köppen classification 
is Aw type, with dry winter and hot and rainy summers [9]. 

The produced cultivars were: M 7110 (early cycle) and M 7739 (late cycle), 
both cultivars belonging to category S2, coming from sieve (6.5) with 12% water 
content. 

The soybean hull, were supplied by the company producing Brejeiro soybean 
oil (Anápolis, Goiás, Brazil), were oven dried with forced air recirculation 
(Marconi, MA-035) for 12 h at 105˚C. After drying, a soybean hull was ground 
in a vertical rotor Willy type mill with 4 movable knives and 4 fixed knives 
(SPlabor, SP-31), provided with a 1 mm opening mesh. 

The cellulose pulp from the ground soybean hull was performed according to 
methodology proposed by Mussatto et al. (2006) [10], with some modifications. 
The crude pulp obtained was bleached according to the methodology proposed 
by Flauzino Neto et al. (2013) [11], with modifications. Carboxymethyl cellulose 
was obtained by acetylation of the cellulose from the soybean hull using the me-
thod described by Heinze et al. (2006) [12]. 

Seed treatment with CMC was done in proportions of 2% product concentra-
tion in water, 2 grams of the product to 100 mL of distilled water. The polymer 
was dissolved in 100 mL of water, with the aid of a stirrer, until the solution be-
came homogeneous. After the seeds were placed into the solution with water and 
polymer for 5 minutes and subsequently, the seeds were taken to an oven at 35˚C 
for one hour, so that the solution adhered completely in the seeds. 

The experimental design was randomized in the factorial scheme 2 × 4, two 
soybean cultivars (M 7110 and M 7739) and four types of coating: no coating 
(control), 2% carboxymethyl cellulose, Fungicide (Vitavax®—Carboxine + Thi-
ram—300 mL) and 2% carboxymethyl cellulose + fungicide, with four replicates. 
The doses in mL were used according to the manufacturer’s recommendation 
for 100 kg of seeds. 

The efficacy and performance of the cellulose extraction of the soybean hulls 
was determined by means of the Kappa number [13] of the cellulose pulps, 
which informs the content of non-extracted residual lignin present in the cellu-
losic pulp [14]. 

The CMC was characterized by the degree of substitution (DS) which was 
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determined following the procedure of ASTM 1439-03 [15]. 
The first count test for germinations was conducted with TPG, with the aim to 

evaluate vigor, considering the percentage of normal plants present in the fifth 
day after the beginning of tests [16]. 

The Standard Germination Test (TPG), viability was evaluated, with four 
50-seed replications placed in an acrylic box (gerbox), containing a substratum. 
The germitest paper, previously moisturized with distilled water, is equivalent to 
paper weight threefold. The gerboxes were stored in a germinator at 25˚C. An 
evaluation was carried out on the eight day after test performance. The percen-
tage of normal plants was taken into account [16]. 

The plant length test was performed on four replicates of 10 seeds of each 
treatment distributed on germitest paper rolls moistened with deionized water in 
the proportion of 2.5 per 1 (ml of distilled water per mass of the dry paper in 
grams) and kept in a germinator at 25˚C for seven days [17]. On the moistened 
paper towel was drawn a line in the upper third, in the longitudinal direction, in 
which the seeds were placed so as to direct the micropyle downwards. The 
length of the primary root and seedlings considered normal [16] was determined 
at the end of the seventh day, using a millimeter ruler 

The dry mass of seedlings was determined using the normal seedlings from 
the shoot length and root length test. Each replicate was packed in paper bags 
and forced into the oven with forced air circulation maintained at 80˚C for 24 
hours [17]. After this period the bags were removed and placed in a desiccator 
and afterwards each repetition was weighed in a digital scale with an accuracy of 
0.001 g. The results were expressed as mg seedlings−1. 

The accelerated aging test was performed using a single layer of seeds placed 
on a metal screen attached to the gerbox plastic box containing 40 mL of water 
in the bottom. The boxes were capped in order to obtain 100% RH inside and 
were kept in a BOD incubator at 42˚C for 48 hours. After each period, four sam-
ples of 50 seeds were placed to germinate, following the method described for 
the germination test. The results were expressed in percentage [16]. 

Scanning Electron Microscopy (SEM) performed in an electronic scanning 
electron microscope (Hitachi - TM3030 plus) with zoom 50× and 200×. 

The variables evaluated were submitted to analysis of variance, F test and 
when significant the means were compared by Scott Knott test at the p < 0.05 
probability level. Sisvar 5.6 program was used for statistical analysis [18]. 

