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ABSTRACT 

Basil (Ocimum basilicum L.), a medicinal and aromatic plant extensively cultivated in the Northeast region of 

Brazil, encounters growth challenges attributed to the salinity of irrigation water and soil. Nitrogen (N) is a crucial 

macronutrient employed to mitigate salt stress in plants. Therefore, this study aimed to evaluate the production of 

phytomass and chlorophyll synthesis in purple basil plants grown under salinity stress and nitrogen fertilization. 

The experiment was conducted in 2021 under protected environmental conditions at the Center for Agricultural 

Sciences, Universidade Federal Paraíba, Areia-PB, Brazil. Five levels of salt stress (0.0, 0.80, 2.75, 4.70, and 5.50 

dS m
-1

) and five doses of N (0.00, 58.58, 200.00, 341.42, and 400.00 mg L
-1

) applied via foliar were studied. The 

results revealed that foliar fertilization with N increases plant tolerance to salt stress, promoting root fresh and dry 

mass accumulation at 294.96 and 205.36 mg L
-1

 and under ECw of 1.14 and 0.5 dS m
-1

, respectively. Applying 

217.39 and 231.30 mg L
-1

 of N improves the production of stem dry biomass and the shoot/root ratio of basil plants 

subjected to salinity of 0.5 dS m
-1

. The electrical conductivity of irrigation water above 0.8 dS m
-1

 adversely affects 

biomass production. The salinity at 3.8 to 4.0 dS m
-1

 stimulated chlorophyll synthesis in purple basil plants. 

However, the foliar application of N proves to be a strategic approach to counteract these effects, resulting in 

increased total dry mass production and chlorophyll contents. 

Keywords: Ocimum basilicum L., Abiotic stress, Fertilization, Plant nutrition. 

 

Nitrogênio melhora a produção de biomassa e síntese de clorofila em manjericão cultivado 

sob estresse salino 

RESUMO 

O manjericão (Ocimum basilicum L.), planta medicinal e aromática amplamente cultivada na região Nordeste do 

Brasil, encontra desafios de crescimento atribuídos à salinidade da água de irrigação e do solo. O nitrogênio (N) é 

um macronutriente crucial empregado para mitigar o estresse salino nas plantas. Portanto, este trabalho teve como 

objetivo avaliar a produção de fitomassa e síntese de clorofila em plantas de manjericão roxo cultivadas sob 

estresse salino e adubação nitrogenada. O experimento foi realizado no ano de 2021 em condições de ambiente 

protegido no Centro de Ciências Agrárias, Universidade Federal da Paraíba, Areia-PB, Brasil. Foram estudados 

cinco níveis de estresse salino (0,0; 0,80; 2,75; 4,70 e 5,50 dS m
-1

) e cinco doses foliares de N (0,00; 58,58; 200,00; 

341,42 e 400,00 mg L
-1

). Os resultados revelaram que a fertilização foliar com N aumenta a tolerância da planta ao 

estresse salino, promovendo o acúmulo de massa fresca e seca da raiz, nas doses de 294.96 e 205,36 mg L
-1 

e sob 

CEa de 1,14 e 0,5 dS m
-1

, respectivamente. A aplicação de 217.39 e 231.30 mg L
-1

 de N melhora a produção de 

biomassa seca do caule e na relação entre a biomassa da parte aérea/raiz das plantas de manjericão submetidas a 

salinidade de 0,5 dS m
-1

. A condutividade elétrica da água de irrigação acima de 0,8 dS m
-1 

afeta negativamente a 

produção de biomassa. A salinidade de 3,8 até 4,0 dS m
-1

 estimulou a síntese de clorofila das plantas de manjericão 

roxo. Contudo, a aplicação foliar de N revela-se uma abordagem estratégica para contrariar estes efeitos, resultando 

no aumento da produção de massa seca total e dos teores de clorofila. 

Palavras-chave: Ocimum basilicum L., Estresse abiótico, Fertilização, Nutrição vegetal. 
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1. Introduction 

Basil (Ocimum basilicum L. - Lamiaceae) is a 

medicinal, aromatic, and ornamental plant cultivated 

globally, owing to its significant importance in various 

market sectors. It is classified as a sub-shrub plant and 

can be cultivated perennially or annually (Bharti et al., 

2016; Silva et al., 2019). The leaves and inflorescences 

of basil feature essential oil-secreting glands, with 

linalool being its primary component. This compound is 

employed in numerous syntheses of cosmetics, 

pharmaceuticals, and perfumery industries. 

Furthermore, it is utilized for flavoring food, beverages, 

and environments (Souza et al., 2013). 

Basil is extensively cultivated across the Brazilian 

territory, predominantly by small-scale producers 

engaged in family farming. These producers market 

basil leaves as an aromatic condiment for culinary 

purposes. While basil exhibits adaptability to diverse 

climatic conditions, its optimal development occurs in 

hot and humid climates, prevalent in northeastern Brazil 

(Palaretti et al., 2015). This cultivation pattern 

contributes significantly to local economies and 

evidences the basil's adaptability to varying 

environmental conditions. The preference for hot and 

humid climates aligns with the regional characteristics 

of northeastern Brazil, highlighting basil's resilience and 

suitability for cultivation in specific climatic niches. 

