
Revista Brasileira de Sementes, vol. 29, nº 3, p. 144-150, 2007

PEREIRA, M. D. et al.144

HYDRATION OF CARROT SEEDS IN RELATION T O OSMOTIC POTENTIAL

OF SOLUTION AND CONDITIONING METHOD 1

MÁRCIO DIAS PEREIRA2, DENISE CUNHA FERNANDES DOS SANTOS DIAS3,

LUIZ ANTONIO DOS SANTOS DIAS3, EDUARDO FONTES ARAÚJO3

HIDRATAÇÃO DE SEMENTES DE CENOURA EM FUNÇÃO DO POTENCIAL HÍDRICO
DA SOLUÇÃO E DO MÉTODO DE CONDICIONAMENTO

ABSTRACT – The objective of this study was to monitor carrot seed hydration in water and osmotic solutions to
define appropriate conditions for priming treatment. Two Brasília cultivar carrot seed lots were used.  Seeds were
imbibed in -1.0 and -1.2 MPa PEG 6000 osmotic solutions and in distilled water, in an incubator BOD at 20ºC, using two
different hydration methods: imbibition in moistened paper towel sheets and in aerated solutions. The imbibition
curves for each seed lot were drawn after determining seed moisture content at 2, 4, 6, 8, 10, 12, 24, 48, 72, 96 hours
hydration in water and after 2, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120, 144, 168, 192, 216, 264, 312 hours hydration in PEG 6000
solutions. Seed hydration in distilled water was faster than in PEG 6000 solutions; the primary root protrusion occurred
at 48 hours imbibition as seeds reached 54% moisture content. Osmotic conditioning of carrot seeds should be
performed by imbibition in PEG 6000 -1.0 or -1.2 MPa solutions to attain 40-45% moisture content (moistened paper) or
40-45% (aerated solutions).

Index terms: Carrot, priming, imbibition, Daucus carota L.

RESUMO – Este trabalho teve como objetivo monitorar a hidratação de sementes de cenoura em água e em soluções
osmóticas, de modo a definir condições adequadas para o condicionamento osmótico. Dois lotes de sementes de
cenoura dacultivar Brasília, embebidos em solução osmótica de PEG 6000 a -1,0 e -1,2MPa  e em água destilada, em
incubadora BOD a 20ºC. Utilizaram-se dois métodos de embebição: em papel toalha umedecido e em soluções aeradas,
realizada em frascos contendo as respectivas soluções, acoplados a uma bomba de ar. Para a obtenção das curvas de
embebição, determinou-se o teor de água das sementes após 2, 4, 6, 8, 10, 12, 24, 48, 72 e 96 horas em contato com água
e após 2, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120, 144, 168, 192, 216, 264 e 312 horas  em soluções de PEG 6000. Os dados foram
submetidos à análise de variância e de regressão. Sementes embebidas em água absorveram água  mais rapidamente do
que as embebidas em PEG 6000, iniciando a protrusão da raiz primária após 48h de embebição, com teor de água de 54%.
Para o condicionamento osmótico, recomenda-se a embebição das sementes de cenoura em soluções de PEG 6000 a -
1,0 e -1,2 MPa até serem obtidos teores de água entre 40 e 45%, em papel umedecido, e entre 45 e 50%, em solução
aerada.

Termos para indexação: cenoura, condicionamento osmótico, embebição, Daucus carota L.
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INTRODUCTION

In short cycle crops, such as vegetables, fast and uniform
establishment of seedlings in the field is fundamental to obtain
adequate stand, with possible reflections on product yield
and quality.  Thus the use of high quality seeds is an important
factor within the production process.

In the field, seeds are normally exposed to unfavorable
soil and climate conditions that can damage emergence speed
and percentage, and this fact is more expressive when direct
sowing is adopted, as in carrot cropping.  In this case the
use of priming treatments is interesting, such as osmotic
conditioning or priming to improve seed performance  in the
field (Frett et al., 1991; Pill et al., 1991) and tolerance to
adverse conditions, such as water stress and unsuitable
temperatures (Bradford, 1986; Khan, 1992; Parera and
Cantliffe, 1994, Bittencourt et al., 2004).  In carrot, many
authors have also reported the positive effects of osmotic
conditioning  (Cantliffe and Elballa, 1994; Copeland and
McDonald, 1995 and Balbinot and Lopes, 2006).

