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Biostimulant doses x stress conditions on the
physiological quality of sunflower seeds

ABSTRACT

Considering the importance of sunflower crop and its versatility in the world market, this study aimed
to evaluate the physiological quality of sunflower seeds subjected to different doses of biostimulant
(0.009% kinetin, 0.005% indolebutyric acid and 0.005% gibberellic acid) under stress conditions. The
experiment was carried out at the Federal University of Vicosa, using the cultivar Hélio 250. The
studied factors consisted of biostimulant doses (0, 2, 3, and 5 mL kg'l), water retention capacities (40,
60 and 90%), and osmotic potentials (0.0, -0.2 and -0.4 MPa). Seeds were pre-soaked with solutions
of 0.009% kinetin, 0.005% indolebutyric acid and 0.005% gibberellic acid for 4 hours and then tested
for germination and vigor. The study was divided into three trials: 1. Biostimulant x field capacity; 2.
Biostimulant x osmotic potential; both in a completely randomized design (CRD), with factorial
scheme 5x3; and 3. Biostimulant x Temperature, in CRD, with 5x2 factorial arrangement and four
replications. After collection, data were tested by analysis of variance and regression in the statistical
program SISVAR. Under water and osmotic stress conditions, the biostimulant action was maximized
in the applied tests, demonstrating superior performance in doses of 3 and 4 mL. There was an
increase for both the dry mass of the root at all doses of the biostimulant and for the dry mass of the
area part in potentials -0.2 and - 04 in the use of PEG6000.
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1. INTRODUCTION

Sunflower (Helianthus annuus L.) is one of the four largest vegetable oil producing crops in the world.
Its world production in 2014 was 41.34 million tons, with Brazil contributing 158.56 thousand tons of
this production [1]. The commercialization of sunflower has a growing demand of 13% per year, which
involves the market of oil, animal feed and biofuel production [2].

Although there is a great demand for sunflower cultivation, like many other economically important
plants, its production is limited by biotic and abiotic stresses that cause production decrease in
traditional cropping regions [3].

One of the alternatives to minimize the negative response of plants to stress and to increase
productivity is the use of biostimulants, which favor nutrient absorption and efficiency, abiotic stress
tolerance and crop quality [4].

The application of growth regulators in the early stages of plant growth contributes to root
development, rapid recovery after exposure to water stress, increases resistance to pests and
diseases, and helps plant establishment, enhancing absorption and yield of crops [5]. Other authors
have also reported the beneficial effect of biostimulants in cultivated plants such as pea, tomato and
corn [6], almond [7] and beans [8].

Given benefits of the application of biostimulant and the response under stress conditions, there is
little research on the action of plant hormones on the germination and vigor of sunflower seeds, thus
evidencing the need for studies to confirm its action. Thus, the goal of this study was to evaluate the
physiological quality of sunflower seeds subjected to different doses of biostimulant and stress
conditions.




2. MATERIAL AND METHODS

The experiment was carried out between April and June 2017, at the Laboratory of Seed Analysis of
the Department of Plant Science at the Federal University of Vigosa, State of Minas Gerais (20°45'14”
latitude, 42°52'53" longitude and 690 m altitude). The cultivar of sunflower used was Helio 250 from
the company Heliagro Agricultura e Pecudria Ltda., harvested in 2015.

Seeds were initially analyzed for the moisture content according to [9], where a moisture content of
9% was verified. Subsequently, seeds were pre-soaked for 4 hours in solutions with biostimulant
(0.009% kinetin, 0.005% indolebutyric acid and 0.005% gibberellic acid) except for the control, which
was pre-soaked only in water. They were then allowed to dry at room temperature for 12 hours.

The study was divided into three trials. The initial trial [Biostimulant (Biost) x Field Capacity (CC)] was
developed in a completely randomized design (CRD), with four replications, in a 5x3 factorial
arrangement. The first factor corresponded to five doses of biostimulant: 0; 2; 3; 4 and 5 mL Kg'l. The
second factor evaluated three water retention capacities: 40%, 60% and 90%. The field capacity was
obtained using a methodology used by [10].

