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ABSTRACT 

 

Theoretical framework: The areas affected by salinity have increased in recent years, becoming a limiting 

factor for plants, negatively interfering with their growth and development. As a result of these effects, knowing 

species that tolerate this adverse salinity condition is fundamental, both from an environmental aspect and from 

a scientific point of view. 

 

Objective: This research aimed to verify the effects of salinity on the growth and accumulation of organic 

solutes of Cnidoscolus quercifolius seedlings. 

 

Method: The treatments consisted of five levels of NaCl (0, 50, 100, 200 and 400 mM), distributed in entirely 

randomized design, with four replications. The seedlings grew in ‘Leonard’ pots, containing washed sand and 

nutrient solution, kept under saline conditions for 60 days. The parameters analyzed were height; stem 

diameter; roots, stem, leaves, shoot, and total dry mass; and amino acids, proteins and total soluble sugars 

content. 

 

Results and discussion: Salinity reduced linearly all parameters evaluated, especially at the highest levels of 

salt in the medium, indicating that the C. quercifolius seedlings were intolerant to the imposed salinity, not 

being able to adjust osmotically. 

 

Research implications: Possibility of revegetation of areas with saline soil problems, reintegrating them into 

the production system. 

 

Originality/value: To know the forest species capable of surviving in areas affected by salinization, enabling 

the adoption of recovery techniques and practices. 

 

Keywords: Salt Stress, Organics Solutes Accumulation, Salt Tolerance, Semiarid, Caatinga Vegetation. 
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CRESCIMENTO, ACÚMULO DE MASSA SECA E DE SOLUTOS ORGÂNICOS EM MUDAS DE 

FAVELEIRA Cnidoscollus phyllacanthus (M. Arg) Pax & Hoffm.) SOB SALINIDADE 

 

RESUMO 

 

Objetivo: Este trabalho teve como objetivo verificar quais os efeitos da salinidade no crescimento e no 

acúmulo de solutos orgânico das mudas de faveleira (Cnidoscolus quercifolius). 

 

Referencial teórico: As áreas afetadas pela salinidade têm aumentado nos últimos anos, constituindo-se em 

fator limitante para as plantas, interferindo negativamente no seu crescimento e desenvolvimento. Como 

resultado desses efeitos, conhecer espécies que tolerem à essa condição adversa de salinidade é fundamental, 

tanto no aspecto ambiental como do ponto de vista científico. 

 

Método: Os tratamentos consistiram de cinco níveis de NaCl (0, 50, 100, 200 e 400 mM), distribuídos em 

delineamento inteiramente casualizado, com 4 repetições. As mudas cresceram em vasos de Leonard, contendo 

areia lavada e solução nutritiva, mantidas sob salinidade durante 60 dias. Foram determinados os seguintes 

parâmetros: altura, diâmetro, massas seca das raízes, caule, folhas, parte aérea e total, e acúmulo de 

aminoácidos, proteínas e açúcares solúveis totais.  

 

Resultados e conclusão: A salinidade causou redução linear em todos os parâmetros avaliados, principalmente 

nos níveis mais elevados de sal no meio, indicando que as mudas de C. quercifolius mostraram-se intolerantes 

à salinidade imposta, não sendo capazes de se ajustar osmoticamente.   

 

Implicações da pesquisa: Possibilidade de revegetação de áreas com problema de solos salinos, reintegrando-

as ao sistema produtivo. 

 

Originalidade/valor: Conhecer as espécies florestais com capacidade de sobrevivência em áreas afetadas pela 

salinização, possibilitando a adoção de técnicas e práticas de recuperação. 

 

Palavras-chave: Estresse Salino, Acúmulo de Solutos Orgânicos, Tolerância à Salinidade, Semiárido, 

Caatinga.  

 
RGSA adota a Licença de Atribuição CC BY do Creative Commons (https://creativecommons.org/licenses/by/4.0/). 

 

 

 

1 INTRODUCTION 

 

The arid, semi-arid and dry sub-humid climates, soils with poor drainage and 

subsurface waters rich in soluble salts cause salinization. However, this process can be 

established in environments previously free of salts at toxic levels, mainly due to inadequate 

soil management, use of poor quality water, use of fertilizers with a high saline index, high 

evapotranspiration rate and low precipitation, making the soils unproductive (Oliveira, 1997). 

Currently, soil salinity has become one of the most serious problems for irrigated 

agriculture in different parts of the world (Rodrigues et al., 2005). This problem in arid and 

semi-arid regions has become a matter of concern (Pedrotti et al., 2015), mainly because it is 

concentrated in irrigated areas that have received high investments in infrastructure for its 

implementation. 

In Brazil, the predominance of areas with salinity problems is in the regions of the 

irrigated perimeters of the Northeast (Sá, 2016) and it is estimated that the salinized area 

exceeds nine million hectares (Miranda et al., 2002). 

