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Abstract
The present work aimed to evaluate the germination and seedling growth of two corn cultivars under water
deficit conditions induced with manitol solutions, associated with doses of humic substances. The experiment
was carried out at the Seed Laboratory of the Federal University of Tocantins - UFT, in Gurupi, Tocantins.
Seeds of two cultivars were used: M274 and UFT Cerrado; and the product based on humic substances: Humix.
For each cultivar, the factorial experiment (5×3) was mounted in a completely randomized design, and the
treatments were composed of five osmotic potentials, with three doses of Humix. Germination percentage,
primary root and epicotyl length, seedling dry mass and absolute growth rate were evaluated. The results were
submitted to the F test by analysis of variance with probability of 5%, and when the effect of the doses was
significant, the data were submitted to regression analysis. It is concluded that the biostimulant Humix had no
expressive effect on germination and that the reduction of osmotic potential does not affect germination itself,
but affects seedling growth, as osmotic potential becomes more negative.
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1. Introduction
Corn (Zea mays L.) is highlighted as one of the leading cereals grown and consumed in the world, providing
widely used products for human, animal and raw material to the industry [1,2]. Brazil is the 3rd largest
producer of corn and 2nd largest exporter of grain [3]. According to data from the Brazilian Supply Company CONAB [4], the harvest of the 2018/19 should exceed 95.2 mi of ton, concentrating most of the production in
the second harvest. Corn cultivation at this time increases risks due to the lower rainfall index in the most
critical stages of culture, and in the Tocantins it is common to occur these abiotic stresses, which negatively
interfere in the establishment and development of culture [5,6,7]. Water plays an essential role in germination,
as it initiates the germination process through soaking, which will trigger metabolic activation resulting in
embryo growth [8]. The occurrence of water deficit at the beginning of germination can affect it visibly. For the
management of agriculture, different alternatives of cultivation can be adopted to enable a more productive
agriculture, but less impactful to the environment [9], among these alternatives the use of biostimulants in
seeds, which estimulate the germination [10,11]. With emphasis on these, based on humic substances, which
increase the number of mitosis and lateral roots of corn seedlings [12]. In view of the above, considering the
importance of water for germination and the beneficial interactions between growth and the addition of humic
substances, this work aimed to evaluate the germination and growth of seedlings of two maize cultivars, under
conditions of water deficit associated with doses of humic bio-stimulant, and its effects on the vigor and initial
development of the crop.
2. Material and methods
The experiment was carried out at the Laboratory of Plant Ecophysiology and Seed Analysis Laboratory of the
Federal University of Tocantins (UFT), Gurupi University Campus. The manitol solutions (C6H14O6) were
used to obtain the desired osmotic potential, the concentrations used were calculated by Van't Hoff's formula,
according to the equation:
(1)
Where:
Yos=Osmotic potential (MPa);
R=general Constant of perfect gases (0,082 MPa.dm³.mol.-1.K-1);
T=temperature (°K);
and C=concentration (mol.dm-3).
The evaluations were carried out with seeds of two corn cultivars: UFT Cerrado (2019) of the company
Pioneiro Ltda., and the cultivar M274 (2017) of the company Pioneira ®. In the treatment of seeds, Humix
biostimulants were used, it was composed of: (Humic acid: 25%, Fulvic acid: 5%, Potassium: 3% and pH 8.5).
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To evaluate the response of seeds under water stress associated with the use of humic substances, for each
cultivar, the was conducted factorial experiment (5x3) in the entirely randomized design. The treatments were
composed by the combination of five osmotic potentials ‒ 0 (control), -0.25, -0.50, -0.75 and -1.0 MPa ‒
simulated with manitol solutions, and three doses of the humic substance, Humix ‒ 0.0 (control), 1.0 ml and 2.0
ml/100 seeds. The Humix was applied directly on the seeds within a beaker, with the use of a graduated pipette.
After application, the beaker containing the seeds was stirred for 1 minute, aiming to homogenize the product
on the seeds. The germination test was performed using four replicates with 50 seeds for each treatment. The
seeds were sown between three sheets of germitest paper, using 2.5 times the weight of dry paper for soaking
with distilled water, containing pre-established amounts of manitol, to provide the determinated levels of
osmotic potential, and one treatment only with distilled water, the control. Rollers tied with rubber bands were
made, which were placed in plastic bags, positioned vertically inside the germinator, with a constant
temperature of 25 ° C, remaining there for seven days. The evaluations were made on the fourth and seventh
day. On the fourth day, the first germination count was performed for the percentage of germinated seedlings
and for vigor evaluation. And on the seventh day, the percentage of normal seedlings and abnormal seedlings
was computed. To evaluate the seedling length and vigor one test was conducted with four repetitions (ten corn
seeds one each) [13]. The seeds were manually distributed in the middle of sheets of germitest paper, and
placed to germinate under the same conditions as the germination test. The length evaluation was done with a
graduated ruler in the fourth and seventh days, where only seedlings that had above 0.5 cm of primary root
were measured. The mean data were expressed in cm seedling-1. This data was used for determining the
absolute growth rate (RGA) [14], using the following formula:
(

