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A B S T R A C T
The objective of this study was to evaluate the effects of salinity on the germination and 
initial growth of ‘jurema-de-embira’ (Mimosa ophthalmocentra) seedlings at different 
temperatures. The experiment was installed in a completely randomized design, in a factorial 
scheme of eight salt concentrations (0; 4.0; 8.0; 12.0; 16.0; 20.0; 24.0 and 28.0 dS m-1) and 
four temperatures (25, 30, 35 and 20-30 °C) in four replicates of 25 seeds under an 8-h 
photoperiod in Biochemical Oxygen Demand germinators. The variables analyzed were: 
germination, germination speed index, shoot and root lengths, and shoot, root and total 
dry matter. Temperature variation influences the response of ‘jurema-de-embira’ seeds to 
salinity, and the salt stress is intensified by the increase in temperature. ‘Jurema-de-embira’ 
is tolerant to salt stress in the germination stage, showing satisfactory germination up to the 
salinity level 20 dS m-1, at temperatures below 30 °C. The initial growth of ‘jurema-de-embira’ 
plants is satisfactory up to salinity of 12 dS m-1, at temperatures below 30 °C.

Estresse salino e temperaturas na germinação e crescimento
inicial de jurema-de-embira (Mimosa ophthalmocentra)
R E S U M O
Objetivou-se com esse trabalho avaliar os efeitos da salinidade sobre a germinação e 
crescimento inicial de plântulas de jurema-de-embira (Mimosa ophthalmocentra) em 
diferentes temperaturas. O experimento foi instalado em delineamento inteiramente 
casualizado, em esquema fatorial de oito concentrações salinas (0; 4,0; 8,0; 12,0; 16,0; 20,0; 
24,0 e 28,0 dS m-1) e quatro temperaturas (25, 30, 35 e 20-30 °C), em quatro repetições 
de 25 sementes, sob fotoperíodo de 8 h em germinadores do tipo Biochemical Oxygen 
Demand. As variáveis analisadas foram germinação, índice de velocidade de germinação, 
comprimento da parte aérea e da raiz, massa seca da parte aérea, raiz e total. A variação da 
temperatura influencia a resposta das sementes de jurema-de-embira à salinidade, sendo 
o estresse salino potencializado pelo aumento das temperaturas. A jurema-de-embira é 
tolerante na fase de germinação ao estresse salino, apresentando germinação satisfatória 
até o nível de salinidade 20 dS m-1, em temperaturas inferiores a 30 °C. O crescimento 
inicial das plantas de jurema-de-embira é satisfatório até a salinidade de 12 dS m-1, em 
temperaturas inferiores a 30 °C.
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Introduction

‘Jurema-de-embira’ (Mimosa ophthalmocentra Mart. ex 
Benth.) is a species with high potential for wood production 
(Figueirôa et al., 2005), native to the Caatinga biome 
(Cavalcanti et al., 2009), which is also found in riparian forest 
areas (Lacerda et al., 2007) and in regeneration areas (Sampaio 
et al., 2010). As occurs for the other species of the Caatinga, 
there is little agronomic information on M. ophthalmocentra, 
especially regarding its propagation (Lima et al., 2006). Among 
the factors responsible for limiting its propagation in semi-
arid regions, soil salinity and high temperatures stand out, 
responsible for reducing germination and plant development 
(Sá et al., 2013; Souza, 2013).

Among the methods to determine plant tolerance to salt 
stress, the evaluation of germination and initial growth in 
saline substrate is one of the most widespread (Lima & Torres, 
2009). Good germination indices under salt stress conditions 
is an indication of tolerance to the stress (Sá et al., 2016). 
Temperature variations affect germination speed, percentage 
and uniformity (Marcos Filho, 2015), and optimal temperature 
is the one at which the combination of these variables is most 
efficient.