In semi-arid regions, particularly within the 

extensive Northeast Brazil region, irrigation stands out 

as a pivotal technology significantly shaping the growth 

of cultivated plants. This is attributed to its ability to 

mitigate the adverse effects of erratic precipitation 

patterns (Oliveira et al., 2014). Nevertheless, it is 

noteworthy that irrigation water in these regions 

frequently exhibits elevated salt levels, often exceeding 

3.0 dS m
-1

. This high salinity is commonly sourced from 

deep wells, presenting the advantageous characteristic 

of lower costs for perforation (Silva et al., 2018). 

Salinity poses a significant challenge, particularly in 

arid and semi-arid regions, as it constrains plant growth, 

development, and yield (Jiang et al., 2017; Konuşkan et 

al., 2017). This limitation arises initially from the osmotic 

effect, which hampers water absorption. As ions, 

particularly Na
+
 and Cl

-
, accumulate in the plant, there is 

an elevation in reactive oxygen species, a decline in gas 

exchange, degradation of photosynthetic pigments, and 

various other detrimental effects (Nóbrega et al., 2024). 

These consequences lead to reduced photosynthesis, 

impaired absorption of essential elements, and 

morphological damage. In extreme cases of prolonged 

exposure, salinity can even result in the death of the plant 

(Munns and Gilliham, 2015; Silva et al., 2019). 

The use of saline water for irrigation, along with the 

exploration of plant genotypes exhibiting tolerance 

potential and the implementation of soil and water 

management strategies, including mineral fertilization, 

present a significant challenge for producers and 

researchers. These individuals actively develop studies 

to mitigate salts' adverse impacts on plants and enhance 

overall yield (Naveed et al., 2020). Successful irrigation 

with saline water relies on a combination of crop 

tolerance to salinity and effective management practices 

in terms of irrigation and fertilization (Lima et al., 2015; 

Sá et al., 2018). 

Nitrogen (N) stands out as one of the indispensable 

nutrients crucial for plant development, representing a 

key component in the growth process (Costa et al., 

2015). Beyond its role in fostering plant growth, 

nitrogen plays a pivotal role in mitigating the 

detrimental effects of salinity stress. This is attributed to 

its involvement in the composition of vital cellular 

components such as proteins, nucleic acids, 

photosynthetic pigments, proline, and quaternary 

ammonium compounds, including betaine, glycine, and 

enzymes. These elements are essential for cell 

development and plant growth, influencing leaves and 

roots (Souza et al., 2019). 

Information on foliar fertilization with N to mitigate 

salinity stress in basil is scarce in the literature, and 

studies are needed to elucidate the information gaps. 

Therefore, this study aimed to evaluate the production 

of phytomass and chlorophyll synthesis in purple basil 

plants grown under salinity stress and nitrogen 

fertilization. 

 

 

2. Material and Methods 

The experiment was conducted in a protected 

environment at the Center for Agricultural Sciences, the 

Department of Plant and Environmental Sciences of the 

Federal University of Paraíba, Areia, Paraíba – Brazil, 

located at 6º58'00" S and 35º41'00" W with an altitude 

of 575 m. The average temperature recorded during the 

experiment was 28.4 °C and a relative humidity of 

54.8%. The experiment was conducted in a protected 

environment, with a transparent plastic cover, the sides 

were made of screen with 50% shading, and the floor 

and benches were made of masonry. 

Basil seeds of the purple cultivar were used. The 

seedlings were produced in polyethylene bags of 1.3 

dm
3
 capacity filled with substrate formulated from a 

mixture of soil classified as Latossolo (Santos et al., 

2018), washed sand, and cattle manure (3:1:1 v/v), with 

the following chemical properties: pH = 7.8, organic 

matter (g kg
-1

) = 22.2, ECse = 2.0 dS m
-1

, phosphorus 

(mg kg
-3

) = 85.5, K
+
 (mg kg

-3
) = 693.6, Ca

+2
 (cmolc dm

-

3
) = 2.9, Mg

+2
 (cmolc dm

-3
) = 1.59, Na

+
 (cmolc dm

-3
) = 

0.23, sum of bases (cmolc dm
-3

) = 6.5, H
+
+Al

+3
 (cmolc 

dm
-3

) = 0.00, Al
+3

 (cmolc dm
-3

) = 0.0, and CEC (cmolc 

dm
-3

) = 6.5. 
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A randomized block experimental design arranged 

in an incomplete factorial scheme 5 x 5 with four 

replications was used. Five electrical conductivity of 

irrigation water (ECw = 0 (distilled water), 0.8, 2.75, 

4.7, and 5.5 dS m
-1

) and five nitrogen doses (0, 58.58, 

200, 341.42, and 400 mg L
-1

) were assessed. The 

incomplete factorial was generated through the Central 

Composite Design experimental matrix, resulting in 

nine combinations (Table 1).  

