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ABSTRACT: Sunflower seeds present a great economic importance due to the high oil content. The aim of this
study to evaluate the effect of storage sub-zero temperatures and the quick and slow thawing methods on the physiologic
quality of seeds of Helianthus annuus, cultivars BRS 122 and BRS 324. The experiment was set up in a randomized
complete design, in a factorial 2x6 (cultivars x procedures) with four replications; means were compared by the Tukey test
at 5%. Were evaluated: first count and percentage of germination, mean time of germination, germination speed index, dry
mass seedling, root and shoot length and stability of membranes, through electrical conductivity test solution soaking of
seed. Sunflower seeds tolerate storage in sub zero temperatures up to six months; the seeds of cultivars BRS and BRS 324
122 present different answers in relation to the type of freezing and thawing.

KEY-WORDS: Helianthus annuus. Storage. Freezing. Cryopreservation. :Thawing.

INTRODUCTION

Plant’s genetic resources can be preserved
in the form of seeds, pollen, grains, vegetative
bodies and field plantations. It is essential that the
preservation method ensures the maximum viability
and genetic stability of the accesses, and also that
materials may be preserved free from pathogens, in
a controlled and accessible location, in order to
facilitate their multiplication and use (BENSON,
2008).

The type of ex vitro germplasm preservation
depends on the material used, as seeds, embryos,
other vegetative structures or complete individuals.
The maintenance may be performed in distinct
conditions, such as in field and greenhouse, in vitro,
in culture medium, cold chambers and under
cryopreservation at -150 °C or -196 °C (SANTOS,
2001).

Cryogenic techniques may ensure the
preservation of biologic material for long periods of
time, once that when the vegetable material is
submitted to ultralow temperatures, the cellular
metabolism is really reduced, slowing down the
deterioration process. Thus, the biological material
may be preserved for an indefinite time and with the
maintenance of genetic stability (HARDING, 2004;
BENSON, 2008).

Cryopreservation of biological materials has
proved an efficient maintenance and seed explants
important for endangered status (SARTOR et al.,
2012; ZANOTTI et al., 2012) and for the potential
use as ornamentals (WANG et al . 2011;

SURENCISKI et al., 2012), biofuel (SILVA et al.,
2012; SURANTHRAN et al., 2012), food
(CAMILLO et al, 2009; CEJAS et al., 2012),
aromatic and medicinal (KHOLINA et al., 2012;
COELHO et al., 2012).

One important factor to be considered in
cryopreservation is the thawing method. The longer
the thawing of the seeds occurs, the better the
preservation of its physiological characteristics will
be (MOLINA et al., 2006).

Preservation of seeds also is also influenced
from their chemical composition. Due to chemical
instability of lipids, oilseeds are deteriorated more
quickly, therefore, a prolonged preservation is not
recommended because oilseeds may suffer rancid
effects of the fatty acids that compose the oil
(MARCOS FILHO, 2005).

Therefore, preservation methodologies of
phytogenetic resources require knowledge about the
physiology of the material to be preserved. When it
comes to seeds, studies that assess the effect of
storage methods are crucial to ensure the
physiologic quality and keep the viability for a
longer period. Considering that sunflower seeds
present a great economic significance due to the
large oil contents, the purpose of this study was to
assess the effects of the storage in sub-zero
temperatures and the quick and slow thawing
methods on the physiologic quality of seeds of
Helianthus annuus, cultivars BRS 122 and BRS
324.
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MATERIAL AND METHODS

The experiment was performed in the
Laboratory of Seed Analysis of the Department of
Vegetable Production of the Center of Agricultural
Sciences in the Federal University of Espirito Santo
(Laboratorio de Andlise de Sementes do
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Departamento de Producdo Vegetal do Centro de
Ciéncias Agrdrias da Universidade Federal do
Espirito Santo - CCA-UFES), located in Alegre-ES.