This treatment consists of controlled hydration of the
seeds in water or in solution with known osmotic potential,
to activate the germination preparation processes without
permitting the protrusion of the primary root  (Heydecker
et al., 1975; Pill, 1995).  The osmotic solution can be obtained
by using salts (Taylor, 1997) or substances with high
molecular weight that are chemically inert, such as glycol
polyethylene – PEG 6000 or PEG 8000 (Heydecker and
Coolbear, 1977).  This is the most used osmotic agent,
although it has the disadvantage of needing an artificial
aeration system on most occasions because oxygen solubility
is inversely proportional to the PEG concentration.  The
low oxygen level induces anaerobiosis that favors ethanol
production which is toxic to the seeds (Brocklehurst and
Dearman, 1984).

Imbibition is the first step of a sequence of events that
culminates with the primary root emission.  Water absorption
by the seed ocurr according to the triphasic pattern reported
by Bewley and Black (1994).  In phase I, a fast transference
of water from the substrate to the seeds is observed, which
is the consequence of the matrix forces, followed by phase
II, where water absorption by the seeds is established.  The
start of phase III is characterized by primary root protrusion
and new expressive increase in the seed moisture content;
only viable seeds reach this phase (Bewley and Black, 1994).

Primary root emission (phase III) indicates the moment
when the seeds lose the tolerance to dehydration, because
as they imbibe water this tolerance decreases (Bewley and
Black, 1994; Leprince et al., 2000).  Thus seeds hydrated
up to imbibition phase II will not lose viability if they
dehydrate, so that germination will continue when the seed
is rehydrated  (Senaratna and McKersie, 1983; Koster and
Leopold, 1988).  However, drying the seed after primary
root protrusion usually results in viability loss (Taylor 1997).
In the osmotic conditioning technique, the seeds are kept
hydrated for a determined time period that varies with
factors that include the species, imbibition temperature and
osmotic solution concentration (Bradford, 1986;
Nascimento, 2004).  If the interruption of the water supply
to the seeds is premature, the metabolism activation may
be insufficient to promote the expected benefits; when late,
it may contribute to intensifying the possibility of reversing
the conditioning effects (Marcos Filho, 2005).

To define the most suitable conditions for seed
conditioning, it is necessary to understand the pattern of
imbibition of these seeds and the influence of the main factors
involved in this process until the start of the primary root
emission and especially the best combination of osmotic
potential and agent, temperature, imbibition period and
conditioning method.  The treatment duration should be
defined based on the imbibition curve of the seed lot, as
already demonstrated by Bittencourt et al. (2004) and
Caseiro (2003).  The imbibition period necessary for primary
root emission varies according to the species, cultivar and
physiological potential of a lot, and is longer for lots with
lower physiological quality (Caseiro, 2003).  Thus the
objective of this study was to determine the imbibition
pattern of carrot seed in water and osmotic solutions, with
and without aeration system, to define  suitable conditions
for the osmotic conditioning of the seeds.

MATERIAL AND METHODS

The study was carried out in the Seed Research
Laboratory in the Crop Science Departments at the Federal
University of Viçosa, from January to December 2006.  Two
commercial lots of Brasilia cultivar carrot seeds (Daucus
carota) were used, with initial germination of 70% (lot 1)
and 76% (lot 2) and initial water content of 12% (lot 1) and
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10% (lot 2).  The seeds from each lot were placed in
plastic bags and stored in a refrigerator at
approximately 10°C throughout the experimental phase.

The seeds from each lot were imbibed in an osmotic
solution of glycol polyethylene 6000 (PEG 6000), at
the osmotic potentials of 0.0 (distilled water), -1.0 and
-1.2 PMa, determined according to Vilella et al. (1991).
Addition was made to each solution of 0.15% active
ingredient of the commercial product Captan 750 TS
24.  The following conditioning methods were used:

- Imbibition in moistened paper: in gerbox boxes,
4.0g seed from each lot, divided into two 2.0g
subsamples, were distributed on the two sheets of paper
towel moistened with 4.5 ml distilled water and each
PEG solution, and this volume was sufficient to cover
half the thickness of the seeds, and part of their surface
was exposed to the atmosphere of the inside of the
boxes.  The boxes were closed, wrapped in transparent
plastic bags to prevent loss by evaporation, and kept
in a BOD incubator at 20oC.

- Immersion in aerated solution: a system was used
(Figure 1) developed to condition seeds in solutions
with external aeration, produced by an aquarium pump.
In this method, 4.0g seed were placed in 250.0 mL
Erlenmeyers containing 40.0mL each conditioning
solution, at the ratio of 1:10 (seeds: solution). The
Erlenmeyers were closed with a rubber cork and
coupled to a pump (aquarium pump) to aerate the
solutions.  The system was kept in a BOD at 20°C.

