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Abstract 
The Caesalpinia echinata Lam. species, belongs to the Fabaceae family, popularly known as Pau Brazil, is a 
large tree, native to Brazil, that can be found from Ceará to Rio de Janeiro, with a relevant national historic and 
economic value. The objective of this study was to evaluate the effects of water stress at different temperatures 
on germination and seed vigor. The experiment was carried out at the Laboratório de Análise de Sementes of the 
Centro de Ciências Agrárias of the Universidade Federal da Paraíba, Areia-Paraíba. The water stress was 
formulated with solutions of polyethylene glycol 6000 (PEG 6000) in different osmotic potentials of 0.0 
(control), -0.2; -0.4; -0.6 MPa at constant temperatures of 25, 30 and 35 °C, in a completely randomized design. 
The percentage of germination, first counting of germination, germination speed index, length and dry matter of 
seedlings were evaluated to determine the effects of the treatments. Decreases of the osmotic potential negatively 
influenced the germination and vigor of C. echinata seeds at the three evaluated temperatures (25 ºC, 30 ºC, 
35 °C).  
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1. Introduction 
The Caesalpinia echinata Lam. species belongs to the Fabaceae family, popularly known as Pau Brazil, 
pau-rosado or pau-de-pernanbuco, is native to Brazil and can be found from Ceará to Rio de Janeiro in the 
Atlantic Rainforest (Lorenzi, 2016; Rocha & Barbedo, 2008). The tree is large with trunk and aculeous branches, 
dehiscent fruits of the pod type containing, on average, five seeds of circular shape.  

C. echinata is currently on the list of endangered species due to centuries of exploitation. The wood of this 
species is very resistant and heavy and was extensively explored for civil and naval construction, and also for 
production of musical instruments. The dye extracted from wood is widely used for dyeing fabrics and producing 
paints (Lorenzi, 2016; Rocha & Barbedo, 2008).  

Knowledge of ideal conditions for seed germination of each species is essential, since factors such as 
temperature, light, and salinity can affect the germination process. Besides that, the main factor that influences 
the germination is the water, which must be in adequate quantity, because when in excess or scarcity, can result 
in negative effects on the germination (Brasil, 2009; Carvalho & Nakagawa, 2012). 

Studies related to the germinative response of seeds under stress conditions are important for the ecophysiology 
and constitute tools that allow the evaluation of the limits of tolerance, survival and adaptation of the plant 
species to natural stress conditions (Guedes et al., 2013). The species that tolerate the water stress are more likely 
to establish themselves in the field (Barbero, Barros, Silva, & Suzuki, 2011), others trigger mechanisms that 
allow germination (Rosa, Felippi, Nogueira, & Grossi, 2005). 

The temperature influences the biochemical reactions that determines germination, because there is a 
programmed sequence of process in which enzymatic systems have their own thermal requirements (Marcos 
Filho, 2015). The ideal temperature will provide higher percentage and germination speed index in a short period 
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(Carvalho & Nakagawa, 2012). For the germination of seeds of tropical species, the optimum temperature varies 
from 15 to 30 °C (Marcos Filho, 2015). 

The water stress is a situation that the plants can find in the field. In a laboratory conditions it is possible to 
simulate water stress for seed germination (Pelegrini, Borcioni, Nogueira, Koehler, & Quoirin, 2013). For this, 
the use of osmotically active chemicals as a way of inducing the water stress in the seed has been widely 
diffused and is usually done by the addition of solutes such as calcium chloride (CaCl2), sodium chloride (NaCl) 
and polyethylene glycol (Oliveira & Gomes-Filho, 2009). 

For each osmotic solution, there are chemical differences that can lead to different results in seed germination, 
even in similar water potentials (Souza & Cardoso, 2000). Polyethylene glycol 6000 (PEG 6000) has been used 
to identify the osmotic potential that is less damaging to the seeds various species. It has a high molecular weight, 
being non-toxic to the seed (Moraes, Freitas, & Menezes 2003), providing slow and controlled imbibition of the 
seeds (Villela, Doni Filho, & Siqueira, 1991).  