The tests conducted were: Emergence test (E) - conducted in the seed analysis laboratory, using 50
seeds, for each replication. These were sown at a depth of 2 cm in plastic trays containing washed
and sterilized sand. Sand was moistened with an amount of water corresponding to 40, 60 and 90%
of the water retention capacity of the substrate. Count of emerged seedlings was performed on the
14" day after sowing. The results were expressed as a percentage [11]. Emergence Speed Index
(ESI) - determined in conjunction with the emergence test. Seedlings were counted every day until
stabilization of the number of seedlings. The emergence speed index of the seedlings was calculated
according to [12]. Dry matter of emerged seedlings (DMES) - normal seedlings obtained from the
emergence test were evaluated. The replications of each treatment were placed in identified paper
bags and taken to the forced air oven, maintained at a temperature of 60 + 5°C until reaching
constant mass. After this period, each repetition had the mass determined on a scale accurate to
0.001g, and the mean results expressed in milligrams per seedling [13].

Trial 2 [Biostimulant (Biost) x Polyethyleneglycol (PEG 6000)] was carried out in a completely
randomized design, with four replications, in a 5x3 factorial arrangement. The first factor
corresponded to five doses of biostimulant: 0; 2; 3; 4 and 5 mL Kg™. The second factor evaluated
three osmotic potentials: 0.0; -0.2 and -0.4 MPa.

The tests carried out were: Determination of the degree of moisture - by the greenhouse method
(105°C = 3°C), for 24 hours with results expressed as a percentage, according to the Rules for Seed
Analysis [10]. Germination test (G) - four replications of 50 seeds were sown on germitest paper rolls
moistened with solutions of polyethylene glycol 6000, equivalent to 2.5 times the mass of the non-
hydrated paper and kept in biochemical oxygen demand (BOD) under temperature of 25°C. Normal
seedlings were counted on the tenth day after the test, and the results were expressed as percentage
of normal seedlings, according to [10]. First germination count test (FGC) - performed in conjunction
with the germination test, considering the percentage of normal seedlings present on the 4" day after
the test setup [13]. Seedling length (SL) -the average length of normal seedlings obtained by sowing
four replicates of 10 seeds on germitest paper rolls moistened with polyethylene glycol (PEG 6000)
solutions equivalent to 2.5 times the mass of the non-hydrated paper and maintained in biochemical
oxygen demand (BOD) at 25°C for 7 days. Length of root (LR) and shoot (LS) of normal seedlings
was measured using a millimeter ruler, with results in mm.seedling™ [13]. Dry matter of shoot (SDM)
and root (SDR): after separation, shoot and root were oven-dried at 60 + 5°C to constant mass; and
then weighed. The results were given in mg. seedling™ [13].

Trial 3 was performed in a completely randomized design, with four replications, in a 5x2 factorial
arrangement. The first factor corresponded to five doses of biostimulant: 0; 2; 3; 4 and 5 mL Kg'l. The
second factor evaluated two temperatures: 10 and 25 ° C. The tests were: Cold test (F), in which the
seeds were sown on moistened germtest paper rolls and kept at 10°C for seven days. After this
period, the rolls were transferred to a temperature of 20-30 ° C and the evaluations were carried out
at 4 and 10 days [14]. Germination test (G) - four replications of 50 seeds were sown on moistened
germitest paper rolls with solutions of polyethylene glycol 6000, equivalent to 2.5 times the mass of
the non-hydrated paper and kept in biochemical oxygen demand (BOD) under temperature of 25°C.
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Normal seedlings were counted on the tenth day after installing the test, and the results were
expressed as percentage of normal seedlings, according to [10].

With the obtained data, the interactions Biostimulant x PEG 6000, Biostimulant x Field Capacity and
Biostimulant x Temperature were analyzed and when significant (p <0.05), the necessary breakdown
was performed. The means were compared by the regression test (p <0.05), with the aid of the
software System for Analysis of Variance - SISVAR.

3. RESULTS AND DISCUSSION
1° trial - Interaction Biostimulant x Field capacity

There was no significant effect for seedling emergence (E) (Table 1). For the emergence speed index,
it was observed that in field capacity 60 and 90% there was an increase in the index up to the dose 4
mL, beginning to decrease afterwards (Figure 1, Table 2). The increased availability of water
associated with the biostimulant may have promoted a stimulus, with the action of gibberellin, in the
synthesis of enzymes that degrade nutrient reserves stored in the endosperm, forming simple sugars,
amino acids and nucleic acids, which provide food and energy for seedling growth [15]. This process
favors cell elongation, which results in the coat rupture and root emergence, accelerating germination
with greater uniformity [16]. This rapidity stimulated by the regulators in the emergence is important,
because the longer the germination of the seed, the more prone it will be to injuries due to pests or
diseases present in the soil, compromising the integrity of the embryo [17].