 In both the conditioning methods, the seed water
content was determined after 2, 4, 6, 8, 10, 12, 24, 48,
72 and 96 hours of imbibition in distilled water
(0.0MPa) and after 2, 4, 6, 8, 10, 12, 24, 48, 72, 96,
120, 144, 168, 192, 216, 264 and 2 hours of imbibition
in PEG 6000 solutions at -1.0 and -1.2MPa.  For this,
seed subsamples were removed from each one of the
two subsamples from each treatment that were placed
on paper towel for superficial drying.  Next, the water
content was determined in a oven at 105º ± 3ºC for 24
hours and the results were expressed in percentage
(moisture base), as prescribed in the Rules for Seed
Analysis (Brasil 1992).

The experiment was carried out in a complete

randomized block design, with four replications.  The data
regarding the water content obtained after each imbibition
period, for each lot and treatment, was submitted to
analyses of variance and regression, and the imbibition
curves were obtained of the seeds in distilled water (0.0
PMa) and PEG solution at the potentials of -1.0 and - 1.2
PMa.  The curves were drawn using the regression
equations calculated by the Excel program and fitted on
the Sigma plot.

RESULTS AND DISCUSSION

Figures 2, 3, 4 and 5 show that generally the carrot seed
imbibition curves were similar for the two lots, in both the
imbibition treatments using moistened paper towel and in
aerated solutions.  Faster water absorption by the seeds
was observed in the first 12 hours and there was greater
imbibition speed in water compared to that in PEG solutions.
Thus, after 12 hours of imbibition, the seeds imbibition in
moistened paper with distilled water (Figures 2 and 3),
whose initial water content was 12% (lot 1)and 10% (lot
2), attained about 50% water, a value greater than that
observed in the seeds imbibed in PEG solutions (about 40%).
Sweet pepper seeds conditioned in water also had a
progressive increase in the degree of moisture in the first
12 hours of imbibition, when they reached 55% water (Posse
et al., 2001).  There was also fast water absorption for the
seeds imbibed in aerated solutions (Figures 4 and5), mainly
in the first six hours, when they reached 48% water,
reaching 50% (lot 1) and 52% (lot 2) water with 12 hours
imbibition.  This rapid imbibition characterizes phase I of

 

FIGURE 1. System used to condition seeds by the
aerated solution method.
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the seed germination process, according to Bewley and
Black (1994) and was a consequence of the reduced matrix
potential verified in dry seeds, that can reach values of up
to -100 PMa, that justifies seed hydration even in osmotic
solutions.

After 12 hours (Figures 1 to 4) there was no expressive
increase in the imbibition rates in water, either in moistened
paper or the aeration system and the water content of the
seeds stabilized at around 52 and 57%, after 48 hours, in
the respective imbibition systems.  The protrusion of the
primary root was verified after 48 hours imbibition in distilled
water, when the water content of the seeds was about 52%
that characterized phase III of the imbibition process
reported by Bewley and Black (1994).  Therefore, in this
case, imbibition phase II was short, because after 48 hours
imbibition in water there was primary root emission.  Water
absorption by sweet pepper seeds was slow after 12 hours
imbibition, indicating the start of phase II that lasted about
72 hours, when the primary root emission process started
(Posse et al., 2001). Lopes et al. (1996) observed the start
of primary root protrusion in onion seeds with water content
around 44 to 46%, after 132 hours imbibition in distilled
water and PEG 6000 and -0.75 PMa, indicating that the
ideal phase for osmotic conditioning of these seeds was
between two and four days. Usberti and Valio (1997) carried
out a similar study and observed that Panicum maximum
L. seed attained values close to 50% water after 48 hours
imbibition in distilled water, while in PEG 6000 solution (288g/
L) they attained 37.7 and 43.6% in the same phase, at 15
and 25°C, respectively.  More recently, Caseiro et al. (2004)
detected smaller water contents for onion seed osmatically
conditioned in PEG solutions compared to those submitted
to water conditioning techniques and “drum priming”
(gradual hydration in a rotating drum).  According to the
authors this result was expected because the low water
potential of the PEG 8000 solution (-0.5 and -1.0 MPa)
reduced water absorption by the seeds.

In the seed imbibed in PEG solution, after 12 hours
imbibition, stabilized water absorption was observed that
was maintained up to 312 hours imbibition, and the primary
root emission did not occur (Figures 2 to 5), clearly
characterizing the continuity of phase II imbibition.  In this
phase, according to Bewley and Black (1994) water
absorption stabilizes because the cells are turgid and are

the wall potential is more active and it is a lag phase.  Thus,
starting at 24 hours imbibition in the PEG solutions, the
water content of the seeds remained close to 40 and 45%
in the imbibition in moistened paper and between 45 and
50% when imbibed in aerated solutions.  The permanence
of the seeds in phase II imbibition, without primary root
protrusion, is desirable for osmotic conditioning, because it
allows a suitable tissue hydration level to be maintained for
a determined period of time, while the pre- germination
metabolism is reactivated.

