
Physiology, biochemistry and yield of melon
in a semi-arid region with the application of biostimulants1

DOI: http://dx.doi.org/10.1590/1807-1929/agriambi.v29n1e283055

• Ref. 283055 – Received 07 Feb, 2024
* Corresponding author - E-mail: romualdocortez@gmail.com
• Accepted 04 Jul, 2024 • Published 30 Jul, 2024
Editors: Toshik Iarley da Silva & Walter Esfrain Pereira

Revista Brasileira de Engenharia Agrícola e Ambiental

Campina Grande, PB – http://www.agriambi.com.br – http://www.scielo.br/rbeaa

ISSN 1807-1929

v.29, n.1, e283055, 2025
Brazilian Journal of Agricultural and Environmental Engineering

This is an open-access article
distributed under the Creative
Commons Attribution 4.0
International License.

Fisiologia, bioquímica e produção de melão
em região semiárida com aplicação de bioestimulantes

Raul M. de Farias2 , Leilson C. Grangeiro2 , Valdívia de F. L. de Sousa3 , Éric G. Morais2 ,
Renata R. T. Oliveira2 , Dalbert de F. Pereira2 , Bruna de P. Souza2 , Luiz H. de A. Carmo2 ,

Laíza G. de Paiva2 , Gerson B. F. de Medeiros2 , Lucas M. da S. Sousa2  & Romualdo M. C. Costa2*

ABSTRACT: Regions with semi-arid climates have environmental conditions that result in abiotic stress to plants. 
The largest melon (Cucumis melo L.) production area in Brazil, the state of Rio Grande do Norte, has these climatic 
characteristics. Use of biostimulants in these production systems can mitigate effects of abiotic stress and increase yield 
and fruit quality. The objective in this study was to evaluate the physiological and production characteristics of melon, 
under the application of biostimulants. The biostimulants Acadian®, Folicist® and Nov@® were applied and compared 
to the control treatment (no biostimulants), in ‘Goldex’ and ‘McLaren’ melons. Nov@® led to higher CO2 assimilation, 
transpiration and stomatal conductance, as well as ascorbate peroxidase, in ‘Goldex’ and ‘McLaren’. Greater catalase 
was obtained with the application of Nov@®, while the use of Folicist® resulted in higher malondialdehyde content. 
The cultivar ‘McLaren’ exhibited the best physiological and biochemical performance, and ‘Goldex’ the best yield. 
Folicist® promotes physiological adaptations to stress without impairing photosynthetic activity. The biostimulants 
increased yield and number of fruits per plant and promoted physiological adaptations to semi-arid conditions.
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RESUMO: Regiões com climas semiáridos apresentam condições ambientais que resultam em estresses abióticos 
às plantas. A maior área de produção de melão (Cucumis melo L.) do Brasil, o Estado do Rio Grande do Norte, 
possui essas características climáticas. O uso de bioestimulantes nesses sistemas de produção pode mitigar os efeitos 
dos estresses abióticos e aumentar a produtividade e a qualidade dos frutos. O objetivo neste estudo foi avaliar as 
características fisiológicas e de produção do meloeiro, sob aplicação de bioestimulantes. Os bioestimulantes Acadian®, 
Folicist® e Nov@® foram aplicados e comparados ao tratamento controle (sem bioestimulantes), em melões ‘Goldex’ 
e ‘McLaren’. Nov@® proporcionou maior assimilação de CO2, transpiração e condutância estomática, assim como 
ascorbato peroxidase em ‘Goldex’ e ‘McLaren’. Maior catalase foi obtida pela aplicação de Nov@®, enquanto que o 
uso de Folicist® resultou em maior teor de malondialdeído. A cultivar McLaren apresentou o melhor desempenho 
fisiológico e bioquímico e a ‘Goldex’ o melhor rendimento. Folicist® promove adaptações fisiológicas aos estresses 
sem prejudicar a atividade fotossintética. Os bioestimulantes aumentaram a produtividade e o número de frutos 
por planta e promoveram adaptações fisiológicas às condições semiáridas.

Palavras-chave: Cucumis melo L., antioxidante, bioinsumos, enzima antioxidante

HIGHLIGHTS:
Application of biostimulants mitigates the harmful effects on melon caused by semi-arid environmental conditions.
‘Goldex’ melon has higher yield compared to ‘McLaren’, but produces less fruit per plant.
The studied melon cultivars do not differ in relation to gas exchange variables, with the exception of CO2 assimilation rate.
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Introduction

Melon (Cucumis melo L.) is commonly grown in semi-arid 
regions due to its adaptation to climatic conditions and the 
efficient control of fruit fly that result in high-quality fruits 
(Silva et al., 2021). Despite this, environmental characteristics 
of the semi-arid region can cause damage to the crop, making 
it necessary to use agronomic technologies that reduce 
environmental impacts, adapt to climate change and maintain 
crop yields (Li et al., 2022), such as the use of biostimulants 
(Figueiredo et al., 2021; Góes et al., 2021), which are rich 
in minerals, vitamins, amino acids, polyoligosaccharides, 
phytohormones and others (Bulgari et al., 2019). On the plant, 
these products can be applied foliar and via fertigation (Góes 
et al., 2021).