Table 1. Summary of analysis of variance for emergence percentage (E), emergence speed index
(ESI) and dry matter of emerged seedlings (DMES), subjected to seed treatment with different doses
of biostimulant and field capacities.

QM
SV DF E ESI DMES

(%) (%) (mg.seedling™)
Biost 4 9.73™ 1.29”7 3.19°
cc 2 2.60™ 2.737 26.07"
Biost*CC 8 8.93™ 1.43" 0.86™
Error 45 5.73 0.15 0.54
C.V. (%) 2.45 3.61 5.11
Mean 97.80 10.89 14.4

"Non-significant, and "Significant at 5% probability by F-test. Biostimulant (Biost), field capacity (CC),
coefficient of variation (CV), mean square (MS), interaction between biostimulant and field capacity
(Biost*CC).
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Figure 1. Response of the emergence speed index of seedlings subjected to biostimulant doses and
different field capacities.
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Table 2. Mean values of the biostimulation x field capacity interaction breakdown for emergence
speed index (ESI)

Field capacity

Biostimulant ESI
90% 60% 40%
0 10.02B 11.05A 10.26 B
2 10.70 B 11.52 A 10.40B
3 11.64 A 1154 A 10.50 B
4 12.02 A 10.83B 10.57B
5 1155 A 10.09B 10.64 B

Mean values followed by different letters, by Tukey'’s test at 5% probability.

For dry matter of emerged seedlings (DMES) (Figures 2 and 3), there was a significant effect of the
isolated factors. The higher water availability implied in the maximum absorption of water and
consequently higher weight of the dry mass. Similar results were reported by [9], with the EMBRAPA
122/V-2000 sunflower, in which they concluded that under conditions of water availability of 80 to
100% water retention capacity, the cultivars showed better performance than when subjected to 60%
field capacity
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Figure 2. Response of the shoot dry matter of emerged seedlings subjected to different field
capacities.
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Figure 3. Response of the shoot dry matter of emerged seedlings subjected to different doses of
biostimulant.

For the doses of biostimulant, the DMES (Figure 3) presented increasing behavior up to the dose of 4
mL. Thereafter, a decline of 5 mL was found, representing a 9% drop in DMES in relation to the
maximum concentration applied. Thus, up to the 4 mL dose, the biostimulant promoted better
seedling performance. [18] also noticed that the treatment of soybean seeds with biostimulants
favored the shoot dry matter of the plant.

2° Trial- Interaction Biostimulant x Polyethylene glycol 6000
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There was a significant effect of the Biostimulant (Biost) x Polyethylene glycol 6000 (PEG 6000)
interaction, for germination (G), first germination count (FGC), shoot length (LS), root length (LR) and
dry matter of root (SDR) and dry matter of emerged seedlings (DMES (Table 3).

Table 3. Summary of analysis of variance for the germination percentage (G), first germination count
(FGC), seedling shoot length (LS), primary root length (LR), dry matter of emerged seedlings (DMES),
root dry matter (SDR), subjected to the treatment of seeds with different doses of biostimulant and
osmotic potential.

QM

sV DF ~ G FGC LS R DMES SDR
(%) (%) (mm.seedl™ (mm.seedl™ (mg.seedl™) (mg.seedl™)

Biost 4 10684 33L4 _ 1167 _ 3015.2 13™ 15"

PEG 6000 2 6247.6° 32415.2" 18592.9 5055.1 246.6 77.1

g(')%sg PEG g 3187 3374" 1011 1473.2" 2.9™ 2.4"

Error 45 46.0 35.0 34.7 132.6 1.2 0.8

C.V. (%) 9.7 14.9 12.9 12.4 12.7 16.0

Mean 69.7 39.7 49.6 92.6 8.6 5.6

"Non significant, Significant at 5% and =~ Significant at 1% probability by F-test. Seedling (seedl),
Biostimulant (Biost), polyethylene glycol (PEG 6000), Interaction between Biostimulant and
polyethylene glycol (Biost x PEG 6000).

For germination and first count (Figures 4 and 5, Table 4), there was an upward trend up to a
maximum of 4 and 3 mL, respectively, decreasing after these doses, thus, at potentials -0.2 and -0.4,
the dose of 5 mL showed less efficiency for the response of these variables. The stress condition
provided by these two potentials may have contributed to the 5 mL dose starting to cause seed
toxicity, impairing vigor and germination, since the hormones can promote or inhibit changes in the
plant, for this to occur, there must be sufficient quantity in the appropriate cells for desired
physiological effect [19]. It was also observed that in conditions without application of PEG 6000,
there was greater uniformity of G and FGC at all doses studied
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Figure 4. Response of germination of seedlings subjected to biostimulant doses and different osmotic
potentials.
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Figure 5. Response of the first count of seedlings subjected to doses of biostimulant and different
osmotic potentials.

