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ABSTRACT: Pumpkin (Curcubita moschata Duchesne) production in quantity and quality is often restricted 
due to adverse environmental conditions. Thus, the objective was to evaluate the action of phytohormones 
as stress attenuators on the germination and initial growth of pumpkin seedlings, cv. Sergipana, under 
different types of water. The design adopted was completely randomized, in a 3 × 4 factorial scheme, with 
four repetitions. In addition to the control, the seeds were treated with the gibberellic and salicylic acids 
and irrigated with the supply water, fish farming wastewater, artesian well water and solution of the mixture 
of fish farming wastewater + artesian well water, in a 1:1 ratio. The variables evaluated were germination, 
first germination count, germination speed index, length of shoots and roots, dry mass of shoots and roots, 
soluble sugars, amino acids and proline. Treatment of pumpkin seeds, cv. Sergipana, with gibberellic and 
salicylic acids improved germination kinetics and attenuated the effects of water salinity during the initial 
growth of pumpkin seedlings.

Key words: Cucurbitaceae, Cucurbita spp., gibberellic acid, salicylic acid

Fitohormônios na germinação e crescimento inicial
de plântulas de abóbora em diferentes tipos de água

RESUMO: A produção de abóbora (Curcubita moschata Duchesne) em quantidade e qualidade é muitas 
vezes restrita em decorrência das condições ambientais adversas. Sendo assim, objetivou-se avaliar a ação de 
fitohormônios como atenuantes de estresse na germinação e crescimento inicial de plântulas de abóbora, cv. 
Sergipana, em diferentes tipos de água. O delineamento adotado foi o inteiramente casualizado, em esquema 
fatorial 3 × 4, em quatro repetições. Além do controle, as sementes foram tratadas com os ácidos giberélico 
e salicílico e irrigadas com as águas de abastecimento, efluente de piscicultura, poço artesiano e solução da 
mistura de efluente de piscicultura + a de poço artesiano, na proporção de 1:1. As variáveis avaliadas foram 
germinação, primeira contagem de germinação, índice de velocidade de germinação, comprimento das partes 
aérea e raiz, massa seca das partes aérea e raiz, açúcares solúveis, aminoácidos e prolina. O tratamento de 
sementes de abóbora, cv. Sergipana, com os ácidos giberélico e salicílico melhorou a cinética de germinação 
e atenuaram os efeitos da salinidade da água durante o crescimento inicial de plântulas de abóbora.
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Introduction

Pumpkin (Curcubita moschata Duchesne) is native of the 
Americas and has worldwide socioeconomic importance, 
mainly due to its nutritional composition rich, in essential 
antioxidants and precursors of vitamin A (Resende et al., 
2013).

Much of the production of C. moschata occurs in the 
semi-arid region of northeastern Brazil in rainfed system 
(Devi et al., 2018). Usually, this region is affected by low water 
availability, which can cause metabolic disorders in plants (Ó 
et al., 2020). Thus, the use of wastewater or saline water, from 
artesian wells, arises as an alternative for agricultural crops. 
Thus, fish farming wastewater responds well to this trend 
because they are rich in organic materials and ions important 
to plant nutrition (Castro et al., 2006). However, the high 
levels of salts present in these waters can lead to phytotoxicity 
problems, especially in the early stages of plant development 
(Silva et al., 2014b). For pumpkins, these stages are highly 
hampered when saline water is used for irrigation (Oliveira 
et al., 2014).

To minimize the negative effects of abiotic stresses during 
germination and initial growth of seedlings, seeds have been 
treated with phytohormones. Among the most used are those 
with gibberellic acid (Kandil et al., 2014) and salicylic acid 
(Silva et al., 2019).

Thus, the objective was to evaluate the effect of 
phytohormones as attenuators of abiotic stresses during 
germination and initial growth of C. moschata seedlings 
under different types of water.

Material and Methods

Fish farming wastewater from tilapia (Oreochomis spp.) 
production tanks, artesian well water and supply water were 
obtained on the campus of the Universidade Federal Rural 
do Semi-Árido (UFERSA), Mossoró, RN, Brazil, and their 
chemical characteristics are presented in Table 1.

The study was conducted in a completely randomized 
design, in a 3 x 4 factorial scheme, with four repetitions of 50 
seeds of C. moschata, cv. Sergipana. The factors corresponded 
to three seed treatments (control, gibberellic acid and salicylic 
acid) and four types of water (W1 = supply water; W2 = fish 
farming wastewater; W3 = artesian well water and W4 = mixture 
of fish farming wastewater + artesian well water, in 1:1 ratio).