In plants, biostimulants act on primary metabolism, 
which is responsible for factors essential to plants, such as 
photosynthesis, and on secondary metabolism, whose function 
is to protect plants from biotic and abiotic stress, improving the 
development of plants exposed to the stress of environmental 
conditions (Bulgari et al., 2019). In addition to mitigating 
effects of biotic and abiotic stress on plants, biostimulants 
reduce dependence on use of chemical fertilizers and pesticides 
(Mrid et al., 2021).

In melon, the use of biostimulants increased in average 
mass, number of fruits per plant, yield, pulp firmness, soluble 
solids and total soluble sugars (Queiroga et al., 2020; Góes et 
al., 2021). It also promotes benefits to photosynthetic activity 
and the relative water content of melons (Lima et al., 2020). 

However, biochemical changes and gas exchange in melon 
due to the use of biostimulants may explain the improvement 
in the agronomic performance of the crop, but research in this 
regard is still in its infancy. The objective of this study was to 
evaluate physiological and production characteristics of melon, 
under the application of biostimulants.

Material and Methods

The experiment was carried out in an area of the company 
Agrícola Famosa Ltda., located in the municipality of Icapuí, 
state of Ceará, Brazil, (4° 52’ 13” S and 37° 20’ 18” W, with 
16 m altitude), between October and December 2020. The 
climate of the region is BSh type, characterized by a hot semi-
arid climate, with scarce and irregularly distributed rainfall, 
according to Köppen’s classification. During the experiment 
no rainfall was recorded, and average temperature, relative 
humidity of the air, and global radiation were, respectively, 
29.9 °C, 54.67% and 1,900.4 J m-², obtained at a meteorological 
station installed at the site.

The soil was classified as Entisol (United States, 2014), 
which corresponds to Neossolo in the Brazilian Soil 
Classification System (Santos et al., 2018). For characterization 
of the chemical attributes of the soil, samples were collected 
at a depth of 0-20 cm and sent to the laboratory for analysis 
(Table 1). 

The experiment was arranged in randomized block design 
in a 4 × 2 split-plot scheme, with four replicates. Treatments 
were composed of combinations of three biostimulants 

plus the control (without biostimulant) and melon cultivars 
‘Goldex’ and ‘McLaren’. The dose and method of application 
of each biostimulant was in accordance with manufacturers’ 
recommendations for melon. Treatments were: Treatment 1 
(Control): without application of biostimulants; Treatment 2 
(Acadian®): composed of seaweed extract (Ascophyllum nodosum) 
nutrients, amino acids and carbohydrates, applied at a dose of 4 
L ha−1, divided into applications at 10, 20, 30, and 40 days after 
transplanting, via fertigation; Treatment 3 (Folicist®): composed 
of acetyl-thioproline, folic acid, glycine-betaine, amino acids 
and seaweed extract (Macrocystis integrifolia), applied at a dose 
of 4 L ha−1, divided into applications at 25, 30, 35, and 40 days 
after transplanting, through leaves; and Treatment 4 (Nov@®): 
composed of phytosaponins, polysaccharides, fulvic acids, 
amino acids and glycine-betaine, applied at dose of 20 L ha−1, 
divided into applications at 2, 10, 15, 20, 25, 30, 35, and 40 days 
after transplanting, via fertigation.

Fruit of ‘Goldex’ melon has a slightly rough yellow rind, 
belongs to the inodorus group, is non-climacteric and has a 
larger cultivated area. The cultivar McLaren is of the Galia type, 
with yellow to orange melons, lacy rind, aromatic, climacteric 
group and high commercial value. Plots were composed of 4 
rows of plants, 12.5 m long and 0.60 m wide, spaced 2.0 m apart. 
The spacing between plants was 0.40 m. Total number of plants 
per plot was 124. The plants of the two central rows were used 
for analysis, disregarding the ends of the plot to avoid effects of 
treatments applied to neighboring plots. The soil was prepared 
with one plowing and two harrowing operations, followed 
by furrowing in rows at a depth of 0.30 m. Basal fertilization 
was performed with 40 kg ha−1 of P2O5, 38 kg ha−1 of CaO and 
20 kg ha−1 of S, using single superphosphate, and 10 t ha−1 of 
compost. Ridges were made on fertilizer furrows and were 0.20 
m in height and 0.60 m in width.

Topdressing fertilizers were applied through fertigation 
with doses varying according to stage of the crop. Doses of 95 
kg ha−1 of N, 85 kg ha−1 of P2O5, 185 kg ha−1 of K2O, 27.5 kg ha−1 
of CaO, 6 kg ha−1 of MgO and 0.85 kg ha−1 of B were applied, 
using potassium nitrate, magnesium nitrate, magnesium 
sulfate, calcium nitrate, monoammonium phosphate (MAP) 
and boric acid. Doses were defined based on soil analysis 
(Table 1).

Table 1. Chemical attributes of soils (0 – 20 cm) in experimental 
areas, in Icapuí, Ceará state, Brazil 

O.M - Organic matter; H+Al - Potencial acidity; SB- Sum of bases; CEC - Cation exchange 
capacity; V - Base saturation
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Irrigation was applied with a drip system, with pressure-
compensating drippers spaced 0.30 m apart and an average flow 
rate of 1.5 L ha−1. A single drip tape was distributed per ridge. 
Irrigation was daily, and the water depths were determined 
based on crop evapotranspiration, estimated by multiplying the 
reference evapotranspiration (ETo) by the crop coefficient (Kc) 
as a function of the stages of crop development. The irrigation 
depths applied were 36.94 mm in the initial phase, 81.01 mm 
in the vegetative phase, 151.54 mm in the fruiting phase and 
64.71 mm in the maturation phase.