)
(

(2)

)

Being:
RGA= absolute growth rate
W1 e W2 are the lengths of the fourth and seventh day
t1 e t2 are the time in days.
To determine the dry seedling mass, after seven days, the substrate was removed, seed debris were removed.
The roots and aerial parts were divided and packed in paper bags and taken to dry in a drying Chamber with
forced air circulation, under a temperature of 60°C per 24h. The bags were removed from the drying Chamber
and the masses were weighed in scale with an accuracy of 0.0001 g [15,16]. Thus, determining the weight (g)
of dry primary root mass, epicotyl dry mass and total dry mass. The data obtained were submitted to the F test
by analysis of variance at 5% probability, and when significant, they were submitted to regression analysis. The
analyzes were performed using the R software. Because it was a quantitative factor, the average of osmotic
potential levels was compared by regression analysis (p <0.05). SigmaPlot software was used for the
preparation of the graphics.
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3. Results
The results of the mass of a thousand kernels and the tetrazolium test are described in table 1. It was observed
that cultivars present different values on average for the mass of a thousand kernels. The cultivar M274 had a
higher weight because of it larger seed size. The tetrazolium test both cultivars obtained the same percentage
of viable seeds.
Table 1: Thousand-seed weight in grams and tetrazolium test in percentage from two corn cultivars. Gurupi,
Tocantins, 2019.

Cultivars

One thousand kernels

M274
UFT Cerrado

Tetrazolium test (%)
Viable

Infeazible

415,9

88

12

265,3

88

12

For the germination percentage the cultivar M274 presents a significant difference (p<0.05) for the interaction
Osmotic Potential and Humix (OPxH) at the Tukey test level 5%. The cultivar UFT Cerrado has a significant
effect (p<0.01) for osmotic potential and (p<0.05) for Humix doses. It was observed that in the OPxH
interaction of the cultivar M274, the effect of Humix within each osmotic potential obtained a significant
difference only in the control (Figure 1A), with lower germination rate in the dose of 2 ml Humix and with 1
ml in the osmotic potential -1.0 MPa resulted in a lower germination rate, compared to the others. The effect of
osmotic potentials for Humix doses obtained a significant difference with the dose of 2 ml of Humix and the
osmotic potential at the dose of 1 ml.

Figure 1AB: Germination percentage from two corn cultivars (M274 and UFT Cerrado) in different osmotic
potentials and doses of Humix. Gurupi, Tocantins, 2019. Uppercase letters compare the effect of Humix within
each osmotic potential, while lowercase letters compare the effect of osmotic potential for each dose of Humix
(Tukey test 5%).
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There was no significant decrease in germination percentage for the isolated osmotic potential levels.
According to Kappes and his colleagues [17], corn is tolerant to water deficit, admitting potential of up to -1.2
MPa, without a large decrease in germination percentage. For the cultivar UFT Cerrado, there was a significant
difference (p<0.05) between Humix doses, it is observed that seeds treated with Humix obtained a higher
germination percentage compared to the control (figure 1B). The reduction in the germination rate of the
cultivar UFT Cerrado as the osmotic potential decreases was observed. This can be attributed to the lower mass
of a thousand kernels (Table 1) at the beginning of seedling development, seeds with smaller masses may,
therefore, have less reserve which results in less force [17].
A significant difference (p<0.01) due to osmotic potential in the percentages of normal seedlings was observed
(Figure A and B). The number of normal seedlings decreases and the number of abnormal seedlings increases
with the decrease of osmotic potential (figure 2). There was no significant difference with Humix doses tested.