The seeds were treated with gibberellic acid (GA) and 
salicylic acid (SA) at 50 mg L-1 (Silva et al., 2014b) and 30 
mg L-1 (Rafique et al., 2011), respectively. The commercial 
product ProGibb 400® was used as source of gibberellic acid. 

The seeds were put to soak between three sheets of paper towel 
(Germitest®), previously moistened with the acid solutions in 
the proportion of twice the weight of the dry paper and placed 
in plastic bags. These bags were later arranged in a germination 
chamber at 25 °C and kept for 24 h.

After soaking with phytohormones, the seeds were 
distributed in four repetitions of 50 seeds on Germitest® paper, 
initially moistened with the different types of water, in an 
amount equivalent to twice the weight of the dry paper.

The following evaluations were performed: a) germination 
and first count - after sowing, the paper rolls with the seeds 
were packed in plastic bags, vertically arranged in germination 
chamber (Mangelsdorf), at 25 °C with a 12 h photoperiod, 
determining the number of normal seedlings at four and eight 
days after sowing, and the values were expressed as a percentage 
(Brasil, 2009); b) germination speed index - daily counts of the 
number of normal seedlings were performed for eight days, 
and the index was calculated according to Maguire (1962); c) 
length of shoots and roots - at the end of the germination test, 
ten normal seedlings were randomly collected in each replicate 
and the length was determined using a ruler graduated in mm, 
with the results expressed in cm; d) dry mass of shoots and 
roots - after being measured, the seedlings were sectioned into 
shoots and roots, packed in kraft paper bags, dried in a forced 
air circulation oven at 65 °C for 72 h, and then weighed on an 
analytical precision scale (0.0001), with results expressed in mg.

Biochemical determinations were performed in five normal 
seedlings, forming a composite sample. Triplicates were then 
collected to determine the analyses. The quantity of 0.2 g of 
fresh mass of seedlings was weighed, placed in hermetically 
sealed tubes and mixed with 3 mL of 60% alcohol. The material 
was macerated, and the tubes were put in a water bath at 60 °C 
for 20 min. Then, they were then centrifuged at 10,000 rpm for 
8 min at 4 °C and the supernatant was collected to quantify 
the following components: a) soluble sugars - determined by 
the Anthrone method (Yemm & Willis, 1954), using glucose 
as the standard substance of the curve, with results expressed 
in mg of TSS g-1 fresh mass; b) amino acids - determined by 
the acid ninhydrin method (Yemm & Cocking, 1955), with 
glycine as the standard substance of the curve, and the results 
were expressed in μmol TAA g-1 of fresh mass; c) proline - 
determined by the method proposed by Bates et al. (1973) and 
the results were expressed in μmol proline g-1 of fresh mass.

The data obtained were subjected to analysis of variance by 
F test (p ≤ 0.05) and, in case of significance, subjected to the 
Scott-Knott test (p ≤ 0.05). The statistical program used was 
SISVAR® (Ferreira, 2011).

W1 - Supply water; W2 - Fish farming wastewater; W3 - Artesian well water; W4 - Mixture of fish farming wastewater + artesian well water, in 1:1 ratio (W2+W3); * - Sodium adsorption 
ratio; ** - Classification of water for irrigation (Richards, 1954)

Table 1. Concentration of cations and anions, acidity and electrical conductivity of waters used for the water supply of pumpkin 
seeds
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Results and Discussion

The phytohormones and different types of water applied to 
the seeds had significant interaction for all variables analyzed. 
Seeds treated with gibberellic and salicylic acids had higher 
germination percentages when irrigated with fish farming 
wastewater (W2), artesian well water (W3) and mixture of 
fish farming wastewater + artesian well water (W4). For 
the result obtained with artesian well water + fish farming 
wastewater (W4), it was found that gibberellin promoted 
higher germination, being 47% higher than that of the control 
treatment. However, using the supply water (W1) the highest 
germination percentage was observed in the control treatment 
(Figure 1A).