At 30 days after transplanting, 10 healthy leaves were 
collected per plot. The material was packed in plastic bags 
wrapped in aluminum foil, stored on ice and sent to the 
laboratory. Malondialdehyde (Heath & Packer, 1968), ascorbate 
peroxidase (Nakano & Asada, 1981), and catalase (Peixoto et 
al., 1999) were determined.

CO2 assimilation rate (A - μmol CO2 m
−2 s−1), internal CO2 

concentration (Ci - mmol CO2 mol−1 air), transpiration rate 
(E - mmol H2O m−2 s−1), stomatal conductance (gs - mmol H2O 
m−2 s−1), vapor pressure deficit (VPD - kPa−1), and water use 
efficiency (WUE [(μmol CO2 m

−2 s−1) (mmol H2O m−2 s−1)−1]) 
were determined. Data were obtained using a portable infrared 
gas analyzer (IRGA, GFS-3,000, Walz, Effeltrich, Germany) 
with CO2 content set at 400 ppm and light intensity at 1,200 
μmol m-2 s-1. Readings were performed between 7 and 9:30 
a.m. at 45 days after transplanting.

Melon plants were separated into shoots and fruit to 
determine dry mass. The tissues were rinsed in distilled water 
and dried in a forced air circulation oven at 65 °C until reaching 
constant mass. The cultivars ‘Goldex’ and ‘McLaren’ were 
harvested at 60 and 55 days after transplanting, respectively. 
Yield was obtained by the mass of fruits harvested. Numbers 
of fruits per plant was calculated as the ratio between the 
total number of fruits and the number of plants. Average fruit 
weight was obtained through the ratio between fruit mass and 
number of fruits.

The data were subjected to the variance homogeneity test, 
and analysis of variance was performed; when significant by 
the F test, means were compared by Tukey’s test. Statistical 
analysis was performed using the SISVAR v.5.3 software 
(Ferreira, 2019).

Results and Discussion

The application of biostimulants had an effect on all gas 
exchange variables evaluated, whereas, among cultivars, there 
was only a difference for A. There was no interaction between 
the factors for any gas exchange variable (Table 2). 

The biostimulant Acadian® reduced the A of melon plants 
compared to the other treatments, being lower compared to 
the control. The A values of plants in the control, Folicist® and 
Nov@® treatments did not differ from each other (Table 3). The 
decrease in CO2 assimilation rate in melon plants under the 
Acadian® treatment may be related to stomatal conductance of 
plants, since this physiological attribute is directly related to 
gs (Pascual et al., 2021).

The biostimulants did not increase the Ci in melon 
plants compared to the control. However, the internal CO2 
concentration decreased by 32.1 and 60.9% with use of 
Acadian® and Folicist®, respectively, compared to the control. 
The lowest stomatal conductance was observed in plants of 
these treatments (Table 3).

The highest stomatal conductance (gs) was observed in 
melon plants in the control and Nov@® treatments (Table 3). 
The increased opening of the stomata allows plants to capture 
and accumulate more CO2 in mesophyll cells (Lima et al., 
2020). These results agree with those cited above, since the 
highest means of A and Ci occurred in melon plants in the 
control and Nov@® treatments. 

The highest transpiration rate was observed in plants 
treated with Nov@®, which also promoted higher gs (Table 
3). These results are related since increase in gs also increases 
the E of plants (Lima et al., 2020). The results of gs and E in 

S.V. - Source of variation; DF - Degrees of freedom; CV - Coefficient of variation; *, **, ns: - Significant at p ≤ 0.05 and p ≤ 0.01, and not significant by F test, respectively 

Table 2. Analysis of variance at 45 DAT for CO2 assimilation rate (A), internal CO2 concentration (Ci), transpiration rate (E), 
stomatal conductance (gs), vapor pressure deficit (VPD) and water use efficiency (WUE) as a result of biostimulants and melon 
cultivars

Means followed by the same letter in the column do not differ according to the Tukey’s test (p ≤ 0.05)

Table 3. Means values of CO2 assimilation rate (A), internal CO2 concentration (Ci), transpiration rate (E), stomatal conductance 
(gs), vapor pressure deficit (VPD) and water use efficiency (WUE) of melon due to application of biostimulants at 45 DAT
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the Nov@® treatment plants explain the vapor pressure deficit, 
as these physiological variables are directly related to loss of 
moisture by the plant. The vapor pressure deficit is the driving 
force of plant transpiration, obtained by the difference in vapor 
pressure between the interior of the leaf and the external 
environment (Song et al., 2021). When the vapor pressure 
deficit is high, there is an increase in transpiration tension of 
the leaf canopy, causing plants to have a greater consumption 
of water, and a good part of this is passively transported due 
to excessive transpiration.

