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HYDRATION OF CARROT SEEDS INRELATION T O OSMOTIC POTENTIAL
OF SOLUTION AND CONDITIONING METHOD !

MARCIO DIAS PEREIRA, DENISE CUNHA FERNANDES DOS SANTOS DIAS
LUIZ ANT ONIO DOS SANDS DIAS, EDUARDO FONTES ARAUJ®

HIDRATACAO DE SEMENTES DE CENOURA EM FUNCAO DO POTENCIAL HIDRICO
DA SOLUCAO E DO METODO 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 treatmentoTBrasilia cultivar carrot seed lots were used. Seeds were
imbibed in -1.0 and -1.2 MPa PEG 6000 osmotic solutions and in distilled imaetincubator BOD at 20°C, 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, imbibitioDaucus carotd..

RESUMO - Este trabalho teve como objetivo monitorar a hidratacdo de sementes de cenoura em agua e em solu¢cdes
osmaticas, de modo a definir condicdes adequadas para o condicionamento osmético. Dois lotes de sementes de
cenoura dacultivar Brasilia, embebidos em solu¢do osmaética de PEG 6000 a -1,0 e -1,2MPa e em agua destilada, em
incubadora BOD a 20°C. Utilizaram-se dois métodos de embebicdo: em papel toalha umedecido e em solu¢bes aeradas,
realizada em frascos contendo as respectivas solu¢des, acoplados a uma barfzaala abtencdo das curvas de
embebicao, determinou-se o teor de 4gua das sementes apoés 2, 4, 6, 8, 10, 12, 24, 48, 72 e 96 horas em contato com 4gua
eapos 2,4,6,8,10,12,24,48,72,96, 120, 144, 168, 192, 216, 264 e 312 horas em solu¢Bes de PEG 6000. Os dados foram
submetidos a analise de variancia e de regressdo. Sementes embebidas em agua absorveram dgua mais rapidamente do
gue as embebidas em PEG 6000, iniciando a protrusao da raiz priméaria apos 48h de embebic&o, com teor de agua de 54%.
Para o condicionamento osmotico, recomenda-se a embebicédo das sementes de cenoura em solu¢des de PEG 6000 a -
1,0 e -1,2 MPa até serem obtidos teores de agua entre 40 e 45%, em papel umedecido, e entre 45 e 50%, em solu¢éo
aerada.

Termos para indexacédo: cenoura, condicionamento osmético, embé&zgéas caota L.
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IMBIBITON OF OSMOCONDITIONED CARROT SEEDS 145

INTRODUCTION Primary root emission (phase Ill) indicates the moment
when the seeds lose the tolerance to dehydration, because

In short cycle crops, such as vegetables, fast and unif@#they imbibe water this tolerance decreases (Bewley anc
establishment of seedlings in the field is fundamental to obtB#ack, 1994; Leprince et al., 2000). Thus seeds hydrated
adequate stand, with possible reflections on product yigll to imbibition phase Il will not lose viability if they
and quality Thus the use of high ditst seeds is an importantdehydrate, so that germination will continue when the seed
factor within the production process. is rehydrated (Senaratna and McKersie, 1983; Koster and

In the field, seeds are normally exposed to unfavorabi@opold, 1988). Howevedrying the seed after primary
soil and climate conditions that can damage emergence spjeetiprotrusion usually results in viability losggTor 1997).
and percentage, and this fact is more expressive when ditedbe osmotic conditioning technique, the seeds are kept
sowing is adopted, as in carrot cropping. In this case therated for a determined time period that varies with
use of priming treatments is interesting, such as osmdéctors thatinclude the species, imbibition temperature and
conditioning or priming to improve seed performance in tldmotic solution concentration (Bradford, 1986;
field (Frett et al., 1991; Pill et al., 1991) and tolerance Mascimento, 2004). If the interruption of the water supply
adverse conditions, such as water stress and unsuitéblthe seeds is premature, the metabolism activation may
temperatures (Bradford, 1986; Khan, 1992; Parera amlinsufficient to promote the expected benefits; when late,
Cantliffe, 1994, Bittencourt et al., 2004). In carrot, manymay contribute to intensifying the possibility of reversing
authors have also reported the positive effects of osmdkie conditioning effects (Marcos Filho, 2005).
conditioning (Cantliffe and Elballa, 199€opeland and  To define the most suitable conditions for seed
McDonald, 1995 and Balbinot and Lopes, 2006). conditioning, it is necessary to understand the pattern of