The evaluation of PEG-induced water stress in seeds has been performed for several forest species, such as 
Zizyphus joazeiro. Mart. (Lima & Torres, 2009), Poincianella pyramidalis (Tul.) L.P. Queiroz, Anadenanthera 
colubrina (Vell.) Brenan (Santos et al., 2016), Mimosa caesalpiniifolia Benth. (Sousa et al., 2018), among others. 

Based on the above and the importance of this species, the objective of this study was to evaluate the effect of 
water stress at different temperatures on the germination and vigor of seeds of Caesalpina echinata Lam. 

2. Method 
The experiment was carried out at the Laboratório de Análise de Sementes (LAS) belonging to the Departamento 
de Fitotecnia e Ciências Ambientais (DFCA) of the Centro de Ciências Agrárias (CCA) of the Universidade 
Federal da Paraíba (UFPB), located in Areia - Paraíba. The fruits of C. echinata were harvested in mother trees 
located in the CCA/UFPB and then taken to the LAS for processing by manual opening for the extraction of the 
seeds. 

For the formulation of water stress, polyethylene glycol (PEG 6000) was used as the solute, which 
concentrations were formulated according to the specifications of Vilela et al. (1991) to obtain osmotic potential 
levels of -0.2; -0.4 and -0.6 MPa, the zero level (0.0) was used as control, using only distilled water to moisten 
the substrate. 

2.1 Germination Test 

The test was performed on germinators Biological Oxygen Demand (BOD) type at constant temperatures of 25, 
30 and 35 °C with photoperiod of 8/16 hours of light and dark, respectively, using fluorescent lamps day-light 
type (4 × 20 W), using 100 seeds divided into four replicates of 25, treated with the fungicide Captan® in the 
dose of 240 g for 100 kg of seeds. The seeds were then distributed over two sheets of germinating paper, covered 
with a third layer, arranged in a roll, the paper was moistened with the PEG 6000 solutions in the previous 
mentioned potentials, with an amount equivalent to 2.5 times the paper dry weight without further addition of the 
solution, only distilled water was used for the control. The rolls were stored in transparent plastic bags to avoid 
loss of water by evaporation and the evaluations were carried out daily, from the third to the twelfth day after the 
installation of the experiment, the criteria for evaluation used were normal seedlings, as described by Brasil 
(2009), with results expressed in percentage. 

2.2 First Counting of Germination 

Determined concurrently with the germination test, by counting the normal seedlings in the third day after 
installation of the test, the results were expressed in percentage.  

2.3 Germination Speed Index 

Performed by the daily counting of germinated seeds, at the same time, for 12 days, the index was calculated by 
the formula proposed by Maguire (1962).  

2.4 Length and Dry Matter of Roots and Shoots 

At the end of the germination test, the normal seedlings of each treatment and replication were measured (root 
and shoot) using a ruler graduated in centimeters, with the results expressed in cm. After the measurements, the 
roots and shoots of the seedlings, without the cotyledon leaves, were placed in paper bags and placed in a lab 
stove at 80 °C for 24 hours (Nakagawa, 1999). After this period the samples were weighed on an analytical scale 
with an accuracy of 0.001 g and the results expressed in grams. Below is a figure containing the total number of 
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four repetitions in each osmotic potential of normal seedlings, which were put to dry in an oven, thus obtaining 
their dry mass.  

 

 

Figure 1. Number of normal seedlings of each osmotic potential at each temperature 

 

2.5 Experimental Design and Statistical Analysis  

The experimental design was completely randomized, with the treatments distributed in a 4 × 3 factorial scheme 
(osmotic potentials × temperatures). Data were submitted to analysis of variance using the F test (p < 0.05) for 
comparison of squares. For the quantitative effects, polynomial regression analysis was performed by testing the 
linear and quadratic models and selecting the one with the highest significant degree. The SISVAR software was 
used (Ferreira, 2007). 

