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Physiological potential of Phaseolus lunatus L. seeds subjected to 
water stress at different temperatures

Potencial fisiológico de sementes de Phaseolus lunatus L. submetidas 
a estresse hídrico em diferentes temperaturas
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Abstract

Germination is negatively influenced by water scarcity and by temperatures above or below the 
optimal range of the species, so it is necessary to know the critical point of absorption for the species 
or cultivar. The objective of this work was to evaluate the effect of water stress, simulated by solutions 
of polyethylene glycol 6000 (PEG 6000) at different temperatures, on the germination and vigor of 
seeds of four cultivars (Branca, Orelha de Vó, Rosinha and Roxinha) of beans (Phaseolus lunatus L.). 
The water stress simulation was performed using PEG 6000 solutions at concentrations of 0.0, -0.2, 
-0.4, -0.6, -0.8, -1.0, and -1.2 MPa at temperatures of 25, 30, and 35 ° C. The analyzed variables were 
percentage of germination at first count, germination speed index, length of aerial part and primary 
root of seedlings, and dry mass of the respective parts of the seedlings. The seeds of the cultivar Orelha 
de Vó were more sensitive to water stress, with 88% germinating up to the potential of -0.6 MPa at 
the tested temperatures. The cultivars Branca, Rosinha, and Roxinha germinated (94, 100, and 100%, 
respectively) up to the potential of -0.8 MPa. Water stress simulated by PEG (6000) negatively affects 
seed twinning and seed vigor of bean cultivars.
Key words: Lima beans. Water stress. Germination. Vigor.

Resumo

A germinação é influenciada negativamente pela escassez de água e por temperaturas abaixo ou acima 
da faixa exigida pela espécie, por isso é necessário saber qual o ponto crítico de absorção das espécies 
ou cultivares. O objetivo nesse trabalho foi avaliar os efeitos do estresse hídrico, simulado com soluções 
de polietileno glicol 6000 (PEG 6000) em diferentes temperaturas, na germinação e vigor de sementes 
de quatro cultivares (Branca, Orelha de Vó, Rosinha e Roxinha) de feijão-fava (Phaseolus lunatus L.). 
Foram submetidas a simulação do estresse hídrico foi feita com soluções de PEG 6000, nas concentrações 
de 0,0; -0,2; -0,4; -0,6, -0,8, -1,0 e -1,2 MPa, nas temperaturas de 25, 30 e 35 °C. As variáveis analisadas 
foram percentuais de germinação e primeira contagem, índice velocidade de germinação, comprimentos 
de parte aérea e raiz primária de plântulas e massa seca das respectivas partes de plântulas. As sementes 
do cultivar Orelha de Vó são mais sensíveis ao estresse hídrico, germinando 88 % até o potencial 
de -0,6 MPa na temperatura, os cultivares Branca, Rosinha e Roxinha germinaram (94; 100 e 100 
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%, respectivamente) até o potencial de -0,8 MPa. Estresse hídrico simulado por PEG (6000) afeta 
negativamente a geminação das sementes e o vigor das sementes de cultivares de feijão-fava. 
Palavras-chave: Feijão-fava. Estresse hídrico. Germinação. Vigor.

Introduction

Seed germination may be influenced by several 
external factors. Seed hydration is considered the 
most important factor, since water intake triggers 
most of the biochemical and physiological processes 
that result in the protrusion of the primary root 
(BRAY, 1995). The use of tools to simulate natural 
stress conditions allows preliminary evaluation of 
the adaptation and survival limits of the species 
(GUEDES et al., 2013).

Studies that were carried out to evaluate the vigor 
of seeds of several species were conducted under 
conditions of simulated water deficiency (FORTI 
et al., 2009). For this, polyethylene glycol 6000 
(PEG 6000), whose formula is HOCH2 (CH2OCH2)

n CH2OH, is the mostly used osmotic conditioning 
solute because it is chemically inert and non-toxic 
to the seeds (QUEIROZ et al., 1998). 

The sensitivity of the species to salinity or water 
stress is differentiated, and is determined by the 
speed and/or percentage of germination, as well as 
by seedling formation, because the osmotic potential 
of a solution makes it difficult for the water to be 
absorbed, being inferior to the osmotic potential 
of the embryo cells (CARVALHO; NAKAGAWA, 
2012).

Another environmental element that influences 
germination is temperature, because it influences 
the speed of absorption and distribution of water 
by the seed and the rate of biochemical reactions. 
When varying temperatures are added to the effects 
of water stress, it interferes with the biochemical 
reaction rate, influencing the physiology of the 
seeds and consequently the formation of seedlings 
(CASTRO et al., 2004; MARCOS FILHO, 2015).

The effect of temperature on plants occurs on 
the vegetative stages, since growth and mainly 

the expansion of the cells are dependent on cell 
water content. In an environment with reduced 
temperature, there may be a decrease in the water 
potential gradient between the intracellular spaces 
and the ambient atmosphere (LIMA et al., 2016). An 
increase in temperature can cause several disorders 
that can lead to the rupture of the cell membrane, 
causing leakage of intracellular electrolytes (SILVA 
et al., 2015). 

The increase in the intensity of climate change, 
which causes the reduction of water availability has 
necessitated the adoption of agricultural species 
that are water efficient (ARAÚJO et al., 2018). 
Thus, studies carried out to evaluate the behavior 
of seeds of Phaseolus during germination under 
osmotic conditions at different temperatures and 
how this relationship interferes with germination 
are of fundamental importance. Physiologically, 
the main interest in studying the dependence on 
isothermal germination is the search for limiting and 
partial factors in the processes of seed germination 
(LABOURIAU, 1983).

 Different Phaseolus genera can be grown 
in a wide range of environmental conditions. 
However, all cultivars of Phaseolus vulgaris may 
be susceptible to a certain degree of abiotic stress 
during the period of germination (COELHO et al., 
2010).

The lima bean (Phaseolus lunatus L.) is a 
species of great economic and social importance 
in Brazil due to its rusticity, with prolonged 
harvests throughout the dry season, especially in 
the Northeast, and it has been established as an 
important alternative source of food and income 
for the population (AZEVEDO et al., 2003; 
GUIMARÃES et al., 2007). According to data from 
IBGE (2018), in 2013, P. lunatus planting, due to 
its potential as a protein source, reached an area of 
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25,542 hectares, with a production of 7,957 tons 
(SOARES et al., 2010).