Generally, when seeds are subjected to abiotic stresses, lower 
germination rates are expected (Marcos-Filho, 2015). However, 
in the absence of good quality water for agricultural use, the 
use of gibberellic and salicylic acids in seed treatment, when 
seeds are subjected to fish farming wastewater and well water, 
are management alternatives. This agricultural practice makes 
it possible to obtain higher percentages of germination under 
saline condition, acting in the promotion of cell elongation 
and division. In addition, exogenous application increases the 
levels of these regulators; consequently, they act on the aleurone 
layer, promoting seed germination (Taiz et al., 2017). This fact 
was verified in Citrullus lanatus L., whose germination was 
induced with the use of gibberellic acid (Silva et al., 2014b), 
and salicylic acid under saline conditions (Rafique et al., 2011). 
This is also similar to the result found in corn seeds pretreated 
with gibberellic acid (Tsegay & Andargie, 2018).

The result of the first count test was superior for the control 
treatment when compared to those of the gibberellic and 
salicylic acids, with 98% of normal seedlings under supply 
water (W1) (Figure 1B). However, seeds without treatments 
had zero normal seedlings under well water + fish farming 
wastewater (W4). However, when treated with regulators, they 
promoted greater tolerance, as well as germination greater 
than 60%. It is also observed that treated seeds had superior 
performance than the control for treatments with fish farming 
wastewater (W2), artesian well water (W3) and mixture of 
fish farming wastewater + artesian well water (W4), with 
no difference between salicylic and gibberellic acids for the 
number of normal seedlings at four days. This is because plant 
regulators perform functions of cell elongation and division, 
even when the seedling is under osmotic stress, stimulating 
growth and rapid establishment (Taiz et al., 2017).

Seeds treated with plant regulators obtained a higher 
germination speed index compared to the control under all 
types of water. However, there was no statistical difference 
between the regulators within the treatment with more 
saline waters (W2, W3 and W4), indicating that the regulators 
attenuated salt stress and avoided the late establishment of 
seedlings (Figure 1C). When considering only the supply 
water, seeds treated with GA germinated 45% faster than those 
without treatment. When the speed index was evaluated under 
the use of well water, fish farming wastewater and mixture of 
these waters, it was observed that the salicylic and gibberellic 
acids were similar and led to a 40% higher level compared to 
the control.

Figure 1. Germination (A), first germination count (B) and 
germination speed index (C) of pumpkin seeds, cv. Sergipana, 
pretreated with phytohormones and subjected to different 
types of water

W1 - Supply water; W2 - Fish farming wastewater; W3 - Artesian well water; W4 - Mixture 
of fish farming wastewater + artesian well water, in 1:1 proportion (W2+W3); CT - Control; 
GA - Gibberellic acid; SA - Salicylic acid; 1Means followed by the same lowercase letter 
do not differ for the types of water within the phytohormones by the Scott Knott test (p 
≤ 0.05); 2Means followed by the same uppercase letter do not differ for phytohormones 
by Scott-Knott test (p ≤ 0.05)

The gibberellic and salicylic acids also increased germination 
speed index in seeds of Cucurbita pepo L. (Rafique et al., 2011) 
and Citrullus lanatus L. (Silva et al., 2014b). The same occurred 
for seeds of Zea mays L., whose treatment with gibberellic acid 
reduced germination time (Tsegay & Andargie, 2018). These 
phytohormones interact, promoting increased expression 
of genes involved in the synthesis and action of salicylic 
acid. Through the exogenous application of these regulators, 
their content in the seeds is increased, promoting more cell 
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differentiation and elongation (Taiz et al., 2017), which is 
expressed in more germination. In addition, the lower osmotic 
potential in the substrate reduces the water requirement by the 
seed to perform germination (Carvalho & Nakagawa, 2012).

Shoot length was influenced by the phytohormones under 
the supply water (W1) and fish farming wastewater (W2) (Figure 
2A). Gibberellic and salicylic acids are associated with growth 
metabolism and plant defense, and in this case, even under 
conditions of salt stress, these phytohormones influence cell 
elongation and shoot growth (Javaid & Tanveer, 2014). Results 
similar to that found in this study were obtained in Cucurbita 
moschata seedlings from the use of 30 mg L-1 salicylic acid 
(Rafique et al., 2011). However, Silva et al. (2015) found that 
fish farming wastewater favored the length of Citrullus lanatus 
seedlings. This was not observed in the present study for the 
cv. Sergipana, since the high electrical conductivity of these 
waters hampered the shoot length of the seedlings, due to the 
osmotic and toxic effects of the ions (Nóbrega et al., 2020).