This region has problems with frequent dry periods, making it difficult to leach salts, 

in addition to the fact that most soils have a high concentration of salts in the soil, becoming a 

limiting factor for plant development (Pedrotti et al., 2015). In addition, the use of saline water 

https://creativecommons.org/licenses/by/4.0/
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and the indiscriminate use of fertilizers can aggravate this adverse situation, making the soil 

unsuitable for agriculture. 

This accumulation of salts in the soil causes stress in plants, resulting in changes in 

several biochemical reactions, affecting physiological processes such as photosynthesis, 

antioxidant metabolism, osmolyte accumulation, hormonal signaling, enzymatic activities and 

seed germination (Siddiqui et al., 2010; Khan et al., 2012). 

In addition to effects of an osmotic nature, restricting the availability of water and 

nutrients to plants, excess ions in the protoplasm, mainly Na+ and Cl-, can cause toxicity or 

disturbances in plant nutrition, directly reflecting on metabolism, growth and development 

establishing them (Shannon, 1997; Chusman, 2001; Munns, 2002; Navroski et al., 2018; 

França et al., 2023). 

When plants are exposed to salinity, there is an increase in the production of reactive 

oxygen species (ROS), such as singlet oxygen (½O2), superoxide radical (O2
-), hydrogen 

peroxide (H2O2) and hydroxyl radical (OH) (Ashraf; Harris, 2004). These compounds cause 

oxidative damage, such as enzymatic inactivation, lipid peroxidation, protein degradation and 

DNA damage (Zushi; Matsuzoe, 2009). 

In order to survive under high salinity conditions, it is essential that plants develop 

tolerance mechanisms, which can be simple or extremely complex (Esteves; Suzuki, 2008). 

Plants, when subjected to high levels of salt, promote an increase in the cellular concentration 

of solutes, as a form of protection, among which are sugars, polyols, amino acids, betaines and 

related compounds (Hasegawa et al., 2000). These contribute to water absorption and cell 

turgor, ensuring vital physiological processes such as stomatal opening, photosynthesis and 

cell expansion (Sakamoto; Murata, 2002; Serraj; Sinclair, 2002). 

In this context, the search for species that tolerate these adverse conditions is essential, 

and it is necessary to know species with potential for cultivation in saline environments and, 

even with limitations, these salinized areas can be explored (Cruz et al., 2020). However, it is 

essential to use species native to the region affected by salinity, since they are already adapted 

to its edaphoclimatic conditions (França et al., 2023). 

Cnidoscolus quercifolius Pohl, known as faveleira or favela-de-cachorro, belonging to 

the Euphorbiaceae family, is native and endemic to Brazil, with confirmed occurrences in the 

states of Bahia, Ceará, Paraíba, Pernambuco, Piauí, Rio Grande do Norte, Sergipe and Minas 

Gerais (Flora do Brasil, 2023). It is a species of multiple use, and can be used for recovery of 

degraded areas, animal and human food, medicine, sawmill and energy, biodiesel, among 

others (Nóbrega, 2001; Maia, 2004). 

Due to its economic and ecological importance and due to the lack of information about 

its behavior in relation to salinity, this work aimed to verify the effects of this adverse condition 

on the growth of seedlings, as well as on the accumulation of organic solutes. 

 

2 MATERIALS AND METHODS 

 

2.1 Growth Conditions 

 

The study was carried out in a protected environment at the Academic Unit of Forestry 

Engineering at the Federal University of Campina Grande, in the municipality of Patos - PB 

(7° 1′ 32″ S, 37° 16′ 40″ W, altitude 221 m). According to the climate classification established 

by Köppen, the climate is type Aw' (Hot and humid with rains from summer to autumn), with 

a rainy season from January to April and average precipitation around 800 mm (Menezes et 

al., 2015). 

The seeds were selected according to size and health in order to maintain uniformity 

and then they were disinfected in 5% sodium hypochlorite for 5 minutes and washed with 
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distilled water to remove excess hypochlorite. Three seeds were placed per container (Leonard 

pots), made with plastic PET bottles, containing 1 kg of washed coarse sand, as proposed by 

Vincent (1970). 

Saline treatments corresponded to 0 (control); 50; 100; 200 and 400 mM of NaCl, 

distributed in a completely randomized design, with four replicates, giving a total of 20 pots. 

The Hoagland and Arnon's nutrient solution (1950) was used in half ionic strength with 

the proper concentrations of sodium chloride. The saline treatments began 30 days after 

thinning, adding 50 mM NaCl daily until reaching the desired concentration. The solutions 

were changed every five days in order to maintain the salinity level and the adequate 

concentration of nutrients, ending the experiment 60 days after the beginning of the treatments. 