In common beans, the percentage of normal 
seedlings in the first germination count was reduced 
by 60% when the seeds were subjected to PEG 6000 
osmotic solutions of -0.05 MPa (MORAES et al., 
2005). However, it is worth noting that reduction 
in seed germination and vigor depends on extrinsic 
and intrinsic factors such as genotype, plant age and 
intensity and duration of the stress (OLSOVSKA et 
al., 2016).

Therefore, this work was carried out with the 
objective of evaluating the effect of water stress, 
simulated with polyethylene glycol 6000 solutions, 
and different temperatures on seed germination and 
vigor of Phaseolus lunatus.

The work was carried out with seeds of four 
cultivars of lima bean (Branca, Orelha de Vó, 
Rosinha and Roxinha), after packing them inside 
plastic bags and storing in a refrigerator for a period 
of five months. In the water stress simulation, 
osmotic solutions of polyethylene glycol 6000 (PEG 
6000) were used at concentrations of 0.0 (control), 
-0.2, -0.4, -0.6, -0.8, -1.0, and -1.2 MPa, according 
to the table proposed by Villela et al. (1991).

Germination test – The germination test was 
conducted with four replications of 50 seeds each that 
were previously treated with the active ingredient, 
captan, in the proportion of 240 g 100 kg-1 of seeds 
for each cultivar and treatment. The seeds were 
distributed over two sheets of paper towel, covered 
with a third sheet of paper towel and arranged 
in a roll form. The paper was pre-sterilized in an 
autoclave at 120 °C for 30 minutes (BRASIL, 2009) 
and then moistened with water (control treatment) 
or PEG 6000 solutions at the above concentrations 
by an amount equivalent to three times its dry mass, 
without subsequent moistening. The rolls were 
wrapped in transparent plastic bags to avoid the loss 
of water by evaporation (COIMBRA et al., 2007) 
and placed in germination chambers of the type 
Biological Oxygen Demand (BOD), which were 

regulated to the constant temperatures of 25, 30 or 
35 °C, and a photoperiod of 8 hours using daylight 
fluorescent lamps (4 x 20 W). The percentage of 
germination was determined nine days after the 
start of the test (BRASIL, 2009), those seeds that 
had emitted primary roots and aerial parts (normal 
seedlings) were considered as germinated seeds, 
which also determined the percentage of abnormal 
seedlings.

First germination count – The first germination 
count was conducted in conjunction with the 
germination test by counting the normal seedlings 
(primary root and aerial part present) on the fifth 
day after the implementation of the test, with the 
results expressed as a percentage (BRASIL, 2009).

Germination speed index (GSI) - was performed 
in conjunction with the germination test by daily 
counts of the normal seedlings from the fifth to the 
ninth day of the test at the same time each day. The 
GSI was calculated using the formula proposed by 

Maguire (1962) (
b                                          

), 

where GSI = germination speed index; G1, G2, 
and Gn = number of seeds germinated in the first 
count, second count and last count; N1, N2, and Nn = 
number of days after sowing in the first, second and 
last counts.

Length and dry mass of seedlings – This was 
determined at the end of the experiment, the 
normal seedlings of each replication had their roots 
and aerial parts measured separately with a ruler 
graduated in centimeters, the results were expressed 
as cm seedlings-1. After being measured, the roots 
and aerial parts of each replication were placed in 
kraft paper bags and conditioned in an oven at 65 
°C for 72 hours. After this period, the samples were 
weighed on an analytical balance with an accuracy 
of 0.001 g, and the results were expressed in g 
seedlings-1 (NAKAGAWA, 1999).

Statistical procedure - the experimental design 
was a completely randomized design, with the 
treatments distributed in a factorial scheme 4 × 7 × 

60% when the seeds were subjected to PEG 6000 osmotic solutions of -0.05 MPa (MORAES et al., 2005). 

However, it is worth noting that reduction in seed germination and vigor depends on extrinsic and intrinsic 

factors such as genotype, plant age and intensity and duration of the stress (OLSOVSKA et al., 2016). 

Therefore, this work was carried out with the objective of evaluating the effect of water stress, 

simulated with polyethylene glycol 6000 solutions, and different temperatures on seed germination and vigor 

of Phaseolus lunatus. 

The work was carried out with seeds of four cultivars of lima bean (Branca, Orelha de Vó, Rosinha 

and Roxinha), after packing them inside plastic bags and storing in a refrigerator for a period of five months. 

In the water stress simulation, osmotic solutions of polyethylene glycol 6000 (PEG 6000) were used at 

concentrations of 0.0 (control), -0.2, -0.4, -0.6, -0.8, -1.0, and -1.2 MPa, according to the table proposed by 

Villela et al. (1991). 

Germination test – The germination test was conducted with four replications of 50 seeds each that 

were previously treated with the active ingredient, captan, in the proportion of 240 g 100 kg-1 of seeds for 

each cultivar and treatment. The seeds were distributed over two sheets of paper towel, covered with a third 

sheet of paper towel and arranged in a roll form. The paper was pre-sterilized in an autoclave at 120 °C for 

30 minutes (BRASIL, 2009) and then moistened with water (control treatment) or PEG 6000 solutions at the 

above concentrations by an amount equivalent to three times its dry mass, without subsequent moistening. 

The rolls were wrapped in transparent plastic bags to avoid the loss of water by evaporation (COIMBRA et 

al., 2007) and placed in germination chambers of the type Biological Oxygen Demand (BOD), which were 

regulated to the constant temperatures of 25, 30 or 35 °C, and a photoperiod of 8 hours using daylight 

fluorescent lamps (4 x 20 W). The percentage of germination was determined nine days after the start of the 

test (BRASIL, 2009), those seeds that had emitted primary roots and aerial parts (normal seedlings) were 

considered as germinated seeds, which also determined the percentage of abnormal seedlings. 

First germination count – The first germination count was conducted in conjunction with the 

germination test by counting the normal seedlings (primary root and aerial part present) on the fifth day after 

the implementation of the test, with the results expressed as a percentage (BRASIL, 2009). 

Germination speed index (GSI) - was performed in conjunction with the germination test by daily 

counts of the normal seedlings from the fifth to the ninth day of the test at the same time each day. The GSI 

was calculated using the formula proposed by Maguire (1962) (    
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), where 

GSI = germination speed index; G1, G2, and Gn = number of seeds germinated in the first count, second count 

and last count; N1, N2, and Nn = number of days after sowing in the first, second and last counts. 