The design experimental used was 2x6
factors (cultivars x procedures). The seeds were
submitted to the following freezing and thawing
procedures (Figure 1):
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Figura 1: Methodology used to assess the physiologic qualities of H. annuus seeds, cultivars BRS 122 and
BRS 324 stored in sub-zero conditions. T1- Control: Non-stored seeds; T2: Room temperature
storage (6 months) T3: Immersion in liquid nitrogen (10 min.), -18 °C (6 months) and water bath
(37 °C, 30 min.); T4: Immersion in liquid nitrogen (10 min.), -18 °C (6 months) and room
temperature (12 hours); TS: -18 °C (6 months) and water bath (30 min.); T6: -18 °C (6 months) and

room temperature (12 hours).

On germination tests, four repetitions of 25
seeds were used in three ‘germitest’ paper sheets.
The sheets was damped in distilled water volume
equivalent to 2.5 times the weight of the dry papers.
The seeds were manually distributed in longitudinal
orientation of the rolls and kept in a germination
chamber at 25+2 °C. The analyses performed were
the first count at four days and the daily count,
conducted until the tenth day, as recommended for
the species (BRASIL, 2009). The germination
percentage was calculated, mean germination time
and germination speed index (GSI). For that, it was
considered as germinated seeds those which
presented protrusion of primary root with length >
2.0 mm. The GSI was performed by daily

computing the number of germinated seeds, using
the formula proposed by Maguire (1962).

At the end of the germination test, the
seedlings were dehydrated at 7042 °C for a period of
72 h. After this period, the dry seedlings were
weighed in a precision scale (0.0001 g), in order to
obtain the mean weight of dry mass per seedling
(mg seedling’) (NAKAGAWA, 1999).

In the electric conductivity test, four
repetitions of 25 seeds were weighed in precision
scales (0.0001 g) for each treatment and, next, the
seedlings were immersed in 75 mL of distilled water
for 24 h, at a temperature of 25 °C. The conductivity
reading of the damping solution of the seeds of each
treatment was performed in a conductivimeter, with
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results expressed in puS cm™ g of seeds (VIEIRA and
KRZYZANOWSKI, 1999).

The data were statistically interpreted
through the variance analysis and the means were
compared by the Tukey test in 5% level. The
analyses were performed in the statistical program
Assistat 7.6 beta (SILVA and AZEVEDO, 2002).

RESULTS AND DISCUSSION

The germination percentage values (Table
1) of the cultivar BRS 122 were higher than BRS
324 for storage at room temperature (T2) and quick
freezing followed by quick thawing (T3). For the
other conditions tested, regarding the germination
percentage, there has been no difference between
cultivars. For BRS 324, the room temperature
storage  presented the lowest germination
percentage, therefore, regardless of the type of
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freezing and thawing, the storage at sub-zero
temperature was  effective in  maintaining
germination regarding the control. It is possible that
the seeds BRS 324 lot presented lower vigor than
the BRS 122 lot.

Comparing the methods used, in BRS 122 it
was observed no differences in the first count. For
BRS 324, the storage at room temperature has
determined a higher decrease in this parameter. The
chemical instability of lipids is one of the factors
which are directly related to the reduced
performance of the seeds from several species,
especially oilseeds. Lipid peroxidation and
oxidation stress have caused deterioration of seeds
during their aging. In sunflower seeds, vigor and
viability reduction during the aging is related to the
decreased potential of antioxidant enzymes, and,
thus, to the increase in lipid peroxidation (TORRES
et al., 1997).

Table 1. Germination (%), first count and germination speed index (GSI) of sunflower seeds stored at -18 °C
and subjected to different freezing and thawing methods.

Germination (%)

Cultivares T1 T2 T3 T4 TS T6
BRS 122 99 aA 96 aA 98 aA 98 aA 96 aA 98 aA
BRS 324 99 aA 66 bB 93 bA 95 aA 93 aA 94 aA
CV(%) 3.24

First count (%)
BRS 122 98 aA 95 aA 98 aA 98 aA 96 aA 97 aA
BRS 324 95 aA 65 bB 93 bA 91 bA 93 aA 94 aA
CV(%) 3.61
BRS 122 12.74aA 11.51aB 12.21 aAB 12.15 aAB 11.92aB 1197 aB
BRS 324 13.25aA 7.36bB 11.48 bA 11.16 bB 1146aB 11.42bB
CV(%) 3.13

Values marked with the same lowercase letter are not significantly different in column, at P<0.05, Tukey’s test. Values marked with the
same uppercase letter are not significantly different in line, at P<0.05, Tukey’s test.