Application of Folicist® promoted less transpiration (2.23 
mmol m−2 s−1) in the melon plant, decreasing compared to the 
control (2.93 mmol m−2 s−1) and to the biostimulant Nov@® 
(3.26 mmol m−2 s−1) (Table 3). This finding is important since 
low transpiration reflects less water loss (Figueiredo et al., 
2021).

Also in the Folicist® treatment, greater water use efficiency 
(14.45 [(μmol CO2 m−2 s−1) (mmol H2O m−2s−1) −1]) was 
observed. Compared to the control and to the Acadian® and 
Nov@® biostimulants, the WUE in plants of this treatment was, 
on average, 32% (Table 3). The increase in WUE is influenced 
by the reduction of gs and E in plants when subjected to some 
type of stress (Dalastra et al., 2014), characteristics observed 
with the use of the Folicist® biostimulant. The results obtained 
in this study corroborate findings of Sharma et al. (2019), as the 
authors previously identified a relationship between decreased 
stomatal conductance and increased WUE in melon. 

Another characteristic that explains the higher WUE in 
Folicist® treatment plants is the increase in number of fruits 
per plant. This biostimulant promotes better fruit setting; 
therefore, there is an increase in sinks for the partition of 
photoassimilates, requiring plants to spend more energy and, 
consequently, favoring an increase in WUE (Ferraz et al., 2012).

The results obtained in the gas exchange variables attest to 
the beneficial effects of Folicist® on the physiological attributes 
of the melon plant. This biostimulant favors activation of the 
defense mechanisms of the plant exposed to stress, without 
deleterious effects on the photosynthetic activity.

Means of Ci, gs, E, VPD and WUE did not differ between 
cultivars ‘Goldex’ and ‘McLaren’ (Table 2). However, 
‘McLaren’ (37.46 μmol m−2 s−1) had a higher CO2 assimilation 
rate compared to ‘Goldex’ (33.47 μmol m−2 s−1). This result 
demonstrates greater photosynthetic capacity of the cultivar 
‘McLaren’.

Biostimulants and cultivars had individual effects on 
malondialdehyde (MDA) content, while for ascorbate 
peroxidase (APX) and catalase (CAT) there was an interaction 
between the factors (Table 4).

MDA in melon increased with application of biostimulants. 
Compared to the control, Folicist® increased MDA content 
(Table 5). 

MDA content is an indicator of lipid peroxidation (Panfili 
et al., 2019) that reflects the degree of damage to plant cell 
membranes caused by oxidative activity. Several factors can 
influence an increase in lipid peroxidation, since reactive 
oxygen species (ROS) also act as a signal, responding, at 
first, not to damage caused, but as an indication of damage, 
indicating the need for actions that minimize oxidative 

activity (Alves et al., 2021). This result may be linked to initial 
damage due to absorption of the biostimulant by membranes, 
since the collection of leaves was carried out one day after 
the application, so there was not enough time for its action. 
The method of application of the biostimulant may have had 
an influence, considering that Folicist® was applied to the 
foliage, which provides faster contact of the product with the 
membranes.

The low internal CO2 concentration observed in the 
Folicist® treatment plants (Table 3) may also have influenced 
the higher MDA content obtained in this treatment (Table 
5). Low Ci limits rates of Calvin cycle reactions and NADP+ 
generation, increasing charges on electron transport in the 
photosynthetic system, in which photosystems I and II, in the 
thylakoid membrane, are the main sites of ROS generation 
(Hasanuzzaman et al., 2021).

The cult ivar  ‘Goldex’  had a  higher  content  of 
malondialdehyde (Table 5). The adaptation and resistance 
of melon varieties to environmental conditions may have 
influenced MDA contents. Plants adapted to stress conditions 
may, or may not, have increased levels of ROS and antioxidant 
enzymes; however, lipid oxidation and malondialdehyde 
contents were reduced in these situations (Alché, 2019). 
Production of ROS can cause harmful effects on plants, 
requiring maintenance of redox homeostasis. For this, the plant 
needs to activate antioxidant defense systems, which include 
ascorbate peroxidase and catalase (Hasanuzzaman et al., 2021).

In ‘Goldex’ cultivar, the use of the biostimulant Nov@® 
increased ascorbate peroxidase by 15.8% compared to the 

Table 4. Analysis of variance at 30 DAT for malondialdehyde 
(MDA), ascorbate peroxidase (APX) and catalase (CAT) 
submitted to biostimulants and melon cultivars 

S.V. - Source of variation; DF - Degrees of freedom; CV - Coefficient of variation; *,**, 
ns - Significant at p ≤ 0.05 and at p ≤ 0.01 and not significant by F test

Table 5. Malondialdehyde (MDA) and ascorbate peroxidase 
(APX) of melon as a function of biostimulants and cultivars 
at 30 DAT

Means followed by the same uppercase letter in the lowercase column and letter in the 
line do not differ according to the Tukey’s test (p ≤ 0.05) 
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control, while Folicist® and Acadian® reduced it by 21 and 
40.4%, respectively, compared to melon plants not treated 
with biostimulant (Table 5). In ‘McLaren’, the highest average 
was observed in plants treated with Nov@®, responsible for an 
increase compared to the control, while the other treatments 
did not differ from each other (Table 5). When comparing the 
behavior of cultivars, in each treatment, ascorbate peroxidase 
was higher in ‘McLaren’ when biostimulants were used and, 
in the control treatment, the highest average was obtained in 
‘Goldex’.