The salinity levels of irrigation water were prepared 

by introducing sodium chloride (NaCl) into the water 

supply (0.5 dS m
-1

) until they reached the specified 

electrical conductivities. The values were calibrated 

using a portable conductivity meter, specifically the 

microprocessor model Instrutherm
®
 (CD-860 model). 

Saline water irrigation commenced ten days after the 

emergence of the plants, with water application 

facilitated through the drainage lysimeter method 

(Bernardo et al., 2019). 

Nitrogen (N) doses were determined considering a 

requirement of 300 mg plant
-1

 for a 1 dm
3
 pot (Novais et 

al., 1991). A commercially available product containing 

99 g L
-1

 of N, derived from urea, served as the nitrogen 

source. Foliar applications of nitrogen were conducted at 

seven-day intervals, totaling five applications. A hand 

sprayer was employed for the application, with a spray 

volume of 175 mL per plant administered in the late 

afternoon on each scheduled day. 

The assessment of fresh mass of root, stem, leaves, 

shoot, and total was conducted 45 days after the initiation 

of saline water irrigation. Plant material was weighed 

using a precision analytical scale. Subsequently, the plant 

material was individually placed in Kraft paper bags and 

dried in a laboratory oven with forced air circulation set 

at 65 ºC until a constant mass was achieved. The recorded 

data were expressed in grams per plant. A non-destructive 

method was employed to determine chlorophyll a, b, and 

total indexes utilizing a portable chlorophyll meter 

(ClorofiLOG
®
, model CFL 1030, Porto Alegre, RS). The 

values obtained were calibrated in the Falker chlorophyll 

index (FCI). 

 

Table 1. Treatments generated by the Central Composite 

Design experimental matrix 

Levels Doses 

ECw N ECw N 

-1 -1 0.80 58.16 

-1 1 0.80 341.84 

1 -1 4.70 58.16 

1 1 4.70 341.84 

-α 0 0.00 200.00 

α 0 5.50 200.00 

0 Α 2.75 400.00 

0 -α 2.75 0.00 

0 0 2.75 200.00 

ECw: Electrical conductivity of irrigation water 

The data were subjected to analysis of variance 

(p≤0.05). In cases of significance, a regression analysis 

was conducted. Response surface plots were generated. 

For isolated effects, either linear or quadratic regression 

analyses were applied. The statistical software R (R 

Core Team, 2022) was used for all analyses. 

 

 

3. Results and Discussion 

Influence from the interaction between the factors 

(nitrogen foliar fertilization and electrical conductivity of 

irrigation water - ECw) was noted on the root fresh and 

dry mass, stem dry mass, and shoot/root ratio (Figure 1). 

The highest root fresh mass (3.42 g) was observed at 

ECw of 1.14 dS m
-1

 and with a nitrogen dose of 294.96 

mg L
-1

, indicating that the application of nitrogen 

mitigated the harmful impact of salt stress (Figure 1A). 

The root dry mass declined with the rise in ECw. A 

more pronounced increase in root dry mass (0.58 g) 

occurred at ECw of 0.5 dS m
-1
 and nitrogen dose of 205.36 

mg L
-1
 (Figure 1B). Conversely, stem dry mass 

demonstrated a notable increase (0.57 g) at the dose of 

217.39 mg L
-1
 of N and an ECw of 0.5 dS m

-1
 (Figure 1C), 

indicating that foliar fertilization with nitrogen mitigated 

the impact of salt stress. The most substantial increase in 

the shoot/root ratio (0.28) occurred at the dose of 231.30 

mg L
-1

 of N and an ECw of 0.5 dS m
-1

 (Figure 1D). 

Foliar fertilization with nitrogen alleviated the 

effects of salinity stress induced by irrigation water, 

increasing the root fresh and dry mass, stem dry mass, 

and the shoot/root ratio. As an essential macronutrient, 

nitrogen plays a vital role in various metabolic 

pathways, including forming ATP, NADH, NADPH, 

nucleic acids, proteins, enzymes, and chlorophyll 

(Souza et al., 2019). Consequently, this enhances plant 

tolerance to salinity stress (Bezerra et al., 2018). 

The mitigation of salt stress through nitrogen 

application is attributed to the accumulation of nitrogen 

and/or the facilitation of ionic homeostasis (Miranda et 

al., 2015). Additionally, nitrogen promotes homeostasis 

and plays a role in producing osmoprotectants, enabling 

the plant to tolerate salt stress (De la Torre-González et 

al., 2019). The efficacy of nitrogen in alleviating 

salinity stress has been observed in various plant 

species, including Gossypium hirsutum L. (Lima et al., 

2019), Malpighia emarginata D.C. (Alvarenga et al., 

2019), Psidium guajava L. (Bezerra et al., 2018), and 

Cucumis sativus L. (Ma et al., 2020).  