 

2.2 Morphological Attributes 

 

After 60 days, plants were uprooted carefully, washed with water, and cut into roots 

and shoots. The root and shoot lengths were measured using measuring rod, while their fresh 

and dry (after oven drying at for 72 h at 65 °C) 

 

2.3 Organics Solutes Quantification 

 

The extracts for the quantification of sugars, amino acids and proteins were performed 

with methanol, chloroform, and water (MCW) in 12:5:3 ratio (v/v/v) (Bieliski; Turner, 1966). 

Sugar determination assays according to the anthrone method (Yemm; Willis, 1954), using 

glucose as standard. The proteins quantified according to Bradford's methodology (1976), 

using BSA (bovine serum albumin). For total amino acids determination assays according the 

methodology proposed by Yemm, Cocking and Ricketts (1955), with glycine as standard. 

 

2.4 Statistical Analysis 

 

Statistical analyses and regressions were performed using SISVAR statistical program 

(Ferreira, 2000). 

 

3 RESULTS AND DISCUSSIONS 

 

Increasing the salt concentration in the solution resulted in a linear reduction in the 

height and diameter of the stem in the plants (Figure 1). At the lowest salt concentrations (50 

and 100 mM), reductions of 23% and 32% in plant height were observed, compared to the non-

saline treatment (0 mM NaCl), increasing to a 57% reduction when added 400 mM NaCl 

(Figure 1A). Thus, it appears that the effects of moderate salinity levels exert little influence 

on the height of C. quercifolius seedlings. 

However, on stem diameter, the salt effects were smaller, with this average reduction 

of 29%, in all saline treatments compared to non-saline treatment. 
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Figure 1. Height and shoot diameter of C. quercifolius seedlings under NaCl concentrations. 

Source: authors. 

 

According to Freire, Rodrigues and Miranda (2010), the effect of salinity on plant 

growth varies according to the species and salt concentration used. Thus, the sensitivity to the 

existence of higher or lower levels of salts in the soil is a characteristic of each type of plant 

(Pedrotti et al., 2015). 

Studies with other Caatinga species also obtained reductions in stem height and 

diameter in response to increased salinity, such as Mimosa caesalpiniaefolia (Silva et al., 

2009), Erythrina velutina (Silva et al., 2019), Libidibia ferrea (Bezerra et al., 2020) and 

Mimosa tenuiflora (França et al., 2023). These results are corroborated by other works carried 

out, which also observed significant effects with an increase in salinity, causing a decrease in 

the initial growth of seedlings, such as in Gliricidia sepium (Farias et al., 2009), Caesalpinia 

ferrea (Freitas et al., 2010) and Delonix regia (Nogueira et al., 2012). The negative effects of 

salinity have also been visible in fruit species, as reported in the study developed by Coelho et 

al. (2015), evaluating the effects of saline water on the growth of Carica papaya seedlings. 

This is clearly verified when comparing the previously mentioned studies with the work 

developed by Veras et al. (2011), in which there was no significant effect of salinity on height 

and stem diameter of Jatropha curcas plants. 

There are several factors that may have negatively affected the growth of C. 

quercifolius seedlings, among them the decrease in water availability can be highlighted, being 

retained in the saline solution, mainly as the concentrations of salts increase, it becomes water 

less and less available (Esteves; Suzuki, 2008). In addition to the osmotic effect, seedling 

growth may also have been affected by the toxic effect caused by the concentration of ions in 

the protoplasm (Taiz et al., 2017). 

The dry mass of plants decreased with increasing NaCl concentrations in the nutrient 

solution (Figure 2). Compared to non-saline treatment (0 mM NaCl), there were decreases in 

roots dry mass (RDM) (86%), shoot dry mass (SDM) (85%), and  plant dry mass (TDM) (83%) 

when plants were submitted to highest salt concentration (400 mM NaCl). 
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Figure 2. Total (TDM), roots (RDM), shoot (SDM), and stem dry mass (StDM) of C. quercifolius seedlings 

under NaCl concentrations. 

Source: authors. 

 

Comparing seedlings subjected to 50 mM NaCl, there was a reduction of 74%, 64%, 

63% and 63%, respectively in StDM, RDM, SDM and TDM, both compared to those that did 

not receive NaCl. When increasing the salt level to 100 mM, the reductions were 71%, 68%, 

68% and 60%, respectively for RDM, StDM, TDM and SDM. 

There are several aspects that negatively affect the growth and dry mass production of 

plants when kept under saline conditions (França et al., 2023). The reduction in plant mass at 

the highest levels of salinity was probably due to the increase in the osmotic pressure of the 

solutions, caused by saline stress and the consequent decrease in water absorption by plants, a 

fact commonly reported in the literature (Katerji et al., 2003 ; Bie; Ito; Shinohara, 2004). 

Dawalibi et al. (2015) studied the salt effects in two Tamarix species, and observed that 

salt had a highly negative effect on plant height increment of Tamarix. aphylla, which was 

reduced by 27.3%, while it did not show any significant effect on T. jordanis. The shoot dry 

weight of both species was not negatively affected by salt stress in the short period of the 

experiment, yet shoot dry weight of T. jordanis under salt stress was even higher than the 

control. Similarly, roots of both species were not affected by salt stress. 