3. Results and Discussion 
On Figure 2, it can be verified that the water potentials influenced the germination of C. echinata seeds 
regardless of temperature. At the temperature of 25 °C, the maximum germination (93%) was obtained in the 
osmotic potential of 0.0, with a decrease following the more negative water potentials. However, at this 
temperature, seed germination was higher in all osmotic potentials when compared to temperatures of 30 and 
35 °C. The most abrupt decrease in germination was observed in seeds submitted to a temperature of 35 °C. 
Germination and vigor are negatively affected if temperature extremes tolerated by seeds (cardinal temperatures) 
are exceeded (Felix et al., 2018).  

When associated with other factors, such as water deficit, temperature increase may reduce germination, as 
found for Caesalpinia echinata. Unlike C. echinata, germination and initial development of Combretum 
leprosum Mart. was impaired already at a temperature of 25 °C in the osmotic potentials from -0.2 to -0.5 Mpa 
(Leal et al., 2020). The decrease in germination of seeds under water stress is a response of the enzymatic 
activity (Santos, Calil, Ruiz, Alvarenga & Santos, 1992) and, for each species, there is a critical value of water 
potential, where in many cases germination does not occur (Carvalho, 2005). 

In several studies with species of the Fabaceae family similar results were found. According to Silva, Aguiar & 
Rodrigues (2001), for Bowdichia virgiloides Kunth. after the potential level of -0.5 MPa of PEG 6000 the 
germination was reduced in a critical way to a point that in smaller potentials such as -0.9 MPa the seeds did not 
germinate. 

 

91 90

70

49

16

84

71

47

15

0

81

18

3
9

0
0

20

40

60

80

100

0.0 0.2 0.4 0.6 0.8

N
um

be
r 

of
 se

ed
lin

gs

Osmotic potencials (-MPa)

25 °C 30 °C 35 °C



jas.ccsenet.

Figu

 

It can be v
observed i

As the osm
more expr

Temperatu
2015), wh
decrease i
viscosity, 
the germin

In other s
potential o
Dimorpha
potentials.

 

Figure

 

It can be 
negative. A
germinatio
only to red
1994; Carv

org 

ure 2. Percenta

verified in the
in all the evalu

motic potentia
essive at 35 °C

ure, as it influe
hich tends to b
in germination
but due to the

nation process 

tudies, with s
of -0.4 MPa, w
ndra gardneri
  

e 3. First coun

seen on Figur
As observed fo
on speed index
duce the perce
valho & Nakag

age of germinat

e first germina
uated temperatu

al decreased at
C.  

ences different
be lower with 
n is the high 
e low rate of d

(Braccini, Ha,

eeds of Eryth
while seed germ
iana Tulasne (

ting of germin

re 4 that the g
or the germina
x were verified
entage but als
gawa, 2012). 

Journal of A

tion of C. echi
Are

ation counting 
ures, always ab

t all temperatu

t metabolic pro
decreasing os

molecular we
iffusion of O2

, & Braccini, 1

hrina falcata B
mination of Ery
(Ursulino et al

nation of C. ech
Are

germination sp
ation and first c
d at the highe
o the speed o

Agricultural Sci

69 

inata seeds und
eia-PB, 2017

(Figure 3) tha
bove 80%. 

ures, there was

ocesses, signifi
smotic potenti
ight of PEG 
can comprom

1996).  