This treatment consists of controlled hydration of thmbibition of these seeds and the influence of the main factors
seeds in water or in solution with known osmotic potenti@hvolved in this process until the start of the primary root
to activate the germination preparation processes witheuiission and especially the best combination of osmotic
permitting the protrusion of the primary root (Heydeck@iotential and agent, temperature, imbibition period and
etal., 1975; Pill, 1995). The osmotic solution can be obtaingshditioning method. The treatment duration should be
by using salts (@ylor, 1997) or substances with highiefined based on the imbibition curve of the seed lot, as
molecular weight that are chemically inert, such as glycglteady demonstrated by Bittencourt et al. (2004) and
polyethylene — PEG 6000 or PEG 8000 (Heydecker agglseiro (2003). The imbibition period necessary for primary
Coolbeay 1977). This is the most used osmotic agempot emission varies according to the species, cultivar and
although it has the disadvantage of needing an artificiMysiological potential of a lot, and is longer for lots with
aeration system on most occasions because oxygen solubdifyer physiological quality (Caseiro, 2003). Thus the
is inversely proportional to the PEG concentration. Thgjective of this study was to determine the imbibition
low oxygen level induces anaerobiosis that favors ethaﬁghem of carrot seed in water and osmotic st with
production which is toxic to the seeds (Brocklehurst aggly without aeration system, to define suitable conditions

Dearman, 1984). for the osmotic conditioning of the seeds.
Imbibition is the first step of a sequence of events that
culminates with the primary root emissionaté&f absorption MATERIAL AND METHODS

by the seed ocurr according to the triphasic pattern reported
by Bewley and Black (1994). phase I, a fast transference The study was carried out in the Seed Research

f)f water from the substrate to the seeds is observed, Wr?_'gtﬁoratory in the Crop Science Departments at the Federal
is the consequence of the matrix forces, followed by ph%?r%versity of icosa, from January to December 20060T

Il, where water a.bsorptlon b}/ the See‘?'s Is established. _Ig%mercial lots of Brasilia cultivar carrot see@=acus
start of phase lll is characterized by primary root protru3|8grota) were used, with initial germination of 70% (lot 1)

and n_eW expressive mcrgase in the seed moisture COM&H&?G% (lot 2) and initial water content of 12% (lot 1) and
only viable seeds reach this phase (Bewley and Black, 1994).
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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 tieella 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  randomized block design, with four replications. The data
PEG solution, and this volume was sufficient to cover regarding the water content obtained after each imbibition
half the thickness of the seeds, and part of their surface period, for each lot and treatment, was submitted to
was exposed to the atmosphere of the inside of the analyses of variance and regression, and the imbibition
boxes. The boxes were closed, wrapped in transparent curves were obtained of the seeds in distilled water (0.0
plastic bags to prevetdss by evaporation, and kept PMa) and PEG solution at the potentials of -1.0 and - 1.2
in a BOD incubator at 2G. PMa. The curves were drawn using the regression

- Immersion in aerated solution: a system was used equations calculated by the Excel program and fitted on
(Figure 1) developed to condition seeds in solutions the Sigma plot.
with external aeration, produced by an aquarium pump.

Mangueira de
borracha Bomba de ar

Pipeta de vidro

Tubo plasti

Rolha de borracha

Erlenmeyer

Solucio

Sementes

FIGURE 1. System used to condition seeds by the
aerated solution method.

In this method, 4.0g seed were placed in 250.0 mL RESULTS AND DISCUSSION
Erlenmeyers containing 40.0mL each conditioning
solution, at the ratio of 1:10 (seeds: solution). The Figures 2, 3, 4 and 5 show that generally the carrot seed