The reduction in water absorption leads to the inhibition of cellular extensibility and a 

consequent reduction in leaf area, affecting the photosynthetic capacity of the leaves, providing 

a reduction in the production of carbohydrates, necessary for plant growth, as stated by Zidan, 

Azaizeh and Neumann (1990) and Munns (2002). Photosynthesis involves a long chain of 

mechanisms (Esteves; Suzuki, 2008), being directly affected as there is an increase in saline 

concentrations, with significant changes in carbohydrate concentrations in the source tissues, 

characterized by the appearance of oligosaccharides from the raffinose group, verbascose, and 

also methylated inositol (Pharr et al., 1995). Thus, saline stress affects photosynthesis due to 

the reduction in water potential, indicating that for plants to tolerate salinity, they must increase 

water use efficiency (Esteves; Suzuki, 2008). 

Furthermore, an imbalance in the partition of assimilates between the various parts of 

the plant, causing a reduction in the shoot/root ratio of plants under stress may occur as a result 

of salinity (Hanson; Hitz, 1982). 

However, one cannot also disregard the effects that Na+ and Cl- salts can have on 

plants, causing disturbances in nutrition and metabolism, causing damage to growth (Chusman, 

2001; Munns, 2002). This is proven in a study developed by Natale et al. (2018) stating that 

the accumulation of dry mass in each plant organ is proportionally related to the accumulation 

of nutrients. 
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The roots behaviour under salinity conditions is one of the most important 

characteristics in studies of tolerance to salt stress, as they are in direct contact with salt and 

absorb water for cellular supply (Jamil; Rha, 2004). Demir and Arif (2003) observed that root 

growth was more affected by salinity than shoot growth. Jeannette, Craig, and Lynch (2002) 

reported that shoot and root fresh weight of crop accessions was reduced with increasing salt 

stress. 

Silva et al. (2008) related that as the salinity level increased, there was a decrease in the 

growth and accumulation of dry mass of melon plants. The effects of salinity on plant growth 

and dry mass accumulation are also well demonstrated by Bessa et al. (2017), in which, 

studying the effects of salinity on six species from the Caatinga, they observed different 

degrees of tolerance, varying according to the intensity of saline stress and the species studied. 

In relation to the accumulation of organic solutes, salinity had a significant influence 

only on sugar content (Figure 3). 

 

 
Figure 3. Sugar content in C. quercifolius seedlings under NaCl concentrations. 

Source: authors. 

 

There was a linear decrease in total sugar content with increasing salinity, which may 

have been due to the effects of salinity affecting photosynthesis, impairing the synthesis of 

solutes necessary for growth, since there was a reduction in height (Figure 1) and mass plant 

drought (Figure 2) with increased salinity. 

In two Tamarix species under salt stress (T. aphylla and T. jordanis), Dawalibi et al. 

(2015) observed a drastic reduction of glucose (51%) and fructose (41.5%) content was 

detected T. aphylla plants. 

It is therefore inferred that the C. quercifolius seedlings were not capable of developing 

osmotic adjustment to maintain cell turgidity and subsequent growth. Salinity-tolerant plants 

often develop osmotic adjustment by accumulating mainly sugars, amino acids, polyols, 

betaines and related compounds (Hasegawa et al., 2000). This accumulation contributes to the 

maintenance of water absorption and cell turgidity, ensuring vital physiological processes, such 

as stomatal opening, photosynthesis and cell expansion (Sakamoto; Murata, 2002; Serraj; 

Sinclair, 2002). 

 

4 CONCLUSION 

 

The seedlings were strongly affected by the imposed salinity, resulting in a reduction 

in growth and accumulation of dry mass, not being able to adjust osmotically. 

  

■----■ Leaves   y = -3,86x + 26,08  R² = 0,95

▲___▲ Roots y = -4,117x + 33,35  R² = 0,98

0

5

10

15

20

25

30

0 50 100 200 400

S
u

g
a

r 
co

n
te

n
t

(µ
g

 g
 F

M
-1

)

NaCl (mM)



 
Growth, Dry Mass and Organics Solutes Accumulation in Cnidoscollus phyllacanthus (M. Arg) Pax & Hoffm.) 

Seedlings Under Salinity 

___________________________________________________________________________ 

 

 Rev. Gest. Soc. Ambient. | Miami | v.17.n.10 | p.1-12 | e04156 | 2023. 

 

8 

REFERENCES 

ASHRAF, M., HARRIS, P. J. C. (2004). Potential biochemical indicators of salinity tolerance 

in plants. Plant Science, 166(1), 3-16. https://doi.org/10.1016/j.plantsci.2003.10.024. 

BESSA, M. C., LACERDA, C. F., AMORIM, A. V., BEZERRA, A. M. E., LIMA, A. D. 