Some studies have been carried out to investigate the 
tolerance to salt stress as a function of temperature variations, 
such as Galindo (2010), with Crataeva tapia; Guedes et 
al. (2011), with Chorisia glaziovii and Souza (2013), with 
Swetenia macrophylla and Enterolobium contortisiliquum. 
Effects of salinity have also been observed by Lima & Torres 
(2009), on Zizyphus joazeiro; Barreto et al. (2010), on Mimosa 
caesalpiniifolia; Freitas et al. (2010), on Caesalpinia ferrea; 
Nogueira et al. (2012), on Delonix regia; Guimarães et al. 
(2013), on Erythrina vellutina and Lima et al. (2015), on 
Albizia lebbeck, in which increasing salinity negatively affected 
germination and initial development of seedlings.

In this context, the objective was to evaluate the effects 
of salinity on germination and initial development of M. 
ophthalmocentra seedlings at different temperatures.

Material and Methods

‘Jurema-de-embira’ seeds were obtained from ripe fruits 
(pods) of 25 plants located in the municipality of Mossoró, 
RN (5o 11' 15' S; 37o 20' 39'' W; 16 m). After collection, the 
seeds were manually removed, cleaned and dried in the shade. 
Then, they were fumigated, placed in cans and maintained in 
cold and dry chamber (15 °C and 50% of ambient RH) until 
the evaluations.

The statistical design was completely randomized, in 4 x 8 
factorial scheme (temperatures x salinity levels), and each 
treatment was composed of four replicates of 25 seeds.

Because these seeds have integumentary dormancy, their 
tips were cut using scissors on the end opposite to the hilum 
and planted on Germitest paper towel sheets moistened with 
saline solutions, in volume equivalent to 2.5 times the dry 
paper weight, produced with the addition of sodium chloride 
in distilled water until obtaining the preestablished salinity 
levels of 0, 4, 8, 12, 16, 20, 24 and 28 dS m-1, measured using 
a digital conductivity meter.

Germination tests were carried out in Biochemical 
Oxygen Demand (BOD) germinators, regulated at constant 
temperatures of 25, 30 and 35 °C, and alternated temperature 
of 20-30 ºC (8/16 h), with 8-h photoperiod. Seeds were daily 
evaluated until 7 days after sowing and were considered as 
germinated when they produced the primary root and healthy 
seedling shoots (Brasil, 2009).

The variables analyzed were: a) germination percentage - 
expressed in percentage of normal seedlings; b) germination 
speed index - measured simultaneously to the germination test, 
in which seedlings were daily evaluated from the beginning 
of germination to 7 days after sowing, and the index was 
calculated according to the equation proposed by Maguire 
(1962); c) shoot and root lengths - after the germination test, 
all normal seedlings of the experimental unit were measured 
for root length (plant base to root tip) and shoot (plant base to 
insertion of cotyledons) using a ruler graduated in centimeters; 
d) dry matter of shoots, roots and total - all normal seedlings 
of the experimental unit were separated into roots and shoots, 
dried in a forced-air oven at 65 ºC until constant weight (48 h) 
and weighed on precision analytical scale (0.001 g). Total dry 
matter was obtained by the sum of root dry matter and shoot 
dry matter.

The results were subjected to analysis of variance by F 
test at 0.05 probability level, using the statistical program 
SISVAR® (Ferreira, 2014). In case of significance, the data 
were subjected to regression analysis using the software 
SigmaPlot®. The model was selected based on the biological 
explanation and significance of the regression mean square.

Results and Discussion

The interaction between salt concentrations and 
temperatures had significant influence (p < 0.05) on all variables 
studied, except root dry matter, which was significantly 
influenced by the isolated factors (Table 1 and Figures 1, 2, 
3). Increment in salinity reduced the germination of ‘jurema-
de-embira’ seeds, and the salinity level causing reduction in 
germination decreased as temperature increased, being equal 
to 20.0, 16.0, 12.0 and 8.0 dS m-1 for the temperatures of 20-
30, 25, 30 and 35 ºC, respectively. Salt stress intensely affected 
the germination of ‘jurema-de-embira’ seeds at temperature of 
35 ºC (Figure 1A), leading to null germination at the highest 
salinity level (28 dS m-1). This result occurs because high 
temperatures accelerate respiration and, consequently, increase 
water requirement, which is reduced due to the low osmotic 
potential of the substrate, thus resulting in seed deterioration 
(Guedes et al., 2011), inducing the reduction in germination 
and/or increase in the formation of abnormal seedlings and 
dead seeds.

