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ABSTRACT: Information on the production of seedlings and initial growth of pomegranate irrigated with 
saline water is scarce in the Brazilian semi-arid region. The objective of this study was to assess the effect 
of irrigation water salinity levels on the growth and tolerance of pomegranate seedlings. The experiment 
was conducted in a greenhouse, located at the Federal Rural University of the Semi-Arid Region, Mossoró, 
RN, Brazil. A randomized block design with five treatments [electrical conductivities of irrigation water 
(ECw) of 0.6, 3.0, 6.0, 9.0, 12.0 dS m-1] and five replicates, with three plants per plot, was used. At 120 days 
after sowing, the following characteristics were evaluated: shoot, root and total lengths (cm); stem diameter 
(mm), dry mass of stem, leaves, root system and total (g); ratio between root and shoot dry mass; Dickson 
quality index and salinity tolerance. Growth and dry biomass accumulation in pomegranate seedlings were 
compromised with increased salinity in irrigation water, but with a lower intensity when subjected up to 
EC of 6.0 dS m-1. Regarding the criterion of evaluation of tolerance to salinity, pomegranate seedlings were 
moderately tolerant to salinity.
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Respostas morfométricas e tolerância de mudas
de romãzeira irrigadas com água salina

RESUMO: As informações sobre a formação de mudas e crescimento inicial da romãzeira irrigada com água 
salina são escassas nas condições do semiárido brasileiro. Com isso, objetivou-se estudar o efeito dos níveis 
de salinidade da água de irrigação sobre o crescimento e a tolerância de mudas de romãzeiras. O experimento 
foi conduzido em casa de vegetação, localizado na Universidade Federal Rural do Semiárido, Mossoró/RN. 
Utilizou-se o delineamento em blocos casualizados com cinco tratamentos [condutividades elétricas da 
água de irrigação (CEa) de 0,6; 3,0; 6,0; 9,0; 12,0 dS m-1] e cinco repetições, com três plantas por parcela. 
Aos 120 dias após a semeadura foram avaliadas as características: comprimento da parte aérea, radicular 
e total (cm); diâmetro do caule (mm), massa seca do caule, da folha, do sistema radicular e total (g); razão 
massa seca da raiz e parte aérea; índice de qualidade de Dickson e tolerância à salinidade. O crescimento e 
o acúmulo de biomassa seca em mudas de romãzeiras foram comprometidos com o aumento da salinidade 
na água de irrigação, porém com menor intensidade quando submetida até CEa de 6,0 dS m-1. Quanto ao 
critério de avaliação de tolerância à salinidade, as mudas de romãzeiras se apresentaram moderadamente 
tolerante à salinidade.
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Introduction

Pomegranate has aroused the interest of several fruit 
growers, mainly in the Northeast region of Brazil, because this 
species, previously cultivated in small areas, has evolved to 
large production areas. In Spain, ‘Mollar de Elche’ pomegranate 
is the most popular and most cultivated due to its vigorous 
characteristics, fast growth and adaptation to semi-arid climate 
conditions (MARM, 2010).

From the agricultural point of view, it is a species with 
potential for the market and, in order to meet new demands, 
it is necessary to know its mechanisms of adaptation to adverse 
conditions and produce quality seedlings adapted to the 
semi-arid conditions of Brazil. The factors that most limit the 
development of species in arid environments is water scarcity 
and salinity.

The study on the tolerance of the crop to salinity is important 
because it generates knowledge about its cultivation in saline 
environments as well as understanding on the mechanisms 
used by the plant to withstand such stress condition (Bhatt 
et al., 2008). Thus, using saline water in the irrigation of 
pomegranate seedlings can be a promising alternative because 
it is a species with characteristics of survival in semi-arid 
environment. The utilization of saline waters for irrigation 
with technical viability has increased water availability for 
agricultural production (Ribeiro et al., 2016).

Salinity is one of the most important limiting factors 
among abiotic stresses, which restricts plant growth, affecting 
its physiology and biochemistry (Khan & Panda, 2008). 
Reductions of development and growth in some fruit crops 
caused by the use of saline water have already been observed 
by several researchers (Cavalcante et al., 2010; Fernandes et 
al., 2011; Sá et al., 2013).

In this context, information on the production of seedlings 
and initial growth of pomegranate irrigated with saline water 
is scarce. Thus, this study aimed to assess the effect of levels 
of irrigation water salinity on the growth and tolerance of 
pomegranate seedlings.