(2017). Mechanisms of salt tolerance in seedlings of six woody native species of the Brazilian 

semi-arid. Revista Ciência Agronômica, 48(1), 157-165. https://doi.org/10.5935/1806-

6690.20170018. 

BEZERRA, L. T., SANTOS, A. R. C. S., FARIAS, A.S., SOUTO, P. C., FERREIRA, V. M., 

NETO, J. C. A., NASCIMENTO, H. H. C. (2020). Emergência e crescimento inicial de 

plântulas de Libidibia ferrea (Mart. exTul) em diferentes níveis de salinidade na água de 

irrigação. Brazilian Journal of Animal and Environmental Research, 3(3), 1126-1140. 

https://doi.org/10.34188/bjaerv3n3-032. 

BIE, Z., ITO, T., SHINOARA, Y. (2004). Effects of sodium sulfate and sodium bicarbonate 

on the growth, gas exchange and mineral composition of lettuce. Scientia Horticulturae, 99(2), 

215-224. https://doi.org/10.1016/S0304-4238(03)00106-7. 

BRADFORD, M. M. (1976). A rapid and sensitive method for the quantitation of microgam 

quantities of protein utilizing the principle of protein binding. Analytical Biochemistry, 72(2), 

248-254. https://doi.org/10.1016/0003-2697(76)90527-3. 

CHUSMAN, J. C. (2001). Osmoregulation in plants: implications for agriculture. American 

Zoologist, 41(4), 758-769. https://doi.org/10.1093/icb/41.4.758. 

COELHO, D. C., SILVA, E. C. B., SILVA, F. M., SOUSA, E. M. L., NOBRE, R. G. (2015). 

Crescimento de mudas de mamoeiro em condições controladas com água salina. Revista Verde 

de Agroecologia e Desenvolvimento Sustentável, 10(1), 1-5. 

https://doi.org/10.18378/rvads.v10i1.3218. 

CRUZ, V. S., YAMASHITA, O. M., KARSBURG, I. V., CARVALHO, M. A. C., 

DALLACORT, R., ROSSI, A. A. B., SILVA, I. V. (2020). Efeito da salinidade na germinação 

e desenvolvimento de plântulas de Ochroma pyramidale. Nativa, 8(2), 239-245. 

https://doi.org/10.31413/nativa.v8i2.8266. 

DASGAN, H. Y., AKTAS, H., ABAK, K., CAKMAK. I. (2002). Determination of screening 

techniques to salinity tolerance in tomatoes and investigation of genotypes responses. Plant 

Science, 163(1), 695-703. https://doi.org/10.1016/S0168-9452(02)00091-2. 

DAWALIBI, V., MONTEVERDI, M. C., MOSCATELLO, S., BATTISTELLI, A., 

VALENTINI, R. (2015). Effect of salt and drought on growth, physiological and biochemical 

responses of two Tamarix species. iForest, 8, 772-779. https://doi.org/10.3832/ifor1233-007 

DEMIR, M., ARIF, I. (2003). Effects of different soil salinity levels on germination and 

seedling growth of safflower (Carthamus tinctorius L.). Turkish Journal of Agriculture, 27(4), 

221-227. https://www.semanticscholar.org/paper/Effects-of-Different-Soil-Salinity-Levels-

on-and-of-Kaya-Ipek/13101030487f31d0db45cea035319296e8223cd6. 

ESTEVES, B. S., SUZUKI, M. S. (2008). Efeitos da salinidade sobre as plantas. Oecologia 

Brasiliensis, 12(4), 662-679. https://dialnet.unirioja.es/servlet/articulo?codigo=2883337. 

https://doi.org/10.1016/j.plantsci.2003.10.024
https://doi.org/10.5935/1806-6690.20170018
https://doi.org/10.5935/1806-6690.20170018
https://doi.org/10.34188/bjaerv3n3-032
https://doi.org/10.1016/S0304-4238(03)00106-7
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1093/icb/41.4.758
https://doi.org/10.18378/rvads.v10i1.3218
https://doi.org/10.31413/nativa.v8i2.8266
https://doi.org/10.1016/S0168-9452(02)00091-2
https://doi.org/10.3832/ifor1233-007


 
Growth, Dry Mass and Organics Solutes Accumulation in Cnidoscollus phyllacanthus (M. Arg) Pax & Hoffm.) 

Seedlings Under Salinity 

___________________________________________________________________________ 

 

 Rev. Gest. Soc. Ambient. | Miami | v.17.n.10 | p.1-12 | e04156 | 2023. 

 

9 

FARIAS, S. G. G., SANTOS, D. R., FREIRE, A. L. O., SILVA, R. B. (2009). Growth and 

mineral nutrition of (Gliricidia sepium (Jacq.) Kunth ex Steud) seedlings in nutrient solution 

under saline stress. Revista Brasileira de Ciência do Solo, 33(5), 1499-1505. 

https://doi.org/10.1590/S0100-06832009000500040. 

