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Germination of Macroptilium lathyroides seeds as a function of the 
presence of salts on the substrate 

Weeds are species evolutionarily adapted to development in areas of disorders caused by man or not. Adoption of practices to control and integrated weed 
management, it is essential the knowledge related to germination and environmental factors that interfere with seed germination processes. In this context, the 
present work aimed to evaluate the behavior of Macroptilium lathyroides seeds in response to different levels of osmotic potential induced NaCl and CaCl2 
solutions. The experiment has been organized in a completely randomized design in a factorial 2 x 6, consisting of two salts in concentrations 6 with 4 repetitions. 
The seeds were kept in on moistened gerboxes germibox roles with NaCl and CaCl2 solutions at the potentials of 0.0; - 0.2; - 0.4; -0.6; -0.8 and -1.0 MPa. Daily 
reviews by germination, IVG and end ten days were determined shoot length, root length and plantlet dry weight were performed. The results demonstrated that 
salt stress induced by NaCl and CaCl2 provokes a gradual reduction in germination of M. lathyroides there is no tolerance limit. The NaCl The salt was more critical 
root development and of the seedlings dry weight. 
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Germinação de sementes de Macroptilium lathyroides em função da 
presença de sais no substrato 

As plantas daninhas são espécies adaptadas evolutivamente para o desenvolvimento em áreas de distúrbio, provocadas ou não pelo homem. Para adoção de 
práticas de controle e manejo integrado de plantas daninhas, torna-se imprescindível o conhecimento de aspectos relacionados à germinação e dos fatores 
ambientais que interferem nos processos germinativos das sementes. Nesse contexto, o presente trabalho teve como objetivo avaliar comportamento de sementes 
de Macroptilium lathyroides sob efeito de diferentes níveis de potenciais osmóticos induzidos por soluções de NaCl e CaCl2. O experimento foi organizado em 
delineamento inteiramente casualizado, no esquema fatorial 2 x 6, constituídos por 2 sais em 6 concentrações, com 4 repetições. As sementes foram mantidas em 
caixas gerbox sobre papéis umedecidos com soluções de NaCl e CaCl2, nos potenciais hídricos de 0,0; -0,2; -0,4; -0,6; -0,8 e -1,0 MPa. Foram realizadas avaliações 
diárias de germinação, IVG e no final de dez dias, foram determinados comprimento da parte aérea, comprimento radicular e massa seca de plântula. Os resultados 
demonstraram que o estresse salino induzido pela solução de NaCl e CaCl2 provocam redução gradativa na germinação das sementes de M. lathyroides, não 
havendo limite de tolerância. O sal NaCl foi mais crítico no desenvolvimento radicular e peso seco das plântulas. 

Palavras-chave: Estresse Salino; Plantas Daninhas; Potencial Osmótico. 
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INTRODUCTION 
 

Weeds are species adapted evolutionarily for development in disturbed areas, caused or not by man. 

These plants interfere with agroforestry activities, reducing agricultural efficiency and causing economic 

losses (CONCENÇO et al., 2014). As cultural practices change, weeds that are less adapted to these practices 

tend to decrease or disappear, while the more adapted weeds, which were normally less frequent in the 

beginning, may start to dominate the area (GOMES JÚNIOR et al., 2008).. 

Among the weeds with this greater rusticity, some have caused concern, given the ability to interfere 

in the production of grains under no-tillage systems. One of these plants is Macroptilium lathyroides, also 

known as pigeon beans, which has been reported as a species of high infestation power in soybean and 

cotton crops in the state of Mato Grosso do Sul, Brazil (CONCENÇO et al., 2012). 

In order to adopt practices of control and integrated management of weeds, it is essential to know 

aspects related to germination and environmental factors that interfere in the germination processes of 

seeds (Thomas et al., 2006). Among these, soil salinity is one of the factors of greatest stress for plants and 

can negatively affect important physiological processes (YAMASHITA et al., 2011). One of the methods 

frequently used to determine the tolerance of plants to salt stress is to observe the germination capacity of 

the seeds under salinity conditions in the substrate (TAIZ et al., 2006). 

Thus, species sensitive to environments with a high concentration of salts in the substrate, during 

the initial germination processes, are subject to conditions that limit their development and the chances of 

survival of these plants (MOUD et al., 2008; LIMA et al., 2009). The water is osmotically retained in the saline 

solution, so that the increase in the concentration of salts makes it less and less available to plants and may 

also facilitate the entry of toxic ions into the seeds (MEDEIROS et al., 2009). 

Knowledge about how stress influences seed germination is extremely important for ecophysiology, 

as it assists in the assessment of tolerance limits and adaptive capacity of species (LARCHER, 2006; PELEGRINI 

et al., 2013). In addition, the period of germination and establishment of seedlings of weeds is particularly 

important, due to the competitive capacity with the plant of commercial interest. In this context, the present 

study aimed to evaluate the behavior of M. lathyroides seeds under the effect of different levels of osmotic 

potentials induced by NaCl and CaCl2 solutions. 