Regarding root length, there were no significant effects 
of seed treatment with phytohormones under supply water 
(W1) and artesian well water (W3). However, under fish 
farming wastewater (W2), seeds treated with gibberellin and 
salicylic acid resulted in greater root length (13.5 and 12.8 cm, 
respectively). For the mixture of fish farming wastewater + 
artesian well water (W4), seeds treated with salicylic acid had 
superior root length (Figure 2B). This behavior is related to 
the function of these acids, which are involved in physiological 
and biochemical processes, thus reducing the toxic effects 
imposed on plants (Rafique et al., 2011), in this case, salt stress. 
In addition, in Citrullus lanatus, Silva et al. (2014b) found that 
the use of gibberellic acid at dose of up to100 μg g-1, under 
non-saline conditions, did not influence root development. 
However, in seedlings of Cucurbita maxima, cv. Moranga, root 
length was hampered, while the cv. Jacarezinho increased its 
root length as the concentrations of fish farming wastewater 
increased, even without the use of any plant regulator (Silva et 
al., 2014a). As can be seen, plant hormones are very sensitive 
to changes in concentration, showing differences in behavior 
according to the species, cultivar and/or condition to which 
plants are subjected.

For shoot dry mass of the seedlings (Figure 2C), 
phytohormones did not differ statistically within the treatments 
with supply water (W1), well water (W3) and fish farming 
wastewater + well water (W4). However, the application of 
gibberellic acid and the control led to values 19.1 mg higher 
than those obtained with the salicylic acid treatment under 
fish farming water (W2).

Under stress conditions, plants adjust their metabolism to 
overcome the toxic effects of salts. However, when gibberellic 
acid is applied, this effect is attenuated, allowing the plant to 
continue its development (Rafique et al., 2011). As gibberellins 
act in the breaking of reserves through enzymes in seeds, 
their exogenous application promotes greater cell elongation 
(Marcos-Filho, 2015). In the present study, there was a longer 
root length of the seedlings, but with lower root dry mass, 
because in stressful situations the seedlings grow less vigorous 
and concentrate their development in the root system, to 
overcome the effects of the saline environment, without 

Figure 2. Shoot length (A), root length (B), shoot dry mass (C) 
and root dry mass (D) of pumpkin seedlings, cv. Sergipana, 
grown from seeds pretreated with phytohormones and 
subjected to different types of water

W1 - Supply water; W2 - Fish farming wastewater; W3 - Artesian well water; W4 - Mixture 
of fish farming wastewater + artesian well water, in 1:1 proportion (W2+W3); CT - Control; 
GA - Gibberellic acid; SA - Salicylic acid; 1Means followed by the same lowercase letter 
do not differ for the types of water within the phytohormones by the Scott-Knott test (p 
≤ 0.05); 2Means followed by the same uppercase letter do not differ for phytohormones 
by the Scott-Knott test (p ≤ 0.05)
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accumulating metabolites in sufficient proportions for a better 
establishment.

A similar result was observed in Cucurbita maxima 
seedlings, when subjected to salinity of 3.5 dS m-¹, which 
caused a negative effect on this variable (Oliveira et al., 2014). 
On the other hand, the same did not occur in Citrullus lanatus 
seedlings, under non-saline conditions, where gibberellic acid 
positively influenced shoot dry mass (Silva et al., 2014). For 
artesian well water (W3), there was no difference between 
seed treatments regarding the increase of shoot dry mass. The 
chemical characteristics of the water, which normally contains 
high load of organic residues, possibly interfered with the 
nutrition of the seedlings (Oliveira & Santos, 2015).

Initially, it is very likely that the seedling will maintain 
its physiological system focused on root growth, because 
in stressful environments, especially with water restriction 
and excess of salts, it needs to be established quickly, so it 
prioritizes cell elongation. Thus, while this phase of rooting 
occurs, the metabolism for accumulation of shoot dry mass 
occurs simultaneously, but now at a slower pace. This result 
indicates that seedlings tend to show this behavior in the initial 
development, which may be different in seedlings, because the 
metabolism will be more focused on shoot formation, possibly 
affecting dry mass and length (Taiz et al., 2017).

Seedlings with highest root dry mass production were 
obtained under supply water (W1) with the control treatment of 
seeds (167.8 mg), since plant regulators limited the investment 
in root under non-saline conditions. Both in treatments with 
plant regulators and in the control, the supply water led to 
seedlings with higher root dry mass (Figure 2D).