GSI for BRS 122 was lower in T2, T5 and
T6 if compared to the control (T1), and in T3 and
T4, both methods of quick freezing, they were not
different between from each other, neither in
relation to the control. In BRS 324, T2, T5 and T6
were also prejudicial to the GSI, as well as T4. It
was noted that T3 presented the highest GSI for
BRS 324, being the only method that was not
different from the control. Therefore, in addition to
the pre-immersion in liquid nitrogen, the quick
thawing was fundamental for the maintenance of the
GSI for this cultivar.

Quick freezing may result in intracellular
crystals formation, which is lethal for the seeds’
cells and tissues. However, slow thawing may result
in damages or cellular death, because it occurs an

extreme osmotic dehydration, when the intracellular
water moves outside the cell, compensating the
frozen water of the extracellular components
(DUMET; BENSON, 2000).

Papaya seeds quickly thawing in water bath
at 40 °C, presented reduced germination power.
With the use of tetrazolium salt, it was possible to
notice that the seed were cracked in the section of
the cotyledons evidences by clear and irregular
stains in the cotyledons and embryo axis
(ALTHOFF; CARMONA, 1999).

It is noted that to preserve the seeds of
oleaginous species, cryopreservation is a good
alternative. The seeds of Helianthus spp, Glycine
max, Ricinus communis and Arachis hipogagaea
may be cryogenically stored both in liquid and
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vapor nitrogen. Seeds of Gossypium hirsutum
maintained the highest germination percentage
when cryogenically stored directly in liquid nitrogen
and seeds of Glycine max when stored in the vapor
of liquid nitrogen (ALMEIDA et al., 2010).

The percentage of normal seedlings of
cultivar BRS 122 submitted to any of the methods
has not differed from the controle (Table 2). There
has been a difference only between T3 and TS5 in
relation to T4, and both methods that used the quick
thawing (T3 and T5) obtained the higher percentage
of normal seedlings, regardless of the quick or slow
freezing. A different result was found for BRS 324,
in which T2, T3, T4 and T6 were not different from
the control. There has been a difference only
between T1 and T4, which presented higher
percentage of regular seedlings regarding TS.
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Comparing the percentage of regular seedlings
amongst the cultivars, it is noted that BRS 122 was
negativelly affected by T4 if compared to the other
cultivar tested. On the other hand, for BRS 324, T5
reduced the development of normal seedlings.

For the analysis of dry mass of the
seedlings, there was no interaction between factors
cultivar x storage methods, therefore, the factors
were tested separately (Table 2). Seedlings from the
cultivar BRS 122 presented higher accumulation of
dry mass if compared to BRS 324. However, the
results associated to the storage methods factor
show that there has been damage in the
accumulation of dry mass, both for room
temperature storage and sub-zero temperature
storage. This shows that the seeds from both
cultivars presented reduced vigor during storage.

Tabela 2. Normal seedlings (%), mean weight of dry mass per seedling (mg seedling™), length of shoot (cm)
and length of root (cm) of sunflower seedlings, from seeds stored at sub-zero temperatures and

under different thawing methods.

Normal plants (%)
Cultivares T1 T2 T3 T4 T5 T6 Média
BRS 122 73 aAB 74 aAB 82 aA 56 bB 79 aA 65 aAB .
BRS 324 82 aA 66 aAB 77 aAB 80 aA 59 bB 76 aAB .
CV(%) 12.48

Mean weight of dry mass per seedling (mg seedling”)*
BRS 122 110.0 35.0 35,0 35.0 32.5 37.5 475 A
BRS 324 102.5 17.5 32.5 30.0 32.5 30.0 40.8 B
Mean 106.3a 263D 33.8b 32.5b 325b 33.8b
CV(%) 12.8
Length of shoot (cm)*