Length and dry mass of seedlings – This was determined at the end of the experiment, the normal 

seedlings of each replication had their roots and aerial parts measured separately with a ruler graduated in 

centimeters, the results were expressed as cm seedlings-1. After being measured, the roots and aerial parts of 

each replication were placed in kraft paper bags and conditioned in an oven at 65 °C for 72 hours. After this 

period, the samples were weighed on an analytical balance with an accuracy of 0.001 g, and the results were 

expressed in g seedlings-1 (NAKAGAWA, 1999). 
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3 (cultivars, osmotic potentials and temperatures). 
The data were submitted for analysis of variance 
by the F-test at 1% probability and polynomial 
regression by the software SAS® 9.1.3. (2000-2004).

The analysis of variance of the data referring to 
the variables to evaluate the germination and vigor 

of seeds of different cultivars of Phaseolus lunatus 
submitted to different temperatures and osmotic 
potentials is summarized in Table 1. The interaction 
between the factors (cultivars x temperature x 
osmotic potentials) was significant at 1% or 5% by 
the F-test for all variables studied.

Table 1. Mean squares of the analysis of variance for germination (G), first germination count (FGC) and germination 
speed index (GSI) of seeds, aerial part length (APL) of primary root (PR), dry mass of the aerial part (DMAP) and of 
the roots (DMR) of normal seedlings, and percentage of abnormal seedlings (PAN) of cultivars of Phaseolus lunatus 
L. at different temperatures and osmotic potentials 

Source of 
variation

Mean Squares
L G GC GSI APL PR PDMAP DMR PAN

Cultivar (C) 3 1.56** 1.102** 458.185** 4.3378** 74.024** 0.009* 0.011* 131.644**

Temperature (T) 2 0.081** 0.029** 3.350ns 5.239** 108.634** 0.018* 0.020* 26.434**

Potential (P) 6 11.070** 10.367** 18.976** 19.648** 17.881** 0.034** 0.031** 30.767**

C x T 6 0.067** 0.047** 15.961* 0.893** 24.994** 0.023** 0.028** 18.501**

C x P 18 0.260** 0.172** 140.715** 0.739** 4.057** 0.020** 0.026** 19.696**

T x P 12 0.107** 0.106** 35.002** 1.603** 17.246** 0.015** 0.019** 58.398**

C x T x P 36 0.046** 0.038** 21.678** 0.248** 5.914** 0.022** 0.027** 47.311**

Residues 252 0.005 0.004 6.817 0.093 0.0593 0.003 0.004 90.308
CV (%) = 12.793 12.896 37.609 45.716 30.492 32.340 41.629 29.776

nsnot significant, *significant at 5% and, **significant at 1% of probability of F.

Figure 1 shows that the cultivars Rosinha 
and Roxinha obtained 100% of germination, 
regardless of the temperature tested; whereas, 
the cultivars Branca and Orelha de Vó obtained 
higher (94 and 88%, respectively) and lower (87 
and 66%, respectively) germination percentages 
at the temperatures of 25 and 35 °C, respectively. 
In relation to water stress, there was a reduction in 
seed germination in all evaluated cultivars from the 
osmotic potential -0.2 MPa; however, the cultivar 
Orelha de Vó was shown to be more sensitive to 
water stress, with no germination occurring at the 
potential of -0.6 MPa at the temperatures of 25, 30, 
and 35 °C. 

The seeds performed better at the less negative 
osmotic potentials, probably due to slower 
imbibition, allowing the reorganization of the 

embryo tissues over a longer period of time 
(LIMA; MARCOS FILHO, 2010). The decrease 
in germination under water stress conditions is 
attributed to the reduction in enzymatic activity, 
which promotes less meristematic development 
(PELEGRINI et al., 2013).

Seeds of the common bean (Phaseolus vulgaris 
L.) submitted to water stress simulated with PEG 
6000 solution showed a reduction in germination 
at the osmotic potential -0.4 MPa (FORTI et al., 
2009). Similarly, P. vulgaris seeds of the cultivar 
IAC-Carioca 80SH were also severely affected by 
the osmotic potential of -0.9 MPa of the PEG 6000 
and NaCl solutes, with values of 0 and 15% for 
germination, respectively (MACHADO NETO et 
al., 2006). 
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Figure 1. Seed germination (G) of lima bean cultivars submitted to water stress at different temperatures.Figure 1. Seed germination (G) of lima bean cultivars submitted to water stress at different temperatures. 
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Seed germination and initial development of seedlings of the cowpea (Vigna unguiculata), BRS 

Tumucumaque cultivar, were negatively affected by water stress simulated with PEG 6000 and mannitol at 

potentials -0.2 and -0.8 MPa, respectively, and with greater severity when induced by PEG-6000 

(FERREIRA et al., 2017). 

In the first germination count (Figure 2), a drastic linear reduction was observed from the osmotic 

potential of -0.2 MPa for all evaluated cultivars. The highest percentages obtained in the control (0.0) 

occurred in the Rosinha cultivar with 100% at temperatures 25 and 35 °C and the Roxinha cultivar with 

100% at 30 °C. The lowest percentage occurred in the cultivar Orelha de Vó with 61.75% at the temperature 

of 35 °C.   

This result can be explained by the fact that water stress causes a decrease in the percentage of 

germination as well as the speed of germination of the seeds, showing that for each species, there is a value 

and a water potential in the substrate where germination does not take place (BEWLEY et al., 2013). 

In the first count, the vigor of common bean seeds remained around 90% using PEG 6000 up to the 

potential of -0.2 MPa, but showed a drastic decrease after this potential (MORAES et al., 2005).  

The seed germination speed index of the Branca, Orelha de Vó and Roxinha cultivars was linearly 

reduced from the osmotic potential starting at -0.2 MPa at all temperatures tested. However, the Rosinha 

cultivar showed a quadratic adjustment with a 9.32 increase at a temperature of 35 °C at the osmotic 

potential of -0.44 MPa (Figure 3).  

This occurred because of the water stress tolerance characteristics peculiar to each cultivar. Similar 

to what occurred for lima bean seeds, Carneiro et al. (2011) observed that the germination speed index of 

sunflower seeds (Helianthus annuus L.) decreased as the osmotic potentials became more negative. 