 
MATERIALS AND METHODS 
 

M. lathyroides seeds were collected from soybean crops infested by this plant, in the region of 

Batayporã (MS). Subsequently, they were reproduced in a protected environment, aiming at the production 

and collection of seeds for further studies. The reproduced seeds were placed to dry in a dry, shaded place 

and then packed in paper bags and stored in a refrigeration chamber at a temperature of 10 ºC (± 2 ºC) until 

the moment of the installation of the experiment. The method used to overcome seed dormancy was 

immersion in sulfuric acid for 20 minutes followed by washing in running water for 5 minutes (ALMEIDA et 

al., 1979). 
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To simulate salt stress and to determine the maximum limit of tolerance to salts, the seeds were 

submitted to different treatments that consisted of the combination of six osmotic potentials (0.0; -0.2; -0.4; 

-0.6; -0.8 and -1.0 MPa) induced by NaCl and CaCl2 solutions, organized in a completely randomized design, 

configuring a 2x6 factorial scheme, with two salts and six potentials, with four replications of 25 seeds. Saline 

solutions were prepared using the Van’t Hoff equation cited by Yamashita et al. (2011). The isotonic 

coefficients for the saline agents NaCl and CaCl2 are 1.8 and 2.4, respectively. The electrical conductivity was 

3.09, 5.20, 9.55, 12.80, 14.68 (dSm-1 at 25 ºC) in NaCl and 4.71, 8.15, 9.44, 12.41, 13.79 (dSm-1 at 25 ºC) in 

CaCl2, determined by a portable conductivity meter (CD-880 Instrutherm). 

Acrylic boxes of the gerbox type (11.0 x 11.0 x 3.5 cm) were used as experimental units, subjected to 

previous aseptic treatment by cleaning with sodium hypochlorite (10%), two hours before the experiments 

were set up. The seeds were placed to germinate in the acrylic boxes on two sheets of germitest paper 

(previously autoclaved), moistened with each of the salt concentrations in the proportion of 2.5 times the 

mass of the dry substrate [13], and later placed in germination chambers type BOD with 12 h light regime, by 

means of a set of four white lamps, which provide approximately 0.012 W m-2 nm-1, under constant 

temperature of 25 ºC. 

The following variables were evaluated: germination percentage, germination speed index, root 

length, shoot length and seedling dry mass on the tenth day, at the end of the evaluation period, as described 

below:  

Germination percentage - It was considered as a criterion for germination the emission of primary 

root with a length equal to 2 mm and the number of germinated seeds was counted daily, for a period of ten 

days [13]. The calculations were performed according to the formula below: 

100(%) x
A

N
G 






  

where: N = Number of germinated seeds 
A = total number of seeds. 

Germination speed index (IVG) - It was carried out in conjunction with the germination test, the IVG 

for each subsample was obtained according to the formula presented by Maguire (1962), below:  

n

n

D

N

D

N

D

N
IVG  ...

2

2

1

1  

where: N1: n = number of seedlings germinated on day 1, ...., n; 
D1: n = days for germination to occur. 

Length of aerial part and root of seedlings - They were evaluated together with the germination test, 

using all the normal seedlings of each repetition, measured with a millimeter-graded ruler. The lengths of the 

aerial part and root of the seedlings, for each sample, were calculated by dividing the total measurements 

by the number of seedlings evaluated, obtaining average values. 

Seedling dry mass - Defined as the average mass, expressed in grams, corresponding to the mass of 

each seedling by repetition, using a drying oven with air circulation, set at 65 ± 3 ºC to constant weight, 

weighing on a scale with precision of 0.001g. All results were subjected to analysis of variance and the means 
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compared by Tukey's test at 5% probability, with the aid of the Sisvar statistical program (FERREIRA, 2014). 

  
RESULTS AND DISCUSSION 
 

As for the variables studied in the germination of M. lathyroides seeds submitted to salt stress, it was 

observed that there was a difference for the salts factor only for root length and dry mass. The potential 

factor presented a significant difference for all variables. There was an interaction between factors (potential 

* salts) only for aerial part, root and seedling dry mass (Table 1). 

 
Table 1: Average square of the variables evaluated in the germination and development of Macroptilium lathyroides 
submitted to different salts and potentials. 

Factors Germination (%) IVG (%) Aerial part Root lenght Dry mass 
Salt (S) 90.04ns 5.64ns 20.502 ns 2066.662* 7.5000* 
Potential (P) 610.677*  38.16* 3543.245* 12603.1606* 0.000015* 
S*P 41.30ns 2.59ns 92.510* 320.001* 5.0400* 
Error 25.98 1.62 9.21 74.53 1.31 
C.V. (%) 19.96 19.95 11.58 21.96 15.39 

ns: not significant by the F test; *: significant by the F test. 
 