Benth., Pelegr
ythrina velutin
l., 2016) were 

hinata seeds u
eia-PB, 2017

peed index red
counting, at th
st osmotic pot
f germination,

ience

der water stres

at in the 0.0 p

s a reduction i

ficantly affects
ial. One of the
6000, which i

mise the oxygen

rini et al. (201
na Willd. (Reis

sensitive to w

under water stre

duced as the o
e temperature 
tential. Thus, w
, obtaining dif

 
ss at different t

potential the h

in germination

 seed germinat
e reasons that 
is not absorbe
n availability t

13) found no 
s, Dantas, & P

water stress, un

 

ess at different

osmotic poten
of 25 °C the m
water stress h
fferent results 

Vol. 12, No. 7;

temperatures. 

highest values 

n percentage, b

tion (Oliveira 
could explain

ed due to the 
to the seeds du

germination in
Pelacani, 2012)
nder more neg

t temperatures

ntials became 
maximum valu
as the capacity
(Bewley & B

2020 

 

were 

being 

et al., 
n this 

high 
uring 

n the 
), and 
gative 

. 

more 
ues of 
y not 

Black, 



jas.ccsenet.

Similar re
caesalpini
in the leve
Brenan. un
potential o
lower valu
(Santos, N

 

Figu

 

For the roo
For all the
up to -0.4 
reported th
develop. A
greater dev

Evaluating
Castro & 
Freitas & N

 

Figure 

 

For the sho
out among

org 

esults were fo
iifolia Benth. F
els of osmotic
nder different
of -0.6 MPa. F
ues were obser

N. V. Silva, Wal

ure 4. Germina

ot length of C.
e evaluated tem

MPa but was
hat the decreas
According to A
velopment of t

g the root leng
Sá, 2017) and
Nogueira, 201

5. Root length

oot length of t
g the other trea

ound by Mou
For this species
c potential. Re
t osmotic pote
For seeds of A
rved in the mo
lter, E. C. A. S

ation speed ind

. echinata seed
mperatures ther
 at the temper
se in root grow

Avila et al. (200
the root system

gth of seedling
d Simira gardn
7) also observ

h of C. echinat

the C. echinata
atments in the

Journal of A

ura, Lima, Fa
s, the germinat
ego et al. (20
entials induced
A. colubrina, t
ost negative o

Silva & Nogue

dex of C. echin
Are

dlings (Figure 
re was a decrea
rature of 35 °C
wth can occur d
07), this effect

m in order to im

gs of Mimosa o
neriana M. R

ved decreases a

ta seedlings un

a seedlings (Fi
e control (0.0),

Agricultural Sci

70 

arias, Alves &
tion speed inde
11), evaluating
d by PEG 60
the control pr

osmotic potent
ira, 2016). 

nata seeds und
eia-PB, 2017

5), the highes
ase in the root

C that the low
due to the redu
t is due to the 
mprove its wat

ophthalmocent
. Barbosa & P
as the water str

nder water stre

igure 6), it wa
, however in th

ience

& Silva (2011
ex was also ne
g seeds of An

000, obtained 
rovided a high
tials, -1.2 MPa

der water stress

t value was fo
t length with th
est values wer
uction of cellu
fact that plants
ter absorption c

tra Mart. ex B
Peixoto (F. N. 
ress became m

ss at different 

as observed tha
he other poten

1) evaluating 
egatively affec
nadenanthera 
decreases of 

her germinatio
a of NaCl and

 

s at different te

ound in the con
he decrease of 
re found. Taiz 
ular expansion,
s subjected to 
capacity. 

Benth. (Noguei
 Oliveira, J. R

more intense. 

 
temperatures. 

at the temperat
ntials there wa

Vol. 12, No. 7;

seeds of Mim
cted by the dec
colubrina (Ve
germination a

on speed index
d -0.8 MPa of 

emperatures.

ntrol (0.0) at 3
f the water pote

and Zeiger (2
, so that it doe
water stress ha

ira, Torres, Fr
R. Oliveira, To

Areia-PB, 201

ture of 30 °C s
as a decrease a

2020 

mosa 
rease 
loso) 

at the 
x, the 
PEG 

0 °C. 
ential 
2009) 
es not 
ave a 

eitas, 
orres, 

17 

stood 
as the 



jas.ccsenet.

potentials 
the potenti
ophthalmo
became m

The differ
vigorous s
reserves of

 

Figure 6.