Table 4. Mean values of the biostimulation x polyethylene glycol interaction breakdown for

germination (G), first germination count (FGC), root dry matter (RDM ) root length (RL) and length of
the air part (LAP).
PEG 6000
Biost G FGC RDM
0 -0.2 -0.4 0 -0.2 -0.4 0 -0.2 -0.4
0 80 A 80 B 45B 74 A 31B ocC 7A 5.72B 242C
2 82 A 84 A 53B 80 A 48 B ocC 7A 6.47 A 2.42B
3 82 A 85A 65B 81 A 60 B oC 6 A 6.67 A 3.57B
4 83 A 78 A 63 B 85 A 31B oC 6 A 6.90 A 4.05B
5 75 A 62 B 20C 82 A 23B 0oC 6A 7.63A 4.45C
Biost CR LS
0 -0.2 -0.4 0 -0.2 -0.4
0 73.25B 35.42C 93.00 A 79.00 A 35.86 B 10.25C
2 81.07B 78.47 B 103.2 A 79.15A 43.32B 13.42C
3 83.40B 102.15 AB 110.62 A 79.37 A 50.30 B 16.97 C
4 83.05B 118.47 A 111.0A 76.7 A 51.30B 17.65C
5 66.32 B 122.00 A 127.92 A 66.6 A 47.00 B 17.50C

Mean values followed by different letters, by Tukey’s test at 5% probability.

In the osmotic potential -0.4 of the first germination count (Figure 5), a mean of 0 was observed at all
doses, due to the lower availability of water for the seed. The interference on vigor may be the
response to high viscosity caused by the mixture of polyethylene glycol, whose general formula is
HOCH,(OCH,CH,),OH, and water that moistens the substrate, limiting the availability of oxygen to the
seeds [20]. This action has a negative effect on sunflower germination processes that depend on the
presence of water and oxygen for the proper functioning of plant metabolism [21].

For shoot length (LS) (Figure 6), a rising curve was observed in all osmotic potentials up to the 4 mL
dose when there was a reduction in biostimulant efficiency in most of the potentials studied. This may
possibly be justified by phytotoxicity of the embryo, which at doses of 5 mL maximizes negative
effects of abiotic stress, by decreasing the efficiency of the plant hormones used [17]. Thus, the
beneficial action of the biostimulant in the stress situation caused by PEG 6000 is noted. [22],
concluded that applications of hormones directly on seeds promoted the emergence of vigorous
seedlings with longer length.
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Figure 6. Shoot length of seedlings subjected to doses of biostimulant and different osmotic
potentials.

As for the root length (LR) (Figure 7), the maximal effect of the hormones kinetin, gibberellin and
indolebutyric acid occurred under stress conditions promoted by PEG 6000, which contained low
water availability. This result was due to water stress, which often negatively interferes with stem
growth and leaf expansion but increases root elongation [15]. This, associated with the action of the
doses of biostimulant, favored the development of the root system, resulting in a larger length in this
variable. Other authors have obtained similar results, where the application of plant stimulants favors
root growth, exhibiting rapid recovery after exposure to water stress [23], [24] and [21].
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Figure 7. Root length of seedlings subjected to doses of biostimulant and different osmotic potentials.

For the root dry matter (RDM) (Figure 8), there was an increase in the production at all doses of the
biostimulant when subjected to stress with PEG, which did not occur in the osmotic potential 0. This
confirms the previously presented results for LR, and may have been due to the presence of plant
hormones contained in the biostimulant that provides the capacity to stimulate root growth, increasing
the assimilation of water and nutrients, thus favoring the balance of seedling metabolism [15]. [20]
observed that biostimulant doses promoted higher root growth in corn plants subjected to different
osmotic potentials, and this result is pertinent, since plants with a well-developed root system show
better performance when exposed to osmotic stress.
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Figure 8. Root dry matter of seedlings subjected to doses of biostimulant and different osmotic
potentials.