Cell dehydration reduces the metabolic activity and the synthesis of new tissues in the seeds, due to 

the reduction of water availability. Based on the time of exposure to water stress and different temperatures, 

and the genetics of the cultivars, a plant species can demonstrate its resilience to adverse conditions (TAIZ; 

Seed germination and initial development of 
seedlings of the cowpea (Vigna unguiculata), BRS 
Tumucumaque cultivar, were negatively affected by 
water stress simulated with PEG 6000 and mannitol 
at potentials -0.2 and -0.8 MPa, respectively, and 
with greater severity when induced by PEG-6000 
(FERREIRA et al., 2017).

In the first germination count (Figure 2), a 
drastic linear reduction was observed from the 
osmotic potential of -0.2 MPa for all evaluated 
cultivars. The highest percentages obtained in the 
control (0.0) occurred in the Rosinha cultivar with 
100% at temperatures 25 and 35 °C and the Roxinha 
cultivar with 100% at 30 °C. The lowest percentage 
occurred in the cultivar Orelha de Vó with 61.75% 
at the temperature of 35 °C.  

This result can be explained by the fact that 
water stress causes a decrease in the percentage of 
germination as well as the speed of germination of the 
seeds, showing that for each species, there is a value 
and a water potential in the substrate where germination 
does not take place (BEWLEY et al., 2013).

In the first count, the vigor of common bean 
seeds remained around 90% using PEG 6000 up 

to the potential of -0.2 MPa, but showed a drastic 
decrease after this potential (MORAES et al., 2005). 

The seed germination speed index of the Branca, 
Orelha de Vó and Roxinha cultivars was linearly 
reduced from the osmotic potential starting at 
-0.2 MPa at all temperatures tested. However, the 
Rosinha cultivar showed a quadratic adjustment 
with a 9.32 increase at a temperature of 35 °C at the 
osmotic potential of -0.44 MPa (Figure 3). 

This occurred because of the water stress 
tolerance characteristics peculiar to each cultivar. 
Similar to what occurred for lima bean seeds, 
Carneiro et al. (2011) observed that the germination 
speed index of sunflower seeds (Helianthus annuus 
L.) decreased as the osmotic potentials became 
more negative.

Cell dehydration reduces the metabolic activity 
and the synthesis of new tissues in the seeds, due 
to the reduction of water availability. Based on 
the time of exposure to water stress and different 
temperatures, and the genetics of the cultivars, 
a plant species can demonstrate its resilience 
to adverse conditions (TAIZ; ZEIGER, 2013; 
MARCOS FILHO, 2015).
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Figure 2. First seed germination count (FGC) of lima bean cultivars submitted to water stress at different temperatures.

ZEIGER, 2013; MARCOS FILHO, 2015). 
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Figure 3. Seed germination speed index (GSI) of lima bean cultivars submitted to water stress at different 
temperatures. 
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The length of the aerial part of lima bean seedlings from seeds of all evaluated cultivars was 

linearly reduced at all temperatures and osmotic potentials (Figure 4). The length of the root of the seedlings 

of Rosinha seeds was longer at the temperatures of 25 and 30 °C (8.7 and 8.8 cm, respectively), while at 35 

°C, Roxinha was the cultivar that stood out, with the primary root measuring 4.4 cm; these values were 

obtained from the equations at zero potential, but were drastically reduced when the potential became more 

ZEIGER, 2013; MARCOS FILHO, 2015). 

 

Figure 2. First seed germination count (FGC) of lima bean cultivars submitted to water stress at different 
temperatures. 
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Figure 3. Seed germination speed index (GSI) of lima bean cultivars submitted to water stress at different 
temperatures. 
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The length of the aerial part of lima bean seedlings from seeds of all evaluated cultivars was 

linearly reduced at all temperatures and osmotic potentials (Figure 4). The length of the root of the seedlings 

of Rosinha seeds was longer at the temperatures of 25 and 30 °C (8.7 and 8.8 cm, respectively), while at 35 

°C, Roxinha was the cultivar that stood out, with the primary root measuring 4.4 cm; these values were 

obtained from the equations at zero potential, but were drastically reduced when the potential became more 

Figure 3. Seed germination speed index (GSI) of lima bean cultivars submitted to water stress at different temperatures.



2883
Semina: Ciências Agrárias, Londrina, v. 40, n. 6, suplemento 2, p. 2877-2890, 2019

Physiological potential of Phaseolus lunatus L. seeds subjected to water stress at different temperatures

The length of the aerial part of lima bean seedlings 
from seeds of all evaluated cultivars was linearly 
reduced at all temperatures and osmotic potentials 
(Figure 4). The length of the root of the seedlings of 
Rosinha seeds was longer at the temperatures of 25 
and 30 °C (8.7 and 8.8 cm, respectively), while at 35 

°C, Roxinha was the cultivar that stood out, with the 
primary root measuring 4.4 cm; these values were 
obtained from the equations at zero potential, but 
were drastically reduced when the potential became 
more negative (Figure 5). 

Figure 4. Aerial part length (APL) of the seedlings of lima bean cultivars from seeds submitted to water stress at 
different temperatures.

negative (Figure 5).  

 

Figure 4. Aerial part length (APL) of the seedlings of lima bean cultivars from seeds submitted to water 
stress at different temperatures. 
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This reduction is because water deficits combined with temperature influence the processes related 

to growth, cell elongation and wall synthesis, causing a decrease in cell expansion, which affects the growth 

process of the seedlings (DANTAS et al., 2017). 

Changes in plant behavior due to water deficiency depend on the cultivar, duration, severity and 

stage of development of the plant (PELEGRINI et al., 2013). The water deficiency influences the seed vigor, 

which can be observed in the growth of the seedlings, that is, more vigorous seeds produce well-developed 

seedlings, due to a greater capacity for transformation and supply of reserves from the storage tissues and the 

embryonic axis (DAN et al., 1987). 

 

Figure 5. Length of the primary root (PR) of seedlings of lima bean cultivars from seeds submitted to water 
stress at different temperatures. 

y 25 C= 7,266 + 11,389x - R² = 0,91
y 30 C=  0,937 + 1,2588x - R² = 0,97

y 35 C= 2,0599 + 3,1918x - R² = 0,60

0
2
4
6
8
10

-1,2 -1 -0,8 -0,6 -0,4 -0,2 0

PR
 (cm

.Seedlings
-1)

Osmotic potentials (MPa)

BRANCA

25 °C 30 °C 35 °C

y 25 C= 7,159 + 12,449x - R² = 0,94
y 30 C= 3,9067+ 8,9x - R² = 0,99
y 35 C= 0,1355 + 0,1788x - R² = 0,92

0
2
4
6
8
10

-1,2 -1 -0,8 -0,6 -0,4 -0,2 0

PR
 (cm

.Seedlings
-1)

Osmotic potentials (MPa)

ORELHA DE VÓ

25 °C 30 °C 35 °C

 

This reduction is because water deficits combined 
with temperature influence the processes related to 
growth, cell elongation and wall synthesis, causing a 
decrease in cell expansion, which affects the growth 
process of the seedlings (DANTAS et al., 2017).