 

Figure 7 sh
zero level
temperatur
this tempe

Similarly, 
(Oliveira e

 

Figure 7.

 

For the sh
became m
observed, 
The most a

org 

became more 
ials became m
ocentra (Nogu
ore negative. 

rences in shoo
seeds originate
f the storage ti

. Shoot lenght 

hows the resul
 (0.0) at all t
re of 25 °C it c

erature favors s

the root dry 
et al., 2017) we

 Root dry matt

hoot dry matter
more negative. 

and for potent
accentuated de

negative and 
more negative. S
ueira et al., 20

ot length can 
e seedlings wit
issues and grea

of seedlings o

lts for the root 
temperatures, 
can be observe
seed vigor up t

matter of Pip
ere also reduce

ter of C. echin

r (Figure 8), a
At the tempe

tials below -0.2
ecrease was ob

Journal of A

at the tempera
Similar results
017) where w

be explained
th higher grow
ater incorporat

f C. echinata u

dry matter of 
with a subseq

ed that there w
to the potential

ptadenia moni
ed as the osmo

nata seedlings u

at 25 °C, a qua
erature of 30 
2 MPa lower v
bserved at the 

Agricultural Sci

71 

atures of 25 an
s were found in

were found dec

d due to the c
wth rate, due t
tion of these by

under water str

C. echinata se
quent decrease

was a linear dec
l of -0.2 MPa w

iliformis Benth
otic potential o

under water st

adratic adjustm
°C, in the po
values were es
temperature o

ience

nd 35 °C there 
n D. gardneria
creases in sho

conditions nec
o the greater c
y the embryon

ress at differen

eedlings, which
e in the other
crease of root d
without major 

h. (Azeredo e
of the solutions

tress at differen

ment was obse
tential of 0.0 

stimated comp
f 35 °C betwe

was a signific
ana (Ursulino e
oot length as t

cessary for ge
capacity of tra

nic axis (Nakag

 
nt temperature

h shows highe
r water potent
dry matter. It c
losses. 

et al., 2016) a
s became more

 
nt temperature

erved, decreasi
(control) the 

ared to the tem
een the potentia

Vol. 12, No. 7;

cant decrease w
et al., 2016) an
the water pote

ermination, so
ansformation o
gawa, 1999).

s. Areia-PB, 2

er dry matter fo
tials. At the l

can be assumed

and S. gardner
e negative. 

es. Areia-PB, 2

ing as the pote
highest value

mperature of 2
al 0.0 (control

2020 

when 
nd M. 
ential 

 that 
of the 

017 

or the 
ower 

d that 

riana 

017 

ential 
 was 
5 °C. 
) and 



jas.ccsenet.

-0.2 MPa. 
germinativ

The low av
developme
accumulat
water stres

 

Figure 8. 

 

4. Conclus
Caesalpina

Temperatu
echinata s

Reference
Avila, M. 

simul
de Se

Azeredo, G
sob e

Barbero, A
semen
Brasi

Bewley, J.
https:

Braccini, A
sob e
Brasi

Brasil, Min
de De

Carvalho, 
Schiz
https:

Carvalho, 
FUNE

org 

The water str
ve performance

vailability of w
ent of seedling
tion of dry mat
ss reduced the 

Shoot dry mat

sions 
a echinata see

ures of 30 and 
eedlings when

es 
R., Braccini, A
lado com man
ementes, 29(1),

G. A., Paula, R
stresse hídrico

A. P. P., Barros
ntes e no de
ileira de Botân

 D., & Black, 
://doi.org/10.10

A. L., Ruiz, H
estresse hídric
ileira de Semen

nistério da Ag
efesa Agropecu

C. J. R. (2005
zolobium parah
://doi.org/10.15

N. M., & Na
EP.  

ress caused a d
e, and consequ

water reduces 
gs under stres
tter (Sá, 1987)
dry matter of 

tter of C. echin

eds germinate u

d 35 °C potenti
n subjected to w

A. L., Scapin, 
itol na germin
, 98-106. https

R. C., & Valeri
o. Ciência Flor

s, F., Silva, E. A
esenvolvimento
nica, 34(4), 59

M. (1994). See
007/978-1-489

H. A., Braccini,
co induzido p
ntes, 18(1), 10

gricultura, Pecu
uária. Brasília:

5). Respostas 
hyba [Schizolo
590/S0100-67

akagawa, J. (2

Journal of A

decrease in the
uently the grow

the speed of th
ss conditions, 
. Custódio, Sa
shoots of com

nata seedlings 

up to the poten

iate the negati
water stress. 

C. A., Fagliari
nação de semen
s://doi.org/10.1

i, S. V. (2016).
restal, 26(1), 1

A., & Suzuki, 
o inicial de t
3-601. https://

eds: Physiolog
99-1002-8 

, M. C. L., & 
por soluções d
0-16. https://do

uária e Abastec
: MAPA/ACS.

de plantas de 
obium parahy
622005000600

2012). Semen

Agricultural Sci

72 

e water absorp
wth, expressed

he physiologic
consequently 

alomão, and M
mmon bean seed

under water st

ntial of -0.4 Mp

ive effects on 

i, J. R., & San
ntes e crescim
1590/S0101-31

 Germinação d
93-202. https:

R. M. (2011).
três espécies 
doi.org/10.159

gy of developm

Reis, M. S. (1
de cloreto de

oi.org/10.17801

cimento. (2009
. 

Schizolobium 
bum] à deficiê
0009 

tes: Ciência, 

ience

ption by the se
d by the dry ma

cal and bioche
having a shor
achado Neto (
dlings (Phaseo

tress at differe

pa at a temper

the germinatio

ntos, J. L. (200
mento de plântu
122200700010

de sementes de
//doi.org/10.59

 Influência do
de Pleurotha

90/S0100-8404

ment and germi

996). Germina
 sódio, manit
1/0101-3122/rb

9). Regras par

amazonicum 
ência hídrica. 

tecnologia e 

eeds, negativel
atter of shoots.

emical processe
rter seedling l
2009) using m

olus vulgaris L

 
ent temperature

rature of 25 °C

on and initial 

07). Influência 
ulas de canola.
00014 

e Piptadenia m
902/19805098

 déficit hídrico
allidinae (Orc
420110004000

ination. New Y

ação e vigor d
tol e polietile
bs.v18n1p10-1

ra análise de se

[S. parahybav
Revista Árvor

produção (5th

Vol. 12, No. 7;

ly influencing 
. 

es, causing a l
length and a l

mannitol to sim
L.). 

es. Areia-PB, 2

C. 

development 

do estresse hí
. Revista Brasi

moniliformis B
821112 

o na germinaçã
chidaceae). Re
012 

York: Prenum P

de sementes de
eno glicol. Re
16 

ementes. Secre

var. amazonicu
re, 29(6), 907

h ed.) Jabotic

2020 

their 

ower 
ower 

mulate 

2017 

of C. 

drico 
ileira 

enth. 

ão de 
evista 

Press. 

e soja 
evista 

etaria 

um] e 
-914. 

cabal: 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 7; 2020 

73 

Custódio, C. C., Salomão, G. R., & Machado Neto, N. B. (2009). Estresse hídrico na germinação e vigor de 
sementes de feijão submetidas a diferentes soluções osmóticas. Revista Ciência Agronômica, 40(4), 
617-623. 

Felix, F. C., Araújo, F. S., Silva, M. D., Ferrari, C. S., & Pacheco, M. V. (2018). Estresse hídrico e térmico na 
germinação de sementes de Leucaena leucocephala (Lam.) de Wit. Revista Brasileira de Ciências Agrárias, 
13(2), e5515. https://doi.org/10.5039/agraria.v13i2a5515 

Ferreira, D. F. (2007). Sisvar: Versão 5.1 (Build 72). DEX/UFLA.  