Figure 2: Percentage of normal seedlings from two corn cultivars (M274 and UFT Cerrado) in different
osmotic potentials and doses of Humix.
Osmotic potentials below -0.50 MPa reduced abruptly the germination of normal seedlings of cultivars,
presenting values close to zero. The normal seedling formation was observed up to the potential -0.25 MPa.
Avilla and his colleagues (2007) also found a reduction in germination (normal seedlings) of canola seeds
subjected to water stress, corroborating with the results observed in this work. In a comparison of germination,
normal and abnormal seedlings (data not shown), it can be affirmed that water stress abruptly affected seedling
development, more than the percentage of germination itself. Teixeira and his colleagues [18] working with
crambe seeds, found the formation of normal seedlings up to the potential of -0.6 MPa, emphasizing that the
seeds obtained primary root up to the potential of -1.0 MPa, but there was no formation of normal seedlings.
The figure 3 represents the initial length means (4 days) of the primary root and epicotyl and aerial part. It is
noted that as the osmotic potential decreases, the growth of the primary root and epicotyl for cultivars is also
reduced. The cultivar UFT Cerrado presented lower epicotyl length, it is linked with the lower seed weight
(Table 1).
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Figure 3: Initial length (4 days) of primary root (AB) and epicotyl (CD) for cultivars of (M274 and UFT
Cerrado) in different osmotic potentials associated with doses of Humix.

Figure 4: Final length (7days) of the primary root (AB) and epicotyl (CD) for corn cultivars (M274 and UFT
Cerrado) in different osmotic potentials associated with doses of Biostimulant Humix.

60

American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2020) Volume 70, No 1, pp 55-65

The cultivar M274 showed a significant difference (p<0.05) for Humix doses tested, it is verified that seeds
treated with biostimulant, at the dose of 1ml/100 seeds obtained an initial growth of the primary roots higher in
relation to the control. The cultivar UFT Cerrado did not differ significantly between its doses (Fig.3AB). Both
cultivars demonstrate, on average, the same values of primary root length. (Fig.3CD) Comparing the initial
growth of primary roots and epicotyl, it is observed that when the osmotic potential decrease, it is a trend of
greater primary root growth in relation to the epicotyl, reaching values equal to zero growing by epicotyl in
potentials smaller than 0.50 MPa. This effect is because seedlings submitted to negative osmotic potentials
levels present greater development of the root system in relation to the air part of the plant due to explore the
soil at greater depths to find water [19,20].

Figure 5: Absolute growth rate of root (AB) and epicotyl (CD) of two corn cultivars (M274 and UFT Cerrado)
in different osmotic potentials associated with the dose of Humix.
There was a significant difference (p<0.01) for the length of the primary roots and the epicotyl for two cultivars
in relation to the osmotic potentials tested (Fig. 4 ABCD), but there was no significant difference for Humix
doses. The biostimulant Humix doses, regardless of osmotic potential, not influenced the growth of the primary
roots and the epicotyl of seedlings at the final length. Similar results were found by Silva and his colleagues
[21], who evaluated the effects of biostimulant via seed treatment on the initial development of cotton
seedlings, and Kolling and his colleagues [22] who evaluated the effects on corn seedlings, did also not find
significant differences in root and the epicotyl length. Related to the primary root growth, the cultivar UFT
Cerrado has good performance in lower osmotic potential levels and also the increase of growth the primary
roots are positive (β=+2.02). In cultivar M274 that increase is negative (β= -0.66) (Fig. 4AB). Similar results
were observed for the epicotyl length in the final evaluation (Fig. 4CD). Considering these variables is possible
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to say the cultivar UFT Cerrado probably will have a better answer water stress in the field. The results for the
absolute growth rate of corn seedlings submitted to water stress are shown in Figure 5. A significant difference
(p<0.01) was observed for both cultivars with osmotic potentials. The cultivar M274 showed no significant
difference for humix doses, but presented a higher absolute growth rate of primary root and epicotyl at the
osmotic potential level of -0.25 MPa (Figure 5AC).
The cultivar UFT Cerrado obtained a significant difference (p<0.05) for humix doses, and the Interaction OPxH
in the absolute growth rate (AGR) to epicotyl lenght. (Fig. 5D) It is noted that the use of biostimulant Humix,
obtains a higher epicotyl growth rate compared to the control, without water stress (Figure 5D). For this
cultivar, no significant difference was observed between osmotic potentials or between Humix doses for root
AGR (fig. 5B).