Material and Methods

The experiment was conducted in the period from 
September 2016 to January 2017 in a greenhouse at the Center 
of Agrarian Sciences of the Federal Rural University of the 
Semi-Arid Region (UFERSA), in the municipality of Mossoró-

RN, Brazil, located at geographic coordinates 5o 11' S, 37o 20' 
W, at 18 m of altitude, with mean annual temperature around 
27.50 ºC, relative humidity of 68.9% and mean annual rainfall 
of 673.9 mm, with hot and dry climate, located in the semi-arid 
region of Northeast Brazil (Carmo Filho et al., 1991).

The experiment was conducted using seeds of pomegranate 
(cv. Mollar) collected from ripe fruits obtained at a farm in the 
municipality of Governador Dix-Sept Rosado-RN, coming 
from the same lot and at full maturity. After obtaining the 
fruits, they were sent to the Laboratory of Seed Analysis of the 
Plant Science Department of UFERSA, where the seeds were 
extracted and manually processed using a #¼-mesh sieve to 
remove the sarcotesta and then soaked in distilled water at 
ambient temperature for 96 h to accelerate and uniformize 
germination.

Initially, pomegranate seeds were sown on polystyrene 
trays with 128 cells, filled with commercial substrate based 
on coconut fiber, by placing one seed per cell. After sowing, 
at 30 days, seedlings were transplanted to Citropote® tubes 
(3.8 L volume) containing as substrate a mixture of soil (75%) 
collected at the UFERSA campus and well decomposed manure 
(25% of its volume), whose chemical analysis was conducted 
at the laboratory of UFERSA (Table 1).

Treatments were distributed in a randomized complete 
block design, which consisted of five treatments and five 
replicates, with three plants per plot. Treatments corresponded 
to five levels of irrigation water salinity, in which the control 
treatment (0.6 dS m-1) was prepared using water from the 
local supply and the others were obtained by dissolving NaCl 
in supply water (EC of 3.0, 6.0, 9.0, 12.0 dS m-1). The levels of 
electrical conductivity of the solutions were obtained using 
the equation of Richards (1954) and checked with a digital 
conductivity meter (Tec-4MP), properly calibrated. The results 
of the analysis of each water can be found in Table 2 and the 
results of the chemical analysis of each substrate at the end of 
the experiment are presented in Table 3.

Saline treatments began to be applied at 10 days after 
transplanting, and irrigations were carried out daily in the 
late afternoon and based on the volume required to maintain 
the soil close to field capacity, according to each treatment. 
Every seven days, an irrigation depth was applied along with 
a leaching fraction of 0.20.

At 120 days after sowing, the following characteristics were 
evaluated: shoot, root and total lengths (cm); stem diameter 
(mm); dry masses of stem, leaves, root system and total (g); 

Source: Laboratory of Soil Fertility of UFERSA; ECse - Electrical conductivity of the saturation extract

Table 1. Chemical analysis of the substrate used to produce pomegranate seedlings

Table 2. Analysis of the water from the treatments used in the irrigation of pomegranate seedlings
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ratio between root and shoot dry mass; and Dickson quality 
index (DQI), calculated by the formula: DQI = [TDM/(TL/SD) 
+ (ShDM/RDM)] (Dickson et al., 1960), where: TDM - total 
dry mass; TL - total length; SD - stem diameter; ShDM - shoot 
dry mass and RDM - root dry mass ratio.

Collar diameter was measured using a digital caliper 
with 0.01 mm accuracy. Shoot length was measured from 
the collar to the apical bud, whereas root system length 
was measured from the collar to the tip of the longest root. 
Length measurements were taken using a ruler graduated in 
centimeters.

The dry mass of each segment was determined by placing 
each part in Kraft paper bags, drying in forced air circulation 
oven at 60 ºC, until reaching constant weight, and then 
weighing on analytical scale with precision of 0.001 g. Total 
dry mass was obtained by summing shoot dry mass and root 
system dry mass.

Pomegranate seedlings were evaluated for their tolerance 
to salinity based on the measurement of reductions in the 
expression of total dry biomass production observed at the 
different levels of salinity, relative to the control, according to 
the equation suggested by Fageria et al. (2010): 

Results and Discussion

There was a significant effect of salinity levels on all growth 
variables of pomegranate seedlings, except root system length 
(RSL), which had overall mean of 41.37 cm.

