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Abstract
Catingueira (Poincianella pyramidalis Tul. L. P. Queiroz) is an endemic species of the Caatinga, with great economic 
potential. Research on the development of this species under conditions of water restriction, common in the 
Northeastern semi-arid region, is still scarce. This study evaluated the effects of water restriction on the morphological 
and biochemical characteristics of catingueira seedlings subjected to water restriction. The experimental design was 
a randomized complete block design, with five treatments and four replicates. The treatments consisted of periods 
of water restriction (0, 6, 12, 18 and 24 days without irrigation). The characters evaluated were shoot height, leaf 
diameter, number of leaves, leaf area, total dry mass, ratio between shoot height and dry mass, Dickson quality index, 
chlorophylls a and b content, total soluble sugars and free proline. Periods of water restriction longer than six days 
caused damage to the seedlings development, with reduced growth and quality.
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1. INTRODUCTION AND OBJECTIVES 

Several native tree species are potentially suitable for 
cultivation and can serve for different purposes due to their 
value for ornamentation, timber, food or preservation (Scalon 
et al., 2011). Thus, improving the production system of native 
species is necessary because of the increased demand for 
commercial production and use in the recovery of degraded 
areas (Nietsche et al., 2004).

Among species native to the Caatinga, catingueira [Poincianella 
pyramidalis (Tul.) L. P. Queiroz] is widely distributed in  
this biome. It has economic potential due to its rusticity and 
utilization for timber, reforestation, medicinal applications 
and mainly to its extractive property (Dantas et al., 2009).

In arid and semi-arid regions, plants are frequently 
exposed to water deficit, which negatively affects their 
growth and yield (Zhang et al., 2011). This is a frequent 

condition in the Northeastern semi-arid region, and the 
knowledge on the tolerance of plants to drought and how 
to exploit them is extremely important, especially regarding 
problems of physiological or ecological order, particularly 
for the recovery of areas where such type of limitation occurs 
(Santos et al., 2011). According to Lenhard et al. (2010), 
rational exploitation of the potentialities of native species in 
the recovery of environments with some sort of disturbance 
is essential to study the autoecology of the species, which is 
directly linked to the success or failure of the exploitation.

The physiological mechanisms of survival to drought 
have been widely studied in cultivated species, but little is 
known about the behavior and adaptive mechanisms of native 
species under conditions of water restriction, common in the 
Caatinga and semi-arid region of Brazil (Virgens et al., 2012).

Normally, plants grown in arid and semi-arid environments 
are exposed to long periods of water deficit in the soil and, as 
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a result, usually develop adaptations to tolerate this abiotic 
factor (Silva et al., 2009). The main adaptations for survival 
to water deficit include those of biochemical order related 
to the mechanism of osmotic adjustment of plants, such as 
accumulation of soluble carbohydrates (Silva et al., 2012) 
and free proline (Alvarenga et al., 2011), in order to maintain 
their water potential favorable to water absorption.

The effects of water deficit on plants are complex and 
there is not a standard mechanism of resistance to drought 
(Fernandes et al., 2015). For these authors, the variation occurs 
according to the intensity and duration of the water deficit 
and mainly to genetic traits, which are specific of each species.

Few studies report the responses of native species under 
water deficit conditions, such as those with Caesalpinia ferrea 
(Lenhard et al., 2010), Mimosa caesalpiniifolia (Moura et al.,  
2011), Myracrodruon urundeuva (Costa et al., 2015) and 
Erythrina velutina (Oliveira et al., 2016). In general, these 
species have strategies to deal with water deficit, an essential 
factor for their maintenance under adverse environmental 
conditions.

Given the above, this study aimed to evaluate the 
morphological and biochemical responses of P. pyramidalis 
seedlings subjected to different periods of water restriction.

2. MATERIALS AND METHODS

The experiment was conducted in the period from October 
to November 2017, in the seedling nursery of the Center of 
Agrarian Sciences at Universidade Federal Rural do Semi-
Árido (Ufersa), Mossoró, RN, Brazil (5° 11’ S, 37° 20’ W and 
18 m of altitude). During the experiment, the interior of the 
seedling nursery had 50% shading, average temperature of 
28.6 °C and relative humidity of 61.3%.

The experimental design was a randomized complete 
block design (RCBD), formed by five treatments, with four 
replicates, in which the experimental plot was composed of 
20 plants. Treatments consisted of periods of water restriction 
(0, 6, 12, 18 and 24 days without irrigation).