The biostimulants Folicist® and Nov@® reduced catalase in 
‘Goldex’ compared to the control (Table 6). In ‘McLaren’, all 
treatments differed from each other. Application of Acadian® 
and Folicist® increased catalase compared to control plants, 
and Nov@® decreased it. Among cultivars, catalase was higher 
in ‘Goldex’ in all treatments, with the exception of Folicist®, 
in which the highest average was observed in the cultivar 
‘McLaren’ (Table 6).

Ascorbate peroxide and catalase metabolize reactive oxygen 
species and control their potential impacts on metabolic 
activity and cellular functions (Anjum et al., 2016). The 
increased activity of these enzymes in plants is an adaptation 
mechanism, preventing tissue damage by reducing hydrogen 
peroxide content of cellular metabolism (Gill & Tuteja, 2010). 
The melon plant has a high capacity to activate protective 
mechanisms against oxidative damage (Keling et al., 2017). 
The antioxidant activity of ascorbate peroxidase and catalase in 
melon may vary depending on composition of the biostimulant 
and on the cultivars.

Plant response to application of biostimulants is influenced 
by dose, mode and time of application, composition of 
biomolecules and/or microorganisms (Baltazar et al., 2021). 
According to the same authors, the heterogeneous composition 
of the products is a factor that hinders the understanding 
of some results, such as those obtained in this study. It is 
important to expand studies in order to understand the 
influence of biostimulants on plant and molecular physiology, 
seeking to elucidate mechanisms of action as well as efficiency 

in relation to the final result of production (Petroppoulos, 
2020).

Number of fruits per plant (NF) and total yield (TY) were 
influenced by biostimulants and cultivars, while FDM differed 
between biostimulants (Table 7). For the average fruit weight 
(AFW) and the shoot dry mass (SDM), there was an interaction 
between the factors (Table 7). 

Biostimulants promoted an increase in fruit dry mass of 
melon plants compared to the control. The highest average in 
fruit dry mass was observed in the Folicist® treatment, with an 
increase in fruit dry mass compared to the control (Table 8). 

For shoot dry mass, there was a significant interaction 
between biostimulants and cultivars. Only the Nov@® 
biostimulant differed from the other treatments for the cultivar 
‘Goldex’, with an increase in shoot dry mass compared to 
the control (Table 9), while in ‘McLaren’ no difference was 
observed between treatments (Table 9). When comparing this 
variable within each treatment, a significant effect was observed 
only for the biostimulant Acadian®, with a higher mean dry 
mass in ‘McLaren’.

For average fruit weight, there was a significant interaction 
between treatment and cultivars. The application of the 
biostimulant Nov@® promoted higher average weight in the 
cultivar ‘Goldex’; in ‘McLaren’, there was no difference between 
treatments (Table 10). Among cultivars, a higher average fruit 
weight was observed for ‘Goldex’ in all treatments. The average 
fruit weight in all treatments, including the control, was within 
the expected range for the cultivars ‘Goldex’ (1.5 to 2.5 kg 
per fruit) and ‘McLaren’ (1.0 to 1.5 kg per fruit), according to 
Topseed Premium and Bayer Seminis, respectively.

S.V. - Source of variation; DF - Degrees of freedom; CV - Coefficient of variation; *,**, ns - Significant at p ≤ 0.05 and at p ≤ 0.01 and not significant by F test

Table 7. Summary of analysis of variance for number of fruits per plant (NF), average fruit weight (AFW), total yield (TY), 
fruit dry mass (FDM) and shoot dry mass (SDM) submitted to biostimulants and melon cultivars

Means followed by the same uppercase letter in the lowercase column and letter in the 
line do not differ according to the Tukey’s test (p ≤ 0.05) 

Table 6. Antioxidant activity of catalase enzymes in melon 
cultivars as a function of biostimulant application at 30 DAT

Means followed by the same uppercase letter in the lowercase column and letter in the 
line do not differ according to the Tukey’s test (p ≤ 0.05) 

Table 9. Shoot dry mass of cultivars melon according to the 
application of biostimulants

Means followed by the same letter in the column are do not differ according to the 
Tukey’s test (p ≤ 0.05) 

Table 8. Fruit dry mass of melon plants according to the 
application of biostimulants
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Biostimulants increased number of fruits per plant (Table 
11) and total yield (Table 11) of the melon plant. Among 
cultivars, greater number of fruits per plant was observed in 
the cultivar ‘McLaren’, while the highest total yield was found 
in cultivar ‘Goldex’ (Table 10).

All evaluated biostimulants increased total yield compared 
to the control. On average, the biostimulants increased total 
yield by similar values compared to the control. Total yield 
between biostimulants did not differ (Table 11). The increase 
in total yield can be explained by the action of biostimulants 
on plant roots, as they promote expansion of the melon root 
system, favoring water absorption and nutrient reserve in the 
vacuole (Lima et al., 2021).

When evaluating doses and timing of biostimulant 
application, Queiroga et al. (2020) observed gains compared 
to the control treatment, in number of fruits per plant and in 
total yield. The results found in this research corroborate theirs, 
highlighting the importance of biostimulants in increasing 
melon yield.