Increased irrigation water salinity linearly reduced shoot 
length (Figure 1A), total length (Figure 1B) and stem diameter 
(Figure 1E) in pomegranate seedlings, causing decreases of 
25.73, 20 and 23.24%, respectively, in plants irrigated using 
water with the highest EC level (12.0 dS m-1), compared to those 
irrigated with supply water (EC 0.6 dS m-1). Compared to the 
intermediate level of salinity (6.0 dS m-1), such reduction was 
less expressive, being equal to 12.2% for shoot length, 9.4% for 
total length and 11.0% for stem diameter. 

Salinity reduces growth and stem diameter in several 
fruit species and their level of tolerance or sensitivity varies 
according to the genotype. Water stress, induced by salt 
concentration, reduces growth not only due to the effects on 
CO2 assimilation, but also due to the reduction in the rates of 
cell division and elongation (Freire et al., 2010).

In the papaya crop, for instance, salinity caused linear 
reduction in the stem diameter and shoot length of the studied 
seedlings (Silva et al., 2008; Coelho et al., 2015). For the 
production of dwarf green coconut seedlings, there were linear 
negative responses of growth and stem diameter as soil salinity 
increased (Medeiros et al., 2017). Similar results were reported 
by Souza et al. (2015), who observed that increasing electrical 
conductivity of irrigation water caused linear decreasing effect 
on plant height and stem diameter in guava rootstocks.

Excess of salts in the root zone of the plants reduces their 
growth and development, due to the greater osmotic effect 
outside the root and restriction to water flux from the soil to 
the plants, required for survival and production under salt 
stress conditions (Rhoades et al., 2000).

According to Munns (2002), reduction of growth in plants 
under salt stress is due to the osmotic effect, associated with the 
toxicity of ions due to the excessive absorption of sodium and 
chloride and to the nutritional imbalance caused by disorders 
in absorption and/or distribution of nutrients. As can be viewed 
in Table 2, the results of the chemical analysis of the solutions 
show that at EC of 9.0 and 12.0 dS m-1 presented higher contents 
of Na+ and Cl-, which may have contributed to the reduction 
in the growth of pomegranate seedlings.

The increase in irrigation water electrical conductivity from 
0.6 to 12.0 dS m-1 caused a 42.3% reduction in stem dry mass 
(Figure 1F). However, at the intermediate level of salinity 
(6.0 dS m-1), such decrease was lower (20.1%). Similar response 
was also found for leaf dry mass, presented in Figure 1C, which 

Table 3. Chemical analysis of the substrate after the experiment 

where: 
RP 	 - Reduction in total dry biomass production, %;
Pcontrol - Production of total dry biomass in the treatment 

without salinity, g plant-1; and,
Psalinity - Production of total dry biomass in treatments 

with salinity, g plant-1.

With these values of reduction of production, the results were 
interpreted based on Table 4, proposed by Fageria et al. (2010).

The obtained data were subjected to Komolgorov test to 
analyse the normality of distribution. When the data were 
normal, analysis of variance was carried out and, when 
significant, they were subjected to polynomial regression 
analysis (p < 0.05) using the program ASSISTAT (Silva & 
Azevedo, 2009).

Source: Fageria et al. (2010)

Table 4. Classification of tolerance to salinity, based on the 
reduction of total dry biomass production

RP
Pcontrol Psalinity

Pcontrol
=
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*, ** Significative at 0.05 and 0.01, respectively, by F test

Figure 1. Shoot length - SL (A), Total length - TL (B), Leaf dry mass - LDM (C), Root dry mass - RDM (D), Stem diameter - SD 
(E), Stem dry mass - SDM (F) and Total dry mass - TDM (G) of pomegranate seedlings in function of electrical conductivity 
of irrigation water (ECw)

A. B.

C. D.

E. F.

G.

shows a decrease of 42.75% between supply water and the 
highest level of salinity (12.0 dS m-1) and a reduction of 11.76% 
at the intermediate level of salinity (6.0 dS m-1).

For the root dry mass of pomegranate seedlings (Figure 
1D), the increase in irrigation water electrical conductivity 
from 0.6 to 3.0 dS m-1 resulted in a 16.7% increase of biomass 
and, from this point on, there was a reduction of 30.81% with 
the highest level of salinity (12.0 dS m-1). Such increase in 
dry biomass at EC of 3.0 dS m-1 may be related to the survival 

strategies of the species, one of which is the investment in more 
roots to absorb water.

