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Salinity is a problem that has increased annually and among the viable alternatives for the reintegration 
of saline areas to the productive system is the cultivation of tree species. This study aimed to evaluate 
the growth, dry matter distribution and organic solutes accumulation in Tabebuia aurea Manso (Benth 
and Hook) under salinity. The plants were grown in Hoagland solution with 0, 50, 100, 200 and 400 mM 
NaCl during 30 days distributed in a completely randomized design, with six replicates. The salinity 
affects growth and dry matter accumulation of Tabebuia aurea and promotes soluble sugar 
accumulation on the leaves and stem, and free amino acids in the roots, leaves and stems. Plants 
showed a sensibility to the salt levels used during the time they were exposed. 
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INTRODUCTION 
 
Some areas of arid and semiarid regions have problems 
with soil salinity, which has increased due to excessive 
fertilization and irrigation with saline water, preventing 
their exploitation for agriculture. It is estimated that about 
25% of irrigated areas of the globe are affected by salinity 
(FAO, 2000), which is one of the main causes of the 
reduction in plant growth and yield. 

The salts effects in plants has been studied, and its 
must be of osmotic, toxic or nutritional nature (Munns, 
2002; Flowers, 2004). However, the mechanisms of salt 
tolerance are still not well understood (Hasegawa et al., 
2000). To adapt and survive in these adverse conditions, 
the plants develop several mechanisms such as selec-
tivity of the process of absorption by the cells of the roots, 
loading xylem preferably with K

+
, than with Na

+
, and 

removal of salt in the xylem top of the roots, stem, petio-
les or leaf sheaths (Munns et al., 2002), and osmotic 
adjustment, which plays an important role. This 
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mechanism is based on the accumulation of compatible 
organic solutes (Meloni et al., 2004), which act as 
osmoprotectors and accumulate in the cytoplasm to 
balance the extremely low osmotic potential of the 
vacuole (Rontein et al., 2002). It also acts as protectors 
of proteins and membranes against denaturation caused 
by the high salinity (Munns, 2002). Among the main organic 
solutes that accumulate under salinity conditions are 
proline, glycinebetaine and polyols (Munns, 2002; Rontein 
et al., 2002). 

In the semi-arid region of the Brazilian Northeastern, 
many areas are being abandoned because of saliniza-
tion, and an alternative to the reintegration of these areas 
is the cultivation of trees, in view of the three main 
objectives, which are the revegetation of the area, the 
biomass production aimed at the recovery of fertility and 
physical attributes of these soils, and provide alternatives 
for producing firewood, decreasing its pressure on the 
native vegetation, already so heavily devastated. The use 
of wood in the State of Paraiba, Brazil, for energy pur-
poses is intense and important contribution, bearing in 
mind that firewood and charcoal are among the main sour- 



 

 
 
 
 
ces of energy for domestic and industrial use.  

Much of this wood comes from areas of Caatinga (dry 
forest), which contributes increasingly to the reduction of 
native vegetation. Thus, there is an urgent need to make 
the regeneration of this environment with the aim of 
restoring and conserving biodiversity. 

The Tabebuia aurea Manso (Benth and Hook), 
Bignoniaceae, is a tree of 10 to 12 m tall, usually well 
branched; features trunk with 30 to 50 cm in diameter at 
breast height (dbh); canopy generally well branched, 
rounded, wide open pale gray bark, alternate leaves 
composed of three to five pairs of pinnae, each pinna 
with alternating small leaflets to large (1 to 20 cm), 
glabrous, oblong, bright green; fruit type follicle, seed with 
wings, dispersed by wind; prefers Brazilian Northeast 
riverbanks temporary; presents average growth may be 
recommended for reforestation, especially in riparian 
areas in regions of low rainfall (Lorenzi, 2000). 

The knowledge about tree tolerance to salinity is limited 
when compared with crops and pastures. In relation to 
research with T. aurea, this information is lacking. Such 
information can make allowances for the possibility of its 
use in the recovery of areas with soil salinity problems, 
becoming also an alternative to produce wood in plan-
tings by decreasing the pressure on native vegetation. 

This study aimed to assess the growth, dry matter 
distribution and organic solutes accumulation in plants 
kept under salinity. 
 