FERREIRA, D. F. (2000). Sistemas de análise estatística para dados balanceados. Lavras: 

UFLA/DEX/SISVAR. 

FRANÇA, G. F., FREIRE, A. L. O., FERREIRA, C. D., BAKKE, I. A., FRANÇA, D. R. S. F. 

(2023). Gas exchange and initial growth of Mimosa tenuiflora (Willd.) Poir. plants under 

salinity conditions. Concilium, 22(2), 555–569. https://doi.org/10.53660/CLM-792-23A47. 

FREIRE, A. L. O., RODRIGUES, T. J. D., MIRANDA, J. R. P. (2010). Fixação biológica de 

nitrogênio e crescimento de plantas de leucena (Leucaena leucocephala (Lam.) De Wit.) sob 

salinidade. Revista Caatinga, 23(1), 90-96. 

FREITAS, R. M. O., NOGUEIRA, N. W., OLIVEIRA, F. N., COSTA, E. M., RIBEIRO, M. 

C. C. (2010). Efeito da irrigação com água salina na emergência e crescimento inicial de 

plântulas de jucá. Revista Caatinga, 23(3), 54-58. 

HANSON, A. D., HITZ, W. D. (1982). Metabolic responses of mesophytes to plant water 

deficits.  Annual Review of Plant Physiology, 33, 163-203. 

HASEGAWA, P. M., BRESSAN, R. A., ZHU, J. K., BOHNERT, H. J. (2000). Plant cellular 

and molecular responses to high salinity. Annual Review of Plant Physiology and Plant 

Molecular Biology, 51, 463-499, 2000. 

HOAGLAND, D. R., ARNON, D. I. (1950). The water culture method for growing plants 

without soil. California Agriculture Experimental Study. 

https://doi.org/10.2135/cropsci2002.1584. 

INSTITUTO DE PESQUISAS JARDIM BOTÂNICO DO RIO DE JANEIRO. Flora e Funga 

do Brasil. Rio de Janeiro. Disponível em: https://floradobrasil.jbrj.gov.br/FB18874. 

JAMIL, M., RHA, E. S. (2004). The effect of salinity (NaCl) on the germination and seedling 

of sugar beet (Beta vulgaris L.) and cabbage (Brassica oleracea capitata L.). Korean Journal 

of Plant Resources, 7, 226-232. 

JEANNETTE, S., CRAIG, R., LYNCH, J. P. (2002). Salinity tolerance of phaseolus species 

during germination and early seedling growth. Crop Science, 42(5), 1584-1594. 

KATERJI, N., HOORN, J. W. V., HAMDY, A., MASTRORILLI, M. (2003). Salinity effect 

on crop development and yield analysis of salt tolerance according to several classification 

methods. Agricultural Water Management, 62(1), 37-66. https://doi.org/10.1016/S0378-

3774(03)00005-2. 

KHAN, M. I. R., SYEED, S., NAZAR, R., ANJUM, N. A. (2012). An insight into the role of 

salicylic acid and jasmonic acid in salt stress tolerance. In: KHAN, N., NAZAR, R., IQBAL, 

N., ANJUM, N. (eds). Phytohormones and abiotic stress tolerance in plants. Berlin: Springer. 

https://doi.org/10.1590/S0100-06832009000500040
https://doi.org/10.53660/CLM-792-23A47
https://doi.org/10.2135/cropsci2002.1584
https://floradobrasil.jbrj.gov.br/FB18874
https://doi.org/10.1016/S0378-3774(03)00005-2
https://doi.org/10.1016/S0378-3774(03)00005-2


 
Growth, Dry Mass and Organics Solutes Accumulation in Cnidoscollus phyllacanthus (M. Arg) Pax & Hoffm.) 

Seedlings Under Salinity 

___________________________________________________________________________ 

 

 Rev. Gest. Soc. Ambient. | Miami | v.17.n.10 | p.1-12 | e04156 | 2023. 

 

10 

MAIA, G.N. (2004). Caatinga: árvores e arbustos e suas utilidades. 1 ed. São Paulo: D&Z 

Computação Gráfica e Editora, 413p. 

MENEZES, H. E. A., MEDEIROS, R. M., SANTOS, J. L. G., LIMA, T. S. (2015). 

Variabilidade climática para o município de Patos, Paraíba, Brasil. Revista Verde, 10(3), 37-

41. https://dx.doi.org/10.18378/rvads.v10i3.4607 

MIRANDA, J. R. P., CARVALHO, J. G., SANTOS, D. R., FREIRE, A. L. O., BERTONI, J. 

C., MELO, J. R. M., CALDAS, A. L. (2002). Silício de cloreto de sódio na nutrição mineral e 

produção de matéria seca de plantas de moringa (Moringa oleifera Lam.). Revista Brasileira 

de Ciência do Solo, 26(4), 957-965. https://doi.org/10.1590/S0100-06832002000400013. 