In relation to the total dry mass of pomegranate seedlings 
(Figure 1G), as irrigation water salinity increased, their biomass 
decreased by 38.04% with EC of 12.0 dS m-1. Up to intermediate 
salinity, the reduction was less with only 17.96%. Sodium chloride 
can negatively affect the synthesis and translocation of hormones 
from the roots to the shoots, essential for leaf metabolism, which 
results in loss of dry mass (Taiz & Zeiger, 2013). Studies 
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conducted by Morais et al. (2007) reveal that the increase in 
NaCl concentration in irrigation water leads to increment of 
Na+ and Cl- contents in plant tissues, reducing the production 
of root and shoot dry mass in dwarf cashew seedlings. Such 
claim can be verified in Table 2, which shows higher contents 
of Na+ and Cl- in the solutions which had the highest values 
of electrical conductivity.

For the root/shoot dry mass ratio (Figure 2A), there was 
a more significant increase with the increment of salinity of 
12.0 dS m-1, which results in higher rate of reduction in shoot 
dry mass, compared to the root dry mass, which was less 
affected by the increase of salinity. Studying different levels 
of salinity, in five clones of early dwarf cashew, Carneiro et al. 
(2002) found increment in the root/shoot dry mass ratio with 
increasing electrical conductivity, and shoot growth was more 
affected by irrigation water salinity than root system growth. This 
effect can be interpreted as an adaptation to the salt stress; in order 
to save water, plants reduce their transpiring surface, since water 
absorption becomes more difficult, as the osmotic potential of 
the soil solution becomes more negative (Marinho et al., 2005).

There was a reduction (35.65%) in the Dickson quality 
index of pomegranate seedlings as irrigation water salinity 
increased from 0.6 to 12.0 dS m-1 (Figure 2B). For the 
intermediate level, such reduction of DQI was 16.9%. Similar 
responses were observed in ‘oiticica’ (Licania rigida) seedlings, 
whose Dickson quality index was reduced by salinity (Diniz 
Neto et al., 2014).

DQI is pointed as a good indicator of seedling quality 
because it is used to calculate the sturdiness (height/stem 
diameter) and balance in biomass distribution (ShDM/
RDM), so that the higher the DQI, the better the quality of the 

produced seedling (Cavalcante et al., 2016). According to the 
criterion of Hunt (1990), DQI values lower than 0.2 indicate 
seedlings which are not considered as of good quality to be 
established in the field and the higher the value of DQI, the 
better the quality of the seedling. In this context, all treatments 
led to pomegranate seedlings suitable for planting.

Pomegranate seedlings were classified regarding their 
tolerance to salinity, using the criterion of relative production 
with the increase in salt stress, considering the total dry 
phytomass. According to the classification, pomegranate 
seedlings irrigated using water with salinity levels of 3.0 and 
6.0 dS m-1 were tolerant to salinity, with reductions of 8.0 and 
17.96%, respectively. On the other hand, under more severe 
conditions of stress, seedlings irrigated using water with EC of 
9.0 and 12.0 dS m-1 were moderately tolerant to salinity, with 
reductions of 28.04 and 38.04%, respectively.

Similar response was also found by Naeini et al. (2005), 
who observed that commercial cultivars of pomegranate 
were moderately tolerant to the stress. Citrus plants are also 
moderately tolerant to salinity (Nascimento et al., 2015). This 
result may be related to the fact that pomegranate is highly 
adaptable to a wide range of climate, water and soil conditions 
(Holland et al., 2009).

Possibly, this may result from the retention of Na+ and Cl- in 
roots and stems, and these mechanisms are still little studied 
in plant species, especially in pomegranate. Another factor 
that may contribute to this level of tolerance of the species is 
the abscission of old leaves which accumulate considerable 
amounts of salt (Willadino & Camara, 2010).

Conclusions

1. Growth and dry biomass accumulation in pomegranate 
seedlings were reduced by the increase in irrigation water salinity.

2. In the stage of seedling production, shoot growth is the 
parameter most affected by salinity.

3. Even though the water salinity influence the Dickon 
quality index, the pomegranate seedlings remained suitable 
for planting until electrical conductivity of water (ECw) of 
12.0 dS m-1.

4. Regarding the criterion of evaluation of tolerance to 
salinity, pomegranate seedlings were tolerant to the effects of 
water salinity up to ECw of 6.0 dS m-1.
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