3. Results and Discussion 

The cellulose pulps of the soybean hull presented low Kappa numbers, being 
these, respectively, 7.07 ± 0.29 and 0.32 ± 0.03, obtained with a 1% (w/w) sodium 
hydroxide aqueous solution in a solid:liquid ratio of 1:20 (w:v) for 2 h at 90˚C 
under. After the alkali treatment, the fibers were treated with a solution made up 
of equal parts (v:v) of acetate buffer and aqueous sodium chlorite (2 wt% NaC-
lO2 in water) in a solid:liquid ratio of 1:75 (w:v) for 4 h at 95˚C. 

https://doi.org/10.4236/ajps.2017.811185


F. R. T. de Camargo et al. 
 

 

DOI: 10.4236/ajps.2017.811185 2752 American Journal of Plant Sciences 
 

The Kappa number by the bleached pulp indicates that the pulping and 
bleaching process of the soybean hull was successful, yielding a good raw ma-
terial for the synthesis of carboxymethyl cellulose with a degree of substitution of 
1.56 under the carboxymethylation conditions using a ratio of 2.1 g of chloroa-
cetic acid per gram of bleached cellulose pulp for 192 min of reaction under a 
constant temperature of 63˚C. 

The degree of substitution (DS) of the CMC synthesized from the soybean 
hull is higher than the DS of the commercial CMC that reaches a value of 0.7 
[19]. 

The vigor test showed a significant difference for the interaction between cul-
tivars and seed coat type. The seeds with fungicide presented seeds with low vi-
gor when compared to the other treatments applied to cultivar M 7110 (Table 1). 
In cultivar M 7739, it was observed higher vigor when treated with the combina-
tion of CMC + fungicide. The control, in this case, presented the lowest value of 
vigor among the treatments studied. 

Among the cultivars the vigor was differentiated only in the control and fun-
gicide. The seeds M 7110 without cover showed higher, while M 7739 was higher 
when its seeds were treated with fungicide. 

In the germination test, there were no statistically significant differences be-
tween treatments. However, it can be seen from Table 1 that a larger number of 
germinated seeds were observed in the control and CMC of the M 7110, whereas 
for M 7739 germination was observed when the seeds were treated with CMC + 
fungicide. 

Accelerated aging is another test that indicates seed vigor [20]. Among the 
coating types, the seeds M 7110 is the one with the greatest vigor variation, and 
its worst result for the treatment with CMC + fungicide mixture and its better 
performance with CMC. The best treatments for seeds M 7739 were the com-
pound coating with fungicides and CMC + fungicide. 

In the fungicide treatment on the seeds M 7110 and the control for seeds M 
 

Table 1. Summary values of the first count, germination and accelerated aging for soybean seeds (M 7110 and M 7739) submitted 
to different types of chemical coating (fungicide, f) and polymer (carboxymethylcellulose, CMC). 

 
Cultivar 

Seed coatings 

 Control CMC Fungicide CMC + F 

First count (vigor) (%) 
M 7110 82.00 A a 84.00 A a 23.00 B b 85.50 A a 

M 7739 63.50 B b 82.50 A a 80.50 A a 89.0.0 A a 

Germination (%) 
M 7110 90.00 A a 87.50 A a 87.50 A a 88.00 A a 

M 7739 84.00 A a 85.00 A a 87.50 A a 91.00 A a 

Speedy aging (%) 
M0 7011 65.00 A b 82.50 A a 36.50 B c 9.50 B d 

M 7739 43.50 B b 54.50 B b 77.50 A a 73.00 A a 

*Averages followed by the same uppercase and lowercase letters in the row and column, respectively, do not differ statistically by the Scott Knott test (p < 
0.05). 
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7739, the percentage of vigor of the seeds of the other treatments can be consi-
dered ideal for a lot of seeds, since they present values superior to 80%, indicat-
ing good quality of the Seed lot [21]. 

Ludwig et al. [8] working with combinations of some chemicals, the authors 
found values similar to this one, where the percentages of vigor of the soybean 
seeds were lower than 85%, and with a proviso only for the treatment that was 
composed by fungicide, which provided an even greater reduction in the percent 
vigor of soybean seeds. 

Seagalin et al. [22] studying the effects of different volumes of chemical syrup 
on soybean seeds found data that corroborate this study. 

The treatments with CMC and CMC + fungicide coatings, did not drastically 
affect the percentage of germination of both cultivars where the values were al-
ways higher than 84% of germination. These results highlight the efficiency of 
the chemical treatment used here, because in order to be considered effective, it 
must not present a phytotoxic effect on the physiological quality of the seeds. 

Dan et al. [23], Coradi et al. [24] and Cunha et al. [20], also found values 
above 84% in their work with chemical treatment in soybean seeds. 

Accelerated aging was the test that presented the highest percentage variation 
of normal seedlings (Table 1). This test is used to verify if the seed can germi-
nate and generate a normal seedling after being subjected to great stress [21]. 
According to Menten and Moraes [25] chemical and polymer treatments have 
little effect on the performance of soybean seeds, however, it is expected that 
seeds even after stress present values greater than 60% of normal plants. Cunha 
et al. [20] found much higher values for accelerated aging, where in their work 
the percentage was always greater than 85% of normal seedlings. 

Applying the CMC as a coating film of soybean seeds M 7110 provided a larg-
er number of vigorous seeds, which can be seen in the tests of vigor (84%) and 
accelerated aging (82.5%) (Table 1). The highest vigor when using the CMC can 
be justified because it acts as a regulator of entry and exit of substance of the 
seeds [7]. 