Physical and chemical analyses of the soil used, which is 
characteristic of the region, had the following results: total 
sand = 0.89 kg.kg-1; silt = 0.07 kg.kg-1; clay = 0.04 kg.kg-1; 
pH (water) = 6.40; EC = 0.05 dS.m-1; P = 4.4; K+ = 132.1; 
Na+ = 21.7 mg.dm-3; Ca2+ = 2.98; Mg2+ = 1.40 cmolc.dm-3; 
Cu = 0.08; Fe = 25.60; Mn = 23.57; and Zn = 2.21 mg.dm-3.

The seeds used were collected from several trees in the 
state of Rio Grande do Norte and processed at the Laboratory 
of Seed Analysis of the Center of Agrarian Sciences of Ufersa. 
Direct sowing was carried out in 1.2 L polyethylene plastic 

bags. During the first 20 days after sowing (DAS), irrigation 
was performed twice a day, equally for all plots, and each 
plant received 200 mL of water every day. At 20 DAS, when 
the seedlings had two pairs of fully developed true leaves, 
the treatments began to be applied.

 Catingueira seedlings were evaluated at 44 DAS by non-
destructive and destructive measurements. Non-destructive 
variables were: shoot height (SH), measured with a ruler 
graduated in millimeters; collar diameter (CD), measured with 
a digital caliper; and number of leaves (NL), determined by 
directly counting the number of leaves per plant. After that, 
destructive analysis was carried out in the seedlings, evaluating 
the following variables: leaf area (LA), by the corrected disc 
method according to Souza et al. (2012); total dry mass (TDM); 
and ratio between shoot height and dry mass (H/SDM).

To obtain the dry mass, four plants were randomly 
collected in each plot and separated into leaves, stem and 
roots. The material was dried in a forced air circulation oven 
at 65 °C for four days, until constant weight. Weighing was 
performed on precision analytical scale (0.0001 g) and the 
data were expressed in g.plant-1. The results of destructive and 
non-destructive analyses were used to determine Dickson 
quality index (Dickson et al., 1960).

During the destructive analysis, the leaf material was 
collected, initially stored in a freezer and then used to 
determine biochemical variables. To determine the content 
of chlorophyll a and b, 0.2 g samples of the leaf material were 
placed in hermetically sealed tubes with 4.0 mL of 80% acetone, 
macerated automatically, and subjected to centrifugation and 
reading of the chlorophylls a and b content in the supernatant 
in a CARY 60 UV-Vis spectrophotometer.

For the contents of total soluble sugars and proline, 0.2 g 
of fresh leaf mass were weighed, placed in hermetically sealed 
tubes and mixed with 3 mL of 60% alcohol. After automatic 
maceration, the material was placed in water bath at 60 °C for 
20 minutes. Then the tubes were subjected to centrifugation 
and the supernatant was collected for quantification of the 
contents of total soluble sugars and proline.

The dosage of total soluble sugars was determined by the 
anthrone method (Yemm & Willis, 1954), and the results 
were expressed in mg of glucose/g-1 of fresh mass. Proline 
content was determined by applying the method proposed 
by Bates et al. (1973) to quantify free proline content, and 
the results were expressed in µmol proline/g-1 of fresh mass.

The results were subjected to analysis of variance by 
F-test at 0.05 probability level, using the statistical program 
Sisvar (Ferreira, 2011). In case of significance, the results 
were subjected to regression analysis.
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3. RESULTS AND DISCUSSION

The analysis of variance revealed significant effect on SH 
(p < 0.05), TDM, CD, DQI, NL, LA and H/SDM (p < 0.01), 
indicating that the different periods of water restriction have 
direct influence on the initial development of Catingueira 
seedlings (Table 1). For these variables, the best results were 
obtained when they were kept under daily irrigation.

Treatments of 18 and 24 days without irrigation caused 
the death of 12.5 and 50% of the seedlings in the plots, 
respectively. According to Fernandes et al. (2015), the effects 
of water deficit on plants are complex and are usually affected 
by several factors. These factors include the genetic traits of 
each species, and more specifically of each individual, so that 
different levels of drought tolerance can be found within the 
same species. Thus, we observed that not even the most severe 
treatment, in which seedlings remained for 24 days without 
irrigation, was able to cause death of all plants in the plot.

For the total dry mass of P. pyramidalis seedlings, there 
was a linear reduction (Figure 1a) with the increase in the 
number of days without irrigation. Evaluating the effect of 
water deficit on the initial development of Caesalpinia ferrea 
seedlings, Lenhard et al. (2010) observed reduction in this 
variable when seedlings were cultivated in substrate moistened 
with a volume equivalent to 12.5% field capacity, and the 
best results were found in seedlings grown in substrate with 
moisture content close to field capacity.