MUNNS, R. (2002). Comparative physiology of salt and water stress. Plant, Cell and 

Environment, 25(2) 239-250. https://doi.org/10.1046/j.0016-8025.2001.00808.x. 

NATALE, W., LIMA NETO, A. J., ROZANE, D. E., PARENT, L. E., CORRÊA, M. C. M. 

(2018). Mineral nutrition evolution in the formation of fruit tree rootstocks and seedlings. 

Revista Brasileira de Fruticultura, 40(6), e-133. https://doi.org/10.1590/0100-29452018133. 

NAVROSKI, M. C., BERGHETTI, A. L. P., FENILLI, T. A. B., BUSS, R., PEREIRA, M. O., 

TURCHETTO, F. (2018). Adubação de mudas em viveiros florestais. In: ARAÚJO, M. M., 

NAVROSKI, M. C., SCHORN, L. A. (eds). Produção de sementes e mudas: um enfoque à 

silvicultura. Universidade Federal de Santa Maria, Santa Maria, p. 237-257. 

https://www.ufsm.br/laboratorios/silviculturaviveiro/producao-de-sementes-e-mudas-um-

enfoque-a-silvicultura. 

NÓBREGA, S. B. (2001). A faveleira (Cnidoscolus quercifolius) como uma fonte alternativa 

na alimentação humana e animal no Semi-árido Paraibano. Dissertação (Mestrado). UFPB. 

João Pessoa. 

NOGUEIRA, N. W., LIMA, J. S. S., FREITAS, R. M. O., RIBEIRO, M. C. C., LEAL, C. C. 

P., PINTO, J. R. S. (2012). Efeito da salinidade na emergência e crescimento inicial de 

plântulas de flamboyant. Revista Brasileira de Sementes, 34(3), 466-472. 

https://doi.org/10.1590/S0101-31222012000300014. 

OLIVEIRA, M. (1997). Gênese, classificação e extensão de solos afetados por sais In: GHEYI, 

H. R.; QUEIROZ, J. E.; MEDEIROS, J. F. (Ed.). Simpósio “Manejo e controle da salinidade 

na agricultura irrigada”. Campina Grande;UFPB, 35p. 

PEDROTTI, A., CHAGAS, R. M., RAMOS, V. C., PRATA, A. P. N., LUCAS, A. A. T., 

SANTOS, P. B. (2015). Causes and consequences of the process of soil salinization. Revista 

Eletrônica Em Gestão, Educação E Tecnologia Ambiental, 19(2), 1308-1324. 

https://doi.org/10.5902/2236117016544. 

PHARR, D. M., STOOP, J. M. H., WILLIAMSON, J. D., STUDER FEUSI, M. E., MASSEL, 

M. O., CONKLING, M. A. (1995). The dual role of mannitol as osmoprotectant and 

photoassimilate in celery. HortScience, 30(6), 1182-1188. 

https://doi.org/10.21273/HORTSCI.30.6.1182. 

RODRIGUES, L. N., FERNANDES, P. D., GHEYI, H. R., NERY, A. R., CORREIA, K. G. 

(2005). Produção de arroz em condições de salinidade a partir de mudas formadas com e sem 

https://doi.org/10.1590/S0100-06832002000400013
https://doi.org/10.1046/j.0016-8025.2001.00808.x
https://doi.org/10.1590/0100-29452018133
https://doi.org/10.1590/S0101-31222012000300014
https://doi.org/10.5902/2236117016544
https://doi.org/10.21273/HORTSCI.30.6.1182


 
Growth, Dry Mass and Organics Solutes Accumulation in Cnidoscollus phyllacanthus (M. Arg) Pax & Hoffm.) 

Seedlings Under Salinity 

___________________________________________________________________________ 

 

 Rev. Gest. Soc. Ambient. | Miami | v.17.n.10 | p.1-12 | e04156 | 2023. 

 

11 

estresse salino. Revista Brasileira de Engenharia Agrícola e Ambiental, 9(1), 95-100. 

https://doi.org/10.1590/1807-1929/agriambi.v9nsupp95-100. 

SÁ, F. V. S. (2016). Morfofisiologia de plantas de feijão-caupi sob estresse salino e adubação 

fosfatada. Dissertação (Mestrado em Manejo de Solo e Água) – Universidade Federal Rural 

do Semi-Árido, Mossoró. https://repositorio.ufersa.edu.br/handle/tede/616. 

SAKAMOTO, A., MURATA, N. (2002). The role of glycine betaine in the protection of plants 

from stress: clues from transgenic plants. Plant, Cell and Environment, 25(2), 163-171. 

https://doi.org/10.1046/j.0016-8025.2001.00790.x. 