Changes in plant behavior due to water 
deficiency depend on the cultivar, duration, severity 
and stage of development of the plant (PELEGRINI 

et al., 2013). The water deficiency influences the 
seed vigor, which can be observed in the growth of 
the seedlings, that is, more vigorous seeds produce 
well-developed seedlings, due to a greater capacity 
for transformation and supply of reserves from the 
storage tissues and the embryonic axis (DAN et al., 
1987).
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Figure 5. Length of the primary root (PR) of seedlings of lima bean cultivars from seeds submitted to water stress at 
different temperatures.

 

Figure 5. Length of the primary root (PR) of seedlings of lima bean cultivars from seeds submitted to water 
stress at different temperatures. 
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This is an important way to note that the seedling length is more sensitive to the reduction of water 

availability in comparison to seed germination (ABATI et al., 2014). The aerial part length of the common 

bean (P. vulgaris) decreased to zero when subjected to a potential of -1.2 MPa mannitol solution 

(AGOSTINI et al., 2013). 

The germination of seeds of cowpea (Vigna unguiculata L. Walp.) was also affected when they 

were submitted to osmotic potentials equal to or lower than -0.6 MPa, preventing the development of normal 

seedlings (ARAUJO, et al., 2015). 

Seedlings of improved genotypes of beans (P. vulgaris) showed a reduction in their length when 

submitted to mannitol concentrations of 0.0, -0.6, -1.2, and -1.8 MPa. Among the genotypes studied, BAF9 

exhibited better performance than the others, demonstrating a greater potential to adapt to the water deficit, a 

characteristic relevant to breeding programs (GARCIA et al., 2012).  

For the dry mass of the aerial part, the maximum values for the Branca cultivar at 25, 30, and 35 °C 

were 0.015, 0.04, and 0.469 g seedlings-1, respectively. For the Orelha de Vó cultivar, the values of 0.014, 

0.079, and 0.001 g seedlings-1 were obtained at temperatures of 25, 30, and 35 °C, respectively, while the 

Rosinha and Roxinha cultivars showed values lower than 0.03 g seedlings-1 at the temperatures tested (Figure 

6). The dry mass content of the roots of the different lima bean seedlings varied between 0.0003 and 0.5 g 

seedlings-1 (Figure 7). 

This fact can be explained by the lower production of G6PDH and consequently of NADPH, 

culminating in a decline in the activities of some antioxidant enzymes due to the unfavorable environments 

to which the plants are submitted such as water stresses, producing lower Calvin cycle activity, which results 

in severe damage to the cell membrane structure, affecting the quality of the seedlings (SZABADOS; 

This is an important way to note that the seedling 
length is more sensitive to the reduction of water 
availability in comparison to seed germination 
(ABATI et al., 2014). The aerial part length of 
the common bean (P. vulgaris) decreased to zero 
when subjected to a potential of -1.2 MPa mannitol 
solution (AGOSTINI et al., 2013).

The germination of seeds of cowpea (Vigna 
unguiculata L. Walp.) was also affected when they 
were submitted to osmotic potentials equal to or 
lower than -0.6 MPa, preventing the development 
of normal seedlings (ARAUJO, et al., 2015).

Seedlings of improved genotypes of beans (P. 
vulgaris) showed a reduction in their length when 
submitted to mannitol concentrations of 0.0, -0.6, 
-1.2, and -1.8 MPa. Among the genotypes studied, 
BAF9 exhibited better performance than the others, 
demonstrating a greater potential to adapt to the 
water deficit, a characteristic relevant to breeding 
programs (GARCIA et al., 2012). 

For the dry mass of the aerial part, the maximum 
values for the Branca cultivar at 25, 30, and 35 
°C were 0.015, 0.04, and 0.469 g seedlings-1, 
respectively. For the Orelha de Vó cultivar, the 
values of 0.014, 0.079, and 0.001 g seedlings-1 
were obtained at temperatures of 25, 30, and 35 
°C, respectively, while the Rosinha and Roxinha 
cultivars showed values lower than 0.03 g 
seedlings-1 at the temperatures tested (Figure 6). 
The dry mass content of the roots of the different 
lima bean seedlings varied between 0.0003 and 0.5 
g seedlings-1 (Figure 7).

This fact can be explained by the lower 
production of G6PDH and consequently of 
NADPH, culminating in a decline in the activities 
of some antioxidant enzymes due to the unfavorable 
environments to which the plants are submitted 
such as water stresses, producing lower Calvin 
cycle activity, which results in severe damage to 
the cell membrane structure, affecting the quality 
of the seedlings (SZABADOS; SAVOURE, 2009; 
MARINI et al., 2012).
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Figure 6. Dry mass of the aerial part (DMAP) of seedlings of lima bean cultivars from seeds submitted to osmotic 
potentials at different temperatures.

Figure 7. Dry mass of the roots (DMR) of seedlings of lima bean cultivars from seeds submitted to water stress at 
different temperatures.

SAVOURE, 2009; MARINI et al., 2012). 

 

Figure 6. Dry mass of the aerial part (DMAP) of seedlings of lima bean cultivars from seeds submitted to 
osmotic potentials at different temperatures. 
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Figure 7. Dry mass of the roots (DMR) of seedlings of lima bean cultivars from seeds submitted to water 
stress at different temperatures. 
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Seedlings of different soybean cultivars (Glycine max L. Merrill) (MG/BR 46 Conquista, Carajás, 

UFS Impacta) from seeds submitted to different osmotic potentials (0, -0.1, -0.2, -0.3, and -0.4 MPa) of PEG 

6000 solutions had drastically reduced dry matter content (VIEIRA et al., 2013). 

The reduction of cell expansion occurs because of inadequate turgor potential due to decreased cell 

SAVOURE, 2009; MARINI et al., 2012). 