 
MATERIALS AND METHODS 
 

The experiment was conducted in protected environment in forest 
nursery of Universidade Federal de Campina Grande (UFCG), 
Patos, Paraíba, Brazil (7°03'34" S - 37°16'29” W). The plants were 
kept in pots of ' Leonard ' filled with 1.5 kg of sand, in accordance to 
Vincent (1970), containing Hoagland and Arnon (1950) nutrient 
solution (½ strength) with the salinity treatments (0, 50, 100, 200 
and 400 mM NaCl). The saline treatments started 15 days after the 
emergency, and adding 50 mM NaCl daily, until it reached the 
desired concentration. The solutions were changed every four days 
in order to keep the proper level of salinity and nutrient 
concentration of nutrient solution. 

At 30 days after the beginning of saline treatments, the plants 
were evaluated for height, leaf number and specific leaf area of 
plants collected and the shoot and roots dry mass were obtained 
after drying at 65°C for 72 h. The determination of leaf area was 
made using foliar disks with a 1 cm² of diameter, placed to dry and 
then weighed. The leaf area was calculated based on the dry mass 
and in the area of the disks and the dry mass of leaves. 

After drying, the material was submitted for weighing to get the 
dry mass determination of these components. In another group of 
plants, at the end of the experiment, plants analysis of soluble 
sugars, total amino acids and proteins contents were collected. The 
extractions were performed with methanol, chloroform and water 
(MCW) in 12:5:3 ratio (v/v/v) (Bieleski and Turner, 1966). The 
extract was prepared using 200 mg of fresh mass of leaves stem 
and roots, with 5 mL of MCW. After this, the samples were centrifu-
ged three times to 3,000 rpm, for 3 min. The supernatant was 
placed in separating funnel on the 1 mL of chloroform and 1.5 mL of 
distilled water was added to each 4 mL of supernatant. After 
separation,  the  upper  stage  of the extract was kept in test tube in 
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the water bath at 30°C for 2 h to evaporate the chloroform. 

For the extraction of proteins, the above mentioned extraction 
precipitate was used, resuspending it three times with NaOH 0.1 
mol/L, using 5 mL per gram of fresh mass, by centrifuging the 
extract to 3,000 rpm for three minutes. Soluble sugars, amino acids 
and protein contents were determined according to Yemm and 
Willis (1954), Yemm and Coccking (1955) and Bradford (1976), 
respectively. 

The experiment was set up in complete randomized design 
(CRD) including 5 NaCl concentrations with five replicates. Data 
were analyzed according to Ferreira (2000) and analysis of varian-
ce and simple linear regression of the results were carried out.   
 
 

RESULTS AND DISCUSSION 
 

Salinity significantly reduced all parameters evaluated (P 
≤ 0.05). Plant height, leaf number and leaf area decrea-
sed linearly with increasing salinity (Figure 1), and dec-
reased 47% in plant height, 82% in leaf number and 
65.5% in leaf area compared to 400 mM with 0 mM NaCl.  

The salinity reduced the dry mass of shoot (82.48%), 
roots (80.26%) and total dry mass (81.74%) compared 0 
to 400 mM NaCl treatments (Figure 2). The most severe 
reduction of these parameters was between 0 and 200 
mM NaCl showing the sensibility of this species to high 
salinity levels. Analyzing Figure 2, the shoots were more 
affected by salinity than roots. Hsiao and Xu (2000) 
reported that in salinity conditions, the shoot growth is in 
most of the cases, more adversely affected than the root 
growth and according to Munns (2002), this is probably 
due to factors associated with water stress and not to the 
specific effect of salt. The reduction in leaf area should be 
influenced by reduced number of leaves (Figure 1). 
According to Lacerda et al. (2001), the reduction in leaf 
area in the presence of NaCl can be attributed to a lower 
division and/or cell expansion through the reduction in 
pressure turgidity, as in cell wall extensibility which is im-
paired due to saline stress, showing an important adjust-
ment mechanism of plants to environments affected by 
such elements. Reduction in growth and dry mass of 
plants caused by salinity has been observed by several 
researchers, in many cultures, as Vigna and Phaseolus 
(Beckmann-Cavalcante et al., 2008), castor bean (Lima 
et al., 2007) and sorghum (Lacerda et al., 2001). This 
may be a reflection of the decline in water consumption 
(Beckmann-Cavalcante et al., 2008), causing water stress, 
affecting the photosynthetic capacity of plants (Flexas et 
al., 2004, Chartzoulakis, 2005; Stępień and Kłobus, 
2006), due to the effects of salinity on stomatal conduc-
tance, reduction in specific metabolic processes in the 
carbon absorption, or a combination of both factors 
(Zhang et al., 2009). These changes in photosynthesis 
can also be non-stomatal as stated by Santos et al. 
(2009) and Huang et al. (2011). 