Under semi-arid conditions, with low water availability 
and high evapotranspiration, there is a reduction in RuBisCO 
efficiency, which may be caused by higher resistance of the 
mesophyll due to stomatal closure, limiting CO2 absorption 
in the chloroplasts and increasing the action of RuBisCO 
oxygenase and, consequently, photorespiration (Scalon et al., 
2011). Thus, plants kept under water stress conditions tend to 
accumulate less biomass and are underdeveloped, compared 
to those maintained under adequate water availability.

Table 1. Mean squares for TDM: total dry mass; SH: shoot height; CD: collar diameter; DQI: Dickson quality index; NL: number of leaves; 
LA: leaf area and H/SDM: shoot height/dry mass ratio of Poincianella pyramidalis seedlings subjected to water restriction, Mossoró, RN, 2017.

SV DF
Mean squares

TDM SH CD DQI NLF LA H/SDM
PERIODS 4 0.163** 6.548* 0.363** 0.002** 0.603** 112.356** 27.600**
BLOCKS 3 0.039N.S 1.166N.S 0.058* 0.0001* 0.034N.S 1.354N.S 29.417**
RESIDUAL 12 0.024 1.503 0.015 0.0002 0.097 4.763 4.802
CV (%) – 17.06 8.86 5.87 16.25 6.27 6 10.64

Probability levels: NS: not significant; * significant at 0.05; ** significant at 0.01.
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Figure 1. Total dry mass (a), shoot height (b), collar diameter (c) and Dickson quality index (d) of Poincianella pyramidalis seedlings 
subjected to water restriction, Mossoró, RN, 2017.
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The shoot height (Figure 1b) of catingueira seedlings  
decreased linearly with the increase of the water restriction period, 
and its highest and lowest values were obtained in the treatments 
of 0 and 24 days without irrigation. Similar result was observed 
by Scalon et al. (2011), who evaluated the effect of water stress 
on the initial development of Guazuma ulmifolia seedlings and 
observed that, in treatments with lower water availability, shoot 
height was 50% lower than in the others. Oliveira et al. (2016) 
found reductions of 22% in the shoot height of Erythrina velutina 
seedlings subjected to water deficit conditions.

As observed for shoot height, collar diameter (Figure 1c) 
decreased with the increase in the period without irrigation. 
For this variable, reductions of 7, 17, 23 and 30% were found 
in the treatments of 6, 12, 18 and 24 days without irrigation, 
respectively, compared to the control treatment. According to 
Taiz et al. (2017), reduction of shoot height and collar diameter 
of seedlings may be a reflex of the reduction in cell division 
and expansion, caused by the lower availability of water, 
since it is indispensable for the occurrence of these events.

DQI is used by several authors as an important indicator 
of seedling quality. According to Binotto et al. (2010), this 
index is a balanced formula which includes relationships of 
morphological characters, considering the robustness and 
balance of biomass distribution in the seedling. For this index, 
the higher the value, the better the quality standard of the 
seedlings. Thus, the quality of P. pyramidalis seedlings decreased 
with the increase of the period without irrigation (Figure 1d).

The number of leaves (Figure 2a) gradually decreased with 
the increase in the number of days without irrigation. Such 
reduction occurred due to the fall of leaves in the treatments of 
greater water restriction. In deciduous plants, the fall of leaves 
is related to the effects of water stress (Oliveira et al., 2016), 
and this phenomenon is observed in several forest species, 
such as Poincianella pyramidalis, Mimosa caesalpiniifolia and 
Caesalpinia ferrea (Dombroski et al., 2011).

The leaf area of P. pyramidalis seedlings decreased  
significantly with water restriction (Figure 2b). For the 
treatments of 6, 12, 18 and 24 days without irrigation, the 
reductions were 6, 12, 19 and 25%, respectively, in comparison 
to the control treatment. Similar results were found by 
Lenhard et al. (2010) in Caesalpinia ferrea and by Scalon  
et al. (2011) in Guazuma ulmifolia, with lowest values of leaf 
area obtained in treatments with lowest water availability.