 

Figure 6. Dry mass of the aerial part (DMAP) of seedlings of lima bean cultivars from seeds submitted to 
osmotic potentials at different temperatures. 
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Figure 7. Dry mass of the roots (DMR) of seedlings of lima bean cultivars from seeds submitted to water 
stress at different temperatures. 
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Seedlings of different soybean cultivars (Glycine max L. Merrill) (MG/BR 46 Conquista, Carajás, 

UFS Impacta) from seeds submitted to different osmotic potentials (0, -0.1, -0.2, -0.3, and -0.4 MPa) of PEG 

6000 solutions had drastically reduced dry matter content (VIEIRA et al., 2013). 

The reduction of cell expansion occurs because of inadequate turgor potential due to decreased cell 
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Seedlings of different soybean cultivars (Glycine 
max L. Merrill) (MG/BR 46 Conquista, Carajás, 
UFS Impacta) from seeds submitted to different 
osmotic potentials (0, -0.1, -0.2, -0.3, and -0.4 MPa) 
of PEG 6000 solutions had drastically reduced dry 
matter content (VIEIRA et al., 2013).

The reduction of cell expansion occurs because 
of inadequate turgor potential due to decreased cell 
growth, which is the first measurable effect when 
the plants are subjected to water stress conditions. 
This is a progressive reduction of the dry mass of 
the seedlings because of water restriction, due to 

the lower speed of physiological and biochemical 
processes or the difficulty of hydrolysis and 
mobilization of seed reserves (TAIZ and ZEIGER, 
2013; BEWLEY; BLACK, 1994).

The highest percentage of abnormal seedlings 
occurred when the potentials became more negative 
by the following values in the respective cultivars: 
Branca, Orelha de Vó, Rosinha, and Roxinha at 
temperatures: 25 (0.1, -2.7, -6.5, and -6.1%), 30 (-3, 
3, -8.1, and -10.8%), and 35 °C (1.9, 15.9, 6.4, and 
-5.4%) (Figure 8).

Figure 8. Percentage of abnormal seedlings (% PAN) of lima bean cultivars from seeds submitted to water stress at 
different temperatures.
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The osmotic potentials of -0.25 and -0.30 MPa of PEG 6000 favored the appearance of abnormal 

seedlings of fennel (Foeniculum vulgare Miller) in the first germination count test (STEFANELLO et al., 

2006), while for seeds of Citrullus lanatus L., when submitted to the osmotic potentials of -0.6 and -0.8 MPa 

of NaCl, caused a rise in abnormal seedlings (TORRES, 2007). 

The germination and seed vigor of the lima bean cultivars Branca, Orelha de Vó, Rosinha, and 

Roxinha were negatively affected by the water stress simulations with PEG 6000 solutions. Seeds of the 

Orelha de Vó cultivar were the most sensitive to the simulated water stress, while seeds of the Rosinha 

cultivar were the most tolerant. The temperature of 35 °C affected the germination and vigor of lima bean 

cultivars Branca, Orelha de Vó, Rosinha, and Roxinha.  

 

References 

The osmotic potentials of -0.25 and -0.30 MPa 
of PEG 6000 favored the appearance of abnormal 
seedlings of fennel (Foeniculum vulgare Miller) in 
the first germination count test (STEFANELLO et 
al., 2006), while for seeds of Citrullus lanatus L., 
when submitted to the osmotic potentials of -0.6 
and -0.8 MPa of NaCl, caused a rise in abnormal 
seedlings (TORRES, 2007).

The germination and seed vigor of the lima 
bean cultivars Branca, Orelha de Vó, Rosinha, 
and Roxinha were negatively affected by the 
water stress simulations with PEG 6000 solutions. 
Seeds of the Orelha de Vó cultivar were the most 
sensitive to the simulated water stress, while seeds 
of the Rosinha cultivar were the most tolerant. The 
temperature of 35 °C affected the germination and 
vigor of lima bean cultivars Branca, Orelha de Vó, 
Rosinha, and Roxinha. 



2887
Semina: Ciências Agrárias, Londrina, v. 40, n. 6, suplemento 2, p. 2877-2890, 2019

Physiological potential of Phaseolus lunatus L. seeds subjected to water stress at different temperatures

References
ABATI, J.; BRZEZINSKI, C. R.; ZUCARELI, C.; 
HENNING, F. A.; ALVES, V. F. N.; GARCIA, V. V. 
Qualidade fisiológica de sementes de trigo tratadas 
com biorregulador em condições de restrição hídrica. 
Informativo da ABRATES, Londrina, v. 24, n. 5, p. 32-36, 
2014. DOI: 10.1016/j.syapm.2012.10.006

AGOSTINI, E. A. T.; MACHADO-NETO, N. B.; 
CUSTÓDIO, C. C. Induction of water deficit tolerance 
by cold shock and salicylic acid during germination in the 
common bean. Acta Scientiarum Agronomy, Maringá, v. 
35, n. 2, p. 209-219, 2013. DOI: 10.4025/actasciagron.
v35i2.15967  

ARAUJO, A. S. F.; LOPES, A. C. A.; GOMES, R. L. 
F.; BESERRA JUNIOR, J. E. A.; ANTUNES, J. E. L.; 
LYRA, M. C. C. P.; BARRETO FIGUEIREDO, M. V. 
B. Diversity of native rhizobia-nodulating Phaseolus 
lunatus in Brazil. Legume Research, Teresina, v. 38, n. 5, 
p. 653-657, 2015. 

ARAÚJO, M. L.; MAGALHÃES, A. C. M.; ABREU, 
M. G. P.; MACIELA, J. A.; MELHORANÇA FILHO, 
A. L. Effect of different osmotic potentials on the 
germination and seedling development of sulfur beans. 
Ensaios, Fortaleza, v. 22, n. 3, p. 201-204, 2018. DOI: 
10.17921/1415-6938.2018v22n3-204

AZEVEDO, J. N.; FRANCO, L. J. D.; ARAÚJO, R. O. C. 
Composição química de sete variedades de feijão-fava. 
Teresina: Embrapa Meio-Norte. 2003. 4 p. (Comunicado 
técnico, 152).

BEWLEY, J. D.; BLACK, M. Seeds physiology of 
development and germination. 3. ed. New York: Plenum 
Press, 1994. 445 p.

BEWLEY, J. D.; BRADFORD, K. J.; HILHORST, W. 
M.; NONOGAKI, H. Seeds: physiology of development, 
germination and dormancy. 3. ed. London: Springer, 
2013. 392 p.

BRASIL. Ministério da Agricultura, Pecuária e 
Abastecimento. Secretaria de Defesa Agropecuária. 
Regras para análise de sementes. Brasília: MAPA/ACS, 
2009. 395 p.