BRS 122 6.14 8.37 7.33 6.99 7.91 5.46 7.03B
BRS 324 6.24 7.79 9.47 8.30 7.78 8.21 7.96 A
Mean 6.19b 8.08 ab 8.40 a 7.65 ab 7.84 ab 6.83 ab
CV(%) 18.02

Length of root (cm)
BRS 122 2.62aC 6.69 aA 5.47aAB  4.10aBC 6.28 aA 3.03bC _
BRS 324 3.00aB 3.97bAB 4.75aA 4.07 aAB 397 bAB 4.30 aAB _
CV(%) 17.63

Values marked with the same lowercase letter are not significantly different in column, at P<0.05, Tukey’s test. Values marked with the
same uppercase letter are not significantly different in line, at P<0.05, Tukey’s test.

* There was no interaction between the factors.

In the length of shoot, the interaction
between factors was also not significant. The
cultivar BRS 324 presented higher shoot
development. This fact may be related to the
different size of the cultivars, once the mean height
of plants of BSR 324 is higher than the mean height
of BRS 122.

Regarding the storage methods factor, the
growth of shoots was estimulates when the seeds

were submitted to quick freezing and quick thawing,
and it differed from the control.

Comparing the cultivars about the length of
the root, differences were fond for T2 and T35, in
which BRS 122 presented larger roots, and for T6, it
was noted the opposite. Amongst the storage
methods employed, it was verified that, for BRS 122
T2, T3 and TS5 enable higher growth of roots, were
not different amongst them and differed from TI,
T4 and T6. BRS 324 had a distinct behavior, and the
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only method that overcame the control was T3. The
other methods showed no significant difference.
Factors such as physical and chemical
properties, determination of ideal water contents,
proper freezing and thawing rates are known for
presenting a species-specific response; therefore,
require studies and tests for each species (DICKIE;
SMITH, 1995; POTTS; LUMPKIN, 1997,
ENGELMANN, 2000). The present study highlights

316
MOTTA, L. B. et al

that such differences may also occur in cultivars of
the same species.

Despite of the increase in the length of the
aerial part and root for some of the storage methods,
if compared to the control, the accumulation of dry
mass in all methods was very inferior for dry mass.

Another vigor test used was the electrical
conductivity test (Table 3). It was performed only in
seeds that were stored.

Tabela 3. Electrical conductivity (uS cm g™') in sunflower seeds stored at sub-zero temperatures and under

different thawing methods.

Electrical conductivity (uS cm g™)

Cultivares T1* T2 T3 T4 TS T6
BRS 122 113 bAB 107 bAB 128 aA 99 bB 101 bAB
BRS 324 ___ 213aA 152 aBC 132 aC 159 aBC 172 aB
CV(%) 9.94

Values marked with the same lowercase letter are not significantly different in column, at P<0.05, Tukey’s test. Values marked with the
same uppercase letter are not significantly different in line, at P<0.05, Tukey’s test.

Comparing the storage methods for BRS
122, there was a difference only between T4 and T5.
The other methods were not different amongst them.
Therefore, there was a higher leaching in
electrolytes in the method using quick freezing and
slow thawing. Cells submitted to a quick freezing,
enough to enable intracellular freezing, are far more
sensible to slow thawing than to quick thawing.
During the slow process, there is a time for slow
crystals to aggregate and to build large crystals
(recrystallization), thus leading to cellular damage
and consequent death (FARRANT et al.,, 1977;
SEKI; MAZUR, 2008).

The storage at room temperature contributed
for an accelerated loss of vigor of seed of the
cultivar BRS 324. Seeds’ membranes of BRS 324
have become less adamant in storage at room
temperature, and the storage methods used were
effective in prolonging the vigor of seeds during the
storage period. In addition, quick thawing was more
drastic when seeds were exposed to liquid nitrogen
(T3). It is noted that, amongst the methods using
slow thawing, the one which used the quick freezing
(T4) contributed more to maintaining the integrity
of membranes and, consequently, the vigor of seeds,
than the method using slow freezing (T6).