Figure 6: Primary root dry mass (AB), epicotyl (CD) and total (EF) dry mass of two corn cultivars (M274 and
UFT Cerrado) submitted to different osmotic potentials associated with the dose of Humix
There was a significant effect (p<0.01) only for the osmotic potentials for two cultivars. The cultivar M274
presented better values of dry root mass in osmotic potential -0.25 MPa comparing with the control, but in the
general UFT Cerrado presented a better increase rate (β=+0.05) and higher root dry mass (Fig. 6A,B). Epicotyl
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dry mass answer was similar for both cultivars (Fig. 6 CD). It is noted that the total dry mass of seedlings
decreases with the reduction of osmotic potentials. Similar results were obtained by [23] and Tatto and his
colleagues [24] in soybeans, Mortele and his colleagues [25] in corn, and Nunes and his colleagues [26] in
sunflower, both found that there was a progressive reduction in the dry mass of seedlings as it decreases the
osmotic potential of the solution. According to [27] and Rosseto and his colleagues [28], the reduction of dry
biomass, as well as seedling growth, can be explained by the decrease in seed metabolism, due to lower
availability of water for the digestion of reserves and translocation of metabolized products. As observed in this
study, as osmotic potential becomes more negative there is a reduction in seed performance, becoming critical
for seedling development. The results reveal the importance of studies of the water potentials of the substrate
considered critical for the germination and development of seeds, thus being able to indicate the minimum and
optimal conditions of water potential in the soil for germination and seedling growth.
4. Conclusions
Humix biostimulant had no significant effect on the germination variable. Furthermore, the reduction in
osmotic potential did not affect the germination of the seeds, but it did affect the growth of the seedlings and
consequently the establishment of an ideal initial crop population in the field. The Cerrado UFT cultivar
showed the best response to the hydric stress induced by the osmotic potential, presenting a higher absolute
growth rate of the epicotyl.
References
[1].

L. K. M. Machado, M. E. A. Sá, C. C. Rodrigues & M. D. S. Araújo, “Viabilidade econômica de
implantação da cultura de milho safrinha na região do sudeste goiano”. Anais da Semana de Ciências
Agrárias e Jornada de Pós-graduação em Produção Vegetal (ISSN 2594-9683), 15, 43-46, 2018.

[2].

A.

L.

Fancelli.

&

D.

Dourado

Neto

“Produção

de

milho”.

[S.l:

s.n.], 2000.
[3].

S. M. F. Dutra, “Expressão de Genes Relacionados à Tolerância a Altas Temperaturas Durante a
Germinação de Sementes de Milho”, Dissertação (Mestrado) p.72 - Universidade Federal de Lavras,
Minas

Gerais,

2014.

[Online].

Avaliable:

http://repositorio.ufla.br/bitstream/1/4482/1/DISSERTA%C3%87%C3%83O_Express%C3%A3o%20
de%20genes%20relacionados%20%C3%A0%20toler%C3%A2ncia%20%C3%A0%20altas%20tempe
raturas%20durante%20a%20germina%C3%A7%C3%A3o%20em%20seme ntes%20de%20milho.pdf.
Accessed on: May., 6, 2019.
[4].