BRAY, C. F. Biochemical processes during the 
osmopriming of seeds. In: KIGEL, J.; GALILI, G. 
Seed development and germination. New York: Marcel 
Dekker, 1995. p. 767-789.

CARNEIRO, M. M. C.; DEUNER, S.; OLIVEIRA, P. 
V.; TEIXEIRA, S. B.; SOUSA, C. P.; BACARIN, M. A.; 
MORAES, D. M. Atividade antioxidante e viabilidade 
de sementes de girassol após estresse hídrico e salino. 
Revista Brasileira de Sementes, Lavras, v. 33, n. 4, p. 

755-764, 2011. Disponível em: https://submission3.
scielo.br/index.php/jss/article/view/42891. Acesso em: 
07 aug. 2019.

CARVALHO, N. M.; NAKAGAWA, J. Sementes: ciência, 
tecnologia e produção. 4. ed. Jaboticabal: FUNEP, 2012. 
590 p.

CASTRO, R. D.; BRADFORD, K. J.; HILHORST, 
H. W. M. Embebição e reativação do metabolismo. 
In:  FERREIRA, A. G.; BORGHETTI, F. (Org.). 
Germinação: do básico ao aplicado. Porto Alegre: 
Artmed, 2004. p. 149-162.

COELHO, D. L. M.; AGOSTINI, E. A. T.; GUABERTO, 
L. M.; MACHADO NETO, N. B.; CUSTÓDIO, C. C. 
Estresse hídrico com diferentes osmóticos em sementes 
de feijão e expressão diferencial de proteínas durante a 
germinação. Acta Scientiarum. Agronomy, Maringá, v. 
32, n. 3, p. 491-499, 2010. DOI: 10.4025/actasciagron.
v32i3.4694

COIMBRA, R. A.; TOMAZ, C. A.; MARTINS, 
C. C.; NAKAGAWA, J. Teste de germinação com 
acondicionamento dos rolos de papel em sacos plásticos. 
Revista Brasileira de Sementes, Lavras, v. 29, n. 1, p. 92-
97, 2007.

DAN, E. L.; MELLO, V. D. C.; WETZEL, C. T.; 
POPINIGIS, F.; SOUZA, E. P. Transferência de matéria 
seca como método de avaliação do vigor de sementes 
de soja. Revista Brasileira de Sementes, Brasília, v. 9, 
n. 3, p. 45-55. 1987. Disponível em: https://scielo.br/
scielo.php?script=sci_nlinks&ref=000076&pid=S0101-
3122200400010001400005&lng=em. Acesso em: 07 
aug. 2019.

DANTAS, S. A. G.; SILVA, F. C. S.; SILVA, L. J. F.; 
SILVA, L. Strategy for selection of soybean genotypes 
tolerant to drought during germination. Genetics and 
Molecular Research, v. 16, n. 2, p. 4-8, 2017. DOI: 
10.4238/gmr16029654

FERREIRA, A. C. T.; FELITO, R. A.; ROCHA, A. M.; 
CARVALHO, M. A. C.; YAMASHITA, O. M. Water 
and salt stresses on germination of cowpea (Vigna 
unguiculata cv. BRS TUMUCUMAQUE) seeds. Revista 
Caatinga, Mossoró, v. 30, n. 4, p. 1009-1016, 2017. DOI: 
10.1590/1983-21252017v30n422rc

FORTI, V. A.; CICERO, S. M.; PINTO, T. L. F. Efeitos 
de potenciais hídricos do substrato e teores de água das 
sementes na germinação de feijão. Revista Brasileira 
de Sementes, Lavras, v. 31, n. 2, p. 63-70, 2009. DOI: 
10.1590/s0101-31222009000200007

GARCIA, S. H.; ROZZETTO, S.; COIMBRA, J. L. M.; 
GUIDOLIN, A. F. Simulação de estresse hídrico em 
feijão pela diminuição do potencial osmótico. Revista de 



2888
Semina: Ciências Agrárias, Londrina, v. 40, n. 6, suplemento 2, p. 2877-2890, 2019

Nascimento, M. G. R. et al.

Ciências Agroveterinárias, Lages, v. 11, n. 1, p. 35-41, 
2012. Disponível em:  http://revistas.udesc.br/index.php/
agroveterinaria/article/view/5234. Acesso em: 07 aug. 
2019.

GUEDES, R. S.; ALVES, E. D.; VIANA, J. S.; 
GONÇALVES, E. P.; LIMA, C. R.; SANTOS, S. R. N. 
Germinação e vigor de sementes de Apeiba tibourbou 
submetidas ao estresse hídrico e diferentes temperaturas. 
Ciência Florestal, Santa Maria, v. 23, n. 1, p. 45-53, 
2013. DOI: 10.5902/198050988438

GUIMARÃES, W. N. R. Caracterização morfológica e 
molecular de acessos de feijão-fava (Phaseolus lunatus 
L.). Revista Brasileira de Engenharia Agrícola e 
Ambiental, Campina Grande, v. 11, n. 1, p. 37-45, 2007. 
Disponível em: http://scielo.br/pdf/%0D/rbeaa/v11n1/
v11n1a05.pdf. Acesso em: 07 aug. 2019.

INSTITUTO BRASILEIRO DE GEOGRAFIA E 
ESTATÍSTICA - IBGE. Produção Agrícola do feijão fava. 
2016. Disponível em: ftp://ftp.ibge.gov.br/Producao_ 
Agricola/Producao_Agricola_Municipal_[anual]/2013/ 
pam2013.pdf. Acesso em: 03 maio 2018.

LABOURIAU, L. G. A germinação das sementes. 
Washington: Secretaria Geral da O.E.A., 1983. 24p.

LIMA, Â. S. F.; CANTARELLI, M. M. C.; GONÇALVES, 
A. N. Relação entre cálcio e temperatura em explantes de 
Eucalyptus grandis IN VITRO. Nucleus, Botucatu, v. 13, 
n. 1, p. 123-129, 2016. DOI: 10.3738/1982.2278.1482

LIMA, L. B.; MARCOS FILHO, J. Condicionamento 
fisiológico de sementes de pepino e germinação sob 
diferentes temperaturas. Revista Brasileira de Sementes, 
Lavras, v. 32, n. 1, p. 138-147, 2010. DOI: 10.1590/
S0101-31222010000100016

MACHADO NETO, N.; CUSTÓDIO, C. C.; COSTA, 
P. R.; DONÁ, F. L. Deficiência hídrica induzida por 
diferentes agentes osmóticos na germinação e vigor 
de sementes de feijão. Revista Brasileira de Sementes, 
Brasília, v. 28, n. 1, p. 142-148, 2006. DOI: 10.1590/
S0101-31222006000100020

MAGUIRE, J. D. Speed of germination-aid in selection 
and evaluation for seeding emergence and vigor. Crop 
Science, Madison, v. 2, n. 2, p. 176-177, 1962. Available 
at:  https://www.crops.org/publications/ cs/abstracts/2/2/
CS0020020176. Accessed at: jan. 10, 2018.