Knowledge on leaf area is extremely important for the 
evaluation of growth and development of a plant, because it 
is directly related to its photosynthetic activity (Souza et al.,  
2012). Reduction of leaf area is a strategy of resistance in 
environments with low water availability to reduce the heating 
of leaf tissues and plant transpiration, minimizing water loss 
to the environment (Scalon et al., 2011).
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Figure 2. Number of leaves (a), leaf area (b) and shoot height/dry 
mass ratio (c) of Poincianella pyramidalis seedlings subjected to 
water restriction, Mossoró, RN, 2017.

According to Gomes et al. (2003), the result of the division 
of shoot height by shoot dry mass (H/SDM) is not normally 
used as an index to evaluate the quality of seedlings, but is 
very important to estimate their survival in the field. These 
authors also point out that the lower the index, the more 
lignified the seedling, leading to higher capacity of survival 
under unfavorable conditions. Thus, corroborating the results 
observed for DQI, the H/SDM ratio (Figure 2c) indicated the 
maximum quality of P. pyramidalis seedlings was obtained 
when they were kept under daily irrigation. Hence, their 
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capacity of survival in the field was gradually reduced with 
the increase in the period without irrigation, which became a 
limiting factor for its use and for the success of these seedlings 
in a reforestation program.

The analysis of variance demonstrated significant effect 
on chlorophyll a (p < 0.05), chlorophyll b, total soluble sugars 
and proline (p < 0.01), indicating the different periods of water 
restriction interfere with the biochemical characteristics of 
P. pyramidalis seedlings (Table 2).

Table 2. Mean squares for chlorophyll a (CHL a), chlorophyll b 
(CHL b), total soluble sugars (TSS) and proline (PRLN) of Poincianella 
pyramidalis seedlings subjected to water restriction, Mossoró, RN, 2017.

SV DL
Mean squares

CHL a CHL b TSS PRLN

Periods 4 3.685* 564.323** 87.907** 101.375**

Blocks 3 0.509N.S 73.532N.S 6.059N.S 1.875N.S

Residual 12 1.048 37.547 8.114 4.354

CV (%) - 2.9 8.99 16.62 41.66
Probability levels: NS: not significant; * significant at 0.05; ** significant at 0.01.

The TSS content (Figure 3a) tended to increase with the 
increment in the period of water restriction, which was more 
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Figure 3. Contents of total soluble sugars (a), proline (b), chlorophyll a (c) and chlorophyll b (d) of Poincianella pyramidalis seedlings 
subjected to water restriction, Mossoró, RN, 2017.

evident for the periods of 18 and 24 days without irrigation, 
with increases of 48 and 67% in TSS, respectively, compared to 
the control treatment. According to Silva et al. (2010), under 
water deficit conditions, some plant species tend to increase the 
synthesis of soluble sugars, due to their capacity to osmotically 
adjust under adverse conditions of water availability.

Several studies have demonstrated accumulation of osmotically 
active solutes caused by water deficit (Nio et al., 2011), and the 
quantity and type of solute accumulated depend directly on the 
plant species and on water deficit duration. Costa et al. (2015) 
also observed TSS accumulation in Schinus terebinthifolius 
seedlings subjected to 12 days without irrigation, causing 41% 
increment compared to the control treatment.

As occurred for TSS, proline contents (Figure 3b) increased 
with the increment in the period of water restriction. Highest 
accumulation of this solute was found in the treatment of 
24 days without irrigation, with proline concentration 15 
times higher than that in the control treatment. To protect 
the plasma membrane, proline acts as antioxidant and in 
the maintenance of the amounts of carbon and nitrogen in 
plants under stress conditions (Gupta & Huang, 2014). This 
mechanism is established through the accumulation, in the 
vacuole or cytosol, of compatible solutes such as proline, which 
contribute to the maintenance of water balance, being very 
important to increase drought tolerance (Ashraf et al., 2011).
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For the contents of chlorophyll a (Figure 3c) and b 
(Figure 3d), opposite responses were observed, with reduction 
in chlorophyll a and increase in chlorophyll b contents, as 
the periods of water restriction increased. Reduction of 
chlorophyll a and increase in chlorophyll b contents may 
be related to the mechanism of adaptation of this species 
to the stress condition, since chlorophyll b is an accessory 
pigment which captures wavelengths of light energy that are 
not captured by chlorophyll a, thus allowing the maintenance 
of photosynthetic activity (Silveira et al., 2010).

4. CONCLUSIONS

Periods of water restriction longer than six days cause 
damage to the development of P. pyramidalis seedlings, 
reducing growth and quality.

P. pyramidalis is able to adapt to low water availability, 
expressing morphological adaptations and activation of 
biochemical mechanisms of resistance to water deficit.
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