SERRAJ, R., SINCLAIR, T. R. (2002). Osmolyte accumulation: can it really help increase 

crop yield under drought conditions? Plant, Cell and Environment, 25(2), 333-341. 

https://doi.org/10.1046/j.1365-3040.2002.00754.x. 

SHANNON, M. C. (1997). Adaptation of plants of salinity. Advances in Agronomy, 60(1), 75-

120. https://doi.org/10.1016/S0065-2113(08)60601-X. 

SIDDIQUI, M., MOHAMMAD, F., KHAN, M. N., AL-WHAIB, M. H., BAHKALI, A. H. A. 

(2010). Nitrogen in relation to photosynthetic capacity and accumulation of osmoprotectant 

and nutrients in Brassica genotypes grown under salt stress. Agricultural Sciences in China, 

9(5), 671-680. https://doi.org/10.1016/S1671-2927(09)60142-5. 

SILVA, E. C. A., COSTA, J. R. S., COSTA, P. C. F., ALCANTAR, A. M. A. C., SANTOS, 

C. A., NOGUEIRA, R. J. M. C. (2019). Salinidade na emergência e no crescimento inicial de 

mulungu. Ciência Agrícola, 17(1), 63-69. https://doi.org/10.28998/rca.v17i1.5195. 

SILVA, M. B. R., VIÉGAS, R. A., DANTAS NETO, J., FARIAS, S. A. R. (2009). Estresse 

salino em plantas da espécie florestal sabiá. Caminhos de geografia, 10(30), 120-127. 

https://doi.org/10.14393/RCG103016009. 

SILVA, M. O., FREIRE, M. B. G., MENDES, A. M. S.; FREIRE, F. J., SOUSA, C. E. S., 

GÓES, G. B. (2008). Crescimento de meloeiro e acúmulo de nutrientes na planta sob irrigação 

com águas salinas. Revista Brasileira de Engenharia Agrícola e Ambiental, 12(6), 593-605. 

https://doi.org/10.1590/S1415-43662008000600005. 

TAIZ, L., ZEIGER, E. (2004). Fisiologia Vegetal. Editora: Artmed, 3. ed. Porto Alegre, 719 

p. 

VERAS, R. P., LAIME, E. M. O., FERNANDES, P. D., SOARES, F. A. L., FREIRE, E. D. 

(2011). Plant height, stem diameter and production of jatropha irrigated under different salinity 

levels. Revista Brasileira de Engenharia Agrícola e Ambiental, 15(6), 582-587. 

https://doi.org/10.1590/S1415-43662011000600007. 

VINCENT, J. M. (1970). A manual for the pratical study of root-nodule bacteria. Oxford: 

Blackwell Scientific Publications, (IBP Hand book, 15), 200 p. 

WILLIAMS, W. D. (1987). Salinization of rivers and streams: an important environmental 

hazard. Ambio, 16(4), 180-185. https://www.econbiz.de/Record/salinization-of-rivers-and-

streams-an-important-environmental-hazard-williams-william-david/10001029002. 

https://doi.org/10.1590/1807-1929/agriambi.v9nsupp95-100
https://doi.org/10.1046/j.0016-8025.2001.00790.x
https://doi.org/10.1016/S0065-2113(08)60601-X
https://doi.org/10.1016/S1671-2927(09)60142-5
https://doi.org/10.28998/rca.v17i1.5195
https://doi.org/10.14393/RCG103016009
https://doi.org/10.1590/S1415-43662008000600005
https://doi.org/10.1590/S1415-43662011000600007


 
Growth, Dry Mass and Organics Solutes Accumulation in Cnidoscollus phyllacanthus (M. Arg) Pax & Hoffm.) 

Seedlings Under Salinity 

___________________________________________________________________________ 

 

 Rev. Gest. Soc. Ambient. | Miami | v.17.n.10 | p.1-12 | e04156 | 2023. 

 

12 

YEMM, E. W., COCCKING, E. C., RICKETTS, R. E. (1955). The determination of amino 

acid with ninhidrin. Analyst, 80, 209-214. 

YEMM, E. W., WILLIS, A. J. (1954). The estimation of carbohydrates in plant extracts by 

anthrone. The Biochemical Journal, 57(3), 508-514. https://doi.org/10.1042/bj0570508. 

ZIDAN, I., AZAIZEH, H., NEUMANN, P. M. (1990). Does salinity reduce growth in maize 

root epidermal cells by inhibiting their capacity for cell wall acidification? Plant Physiology, 

93(1), 7-11. https://doi.org/10.1104/pp.93.1.7. 

ZUSHI, K., MATSUZOE, N. (2009). Seasonal and cultivar differences in salt-induced changes 

in antioxidant system in tomato. Scientia Horticulturae, 120(2), 181-187. 

https://doi.org/10.1016/j.scienta.2008.10.005. 

https://doi.org/10.1042/bj0570508
https://doi.org/10.1104/pp.93.1.7
https://doi.org/10.1016/j.scienta.2008.10.005