The data obtained in the germination test indicate that M. lathyroides seeds showed a significant 

difference for germination percentage and germination speed index (Table 1), with this behavior being shown 

in Figures 1 and 2. It is observed that from the potential osmotic of -0.4 MPa, the deleterious effects of excess 

salt caused significant reductions in germination and IVG, reaching a drop of 23.65% and 23.76%, 

respectively, when compared to the control treatment. Based on these results, it can be said that the increase 

in NaCl and CaCl2 concentrations gradually impaired the germination process of seeds of this species, since, 

in none of the evaluated osmotic potentials, there was a complete reduction for these variables. 

 

 
Figure 1: Germination of seeds (%) of Macroptilium 

lathyroides submitted to osmotic potentials caused by 
salts. 

 
Figure 2: Germination speed index (IVG) of 

Macroptilium lathyroides seeds submitted to osmotic 
potentials caused by salts. 

 
Salinity can compromise germination not only due to the toxic effect of the salts, but also hampering 

the absorption of water by the seeds due to the physiological drought produced, because with the increase 

in the concentration of salts there is a decrease in water potential, affecting the water absorption kinetics by 

the seeds (TORRES, 2007). 

In a study with seeds of Raphanus raphanistrum and Senna obtusifolia, Pereira et al. (2014) observed 

a reduction in germination from the -0.2 MPa potential, with the minimum germinability limit of -0.8 MPa 

NaCl. Similar results were also found by Martins et al. (2011) with seeds of Melaleuca quinquenervia. While 
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for Emilia sonchifolia these values were -0.6 MPa (YAMASHITA et al., 2009). 

The intensity of the germinative response to salt stress is variable between seeds of different species, 

and can also be observed in species of the same genus as verified by Pereira et al. (2012), in which in the 

potential -0.8 MPa of NaCl, there was total inhibition of germination in Urochloa decumbens seeds, while for 

U. ruziziensis, in this same potential, 8% germination was observed. 

In contrast, in M. lathyroides, values below 50% of the percentage observed in the control were 

obtained only from the potential -0.8 MPa. The species showed germination above 10% in the lowest tested 

osmotic potential -1.0 MPa (Figure 1), demonstrating that this weed species has a greater capacity for 

adaptation and competition than other species, even under salinized soil conditions. The highest averages of 

air and root length were obtained in the control treatment for both evaluated salts. As the NaCl and CaCl2 

concentrations in the solution increased, these variables decreased linearly, showing a reduction close to 

60% from the -0.6 MPa potential (Figures 3 and 4). 

 

 
Figure 3: Length of aerial part (mm) of Macroptilium 

lathyroides seedlings submitted to osmotic potentials 
caused by salts 

 
Figure 4: Root part length (mm) of Macroptilium 

lathyroides seedlings submitted to osmotic potentials 
caused by salts. 

 
The excess of salts in the substrate reduces the water potential of the soil and in turn restricts the 

absorption of water in the root environment (CARVALHO et al., 2011). These reductions in water potential, 

associated with the toxic effects of salts, initially interfere in the process of water absorption by seeds, which 

influences germination, the vigor of the resulting seedlings and, consequently, the normal development of 

plants (BEWLEY et al., 1994). Thus, the seed begins its germinative processes and, if there is not enough water 

for the process to occur normally, there may be an impediment to the emission of the root or even the death 

of the embryo, affecting the processes of cell division and elongation (MAYER et al., 1989; BRAGA et al., 

2009), as was the case of M. lathyroides in the present study. 

For the seedling dry mass variable, it was found that there was no difference between the studied 

concentrations up to the osmotic potential -0.6 MPa in the presence of CaCl2, with a difference only from -

0.8 MPa. For the NaCl salt, differences were already observed from the -0.6 MPa potential, differing 

statistically from -0.8 and -1.0 MPa (Figure 5). 

When comparing the two osmotic agents (CaCl2 x NaCl), it can be seen that the species under study 

was more tolerant to the presence of the saline agent CaCl2, with longer root length and dry weight (Figures 
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4 and 5). In other words, in view of the stress situation, these seedlings may have invested the seed reserves 

in the root growth, in order to promote greater water uptake. As the seedlings go through situations of salt 

or water stress, they tend to direct their reserves towards the development of the root, which is an adaptive 

mechanism in the face of the adversities of the environment in which it is inserted (TAIZ et al., 2004). 

The greater toxicity of the saline agent NaCl can be verified by measuring the seedlings that obtained 

less root development and, consequently, less dry weight. According to Toorchi et al. (2009), the greater 

expansion of the root system results in plants that are more resistant to the effects of soil water and salt 

stress because the leaf expansion during the period of exposure to osmotic stress occurs due to the amount 

of water present in the roots, providing the development of the plant. 

 

 
Figure 5: Dry mass of Macroptilium lathyroides seedlings submitted to osmotic potentials caused by salts. 

 
CONCLUSIONS 
 

The salt stress induced by the NaCl and CaCl2 solution causes a gradual reduction in the germination 

of Macroptilium lathyroides seeds, with no tolerance limit among the studied potentials. The NaCl salt is 

more critical in the root development and dry weight of the seedlings of the studied species. 
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