Regarding the imbibition methods, it was verified
generally that the use of aerated solution favored water
absorption by the seeds that was demonstrated by the higher
water contents attained by the seeds in the aerated system
compared to imbibition in moistened paper (Figures 2 to 5).
Lopes et al. (2000) observed that in the system of immersion
in aerated solutions these imbibition rates were four times
greater than those attained by the moistened paper method,
probably due to the greater contact surface of the carrot
seeds with the PEG solutions

It was further observed in the aerated system that the
water contents attained by the seeds imbibed in the most
concentrated solution (-1.2 PMa) were relatively lower than
those observed in solution at -1.0 PMa.  However, both
solutions were efficient in maintaining the seeds in phase
II imbibition, reported by Bewley and Black (1994), even
after a contact period of 312 hours, and did not permit the
advance of the germination process and primary root
emission, that is, that the seeds reached phase III.  Carrot
seeds conditioned in osmatic solutions of PEG 6000 at -0.6
PMa with and without aeration, emitted the seed primary
root after six days treatment; therefore, this osmotic
potential was not sufficient to prevent the seeds reaching
phase III germination (Lopes et al., 2000). Bittencourt et
al. (2004) worked with asparagus seeds imbibed in PEG
6000 solutions and -1.0 and -1.2 PMa and verified that there
was no primary root emission during 28 days conditioning
and the seeds remained in phase II imbibition. Machado
Neto et al. (2006) worked with bean seeds and detected
that substances such as manitol, calcium chloride and other
salts can limit water entry in the seeds, simulating a water
shortage that prevented them from carrying out the metabolic
activities necessary for complete germination.
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FIGURE 3. Water content of carrot seeds lot 2 after
different imbibition periods in moistened paper with
distilled water and PEG 6000 solutions at -1.0 and -
1.2 PMa.

FIGURE 5. Water contents of carrot seeds lot 1 after
different immersion periods in distilled water and PEG
6000 solutions at -1.0 and -1.2 PMa, with aeration
system.

P e r ío d o  d e  e m b e b iç ã o  (h o ra s )

0 2 4 4 8 7 2 9 6 1 2 0 1 4 4 1 6 8 1 9 2 2 1 6 2 4 0 2 6 4 2 8 8 3 1 2

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

5 5

6 0

6 5

7 0

Á g u a  d e s t i la d a              y  =  1 8 ,6 5 1 L n (x )  +  1 9 ,9 6 1     R 2  =  0 ,8 7 6 8

P E G  6 0 0 0  -1 ,0  M P a     y  =  1 1 ,9 9 8 L n (x )  +  2 5 ,7 5 3     R 2  =  0 ,7 5 0 6
P E G  6 0 0 0  -1 ,2  M P a     y  =  1 1 ,9 8 3 L n (x )  +  2 2 ,6 8 5     R 2  =  0 ,8 4 8

P ro tru s ã o  d a  
ra iz  p r im á r ia

P e r ío d o  d e  e m b e b iç ã o  (h o r a s )

0 2 4 4 8 7 2 9 6 1 2 0 1 4 4 1 6 8 1 9 2 2 1 6 2 4 0 2 6 4 2 8 8 3 1 2

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

5 5

6 0

6 5

Á g u a  d e s tila d a             y  =  1 4 ,7 6 8 L n (x )  +  2 2 ,2 2 9     R 2  =  0 ,8 1 5 9

P E G  6 0 0 0  -1 ,0  M P a     y  =  9 ,2 9 9 7 L n (x )  +  2 2 ,1 1 5     R 2  =  0 ,8 5 2 5

P E G  6 0 0 0  -1 ,2  M P a     y  =  9 ,6 6 0 7 L n (x )  +  1 9 ,8 5 0     R 2  =  0 ,8 8 3 2

P ro tru s ã o
d a  ra iz  p r im á r ia

FIGURE 2.  Water content of carrot seeds lot 1 after
different imbibition periods in moistened paper with
distilled water and PEG 6000 solutions at -1.0 and -
1.2 PMa.
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FIGURE 4. Water contents of carrot seeds lot 1 after
different immersion periods in distilled water and PEG
6000 solutions at -1.0 and -1.2 PMa, with aeration
system.
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CONCLUSION

For osmotic conditioning, carrot seed imbibition is
recommended in the PEG 6000 solutions at -1.0 and -1.2
PMa  until water contents are obtained between 40 and
45% in moistened paper and 45% to 50% in aerated solution.
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