Salinity induced an independent effect on the leaf 

fresh mass, stem fresh mass, shoot fresh and dry mass, 

and total fresh and dry mass (Figure 2). The rise in ECw 

linearly reduced the leaf fresh mass, with the maximum 

value (14.8 g) observed in the control; there were losses 

of 50% in the highest salinity level compared to the 

control treatment (Figure 2A). 
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Figure 1. Root fresh mass (A), root dry mass (B), stem dry mass (C), and shoot/root ratio (D) of purple basil according to the salinity 

level of irrigation water and foliar fertilization with N. 

The stem fresh mass decreased (1.4 g) with the 

increasing salinity, resulting in losses of 31.8% 

comparing the highest and lowest ECw values (Figure 

2B). The shoot fresh and dry mass exhibited a linear 

decrease with the increase in ECw, with the highest 

values (19.0 g and 2.18 g, respectively) observed in the 

control treatment. These values decreased by 47.3% and 

58.7%, respectively, comparing the highest and lowest 

ECw values, corresponding to shoot fresh and dry mass 

values of 9.0 g and 1.28 g, respectively (Figure 2C and 

D). The total fresh and dry mass of the basil plants 

decreased linearly with the increase in ECw. The 

highest values (22 and 1.2 g) occurred at the lowest 

salinity level, followed by losses of 45.4% and 60%, 

respectively, at the highest ECw (Figure 2E and 2F). 

The decline in the leaf fresh mass, stem dry mass, 

shoot dry mass, and total fresh and dry mass with the 

increasing ECw can be attributed to the restriction in 

water absorption by the roots due to the elevated 

osmotic potential in the nutrient solution. Additionally, 

this decrease may be associated with the imbalance 

and ionic toxicity induced by the excessive 

accumulation of salts in the plant tissues (Huang, 

2018). Such a response can be interpreted as an 

adaptive mechanism, facilitating water loss reduction 

through transpiration and thereby aiding in the 

retention of toxic ions within the roots (Acosta-Motos 

et al., 2017). 

The presence of ions, particularly Na
+
, and 

alterations in the Na
+
/K

+
, Na

+
/Ca

+2
, Na

+
/Mg

+2
, and Cl

-

/NO3
-
 ratios lead to ionic toxicity, significantly 

impacting various aspects of plant metabolism. This 

includes disruptions in protein metabolism, respiratory 

chain function, photophosphorylation, and nutrient 

assimilation, among other organic compounds, thereby 

inducing widespread changes in overall plant 

metabolism (Viudes and Santos, 2014). These changes 

are corroborated by reductions in biomass 

accumulation, as evidenced by the decrease in the fresh 

and dry mass of basil plants in this study, attributed to 

the increasing salinity of the irrigation water.  

Conversely, the buildup of Na
+
 and Cl

-
 ions in leaf 

tissue can lead to stomatal closure, potentially causing 

damage to the photosynthetic machinery. This, in turn, 

results in reduced CO2 assimilation by plants and 

consequently leads to a decrease in the accumulation of 

fresh and dry mass (Abdelgawad et al., 2016). The 

salinity induced alterations in the chlorophyll content of 

basil plants, with quadratic behavior of chlorophyll a, b, 

and total (Figure 3).  

  

 

 

 

A B 

D C 



        Silva et al. (2024)   5 

 

Revista de Agricultura Neotropical, Cassilândia-MS, v. 11, n. 2, e8482, Apr./June, 2024. 

 
Figure 2. Leaf fresh mass (A), stem fresh mass (B), shoot fresh mass (C), shoot dry mass (D), total fresh mass (E), and 

total dry mass (F) of purple basil submitted to salinity.  

The highest chlorophyll a index (26.6 FCI) was noted 

at ECw of 3.8 dS m
-1

, followed by decreases with the 

rising ECw, representing a 15.65% increase compared to 

the control (Figure 3A). The highest chlorophyll b index 

(6.25 FCI) was recorded at ECw of 4.0 dS m
-1

, decreasing 

with higher salinity levels, representing a 25% increase 

compared to the ECw of 0 dS m
-1

 (Figure 3B). The 

maximum total chlorophyll index (32.8 FCI) was 

observed at ECw of 3.8 dS m
-1

, indicating a 17.14% 

increase compared to the control (Figure 3C). The 

elevation of ECw enhanced the indexes of chlorophylls a, 

b, and total in basil plants, reaching peaks at doses of 3.8, 

4.0, and 3.8 dS m
-1

, respectively, followed by reductions 

at higher levels. This suggests that basil plants tolerate 

salinity stress up to 4.0 dS m
-1

.  

The physiological changes induced by the stress 

enable plants to resist and/or tolerate salinity stress 

(Pandolfi et al., 2012). The rise in chlorophyll content 

may preserve the proper functioning of photosynthesis, 

as chlorophyll biosynthesis tends to increase under 

conditions of moderate salinity stress (Shah et al., 

2017). Therefore, the results of this study may indicate 

that the genotype employed is tolerant to NaCl, as an 

elevated chlorophyll content under salinity stress can 

serve as a biochemical indicator of tolerance to salinity 

(Akrami and Arzani, 2018). 