Based on the results of the comparison test of averages for radicle and hypo-
cotyl and total length and dry masses of radicle and hypocotyl (Table 2), it was 
observed that although these variables showed differences between the treat-
ments for the two cultivars used , Based on these determinations it is not possi-
ble to infer if there was a positive or negative effect of the use of chemical prod-
ucts on the physiological quality of the seeds, since the information obtained in 
the vigor tests of seed lots should be interpreted taking into consideration, be-
sides length of plants, also the percentage of germination [26]. 

When analyzing the radicle length, it is possible to observe that the seeds M 
7739 was the one that showed the largest in all the types of cover used, thus 
showing that the cultivar presents larger plants. Fungicide coating impaired ra-
dicular size in seeds M 7110. Hypocotyl length had no difference between the 
cultivars, but with a proviso for the fungicide overlay in seeds M 7110, which  
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Table 2. Summary values of the length and dry mass of the radicle and hypocotyl for soybean seeds (M 7110 and M 7739) sub-
mitted to different types of chemical coating (fungicide, f) and polymer (carboxymethyl cellulose, CMC). 

 
Cultivar 

Seed coatings 

 Control CMC Fungicide CMC + F 

Radicle 
lenght (cm) 

M 7110 6.82 B a 6.51 B a 4.12 B b 7.71 B a 

M 7739 13.60 A a 14.08 A a 12.80 A a 15.18 A a 

Hypocotyl length (cm) 
M 7110 7.85 A a 8.50 A a 4.32 B b 8.01 B a 

M 7739 7.51 A b 7.22 A b 9.74 A a 9.75 A a 

Radicle dry mass (mg) 
M 7110 7.15 A a 6.24 A a 3.50 A b 7.19 A a 

M 7739 3.25 B b 5.75 A a 3.00 A b 3.00 B b 

Hypocotyl dry mass (mg) 
M 7110 18.68 A a 19.84 A a 13.44 B b 20.89 A a 

M 7739 19.50 A a 23.50 A a 20.50 A a 18.00 A b 

*Averages followed by the same uppercase and lowercase letters in the row and column, respectively, do not differ statistically by the Scott Knott test (p < 
0.05). 

 
presented the lowest mean. 

Cunha et al. [20] found values for radicle length in all chemical treatments 
and with polymers always higher than 14 cm and for the hypocotyl the averages 
were higher than 8 cm. What is close to finding in this work, except for the ra-
dicle length of the seeds M 7110 that was below that found in the literature. 

For the variable radicle and hypocotyl dry mass it can be observed in Table 2 
that there was significant difference for the types of cover and for the cultivars. 

Conceição et al. [26] and Verma and Verma [27] found similar values for the 
hypocotyl dry mass, but the values of dry root mass were much higher than 
those of this work. 

In all the analyzes, the fungicide coating undermined the quality of seeds M 
7110, which can be explained by the phytotoxicity of the product in this cultivar. 
Figure 1 shows the microscopic images of the soybean seeds with coating. 

In the images of Figure 1, it can be seen that the treatments containing the 
CMC and the combination of the CMC with fungicide showed a better coating 
on the soybean seeds. 

In the images A1 and A2, where the seeds did not have any type of covering, it 
is noticed that the seeds present many pores and many irregularities in the sur-
faces of the seeds. 

In the images B1 and B2, C1 and C2, it was observed that the pores were al-
most all covered, being even more efficient when the treatment with fungicide 
and CMC was performed, which can be explained by the fact that in this treat-
ment there was a greater availability of the product so that the seeds could be 
adhered. 

Chemical and polymer treatments have this objective, to cover all pores in 
seeds, to regulate the entry and exit of water and nutrients, to alleviate the dete-
rioration of seeds and to provide compounds for initial seed development [7]. 
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Figure 1. Microscopic images of the coating on soybean seeds. A1 and A2: Witness, 50× and 200×, respectively; B1 and B2: CMC, 
50× and 200×, respectively; C1 and C2: CMC + Fungicide, 50× and 200×, respectively. 

 
Dan et al. [23] and Ludwig et al. [8], when using coating polymers in soybean 

seeds associated with other products such as micronutrients and some chemi-
cals, also verified that the use of products is efficient for the coating on soybean 
seeds, besides that these treatments can cause an addition in the quality of soy-
beans. 

4. Conclusion 

According to the conditions of the present work, it was concluded that the coat-
ings influenced vigor, accelerated aging, radicle and hypocotyl length and dry 
mass of radicle and hypocotyl of the soybean seeds M 7110 and M7739, without 
influencing the germination of the seeds. The soybean seeds M 7110 were more 
sensitive to the toxicity of chemical treatments. The soybean seeds M 7739 pre-
sented higher root lengths. Coating of soybean seeds with CMC combined with 
fungicide, or without combination, provides a good coating of seeds. 
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