CONAB - (Companhia Nacional do Abastecimento), “Histórico Semanal. Comparativo de Área,
Produção e Produtividade”. [Online]. Avaliable: https://www.conab.gov.br/info-agro/analises-domercado-agropecuario-e-extrativista/analises-do-mercado/historico-de-conjunturas-de-

milho.

Accessed on: Jun., 11, 2019.
[5].

R. G. Von-Pinho, J. G. G. Altuna, E. V. R. Von-Pinho, & L. Souza, “Efeito de Métodos de Adubação
e Épocas de Semeadura em Características Agronômicas de Cultivares de Milho Cultivadas na
“Safrinha”. Ciência e agrotecnologia, v.26, n.4, p.719-730, 2002.

63

American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2020) Volume 70, No 1, pp 55-65

[6].

R. B. Minuzzi, & F. Z. Lopes. “Desempenho Agronômico do Milho em Diferentes Cenários
Climáticos no Centro-Oeste do Brasil”, Revista Brasileira de Engenharia Agrícola e Ambiental, v.19,
n.8,

p.734–740,

2015.

[Online].

Avaliable:

http://www.agriambi.com.br/revista/v19n08/v19n08a03.pdf. Accessed on: May., 8, 2019.
[7].

A. M. Arakaki & R. B. Minuzzi, “Datas de semeadura para o cultivo em sucessão soja-milho safrinha
baseadas na produtividade para as regiões de Maringá-PR e Chapecó-SC”, Revista Brasileira de
Agropecuária Sustentável, v.6, n.4, 2016.

[8].

L. Taiz, & E. Zeiger, Fisiologia vegetal. 5ªed. Porto Alegre: Editora Artmed, 2013.

[9].

F. V. Caron, J. Graças, & P. R. Castro, “Condicionadores do Solo: Ácidos Húmicos e Fúlvicos”. Série
Produtor

Rural

-

nº

58

Piracicaba

2015.

[Online].

Avaliable:

file:///C:/Users/gabri/Downloads/SPR58%20(1).pdf. Accessed on: May., 8, 2019.
[10]. F. Weber, “Uso de Bioestimulantes no Tratamento de Sementes de Soja”. Pelotas, 2011. 28f.
Dissertação (Mestrado em Ciências). Faculdade de Agronomia Eliseu Maciel, Universidade Federal de
Pelotas, 2011.
[11]. B. Nicchio, C. A. Boer, T. P. Siqueira, & A. Carolina, “Ácido Húmico e Bioativador no Tratamento de
Sementes de Milho”. Journal of Agronomic Sciences, Umuarama, v.2, n.2, p.61-73, 2013.
[12]. N. D. O. Aguiar, L. P. Canellas, L. B. Dobbs, D. B. Zandonadi, F. L. Olivares, & A. R. Façanha,
“Distribuição de Massa Molecular de ácidos Húmicos e Promoção do Crescimento Radicular”.
Revista Brasileira de Ciência do Solo, Viçosa, v.33, n.6, p.1613- 1623, 2009.
[13]. A. C. S. Oliveira, G. N. Martins, R. F. Silva, & H. D. Vieira, “Testes de Vigor em Sementes Baseados
no Desempenho de Plântulas”. InterSciencePlace, v.1, n. 4, 2009. [Online]. Avaliable:
http://wwww.interscienceplace.org/isp/index. php/isp/article/view/35.pdf. Accessed on: May., 2, 2019.
[14]. M. M. P. Benincasa, “Análise de Crescimento de Plantas (noções básicas)”. Jaboticabal: Funep. 42p,
2003.
[15]. Z. H. Shah, H. M. Rehman, T. Akhtar, H. Alsamadany, B. T. Hamooh, T. Mujtaba, ... & Yang, S. H.,
“Humic substances: determining potential molecular regulatory processes in plants”, Frontiers in plant
science, v.9, p.263, 2018.
[16]. W. L. R. Peres, “Testes de Vigor em Sementes de Milho”. Dissertação (Mestrado) p.50 Universidade
Estadual Paulista - Faculdade de Ciências Agrárias e Veterinárias, São Paulo, 2010. [Online].
Avaliable: http://hdl.handle.net/11449/96805. Accessed on: May., 6, 2019.
[17]. C. Kappes, J. A. da Costa Andrade, K. I. Haga, J. P. Ferreira, & M. V. Arf, “Germinação, Vigor de
Sementes e Crescimento de Plântulas de Milho Sob Condições de Déficit Hídrico. Curitiba: Scienthia
agraria, v. 1, n.2, 2010.
[18]. R. N. Teixeira, M. Z. Toledo, G. Ferreira, C. Cavariani, & S. P. Jasper, “Germinação e Vigor de
Sementes de Crambe Sob Estresse Hídrico”. Botucatu: Irriga.v. 16, n° 1, p. 42-51, 2011.
[19]. M. R. Ávila, A. D. L. Braccini, C. A. Scapim, J. R. Fagliari, & J. L. D. Santos, “Influência do Estresse
Hídrico Simulado com Manitol na Germinação de Sementes e Crescimento de Plântulas de Canola”,
Revista Brasileira de Sementes, vol. 29, n°1, p.98-106, 2007.
[20]. E. L. Santos, L. F. Maroneze, D. H. Tonsic, N. M. Armacolo, M. D. F. Guimarães, H. Debiasi, ... & A.
Balbino Jr, “Distribuição de raízes, resistência tênsil e friabilidade de agregados em solo com