 

  

  

  

A B 

C D 

E F 
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Figure 3. Chlorophyll a index (A), chlorophyll b index (B), and total chlorophyll index (C) of purple basil submitted to salinity. 

The independent effect of foliar fertilization with 

nitrogen had a notable impact on the leaf fresh mass, stem 

fresh mass, total fresh and dry mass, chlorophyll a index, 

and total chlorophyll (Figure 4). The maximum values of 

leaf fresh mass (11.5 g) and total fresh mass (17.8 g) were 

achieved at nitrogen doses of 200 and 193 mg L
-1

, 

respectively. Subsequently, there were reductions with 

the increase in nitrogen doses. This signifies an increase 

of 17.7% and 13.4%, respectively, compared to the 

control (0 mg L
-1

 of N) (Figure 4A and 4C). 

Foliar fertilization with nitrogen in basil plants led to 

an increase, up to a certain dose, in the leaf fresh mass, 

total fresh mass, chlorophyll a, and total chlorophyll 

while negatively impacting the stem fresh mass and total 

dry mass. This highlights that the effect of nitrogen can 

vary depending on the specific variable studied. For the 

leaf fresh mass and total fresh mass, there was an increase 

up to the dose of 200 mg L
-1

 of nitrogen, followed by a 

decrease with higher doses. This pattern suggests that 

nitrogen can enhance phytomass up to a certain threshold. 

However, an excess of nitrogen exerts a harmful effect, 

decreasing the variables under investigation (Miranda et 

al., 2015; Acosta-Motos et al., 2017). 

The linear decrease in stem fresh mass and total 

dry mass might be attributed to the reduction in O2 

assimilation resulting from increased nitrogen doses. 

O2 is crucial for energy production in cellular 

pathways, and a decrease in its assimilation by the 

roots can lead to an anaerobic environment, rendering 

root system respiration impossible under conditions of 

anoxia or hypoxia (Taiz et al., 2017). Consequently, 

nitrogen use diminishes with the escalating applied 

dose, surpassing the crops' demand (Neumann et al., 

2017). Conversely, nitrogen application can induce 

biochemical and physiological changes in plants, such 

as alterations in intracellular pH and hormone 

metabolism, influencing overall plant metabolism and 

potentially hindering optimal nitrogen assimilation (Li 

et al., 2014). 

Increases in chlorophyll a and total indexes were 

observed starting from the dose of 200 mg L
-1

 of 

nitrogen. This is attributed to nitrogen's multifaceted 

role in plant metabolism, serving structural functions in 

the composition of amino acids, proteins, enzymes, 

RNA, DNA, ATP, chlorophyll, and other molecules 

(Huang, 2018). Moreover, the elevation in nitrogen 

levels facilitates greater CO2 assimilation by plants, 

enhancing chlorophyll concentration, efficiency, and the 

content of essential ions such as Ca
2+

 and Mg
2+

 in the 

leaf mesophyll (Sá et al., 2015). This stimulation of the 

plant system results in increased dynamics of mineral 

nutrient transport (Huang, 2018). 

  

 

 

A B 

C 
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Figure 4. Leaf fresh mass (A), stem fresh mass (B), total fresh mass (C), total dry mass (D), chlorophyll a index (E), and total 

chlorophyll index (F) of purple basil plants according to the foliar fertilization with N. 

4. Conclusions 

Salt stress negatively affects biomass production and 

chlorophyll synthesis in basil plants. Nevertheless, 

applying foliar nitrogen enhances basil plants' tolerance 

to saline stress, promoting the production of phytomass 

and photosynthetic pigments. 

 

 

Authors’ Contribution  

Antônio Veimar da Silva and Raimundo Nonato Moraes 

Costa = Investigation, Writing – original draft;  Edcarlos 

Camilo da Silva = Investigation, Writing – original draft; 

Jackson Silva, Nóbrega and João Everthon da Silva Ribeiro = 

Conceptualization, Project administration, Supervision, 

Writing – review & editing; Thiago Jardelino Dias = Funding 

acquisition, Validation, Supervision, Writing – review & 

editing; Ana Carolina Bezerra = Funding acquisition, 

Validation, Writing – review & editing; Adriano Salviano 

Lopes = Resources, Investigation, Validation; Toshik Iarley da 

Silva = Methodology, Visualization, Writing – review & 

editing.  

 

 

Acknowledgments 

The authors would like to thank the Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior (CAPES) 

and the Conselho Nacional de Desenvolvimento 

Científico e Tecnológico (CNPq) for financial support 

granted to the experiment. 

 

 

Bibliographic References 

Abdelgawad, H., Zinta, G., Hegab, M.M., Pandey, R., Asard, 

H., Abuelsoud, W., Pandey, R., Asard, H., Abuelsoud W. 2016. 

High salinity induces different oxidative stress and antioxidant 

responses in maize seedlings organs. Frontiers in Plant Science, 

7, 276. DOI: https://doi.org/10.3389%2Ffpls.2016.00276. 