In relation to the accumulation of organic solutes, signi-
ficant effects of NaCl levels were observed only on solu-
ble sugars and total amino acids. Analyzing the soluble 
sugars  contents  (Figure  3),  an  increase was observed 
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Figure 1. Effect of NaCl on height, number of leaves and leaf area of Tabebuia aurea plants. 
 
 
 

with the elevation on salinity level, this behavior being 
more pronounced in leaves.  

Comparing non-saline treatment with 50 mM NaCl, the 
soluble sugar contents increased from 14.8 to 17.68 µg g

-

1
fwt, representing elevation of 19.6%. In roots, the 

increases were 18 and 53%, respectively compared to 
the control treatment with 50 and 400 mM NaCl. On the 
stem, quadratic reduction in soluble sugar concentrations 
reached the lowest value (3.63 µg g

-1
 fwt) in 185 mM 

NaCl, according to the regression equation (Figure 3). 
When 400 mM NaCl was used, there was a reduction of 
only 6.96% in relation to the non-saline treatment. 
Oliveira et al. (2006) and Lacerda et al. (2001) observed 
significant elevations of soluble carbohydrates in sorghum 
in the presence of NaCl. According to these authors, 
carbohydrates were the main contributor to the osmotic 
adjustment. 

There was gradual increase in amino acids content as 
there was rise in the level of NaCl (Figure 4) in nutrient 

solution and, in the same way as in soluble sugar (Figure 
3), this behavior was more pronounced in the leaves. 
Comparing non-saline treatment with 200 mM NaCl, it 
can be verified that there was an increase (838%) from 
0.59 to 5.54 µg g

-1
 fwt which increased to 8.41 µg g

-1
 fwt 

in 400 mM NaCl (1334%) in the leaves. Both on the 
leaves as in stem, the salt effects became apparent from 
200 mM NaCl, while in the roots, it was from 100 mM 
NaCl. Evidences of elevation of amino acids with salinity 
were also presented by Costa et al. (2003), Lacerda et al. 
(2003), and Oliveira et al. (2006). Lacerda et al. (2003) 
reported that amino acids were the solutes that mostly 
contributed to the osmotic potential in roots of sorghum 
genotypes tolerant to salt, followed by the soluble 
carbohydrates and proline. 

According to Saneoka et al. (1995), the total free amino 
acids and soluble carbohydrates are considered the main 
organic solutes in osmotic adjustment of plants subjected 
to water stress and saline conditions. According to Munns
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Figure 2. Effect of NaCl on dry mass of Tabebuia aurea plants. 
 
 
 
 

 
 

Figure 3. Effect of NaCl on soluble sugar content in Tabebuia aurea 
plants. 
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Figure 4. Effect of NaCl on amino acids content in Tabebuia aurea 
plants. 

(2002), the increase in the concentrations of organic and 
inorganic solutes in the cytoplasm and vacuole is a mec-
hanism of plant tolerance to survive under water stress 
conditions and saline. This author also stated that the 
accumulation of these solutes in leaves can be so high 
that it is not confined to specific cytoplasmic compart-
ments, and its accumulation level highlights the osmotic 
effect of salts (it is not specific effect). In this experiment, 
the older leaves showed chlorosis and necrosis at the 
onset, showing the toxicity levels of salt employed. 

The results demonstrate that salinity affects growth and 
dry matter accumulation of Tabebuia aurea, and the 
increase of salinity on substrate promotes soluble sugar 
accumulation on the leaves and stem, and free amino 
acids in the roots, leaves and stems.  

In conclusion, we suggest that experiments be con-
ducted by subjecting the plants for a longer period of 
time, so that the time at which the salt begins to affect the 
plants can be determined.  
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