Guedes, R. S., Alves, E. U., Viana, J. S., Gonçalves, E. P., Lima, C. R., & Santos, R. R. N. (2013). Germinação e 
vigor de sementes de Apeiba tibourbou submetidas ao estresse hídrico e diferentes temperaturas. Ciência 
Florestal, 23(1), 45-53. https://doi.org/10.5902/198050988438 

Leal, C. C. P., Torres, S. B., Dantas, N. B. L., Aquino, G. S. M., & Alves, T. R. C. (2020). Estresse hídrico na 
germinação e vigor de sementes de mofumbo (Combretum leprosum Mart.) em diferentes temperaturas. 
Revista Ciência Agronômica, 51(1), e20186357. https://doi.org/10.5935/1806-6690.20200013 

Lorenzi, H. (2016). Árvores Brasileiras: manual de identificação e cultivo de plantas arbóreas nativas do Brasil 
(7th ed.). Instituto Plantarum de Estudos da Flora, Brazil. 

Maguire, J. D. (1962). Speed of germination-aid in selection and evaluation for seedling emergence and vigor. 
Crop Science, 2(1), 176-177. https://doi.org/10.2135/cropsci1962.0011183X000200020033x 

Marcos-Filho, J. (2015). Fisiologia de Sementes de Plantas Cultivadas (2.ed., p. 659). Londrina, Abrates.  

Moraes, N., Freitas, G. A., & Menezes, L. (2003). Desempenho de sementes de soja sob condições diferentes de 
potencial osmótico. Ciência Rural, 33(2), 219-226. https://doi.org/10.1590/S0103-84782003000200007 

Moura, M. R., Lima, R. P., Farias, S. G. G., Alves, R. A., & Silva, R. B. (2011). Efeito do estresse hídrico e do 
cloreto de sódio na germinação de Mimosa caesalpiniifolia Benth. Revista Verde, 6(2), 230-235.  

Nakagawa, J. (1999). Testes de vigor baseados no desempenho das plântulas. In F. C. Krzyzanowski, R. D. 
Vieira, & J. B. França Neto (Eds.), Vigor de sementes: Conceitos e testes (Cap. 2, pp. 1-24). Londrina: 
ABRATES.  

Nogueira, N. W., Torres, S. B., Freitas, R. M. O., Castro, T. H. S., & Sá, F. V. S. (2017). Jurema-de-embira’ seed 
germination under water stress and at different temperatures. Revista Brasileira de Engenharia Agrícola e 
Ambiental, 21(4), 244-248. https://doi.org/10.1590/1807-1929/agriambi.v21n4p244-248 

Oliveira, A. B., & Gomes-Filho, E. (2009). Germinação e vigor de sementes de sorgo forrageiro sob estresse 
hídrico e salino. Revista Brasileira de Sementes, 31(3), 48-56. https://doi.org/10.1590/S0101-31222009000 
300005 

Oliveira, A. K. M., Souza, J. S., Carvalho Junior, M. B., & Souza, S. A. (2015). Germinação de sementes de 
pau-de-espeto (Casearia gossypiosperma) em diferentes temperaturas.Floresta, 45(1), 97-106. 
https://doi.org/10.5380/rf.v45i1.27599 

Oliveira, F. N., Oliveira, J. R., Torres, S. B., Freitas, R. M. O., & Nogueira, N. W. (2017). Germination and initial 
development of Simira gardneriana seedling under water stress and at different temperatures. Revista 
Brasileira de Engenharia Agrícola e Ambiental, 21(5), 333-338. https://doi.org/10.1590/1807-1929/ 
agriambi.v21n5p333-338 