  

  

  

 

A B 

C D 

E F 

https://doi.org/10.3389%2Ffpls.2016.00276


8                 Nitrogen improves biomass production and chlorophyll synthesis in basil plants grown under salt stress 

 

Revista de Agricultura Neotropical, Cassilândia-MS, v. 11, n. 2, e8482, Apr./June, 2024. 

Acosta-Motos, J.R., Ortuño, M.F., Vicente, A.B., Vivancos, 

P.D., Blanco, M.J.S., Hernandez, J. A. 2017. Plant responses 

to salt stress: adaptive mechanisms. Agronomy, 7(1), 18. DOI: 

https://doi.org/10.3390/agronomy7010018. 

Akrami, M., Arzani, A. 2018. Physiological alterations due 

to feld salinity stress in melon (Cucumis melo L.). Acta 

Physiologiae Plantarum, 40, 1-14. DOI: https://doi.org/10. 

1007/s11738-018-2657-0. 

Alvarenga, C.F.S., Silva, E.M., Nobre, R.G., Gheyi, H.R., 

Lima, G.S., Silva, L.A. 2019. Morfofisiologia de aceroleira 

irrigada com águas salinas sob combinações de doses de 

nitrogênio e potássio. Revista de Ciências Agrárias, 42(1), 

194-205. DOI: https://doi.org/10.19084/RCA18215.  

Bernardo, S., Mantovani, E.C., Silva, D.D., Soares, A.A. 

2019. Manual de irrigação, 9ª ed. Viçosa: UFV.  

Bezerra, I.L., Gheyi, H.R., Nobre, R.G., Lima, G.S., Santos, 

J.B., Fernandes, P.D. 2018. Interaction between soil salinity 

and nitrogen on growth and gaseous exchanges in guava. 

Revista Ambinte & Água, 13(3), e2130. DOI: 

https://doi.org/10.4136/ambi-agua.2130.  

Bharti, N., Barnawal, D., Wasnik, K., Tewari, S.K., Kalra, A. 

2016. Co-inoculation of Dietzia natronolimnaea and Glomus 

intraradices with vermicompost positively influences Ocimum 

basilicum growth and resident microbial community structure 

in salt affected low fertility soils. Applied Soil Ecology, 100, 

211-225. DOI: https://doi.org/10.1016/j.apsoil.2016.01.003.  

Costa, A.R., Rezende, R., Freitas, P.S.L., Gonçalves, A.C.A., 

Frizzone, J.A. 2015. A cultura da abobrinha italiana 

(Cucurbita pepo L.) em ambiente protegido utilizando 

fertirrigação nitrogenada e potássica. Irriga, 20(1), 105-127. 

DOI: https://doi.org/10.15809/irriga.2015v20n1p105.   

De La Torre-González, A., Navarro-León, E., Blasco, B., 

Ruiz, M.J.M. 2019. Nitrogen and photorespiration pathways, 

salt stress genotypic tolerance effects in tomato plants 

(Solanum lycopersicum L.). Acta Physiologiae Plantarum, 42, 

2. DOI: https://doi.org/10.1007/s11738-019-2985-8.  

Huang, R.D. 2018. Research progress on plant tolerance to 

soil salinity and alkalinity in sorghum. Journal of Integrative 

Agriculture, 17(4), 739-746. DOI: https://doi.org/10.1016/ 

S2095-3119(17)61728-3.  

Jiang, C., Zu, C., Lu, D., Zheng, Q., Shen, J., Wang, H., Li, D. 

2017. Effect of exogenous selenium supply on photosynthesis, 

Na+ accumulation and antioxidative capacity of maize (Zea 

mays L.) under salinity stress. Scientific Reports, 7. 42039. 

DOI: https://doi.org/10.1038/srep42039.   

Konuşkan, Ö., Gözübenli, H., Atişm İ., Atak, M. 2017. Effects 

of salinity stress on emergence   and seedling growth parameters 

of some maize genotypes (Zea mays L.). Turkish Journal of 

Agriculture Food Science and Technology, 5(12), 1668-1672. 

DOI: https://doi.org/10.24925/turjaf.v5i12.1668-1672.1664.  

Li, B., Li, G., Kronzucker, H. J., Baluska, F., Shi, W. 2014. 

Ammonium stress in Arabidopsis: signaling, genetic loci, and 

physiological targets. Trends in Plant Science. 19(2), 107-114. 

DOI: https://doi.org/10.1016/j.tplants.2013.09.004.  

Lima, G.S., Nobre, R.G., Gheyi, H.R., Soares, L.A.A., Silva, A. 

O. 2015. Produção da mamoneira cultivada com águas salinas e 

doses de nitrogênio. Revista Ciência Agrônomica, 46(1), 1-10. 

DOI: https://doi.org/10.1590/S1806-66902015000100001.  