With respect to shoot dry matter (SDM) (Figure 9), there was only effect for the PEG 6000 factor, with
progressive increase in potentials -0.2 and -0.4, the latter being the maximum response point of this
characteristic. This result is the inverse of the LS and can be explained because the cells have
signaling molecules, which under stress conditions are activated by distension, causing in some
situations changes in the seedling volume as a stress defense mechanism to which it was subjected
[15].
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Figure 9. Shoot dry matter of seedlings subjected to doses of biostimulant and different osmotic
potentials.

3° Trial —Biostimulant x Temperature Interaction

The number of normal seedlings (SN) (Table 5) was significantly influenced by temperature. It is
observed a higher presence of normal seedlings at lower temperature (Figure 10). This response can
be explained by the maximization of the genotype expression under adverse situation associated with
the biostimulant, promoting good results in the number of SN. Thus, there may have been a positive
stimulus of the hormones used in the seeds exposed to the low temperature, thus increasing the
stress tolerance and consequently improving the potential of the crop [25].

Table 5. Summary of analysis of variance for normal seedlings subjected to seed treatment with
different doses of biostimulant and temperatures.

QM
SV DF SN
Biost. 4 77.77™
Temp. 1 855.62"
Biost*Temp. 4 71.87™

Error 30 59.36
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Figure 10. Normal seedlings subjected to biostimulant doses and temperatures.

Despite the absence of normal seedlings at the first count, no fungal infection was observed in the
seeds, which probably contributed to the high percentage of normal seedlings in the second count.
After changing the temperature, the plants germinated obtaining good results. In a study by [8] with
application of biostimulant on corn and beans, the authors concluded that under stress conditions,
biostimulants can maximize their effects, since they are constituted by hormones that can be
beneficial in plant defense and in the growth and development of plants.

4. CONCLUSION

The use of biostimulant at 3 and 4 mL increases most early growth traits of the seedlings under the
experimental conditions of the present study, both when exposed to different water retention
capacities and at different osmotic potentials.

The biostimulant maximizes the germination potential of sunflower seeds subjected to low
temperatures.

The stress submitted by PEG 6000 promotes an increase in root dry matter in all doses of the
biostimulant. For the aerial part dry matter there was a progressive increase of the potentials -0.2 and
-0.4 in PEG 6000 use.

REFERENCES

[1] FAO. Food and Agricultural Organization. FAOSTAT — Statistics database 2014. Disponivel em:
<http://www.fao.org/faostat/en/#home>. Acesso em: 25/06/2017.
[2] ARAUJO, J. L.; OLIVEIRA, E. S.; TEIXEIRA, F. N. In vitro alternative control of sclerotium rolfsii in

sunflower (Helianthus annuus L.) by the use of plant extracts and Trichoderma spp. Essentia
Magazine, v.15, n.2, p.25-35, 2014.

[3] MOREIRA, M.A. B.; LIRA, M.A,; ALVES, M. C. S.; TALAMINI, V. Occurrences of fungal diseases
in the sunflower crop in Rio Grande do Norte. Technical Communiqué 95, 2017. Available in:
<http://www.cpatc.embrapa.br/publicacoes 2009/cot 95.pdf>. Acesso em: 20/06/2017.




304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

[4] EBIC. European Biostimulants Industry Council. About biostimulants and the benefits of using
them. Available in: <http://www.biostimulants.eu/about/what-are-biostimulants-benefits/>. Acesso em:
20/06/2017.

[5] DANTAS, A. C. V. L.; QUEIROZ, J. M. O.; VIEIRA, E. L.; ALMEIDA, V. O. Effect of gibberellic acid
and the biostimulant Stimulate® on the initial growth of thamarind. Revista Brasileira de
Fruticultura, v.34, n.1, p.008-014, 2012.

[6] COLLA, G.; ROUPHAEL, Y.; CANAGUIER, R.; SVECOVA, E.; CARDARELLI, M. Biostirnulant
action of a plant-derived protein hydrolysate produced through enzymatic hydrolysis. Frontiers in
Plant Science, v. 5, n.448, 2014.

[7] SAA, S.; OLIVOS-DEL RIO, A.; CASTRO, S.; BROWN, P. H. Foliar application of microbial and
plant based biostimulants increases growth and potassium uptake in almond (Prunus dulcis Mill. D. A.
Webb). Frontiers in Plant Science, v. 6, article 87, 2015.

[8] DOURADO NETO, D.; DARIO, G. J. A.; BARBIERI, A. P. P.; MARTIN, T. N. Biostimulant action on
agronomic efficiency of corn and common beans. Bioscience Journal, v.30, n.1, p.371-379, 2014.