Despite producing less fruit per plant, ‘Goldex’ melon had 
higher yield than ‘McLaren’ melon (Table 11). These results 
attest to the differences in production characteristics between 
cultivars, especially with regard to average fruit weight, a factor 
that helps explain the difference in yield.

de F. L. de Sousa, Éric G. Morais, Renata R. T. Oliveira, Dalbert 
de F. Pereira, Bruna de P. Souza, Luiz H. de A. Carmo, Laíza G. 
de Paiva, Gerson B. F. de Medeiros, Lucas M. da S. Sousa and 
Romualdo M. C. Costa contributed to the conduction of the 
experiment, data collection, and analysis; Raul M. de Farias, 
Leilson C. Grangeiro and Romualdo M. C. Costa preparing 
the first version of the manuscript and making corrections to 
the manuscript.

Supplementary documents: There are no supplementary 
sources. 

Conflict of interest: The authors declare no conflict of 
interest.

Financing statement: No financing.
Acknowledgments: The authors thank the Universidade 

Federal Rural do Semi-árido (UFERSA), the Graduate Program 
in Phytotechnics at UFERSA and Agrícola Famosa for their 
support in development of the experiment. We thank the 
Arabidopsis Laboratory and Biolchim of Brazil for their 
support in the development of the analyses.

Literature Cited

Alché, J. D. A concise appraisal of lipid oxidation and lipoxidation in 
higher plants. Redox Biology, v.23, e101136, 2019. http://dx.doi.
org/10.1016/j.redox.2019.101136 

Alves, R. de C.; Rossatto, D. R.; Silva, J. dos S.; Checchio, M.V.; 
Oliveira, K.R. de; Oliveira, F. de A.; Queiroz, S. F. de; Cruz, M. 
C. P. da; Gratão, P. L. Seed priming with ascorbic acid enhances 
salt tolerance in micro-tom tomato plants by modifying the 
antioxidant defense system components. Biocatalysis and 
Agricultural Biotechnology, v.31, e101927, 2021. http://dx.doi.
org/10.1016/j.bcab.2021.101927 

Anjum, N. A.; Sharma, P.; Gill, S. S.; Hasanuzzaman, M.; Khan, E. 
A.; Kachhap, K.; Mohamed, A. A.; Thangavel, P.; Devi, G. D.; 
Vasudhevan, P.; Sofo, A.; Khan, N. A.; Misra, A. N.; Lukatkin, 
A. S.; Singh, H. P.; Pereira, E.; Tuteja, N. Catalase and ascorbate 
peroxidase-representative H2O2-detoxifying heme enzymes in 
plants. Environmental Science and Pollution Research, v.23, 
p.19002-19029, 2016. http://dx.doi.org/10.1007/s11356-016-7309-6 

Baltazar, M.; Correia, S.; Guinan, K. J.; Sujeeth, N.; Bragança, R.; 
Gonçalves, B. Recent advances in the molecular effects of 
biostimulants in plants: an overview. Biomolecules, v.11, e1096, 
2021. http://dx.doi.org/10.3390/biom11081096 

Bulgari, R.; Franzoni, G.; Ferrante, A. Biostimulants application in 
horticultural crops under abiotic stress conditions. Agronomy, 
v.9, p.1-30, 2019. http://dx.doi.org/10.3390/agronomy9060306 

Dalastra, G. M.; Echer, M. de M.; Guimarães, V. F.; Hachmann, T. L.; 
Inagaki, A. M. Trocas gasosas e produtividade de três cultivares de 
meloeiro conduzidas com um e dois frutos por planta. Bragantia, 
v.73, p.365-371, 2014. http://dx.doi.org/10.1590/1678-4499.206 

Ferraz, R. L. de S.; Melo, A. S. de; Suassuna, J. F.; Brito, M. E. B.; 
Fernandes, P. D.; Nunes Júnior, E. da S. Trocas gasosas e eficiência 
fotossintética em ecótipos de feijoeiro cultivados no semiárido. 
Pesquisa Agropecuária Tropical, v.42, p.181-188, 2012. http://
dx.doi.org/10.1590/S1983-40632012000200010 

Ferreira, P. V. SISVAR: a computer analysis system to fixed effects split 
plot type designs. Revista Brasileira de Biometria, v.37, p.529-535, 
2019. https://doi.org/10.28951/rbb.v37i4.450 

Table 10. Average fruit weight of melon cultivars as a function 
of biostimulant application

Means followed by the same uppercase letter in the lowercase column and letter in the 
line do not differ according to the Tukey’s test (p ≤ 0.05) 

Means followed by the same letter in the columns are not significantly different at p ≤ 
0.01 by the Tukey’s test 

Table 11. Average number of fruits per plant and total yield 
of melon cultivars as a function of biostimulant application

Conclusions

1. Application of biostimulant increase total yield and 
number of fruits per melon plant. 

2. The biostimulant Folicist® promotes physiological 
adaptations in melon plants to stress conditions without 
causing damage to their photosynthetic activity. 

3. Activity of ascorbate peroxidase and catalase varies 
according to composition of biostimulants and melon cultivars 
used. 