Lima, G.S., Dias, A.S., Soares, L.A.A., Gheyi, H.R., Nobre, 

R.G., Silva, A.A.R.  2019. Eficiência fotoquímica, partição de 

fotoassimilados e produção do algodoeiro sob estresse salino e 

adubação nitrogenada. Revista de Ciências Agrárias, 42(1), 

214-225. DOI: https://doi.org/10.19084/RCA18123. 

Ma, S., Guo, S., Chen, J., Sun, J., Wang, Y., Shu, S. 2020. 

Enhancement of salt-stressed cucumber tolerance by 

application of glucose for regulating antioxidant capacity and 

nitrogen metabolism. Canadian Journal of Plant Science, 100, 

253-263. DOI: https://doi.org/10.1139/cjps-2019-0169.   

Miranda, R.D.S., Gomes-FIlho, E., Prisco, J.T., Alvarez-

Pizarro, J.C. 2015. Ammonium improves tolerance to salinity 

stress in sorghum bicolor plants. Plant Growth Regulation, 78, 

121-131. DOI: https://doi.org/10.1007/s10725-015-0079-1.  

Munns, R., Gilliham, M. 2015. Salinity tolerance of crops–

what is the cost?. New Phytologisty, 208(3), 668-673. DOI: 

https://doi.org/10.1111/nph.13519.   

Naveed, M., Sajid, H., Mustafa, A., Niamat, B., Ahmad, Z., 

Yaseen, M., Kamran, M., Rafique, M., Ahmar, E.,  Chen, J. T. 

2020. Alleviation of salinity-induced oxidative stress, 

improvement in growth, physiology and mineral nutrition of 

canola (Brassica napus L.) through calcium-fortified 

composted animal manure. Sustainability, 12(3), 846. DOI: 

https://doi.org/10.3390/su12030846.   

Neumann, M., Nörnberg, J.L., Leão, G.F.M., Horst, E.H., 

Figueira, D.N. 2017. Chemical fractionation of carbohydrate 

and protein composition of corn silages fertilized with 

increasing doses of nitrogen. Ciência Rural, 47(5), e20160270. 

DOI: https://doi.org/10.1590/0103-8478cr20160270. 

Nóbrega, J.S., Gomes, V.R., Soares, L.A.A., Lima, G.S., 

Silva, A.A.R., Gheyi, H.R., Torres, R.A.F., Silva, F.J.L., 

Silva, T.I., Costa, F.B., Dantas, M.V., Bruno, R.L.A., Nore, 

R.G., Sá, F.V.S. 2024. Hydrogen peroxide alleviates salt stress 

effects on gas exchange, growth, and production of naturally 

colored cotton. Plants, 13(3), 390. DOI: https://doi.org/10. 

3390/plants13030390. 

Novais, R.F., Neves J.C.L., Barros N.F. 1991. Ensaio em 

ambiente controlado. In: Oliveira, A. J. (ed) Métodos de 

pesquisa em fertilidade do solo. Embrapa-SEA, Brasília, p. 

189-253.  

Oliveira, F.A., Medeiros, J.F., Alves, R.C., Linhares, P.S.F., 

Medeiros, A.M.A., Oliveira, M.K.T. 2014. Interação entre 

salinidade da água de irrigação e adubação nitrogenada na 

cultura da berinjela. Revista Brasileira de Engenharia Agrícola 

e Ambiental, 18(5), 480-486. DOI: https://doi.org/10.1590/S 

1415-43662014000500003. 

Palaretti, L.F., Dalri, A.B., Dantas, G.F., Faria, R.T., Santos, 

W.F., Santos, M.G. 2015. Produtividade do manjericão 

(Ocimum basilicum L.) fertirrigado utilizando vinhaça 

concentrada. Revista Brasileira de Agricultura Irrigada, 9(5), 

326-334. 

Pandolfi, C., Mancusoa, S., Shabala, S. 2012. Physiology of 

acclimation to salinity stress in pea (Pisum sativum). 

Environmental and Experimental Botany, 84, 44-51. DOI: 

https://doi.org/10.1016/j.envexpbot.2012.04.015.   

https://doi.org/10.3390/agronomy7010018
https://doi.org/10.1007/s11738-018-2657-0
https://doi.org/10.1007/s11738-018-2657-0
https://doi.org/10.19084/RCA18215
https://doi.org/10.4136/ambi-agua.2130
https://doi.org/10.1016/j.apsoil.2016.01.003
https://doi.org/10.15809/irriga.2015v20n1p105
https://doi.org/10.1007/s11738-019-2985-8
https://doi.org/10.1016/S2095-3119(17)61728-3
https://doi.org/10.1016/S2095-3119(17)61728-3
https://doi.org/10.1038/srep42039
https://doi.org/10.24925/turjaf.v5i12.1668-1672.1664
https://doi.org/10.1016/j.tplants.2013.09.004
https://doi.org/10.1590/S1806-66902015000100001
https://doi.org/10.19084/RCA18123
https://doi.org/10.1139/cjps-2019-0169
https://doi.org/10.1007/s10725-015-0079-1
https://doi.org/10.1111/nph.13519
https://doi.org/10.3390/su12030846
https://doi.org/10.1590/0103-8478cr20160270
https://doi.org/10.3390/plants13030390
https://doi.org/10.3390/plants13030390
https://doi.org/10.1590/S1415-43662014000500003
https://doi.org/10.1590/S1415-43662014000500003
https://doi.org/10.1016/j.envexpbot.2012.04.015


        Silva et al. (2024)   9 

 

Revista de Agricultura Neotropical, Cassilândia-MS, v. 11, n. 2, e8482, Apr./June, 2024. 