Pelegrini, L. L., Borcioni, E., Nogueira, A. C., Koehler, H. S., & Quoirin, M. G. G. (2013). Efeito do estresse 
hídrico simulado com NaCl, manitol e PEG (6000) na germinação de sementes de Erythrina falcata Benth. 
Ciência Florestal, 23(2), 511-519. https://doi.org/10.5902/198050989295 

Rego, S. S., Ferreira, M. M., Nogueira, A. C., Grossi, F., Sousa, R. K., Brondani, G. E., ... Silva, A. L. L. (2011). 
Estresse hídrico e salino na germinação de sementes de Anadenanthera colubrina (Veloso) Brenan. Journal 
of Biotechnology and Biodiversity, 2(4), 37-42. https://doi.org/10.20873/jbb.uft.cemaf.v2n4.rego 

Reis, R. C. R., Dantas, B. F., & Pelacani, C. R. (2012). Mobilization of reserves and germination of seeds of 
Erythrina velutina Willd. (Leguminosae-Papilionoideae) under different osmotic potential. Revista 
Brasileira de Sementes, 34(4), 580-588. https://doi.org/10.1590/S0101-31222012000400008 

Rocha, Y. T., & Barbedo, A. S. C. (2008). Pau-brasil (Caesalpinia echinata Lam., Leguminosae) na arborização 
urbana de São Paulo (SP), Rio de Janeiro (RJ) e Recife (PE). Revista da Sociedade Brasileira de 
Arborização Urbana, 3(2), 58-77. https://doi.org/10.5380/revsbau.v3i2.66344 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 7; 2020 

74 

Rosa, L. S. D., Felippi, M., Nogueira, A. C., & Grossi, F. (2005). Avaliação da germinação sob diferentes 
potenciais osmóticos e caracterização morfológica da semente e plântula de Ateleia glazioviana Baill 
(timbó). Cerne, 11(3), 306-314.  

Sá, M. E. (1987). Relações entre qualidade fisiológica, disponibilidade hídrica e desempenho de sementes de 
soja (Glycine max (L) Merrili) (147f, Tese de Doutorado, ESALQ, Piracicaba, SP).  

Santos, C. A., Silva, N. V., Walter, L. S., Silva, E. C. A., & Nogueira, R. J. M. C. (2016). Germinação de 
sementes de duas espécies da caatinga sob déficit hídrico e salinidade. Pesquisa Florestal Brasileira, 36(87), 
219-224. https://doi.org/10.4336/2016.pfb.36.87.1017 

Santos, L. M., Calil, A. C., Ruiz, A., Alvarenga, E. M., & Santos, M. (1992). Efeito do estresse salino e hídrico na 
germinação e vigor de sementes de soja. Revista Brasileira de Sementes, 14(2), 189-194. https://doi.org/ 
10.17801/0101-3122/rbs.v14n2p189-194 

Silva, L. M. M., Aguiar, I. B., & Rodrigues, T. J. D. (2001). Seed germination of Bowdichia virgilioides Kunth, 
under water stress. Revista Brasileira de Engenharia Agrícola e Ambiental, 5(1), 115-118. https://doi.org/ 
10.1590/S1415-43662001000100021 

Taiz, L., & Zeiger, E. (2009). Fisiologia vegetal (4th ed.). Porto Alegre: Artmed. 

Ursulino, M. M., Costa, M. P. S. D., Medeiros, J. G. F., Alves, E. U., Araújo, P. C., Bruno, R. L. A., & Araújo, L. 
R. (2016). Seed viability of Dimorphandra gardneriana subject to water stress in different temperatures. 
Ciência Rural, 46(12), 2090-2095. https://doi.org/10.1590/0103-8478cr20120792 

Villela, F. A., Doni Filho, L., & Siqueira, E. L. (1991). Tabela do potencial osmótico em função da concentração 
de polietileno glicol 6000 e da temperatura. Pesquisa Agropecuária Brasileira, 26(11/12), 1957-1968.  

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