Contribution of authors: Raul M. de Farias, Leilson C. 
Grangeiro and Valdívia de F. L. de Sousa was responsible for the 
study design; Raul M. de Farias, Leilson C. Grangeiro, Valdívia 

http://dx.doi.org/10.1016/j.redox.2019.101136
http://dx.doi.org/10.1016/j.redox.2019.101136
http://dx.doi.org/10.1016/j.bcab.2021.101927
http://dx.doi.org/10.1016/j.bcab.2021.101927
http://dx.doi.org/10.1007/s11356-016-7309-6
http://dx.doi.org/10.3390/biom11081096
http://dx.doi.org/10.3390/agronomy9060306
http://dx.doi.org/10.1590/1678-4499.206
http://dx.doi.org/10.1590/S1983-40632012000200010
http://dx.doi.org/10.1590/S1983-40632012000200010
https://doi.org/10.28951/rbb.v37i4.450


Physiology, biochemistry and yield of melon in a semi-arid region with the application of biostimulants 7/7

Rev. Bras. Eng. Agríc. Ambiental, v.29, n.1, e283055, 2025.

Figueiredo, F. R. A.; Nóbrega, J. S.; Fátima, R. T. de; Ferreira, J. T. 
A.; Leal, M. P. da S.; Melo, M. F.; Dias, T. J.; Albuquerque, M. 
B. Impact of biostimulant and saline water on cape gooseberry 
(Physalis peruviana L.) in Brazil. Physiology and Molecular 
Biology of Plants, v.27, p.2141-2150, 2021. http://dx.doi.
org/10.1007/s12298-021-01058-3 

Gill, S. S.; Tuteja, N. Reactive oxygen species and antioxidant 
machinery in abiotic stress tolerance in crop plants. Plant 
Physiology and Biochemistry, v.48, p.909-930, 2010. http://
dx.doi.org/10.1016/j.plaphy.2010.08.016 

Góes, G. B. de; Vilvert, J. C.; Araújo, N. O. de; Medeiros, J. F. de; 
Aroucha, E. M. M. Application methods of biostimulants 
affect the production and postharvest conservation of yellow 
melon. Bioscience Journal, v.37, e37075, 2021. http://dx.doi.
org/10.14393/BJ-v37n0a2021-53682 

Hasanuzzaman, M.; Parvin, K.; Bardhan, K.; Nahar, K.; Anee, T. I.; 
Masud, A. A. C.; Fotopoulos, V. Biostimulants for the regulation 
of reactive oxygen species metabolism in plants under abiotic 
stress. Cells, v.10, e2537, 2021. http://dx.doi.org/10.3390/
cells10102537 

Heath, R. L.; Packer, L. Photoperoxidation in isolated chloroplast I. 
Kinetics and stoichiometry of fatty acid peroxidation. Archives 
of Biochemistry and Biophysics, v.125, p.189-198, 1968. http://
dx.doi.org/10.1016/0003-9861(68)90654-1 

Keling, H.; Ling, Z.; Jitão, W.; Yang, Y. Influence of selenium on 
growth, lipid peroxidation and antioxidative enzyme activity 
in melon (Cucumis melo L.) seedlings under salt stress. Acta 
Societatis Botanicorum Poloniae, v.82, p.193-197, 2017. http://
dx.doi.org/10.5586/asbp.2013.023 

Li, J.; Gerrewey, T. V.; Geelen, D. A meta-analysis of biostimulant 
yield effectiveness in field trials. Frontiers in Plant Science, 
v.13, p.1-13, 2022. http://dx.doi.org/10.3389/fpls.2022.836702 

Lima, D. S. R.; Simões, W. L.; Silva, J. A. B. da; Amorim, M. do N.; 
Salviano, A. M.; Costa, N. D. ‘Pele de sapo’ melon grown under 
diferent irrigation depths and biostimulant rates in the Semiarid 
region of Brazil. Comunicata Scientiae, v.11, e3303, 2020. http://
dx.doi.org/10.14295/cs.v11i.3303 

Lima, D. S. R.; Simões, W. L.; Silva, J. A. B. da; Amorim, M. do N.; 
Silva, J. S. da. Sazonalidade da produtividade e pós-colheita 
de melão ‘Pele de Sapo’ submetido a lâminas de irrigação e 
doses de bioestimulante. Brazilian Journal of Irrigation and 
Drainage, v.1, p.221-236, 2021. http://dx.doi.org/10.15809/irriga. 
2021v1n1p221-236 

Mrid, R. B.; Benmrid B.; Hafsa, J.; Boukcim, H.; Sobeh, M.; Yasri, A. 
Scondary metabolites as biostimulant and bioprotectant agentes: 
a review. Science of the Total Environment, v.777, e146204, 2021. 
http://dx.doi.org/10.1016/j.scitotenv.2021.146204 

Nakano, Y.; Asada, K. Hydrogen peroxide is scavenged by ascorbate-
specific peroxidase in spinach chloroplsts. Plant and Cell 
Physiology, v.22, p.867-880, 1981. http://dx.doi.org/10.1093/
oxfordjournals.pcp.a076232

Panfili, I.; Bartucca, M. L.; Marrollo, G.; Povero, G.; Buono, D. D. 
Application of a plant bioestimulant to improve maize (Zea 
mays) tolerance to metolachlor. Journal of Agricultural and Food 
Chemistry, v.67, p.12164-12171, 2019. http://dx.doi.org/10.1021/
acs.jafc.9b04949 