[9] DUTRA, C. D.; PRADO, E.A. F.; PAIM, L. R.; SCALON, S. P. Q. Development of sunflower plants
under different conditions of water supply. Semina: Agrarian Sciences, v.33, n.1, p.2657-2668, 2012.

Development of sunflower plants under different conditions of water supply

[10] BRAZIL. Ministry of Agriculture, Livestock and Supply. Rules for seed analysis. Brasilia, MAPA /
ACS, 2009. 395p.

[11] ROCHA, C.R. M.; SILVA, V. N.; CICERO, S. M. Sunflower seed vigor evaluation by seedling
image analyze. Rural Science, v. 45. n.6, p.970-976, 2015.

[12] MAGUIRE, J. D. Speed of germination-aid in relation evaluation for seedling emergence vigor.
Crop Science, v.2, n.2, p.176-177, 1962.

[13] NAKAGAWA, J. Vigor tests based on seedling evaluation. In: KRZYZANOWSKI, F.C.; VIEIRA, R.
D.; FRANCE-NETO, J.B. (Ed.). Seed vigor: concepts and tests. Londrina: ABRATES, 1999, p.2.1-
2.21.

[14] BRAZ, M.R. S.; ROSSETO, C.A. V. Correlation between sunflower seeds quality evaluation tests
and seedling emergence in field. Ciéncia Rural, v.39, n.7, p.2004-2009, 2009.

[15] TAIZ, L.; ZEIGER, E. Fisiologia Vegetal. 5. ed. Porto Alegre, Artmed, 2013. 918p.

[16] STENZEL, N. M. C.; MURATA, I. M.; NEVES, C. S. V. J. Overcoming atemoya and custard apple
seed dormancy. Revista Brasileira de Fruticultura, v.25, n.2, p.305-308, 2003.

[17] COUTO, C.A.; PEIXOTO, C. P.; VIEIRA, E. L.; CARVALHO, E. V.; PEIXOTO, V. A. B. Action of
cinetina, butyric acid and gibberellic acid on the emergency of sunflower under aluminum stress.
Comunicata Scientiae, v.3, n.3, p.206-209, 2012.

[18] SANTINI, J. M. K.; PERIN, A.; SANTOS, C. G.; FERREIRA, A. C.; SALIB, G. C. Technical-
economical viability of the use of biostimulants in soybean seeds. Agricultural Science and
Technology, v.9, n.1 p.57-62, 2015.

[19] SALISBURY, F. B.; ROSS, C. W. Fisiologia vegetal. 4. Ed. S0 Paulo, Cengage Learning, 2013.
792p.



343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358

[20] OLIVEIRA, A. B.; GOMES-FILHO, E.; ENEAS-FILHO, J. Priming and factors affecting this
technique: aging of seeds and abiotic stress. Encyclopedia Biosphere, v.6, n.11, 2010.

[21] SANTOS, C.A. C.; PEIXOTO, C. P.; VIEIRA, E. L.; SILVA, M.R.; BULHOES, I. J.; SANTOS, J.
M. S.; CARVALHO, E.V. Sunflower productivity under the action of plant biostimulant in different
sowing conditions in the no-tillage system. Revista de Ciéncias Agroambientais, v.14, n.2, 2016.

[22] MARQUES, M.E. R.; SIMONETTI, A. P. M. M.; ROSA, H. A. Aspect's productive use of
biostimulants culture soy. Acta Iguazu, v.3, n.4, p.155-163, 2014.

[23] SILVA, M. J. R.; BOLFARINI, A.C. B.; RODRIGUES, L. F. O. S.; ONO, E. O.; RODRIGUES, J.
D. Seedling formation of watermelon in function of different concentrations and forms of application of
mixture of plant regulators. Scientia Plena, v.10, n.10, 2014.

[24] SANTOS, C.A. C.; PEIXOTO, C. P.; VIEIRA, E. L.; CARVALHO, E. V.; PEIXOTO, V. A. B.
Stimulate® in seed germination, seedling vigor and emergence of sunflower. Bioscience Journal,
v.29, n.2, p.605-616, 2013.

[25] VAN OOSTEN, M. J.; PEPE, O.; DE PASCALE, S.; SILLETTI, S.; MAGGIO, A. The role of
biostimulants and bioeffectors as alleviators of abiotic stress in crop plants. Chemical and Biological
Technologies in Agriculture, v. 4, n. 5, 2017.