The temperatures of 20-30 and 25 ºC caused less drastic 
effects, and the reduction in germination percentage (formation 
of normal seedlings) occurred from 20 and 16 dS m-1, but the 
most harmful effects occurred from the salinity level of 24 dS m-1, 
with reductions of 40.25 and 57.45%, respectively (Figure 
1A). Hence, seeds subjected to the lowest temperatures (20-
30 and 25°C) showed lower respiration rate and lower water 
requirement, reducing the effects of the osmotic potential.
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Under saline conditions, temperature variation has 
different effects on germination according to the species. 
Some seeds maintain their germination capacity after exposure 
to salinity (Khan & Ungar, 1997). Thus, the interaction 
between temperature and salinity during germination plays 
an important role in determining the response to this process 
and a successful establishment in saline habitats (Ungar, 1995).

Greater reduction in the germination percentage of seeds 
subjected to salt stress at temperature of 35 ºC has also been 
observed by Galindo (2010), in C. tapia; Guedes et al. (2011), 
in C. glaziovii and Souza (2013), in S. macrophylla and E. 
contortisiliquum. According to Guedes et al. (2011), higher 
temperature (35 °C) can cause disintegration of protein 
structures and, along with the toxic effect and physiological 
drought caused by the levels of salts, led to reduction in seed 
germination.

The increase in salinity reduced germination speed, but 
in different ways for the temperatures studied (Figure 1B). 
Highest and lowest germination speeds were found in seeds 
maintained at temperature of 35 ºC, at salinity levels of 0 
and 28 dS m-1, respectively. It demonstrates that, although 
high temperatures accelerate metabolic processes in stressful 
situations (water deficit induced by the excess of salts), they 
tend to intensify the effects of salt stress on seed germination 
(Figure 1B).

At high temperatures, the speed of metabolic processes 
increases, shortening the duration of phase II in the soaking 
process. According to Nascimento (2005), very low or very 
high temperatures can alter both speed and final percentage 
of germination. Usually, low temperatures reduce germination 
speed, while high temperatures increase it. Reductions in GSI 
with the increment in salinity have also been observed by 

Galindo (2010), in C. tapia; Guedes et al. (2011), in C. glaziovii 
and Souza (2013) in S. macrophylla and E. contortisiliquum.

Increased water salinity severely affected shoot length and 
root length in ‘jurema-de-embira’ seedlings. The reduction 
in the shoots was more noticeable at temperatures of 35 
and 20-30 ºC from the salinity level of 8.0 dS m-1 and, for root 
length, at temperatures of 25 and 30 ºC from 4.0 dS m-1 (Figures 
2A and B). It can be pointed out that, at temperatures of 25 and 
30 ºC, plants invest more in shoot growth and, consequently, 
this part develops more than the root system. This is an important 
mechanism of plant tolerance to salinity, which aims to reduce 
root surface and, therefore, decrease the entry of water and ions 
in the plant, increasing the selectivity and reducing the risk of 
toxicity by specific ions (Esteves & Suzuki, 2008; Muns & Tester, 
2008; Sá et al., 2016). On the other hand, seeds germinated 
at temperature of 35 ºC obtained greater root development 
compared with the shoots, which denotes that plants under water 
deficit conditions induced by saline and thermal stress use their 
energy in the development of the root system in the search for 
water. In general, shoots tend to grow until water absorption by 
roots becomes limiting to growth; conversely, roots tend to grow 
until the demand for photosynthates, from the shoots, exceeds 
the supply (Taiz & Zeiger, 2013).