Pascual, P. R. L.; Carabio, D. E.; Abello, N. F. H.; Remedios, E. 
A.; Pascual, V. U. Enhanced assimilation rate due to seaweed 
biostimulant improves growth and yield of rice bean (Vigna 
umbellata). Agronomy Research, v.19, p.1863-1872, 2021. http://
dx.doi.org/10.15159/AR.21.106 

Peixoto, P. H. P.; Cambraia, J.; Sant’Anna, R.; Mosquim, P. R.; Moreira, 
M. A. Aluminum effects on lipid peroxidation and on the activities 
of enzymes of oxidative metabolism in sorghum. Revista Brasileira 
de Fisiologia Vegetal, v.11, p.137-143, 1999. 

Petropoulos, A. S. Practical applications of plant biostimulants in 
greenhouse vegetable crop production. Agronomy, v.10, e1569, 
2020. http://dx.doi.org/10.3390/agronomy10101569

Queiroga, R. C. F. de; Silva, Z. L. da; Oliveira, O. H.; Santos, E. da 
N.; Silva, H. L. O.; Costa, F. B. da; Assis, L. E. Melon fruit yield 
and quality as a function of doses and times of biostimulant 
application. Research Society and Development, v.9, p.1-18, 2020. 
http://dx.doi.org/10.33448/rsd-v9i7.3911

Santos, H. G. dos.; Jacomine, P. K. T.; Anjos, L. H. C. dos.; Oliveira, V. 
A. de.; Lumbreras, J. F.; Coelho, M. R.; Almeida, J. A. de.; Araujo 
Filho, J. C. de.; Oliveira, J. B. de.; Cunha, T. J. F. Sistema Brasileiro de 
Classificação de Solos, 5.ed. Embrapa: Rio de Janeiro, 2018. 356p.

Sharma, S. P.; Leskovar, D. I.; Crosby K. M. Genotypic differences 
in leaf gas exchange and growth responses to deficit irrigation 
in reticulatus and inodorus melons (Cucumis melo L.). 
Photosynthetica, v.57, p.237-247, 2019. http://dx.doi.org/10.32615/
ps.2019.022

Silva, F. H. A. da; Morais, P. K. D. de; Dias, N. da S.; Nunes, G. H. 
de S.; Morais, M. B. de; Melo, M. F.; Nascimento, M. T. de A. 
Physiological aspects of melon (Cucumis melo L.) as a function 
of salinity. Journal of Plant Growth Regulation, v.40, p.1298-1314, 
2021. http://dx.doi.org/10.1007/s00344-020-10190-5

Song, X.; Bai, P.; Ding, J.; Li, J. Effect of vapor pressure deficit on 
growth and water status in muskmelon and cucumber. Plant 
Science, v.303, e110755. 2021. http://dx.doi.org/10.1016/j.
plantsci.2020.110755

United States. Soil Survey Staff. Keys to Soil Taxonomy (12th ed.) 
USDA NRCS. 2014. Available on: <https://www.nrcs.usda.gov/
wps/portal/nrcs/main/soils/survey/>. Accessed on: Nov. 2020.

http://dx.doi.org/10.1007/s12298-021-01058-3
http://dx.doi.org/10.1007/s12298-021-01058-3
http://dx.doi.org/10.1016/j.plaphy.2010.08.016
http://dx.doi.org/10.1016/j.plaphy.2010.08.016
http://dx.doi.org/10.14393/BJ-v37n0a2021-53682
http://dx.doi.org/10.14393/BJ-v37n0a2021-53682
http://dx.doi.org/10.3390/cells10102537
http://dx.doi.org/10.3390/cells10102537
http://dx.doi.org/10.1016/0003-9861(68)90654-1
http://dx.doi.org/10.1016/0003-9861(68)90654-1
http://dx.doi.org/10.5586/asbp.2013.023
http://dx.doi.org/10.5586/asbp.2013.023
http://dx.doi.org/10.3389/fpls.2022.836702
http://dx.doi.org/10.14295/cs.v11i.3303
http://dx.doi.org/10.14295/cs.v11i.3303
http://dx.doi.org/10.15809/irriga. 2021v1n1p221-236
http://dx.doi.org/10.15809/irriga. 2021v1n1p221-236
http://dx.doi.org/10.1016/j.scitotenv.2021.146204
http://dx.doi.org/10.1093/oxfordjournals.pcp.a076232
http://dx.doi.org/10.1093/oxfordjournals.pcp.a076232
http://dx.doi.org/10.1021/acs.jafc.9b04949
http://dx.doi.org/10.1021/acs.jafc.9b04949
http://dx.doi.org/10.15159/AR.21.106
http://dx.doi.org/10.15159/AR.21.106
http://dx.doi.org/10.3390/agronomy10101569
http://dx.doi.org/10.33448/rsd-v9i7.3911
http://dx.doi.org/10.32615/ps.2019.022
http://dx.doi.org/10.32615/ps.2019.022
http://dx.doi.org/10.1007/s00344-020-10190-5
http://dx.doi.org/10.1016/j.plantsci.2020.110755
http://dx.doi.org/10.1016/j.plantsci.2020.110755
https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/survey/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/survey/