Waters with higher salt contents caused greater losses of root 
dry mass and were not influenced by the action of regulators, 
with a reduction in the values of approximately 91 mg. Therefore, 
under stress conditions, these acids did not act in the same way 
to ensure and/or maintain root growth, often characterized 
by thicker roots, which concentrate their development in root 
elongation to seek water and overcome osmotic stress. This fact 
explains the lower root dry mass, despite the greater root length 
of the seedlings under more saline waters.

Application of the regulators did not hamper root dry mass 
under non-saline conditions. However, in other species, such 
as Allium cepa L., the physiological priming of seeds with 50 
μM of salicylic acid promoted an increase in root dry mass 
(Silva et al., 2019).

When seedlings are under stress, the products can act as 
attenuators, enabling the establishment of seedlings (Khan 
et al., 2015). This was evidenced by analyzing studies carried 
out with initial treatment of Medicago sativa L. seeds with 
gibberellic acid, which reduced the negative effect of salts on 
seedling growth (Younesi & Moradi, 2014). Moreover, reuse 
water, such as fish farming wastewater, has high conductivity, 
but with elements that are not always harmful. Among the 
salts of these waters, there may be nutrients that help in plant 
development (Dantas et al., 2014).

In the evaluation of the concentration of soluble sugars 
(Figure 3A), there was greater accumulation in seedlings 
of the control treatment in the supply water (W1) and fish 
farming wastewater + well water (W 4), which led to values 

Figure 3. Soluble sugars (A), amino acids (B) and proline (B) in 
pumpkin seedlings, cv. Sergipana, grown from seeds pretreated 
with phytohormones and subjected to different types of water

W1 - Supply water; W2 - Fish farming wastewater; W3 - Artesian well water; W4 - Mixture 
of fish farming wastewater + artesian well water, in 1:1 proportion (W2+W3); CT - Control; 
GA - Gibberellic acid; SA - Salicylic acid; 1Means followed by the same lowercase letter 
do not differ for the types of water within the phytohormones by the Scott-Knott test (p 
≤ 0.05); 2Means followed by the same uppercase letter do not differ for phytohormones 
by the Scott-Knott test (p ≤ 0.05)

approximately 15% higher than those obtained with the 
plant regulators in both waters. However, the gibberellic 
and salicylic acids enabled greater accumulation of total 
sugars in seedlings subjected to fish farming wastewater. 
Thus, the increase in sugar concentrations can be considered 
important as an adaptive response, due to its role in osmotic 
adjustment and consequent protection of cellular structures, 
occurring in stressful situations (Esteves & Suzuki, 2008). 
These sugars reduce the cellular osmotic potential, allowing 
the cell to maintain hydration and turgor pressure, even under 
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a condition of low water availability, caused by osmotic stress 
(Singh & Gautam, 2013).

In the evaluation of amino acids, only salicylic acid enabled 
greater accumulation, which was 77% higher than the value 
obtained with the use of gibberellic acid under supply water 
(W1) (Figure 3B). In more saline waters, such as W3, seeds 
treated with gibberellic acid accumulated more amino acids, 
showing the effect of this regulator as attenuator of the stress 
imposed on seedlings. Paiva et al. (2018) also verified increase 
in amino acid concentration in Salvia hispanica L. seedlings 
under salinity conditions. In Cucumis sativus L. seedlings 
whose seeds were osmoprimed with saline water, Matias et 
al. (2018) found that there was accumulation of amino acids, 
possibly due to osmotic adjustment.

The gibberellic acid applied to seeds subjected to artesian 
well water (W3) also led to higher proline accumulation, while 
salicylic acid promoted the accumulation of this metabolite 
only under fish farming wastewater (W2) (Figure 3C). Usually, 
proline accumulation is linked to situations of abiotic stress, 
as verified in Lippia sidoides (Cham), exposed for long periods 
(Alvarenga et al., 2011) and in seedlings of Salvia hispanica L. 
(Paiva et al., 2018).

In general, the use of phytohormones in the treatment of 
pumpkin seeds was beneficial to germination and seedling 
growth, especially when low quality waters were used. 
Gibberellic and salicylic acids influenced the accumulation of 
metabolites, especially those related to osmotic adjustment.

Conclusion

Treatment of pumpkin seeds, cv. Sergipana, with gibberellic 
and salicylic acids improve germination kinetics under saline 
water conditions and attenuate the effects of water salinity 
during the initial growth of pumpkin seedlings.
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