R Core Team. 2022. R: A language and environment for 

statistical computing. R Foundation for Statistical Computing, 

Vienna, Austria.  

Sá, F.V.S., Brito, M.E.B., Silva, L.A., Moreira, R.C.L., 

Fernandes, P.D., Figueiredo, L.C. 2015. Fisiologia da 

percepção do estresse salino em híbridos de tangerineira 

“Sunki Comum” sob solução hidropônica salinizada. 

Comunicata Scientiae, 6(4), 463-470. DOI: 

https://doi.org/10.14295/cs.v6i4.1121.  

Sá, F.V.S., Gheyi, H.R., Lima, G.S., Paiva, E.P., Moreira, 

R.C.L., Silva, L.A. 2018. Water salinity, nitrogen and 

phosphorus on photochemical efficiency and growth of west 

indian 43 cherry. Revista Brasileira de Engenharia Agrícola e 

Ambiental, 22(3), 158-163. DOI: https://doi.org/10.1590/1807 

-1929/agriambi.v22n3p158-16.  

Santos, H.G., Jacomino, P.K.T., Anjos, L.H.C., Oliveira, V.A., 

Lumbreras, J.F., Coelho, M.R., Almeida, J.A., Araújo Filho, 

J.C., Oliveira, J.B., Cunha, T.J.F. 2018. Sistema Brasileiro de 

Classificação de solo. Embrapa, Brasília.  

Shah, S.H., Houborg, R., Mccabe, M.F. 2017. Response of 

chorophyll carotenoid and SPAD - 502 meansurement to 

salinity and nutriente stress in wheat (Triticum aestivum L.). 

Agronomy, 7(1), 61. 

Silva, E.M., Lima, G.S., Gheyi, H.R., Nobre, R.G., Sá, F.V.S., 

Souza, L.P. 2018. Growth and gas exchanges in soursop under 

irrigation with saline water and nitrogen sources. Revista  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Brasileira de Engenharia Agrícola e Ambiental, 22(11), 776-

781. DOI: https://doi.org/10.1590/1807-1929/agriambi.v22 

n11p776-781.  

Silva, T.I., Gonçalves, A.C.M., Melo Filho, J.S., Alves, W.S., 

Basílio, A.G.S., Figueiredo, F.R.A., Dias, T.J., Blank, A.F. 

2019. Echophysiological aspects of Ocimum basilicum under 

saline stress and salicylic acid. Revista Brasileira de Ciências 

Agrárias, 14(2), e5633. DOI: https://doi.org/10.5039/agraria. 

v14i2a5633.  

Souza, G.S., Oliveira, U.C., Silva, J.S., Lima, J.C. 2013. 

Crescimento, produção de biomassa e aspectos fisiológicos de 

plantas de Mentha Piperita L. cultivadas sob diferentes doses 

de fósforo e malhas coloridas. Global Science and 

Technology, 6(3), 35-44. 

Souza, M.C.M.R., Menezes, A.S., Costa, R.S., Lacerda, C.F., 

Amorim, A.V., Ximenes, A.I.S. 2019.  Saline water on the leaf 

mineral composition of noni under organic fertilization. 

Revista Brasileira de Engenharia Agrícola e Ambiental, 23(9), 

687-693. DOI: https://doi.org/10.1590/1807-1929/agriambi. 

v23n9p687-693.  

Taiz, L., Zeiger, E., Møller, I.M., Murphy, A. 2017. Fisiologia 

e desenvolvimento vegetal. Porto Alegre, Artmed.  

Viudes, E.B., Santos, A.C.P., 2014: Caracterização fisiológica 

e bioquímica de artemisia (Artemisia annua L.) submetida a 

estresse salino. Colloquium Agrariae, 10, 84-91. DOI: 

https://doi.org/10.5747/ca.2014.v10.n2.a111. 

 

https://doi.org/10.14295/cs.v6i4.1121
https://doi.org/10.1590/1807-1929/agriambi.v22n3p158-16
https://doi.org/10.1590/1807-1929/agriambi.v22n3p158-16
https://doi.org/10.1590/1807-1929/agriambi.v22n11p776-781
https://doi.org/10.1590/1807-1929/agriambi.v22n11p776-781
https://doi.org/10.5039/agraria.v14i2a5633
https://doi.org/10.5039/agraria.v14i2a5633
https://doi.org/10.1590/1807-1929/agriambi.v23n9p687-693
https://doi.org/10.1590/1807-1929/agriambi.v23n9p687-693
https://doi.org/10.5747/ca.2014.v10.n2.a111