64

American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2020) Volume 70, No 1, pp 55-65

diferentes sistemas de manejo” Colloquium Agrariae, v.16, n.1, 2020.
[21]. M. W. Silva, E. O. Ono, & L. L. Foloni, “Efeitos de Diferentes Bioestimulantes Via Tratamento de
Sementes no Desenvolvimento Inicial de Plantas de Algodão (Gossypium hirstum L.)”, Botucatu:
Universidade Estadual Paulista, 2009.
[22]. D. F. Kolling, L. Sangoi, C. A. D. Souza, D. E. Schenatto, W. Giordani & C. M. Boniatti, “Tratamento
de sementes com bioestimulante ao milho submetido a diferentes variabilidades na distribuição
espacial das plantas” Ciência Rural, 46(2), 248-253, 2016.
[23]. G. A. Morais, & N. L. Menezes, “Desempenho de Sementes de Soja Sob Condições Diferentes de
Potencial Osmótico” Santa Maria: Ciência Rural, v. 33, N.2, p.219-226. 2003.
[24]. L. Tatto, S. M. Kulczynski, C. Bellé, D. Morin, F. M. Rubin & M. P. Uliana “Desempenho de
sementes

de

soja

tratadas

com

bioestimulante

sob

diferentes

condições

de

potencial

osmótico”, Revista Eletrônica Científica Da UERGS, 4(3), 397-408, 2018.
[25]. L. M. Mortele, P. D. C. Lopes, A. D. L. Braccini, & C. A. Scapim, “Germinação de Sementes e
Crescimento de Plântulas de Cultivares de Milho-Pipoca Submetidas ao Estresse Hídrico e Salino”,
Revista Brasileira de Sementes, vol. 28, n°3, p. 169-176. 2006.
[26]. R. T. C. Nunes, A. C. A. Neto, U. O. Souza & O. M. Morais, “Desempenho germinativo de sementes
de

girassol

submetidas

ao

estresse

salino”, Cultura

Agronômica:

Revista

de

Ciências

Agronômicas, 25(1), 79-92, 2016.
[27]. J. Bewley, & M Black, Seeds: Physiology of Development And Germination. 3. Ed. New York; Plenm
Press, 445p., 1994.
[28]. L. Rosseto, L. V. Constantino, G. P. Gomes, A. W. S. Sanzovo, L. S. A. Takahashi & L. S. A
Gonçalves, “Qualidade fisiológica de sementes de tomate cereja selecionados de banco de
germoplasma” Revista Terra & Cultura: Cadernos de Ensino e Pesquisa, 34(67), 160-172, 2019.

65