MARCOS FILHO, J. Fisiologia de sementes de plantas 
cultivadas. 2. ed. Londrina: ABRATES, 2015. 659 p.

MARINI, P.; MORAES, C. L.; MARINI, N.; MORAES, 
D. M. E.; AMARANTE, L. Alterações fisiológicas 
e bioquímicas em sementes de arroz submetidas ao 
estresse térmico. Revista Ciência Agronômica, Fortaleza, 
v. 43, n. 4, p. 722-730, 2012. Disponível em: http://www.

scielo.br/pdf/rca/v43n4/v43n4a14.pdf. Acesso em:  07 
aug. 2019.

MORAES, G. A. F.; MENEZES, N. L.; PASQUALLI, L. 
L. Comportamento de sementes de feijão sob diferentes 
potenciais osmóticos. Ciência Rural, Santa Maria, v. 35, 
n. 4, p. 776-780, 2005. 

NAKAGAWA, J. Teste de vigor baseado no desempenho 
das plântulas. In: KRZYZAMOWSKI, F. C.; VIEIRA, 
R. D.; FRANÇA NETO, J. B. (Ed.). Vigor de sementes: 
conceito e testes. Londrina: ABRATES, 1999. p. 1-24.

OLSOVSKA, K.; KOVAR, M.; BRESTIC, M.; 
ZIVCAK, M.; SLAMKA, P.; SHAO, H. B. Genotypically 
identifying wheatmesophyll conductance regulation 
under progressive drought stress, Frontiers Plant 
Science, Lausanne, v. 7, n. 1111, p. 1-14, 2016. DOI: 
10.3389/fpls.2016.01111

PELEGRINI, L. L.; BORCIONI, E; NOGUEIRA, A. C.; 
HENRIQUE KOEHLER, S.; QUOIRIN, M. G. G. Efeito 
do estresse hídrico simulado com NaCl, Manitol e PEG 
(6000) na germinação de sementes de Erythrina falcata 
Benth. Ciência Florestal, Santa Maria, v. 23, n. 2, p. 511-
519, 2013. DOI: 10.5902/198050989295

QUEIROZ, M. F.; ALMEIDA, F. A. C.; FERNANDES, 
P. D. Efeito do condicionamento osmótico no vigor 
de plântulas de feijão (Phaseolus vulgaris L.). Revista 
Brasileira de Engenharia Agrícola e Ambiental, 
Campina Grande, v. 2, n. 2, p. 148-152, 1998. Disponível 
em: http://www.agriambi.com.br/revista/v2n2/ 148.pdf. 
Acesso em: 07 aug. 2019.

SAS Institute Inc., 2000-2004. SAS 9.1.3 Ajuda e 
Documentação. SAS Institute Inc., Cary, NC.

SILVA, F. V. F.; MENDES, B. S.; ROCHA, M. S.; 
BRITO NETO, J. F.; BELTRÃO, N. E. M.; SOFIATTI, 
V. Photosynthetic pigments and gas exchange in castor 
bean under conditions of above the optimal temperature 
and high CO2. Acta Scientiarum: Agronomy, Maringá, v. 
37, n. 3, p. 331-337, 2015. DOI: 10.4025/actasciagron.
v37i3.19075

SOARES, C. A.; LOPES, A. C. de A.; GOMES, R. L. 
F.; GÂNDARA, F. C. A cultura do feijão-fava no meio-
norte do Brasil. Teresina: EDUFPI, 2010. p. 239-263.

STEFANELLO, R.; GARCIA, D. C.; MENEZES, N. 
L.; MUNIZ, M. F. B.; WRASSE, C. F. Efeito da luz, 
temperatura e estresse hídrico no potencial fisiológico 
de sementes de funcho. Revista Brasileira de Sementes, 
Lavras, v. 28, n. 2, p. 135-141, 2006. DOI: 10.1590/
S0101-31222006000200018

SZABADOS, L.; SAVOURE, A. Proline: a multifunctional 
amino acid. Trends in Plant Science, v. 15, n. 2, p. 89-97, 
2010. DOI: 10.1016/j.tplants.2009.11.009



2889
Semina: Ciências Agrárias, Londrina, v. 40, n. 6, suplemento 2, p. 2877-2890, 2019

Physiological potential of Phaseolus lunatus L. seeds subjected to water stress at different temperatures

TAIZ, L.; ZEIGER, E. Fisiologia vegetal. 5. ed. Porto 
Alegre, RS: ARTMED, 2013. 918 p

TORRES, S. B. Germinação e desenvolvimento de 
plântulas de melancia em função da salinidade. Revista 
Brasileira de Sementes, Lavras, v. 29, n. 3, p. 77-82, 
2007. DOI: 10.1590/S0101-31222007000300010

VIEIRA, F. C. F.; SANTOS JUNIOR, C. D.; NOGUEIRA, 
A. P. O.; DIAS, A.C.; A. C. C.; HAMAWAKI, O. T.; 
BONETTI, A. M. Aspectos fisiológicos e bioquímicos 
de cultivares de soja submetidos a déficit hídrico 
induzido por PEG 6000. Bioscience Journal, Uberlândia, 

v. 29, n. 2, p. 543-552, 2013. Disponível em: http://
www.seer.ufu.br/index.php/biosciencejournal/article/
view/15085/12495. Acesso em: 08 aug. 2019.

VILLELA, F. A.; DONI-FILHO, L.; SEQUEIRA, 
E. L. Tabela de potenciais osmóticos em função da 
concentração de polietilenoglicol 6000 e da temperatura. 
Pesquisa Agropecuária Brasileira, Brasília, v. 26, n. 11-
12, p. 1957-1968, 1991. Disponível em: https://www.
alice.cnptia.embrapa.br/alice/bitstream/doc/ 106202/1/
pab18novdez91.pdf. Acesso em: 05 mar. 2019.