Likewise, Guedes et al. (2011) and Galindo (2010) found 
that the length of C. glaziovii and C. tapia L. seedlings, 
respectively, was affected as salinity levels increased, regardless 
of temperature. In contrast, Souza (2013) observed that the 
growth of S. macrophylla and E. contortisiliquum seedlings was 
not sensitive to salinity.

For root dry matter, a decreasing linear response was found, 
with linear reductions of 0.0273 g for each unit increment in 
water salinity, regardless of the temperature at which seeds 

Figure1. Percentage of normal seedlings (A) and germination speed index - GSI (B) of ‘jurema-de-embira’ seeds, subjected 
to salt stress at different temperatures



276 Narjara W. Nogueira et al.

R. Bras. Eng. Agríc. Ambiental, v.22, n.4, p.273-278, 2018.

Figure 2. Shoot length - SL (A) and root length - RL (B) of ‘jurema-de-embira’ seedlings subjected to salt stress at different 
temperatures

Figure 3. Root dry matter - RDM (A), shoot dry matter - SDM (B) and total dry matter - TDM (C) of ‘jurema-de-embira’ 
seedlings subjected to salt stress at different temperatures

were germinated (Figure 3A). This reduction comprehends 
a total value of 67% comparing the results obtained at the 
lowest (0 dS m-1) and highest (28.0 dS m-1) levels of water 
electrical conductivity. For the temperatures, the dry matter 
accumulation in the roots of seedlings subjected to temperature 
of 35 ºC was lower than that of seedlings subjected to 25, 30 
and 20-30 ºC (Table 1), thus denoting that the temperature of 
35 ºC causes thermal stress on the germination of ‘jurema-
de-embira’ seeds, and their optimal temperature is within the 
range from 20 to 30 ºC.

Under hydration with saline water at temperature of 20-30 °C, 
no expressive reductions were found in shoot dry matter and 
total dry matter until the salinity level of 28 dS m-1 (Figures 

3B and C). At temperatures of 25 and 30 °C, these variables 
linearly decreased by 30 and 36% between the lowest (0 dS m-1) 
and highest (28.0 dS m-1) salinity levels. At temperature of 
35 °C, shoot dry matter and total dry matter decreased after 

Table 1. Means of root dry matter (RDM) of ‘jurema-de-
embira’ seedlings subjected to different temperatures

Temperature (°C) RDM (g seedling-1)

25 0.55 a*

30 0.47 a

35 0.36 b

20-30 0.55 a

*Means followed by the same lowercase letter in the column do not differ by Tukey test at 
0.05 probability level
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the estimated levels of 6.80 and 8.24 dS m-1, respectively. From 
these points on, drastic reductions occurred, with null dry 
matter accumulation at salinity of 28 dS m-1 (Figures 3B and 
C). Shoot dry matter and total dry matter curves are similar 
because roots represent a very small fraction of the total dry 
matter (less than 20%). Hence, the shoots determined the 
behavior of the curves.

A similar reduction in dry matter was observed by Galindo 
et al. (2010) in C. tapia seedlings, and total dry matter 
decreased as salinity increased. The greatest reduction was 
caused by the temperature of 35 ºC, while at 25 ºC there was 
almost no reduction in the total dry matter of the seedlings. 
Non-significant reductions in seedling dry matter as salinity 
increased were also observed by Souza (2013), in S. macrophylla 
and E. contortisiliquum.

Conclusions

1. Temperature variation influences the response of ‘jurema-
de-embira’ seeds to salinity, and the salt stress is intensified by 
its increase.

2. ‘Jurema-de-embira’ is tolerant to salt stress in the 
germination stage, showing satisfactory germination until the 
salinity level of 16 dS m-1, at temperatures below 30 °C.

3. The initial growth of ‘jurema-de-embira’ seedlings is 
satisfactory up to the salinity of 12 dS m-1, at temperatures 
below 30 °C.
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