Erlenmeyers were closed with a rubber cork and imbibition curves were similar for the two lots, in both the
coupled to a pump (aquarium pump) to aerate the imbibition treatments using moistened paper towel and in
solutions. The system was kept in a BOD at 20°C.  aerated solutions. Faster water absorption by the seeds
In both the conditioning methods, the seed water was observed in the first 12 hours and there was greater
content was determined after 2, 4, 6, 8, 10, 12, 24, 48, imbibition speed in water compared to that in PEG solutions.
72 and 96 hours of imbibition in distilled water Thus, after 12 hours of imbibition, the seeds imbibition in
(0.0MPa) and after 2, 4, 6, 8, 10, 12, 24, 48, 72, 96, moistened paper with distilled water (Figures 2 and 3),
120, 144, 168, 192, 216, 264 and 2 hours of imbibition ~ whose initial water content was 12% (lot 1)and 10% (lot
in PEG 6000 solutions at -1.0 and -1.2MPa. For this, 2), attained about 50% watex value greater than that
seed subsamples were removed from each one of the observed in the seeds imbibed in PEG solutions (about 40%).
two subsamples from each treatment that were placed Sweet pepper seeds conditioned in water also had a
on paper towel for superficial drying. Next, the water  progressive increase in the degree of moisture in the first
content was determined in a owatrl05° + 3°C for 24 12 hours of imbibition, when they reached 55% water (Posse
hours and the results were expressed in percentage et al., 2001). There was also fast water absorption for the
(moisture base), as prescribed in the Rules for Seed seeds imbibed in aerated solutions (Figures 4 and5), mainly
Analysis (Brasil 1992). in the first six hours, when they reached 48% water
The experiment was carried out in a complete reaching 50% (lot 1) and 52% (lot 2) water with 12 hours
imbibition. This rapid imbibition characterizes phase | of
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the seed germination process, according to Bewley atite wall potential is more active and itis a lag phase. Thus,
Black (1994) and was a consequence of the reduced masiarting at 24 hours imbibition in the PEG solutions, the
potential verified in dry seeds, that can reach values of water content of the seeds remained close to 40 and 45%
to -100 PMa, that justifies seed hydration even in osmaotic the imbibition in moistened paper and between 45 and
solutions. 50% when imbibed in aerated solutions. The permanence
After 12 hours (Figures 1 to 4) there was no expressiwé the seeds in phase Il imbibition, without primary root
increase in the imbibition rates in wateither in moistened protrusion, is desirable for osmotic conditioning, because it
paper or the aeration system and the water content of #iws a suitable tissue hydration level to be maintained for
seeds stabilized at around 52 and 57%, after 48 hoursaidetermined period of time, while the pre- germination
the respective imbibition systems. The protrusion of thmetabolism is reactivated.
primary root was verified after 48 hours imbibition in distiled Regarding the imbibition methods, it was verified
water when the water content of the seeds was about 52fénerally that the use of aerated solution favored water
that characterized phase Il of the imbibition procesabsorption by the seeds that was demonstrated by the highe
reported by Bewley and Black (1994). Therefore, in thiwater contents attained by the seeds in the aerated syster
case, imbibition phase Il was short, because after 48 hoemsmpared to imbibition in moistened paper (Figures 2 to 5).
imbibition in water there was primary root emissiorat®y¥  Lopes et al. (2000) observed that in the system of immersion
absorption by sweet pepper seeds was slow after 12 howrgerated solutions these imbibition rates were four times
imbibition, indicating the start of phase Il that lasted aboufreater than those attained by the moistened paper methoc
72 hours, when the primary root emission process startpbbably due to the greater contact surface of the carrot
(Posse et al., 2001). Lopes et al. (1996) observed the steds with the PEG solutions
of primary root protrusion in onion seeds with water content It was further observed in the aerated system that the
around 44 to 46%, after 132 hours imbibition in distilledvater contents attained by the seeds imbibed in the most
water and PEG 6000 and -0.75 PMa, indicating that tloencentrated solution (-1.2 PMa) were relatively lower than
ideal phase for osmotic conditioning of these seeds wtmse observed in solution at -1.0 PMa. Howetseth
between two and four days. Usberti adi®/(1997) carried solutions were efficient in maintaining the seeds in phase
out a similar study and observed tRanicum maximum Il imbibition, reported by Bewley and Black (1994), even
L. seed attained values close to 50% water after 48 hoafter a contact period of 312 hours, and did not permit the
imbibition in distilled watemwhile in PEG 6000 solution (288g/ advance of the germination process and primary root
L) they attained 37.7 and 43.6% in the same phase, atdrbission, that is, that the seeds reached phase Ill. Carro
and 25°C, respectivel\More recentlyCaseiro et al. (2004) seeds conditioned in osmatic solutions of PEG 6000 at -0.6
detected smaller water contents for onion seed osmaticaftivla with and without aeration, emitted the seed primary
conditioned in PEG solutions compared to those submittedot after six days treatment; therefore, this osmotic
to water conditioning techniques and “drum priming’potential was not sufficient to prevent the seeds reaching
(gradual hydration in a rotating drum). According to th@hase Il germination (Lopes et al., 2000). Bittencourt et
authors this result was expected because the low wagdr (2004) worked with asparagus seeds imbibed in PEG
potential of the PEG 8000 solution (-0.5 and -1.0 MP&O000 solutions and -1.0 and -1.2 PMa and verified that there
reduced water absorption by the seeds. was no primary root emission during 28 days conditioning
In the seed imbibed in PEG solution, after 12 hoursnd the seeds remained in phase Il imbibition. Machado
imbibition, stabilized water absorption was observed théteto et al. (2006) worked with bean seeds and detected
was maintained up to 312 hours imbibition, and the primatiiat substances such as manitol, calcium chloride and othel
root emission did not occur (Figures 2 to 5), clearlgalts can limit water entry in the seeds, simulating a water
characterizing the continuity of phase Il imbibition. In thishortage that prevented them from carrying out the metabolic
phase, according to Bewley and Black (1994) wateactivities necessary for complete germination.
absorption stabilizes because the cells are turgid and are
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The results obtained in the present study showed that CONCLUSION
when distilled water was used there was rapid seed
imbibition and primary root protrusion after 48 hours For osmotic conditioning, carrot seed imbibition is
imbibition, when the seeds reached approximately 57commended in the PEG 6000 solutions at -1.0 and -1.2
water, that is desirable when it is intended to use ti®Ma until water contents are obtained between 40 and
physiological conditioning technique, because the seet%6 in moistened paper and 45% to 50% in aerated solution
become intolerant to drying after primary root protrusion.
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