The membranes are the first structures that
damage due to freezing (HALLGREN; OQUIST
1990; ODLUM,; BLAKE 1996). Once the stress
increases the permeability of the membrane, this
results in pouring of ions, amino acids and other
components of the cells. The leaching of electrolytes
through the membranes, therefore, may be used to
measure the tolerance to stress and predict the

mortality of seedlings (STEPONKUS, 1984;
ZWIAZEK; BLAKE 1990). The loss of the natural
semi-permeability of membranes may lead to
inactivation of enzymes, disturbance of proteins
metabolism, damages to the selective transportation
of membranes and cessation of mitochondrial
breathing (LARCHER, 2004).

Lower deterioration of sunflower seeds was
indicated by the level of peroxides, for the storage in
liquid nitrogen for three months, if compared to the
cold chamber (-20 °C). It was also noted that
sunflower seeds may be dried up to 3.2% of their
water contents in silica gel or drying chamber and
stored at -20 °C or -196 °C, with no loss of
germination and vigor (JOSE et al., 2010).

CONCLUSIONS

Sunflower seeds tolerate the storage at sub-
zero temperatures up to six months, whereas the
seeds of the cultivars BRS 122 and BRS 324 present
different responses regarding the type of freezing
and thawing.

For the -cultivar BRS 122, a higher
percentage of normal seedlings was obtained with
methods that used quick thawing (T3 and T9),
regardless if it was used quick or slow thawing.

For BRS 324, the quick freezing with slow
thawing provided higher percentage of regular
seedlings if compared to the slow freezing and quick
thawing (T4).
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RESUMO: As sementes de girassol apresentam grande importancia econdmica devido ao grande contetido de
6leo. Objetivou-se neste trabalho avaliar o efeito do armazenamento em temperaturas sub-zero e os métodos de
descongelamento rapido e lento sob a qualidade fisioldgica de sementes de Helianthus annuus cultivares BRS 122 e BRS
324. Utilizou-se o delineamento experimental inteiramente casualizado, num fatorial 2x6 (cultivares x procedimentos),
com quatro repeticdes; as médias foram comparadas pelo teste de Tukey em nivel de 5%. Foram avaliados: primeira
contagem e porcentagem de germinacdo, tempo médio de germinacdo, indice de velocidade de germinac@o, massa seca de
plantulas, comprimento de raiz e parte aérea e estabilidade das membranas, através de teste de condutividade elétrica da
solucdio de embebigdo das sementes. As sementes de girassol toleram o armazenamento em temperaturas sub-zero até seis
meses; as sementes dos cultivares BRS 122 e BRS 324 apresentam respostas diferentes em relacdo ao tipo de
congelamento e descongelamento.

PALAVRAS-CHAVE:  Helianthus  annuus. ~ Armazenamento.  Congelamento.  Criopreservagao.
Descongelamento.

REFERENCIAS

ALMEIDA, F de A. C.; JERONIMO, E. de S.; ALVES, N. M. C.; GOMES, J. P.; SILVA, A. S. Estudo de
técnicas para o armazenamento de cinco oleaginosas em condi¢des ambientais e criogénicas. Revista
Brasileira de Produtos Agroindustriais, Campina Grande, v. 12, n. 2, p. 189-202, 2010. Disponivel em:
http://www.deag.ufcg.edu.br/rbpa/rev122/Art1220.pdf . Acesso em: 16 de set. 2012.

ALTHOFF, M. A.; CARMONA, R. Conservacgdo de sementes de mamao (Carica papaya L. — Caricaceae).
Revista Brasileira de Sementes, Londrina, v. 21, n. 1, p. 151-156, 1999. Disponivel em:
http://www.abrates.org.br/revista/artigos/1999/v21n1/artigo23.pdf. Acesso em: 16 de set. 2012.

BENSON, E. E. Cryopreservation of phytodiversity: a critical appraisal of theory and practice. Critical
Reviews in Plant Sciences, Philadelphia, v. 27, n. 3, p. 141-219, 2008.

BRASIL. Ministério da Agricultura, Pecuéria e Abastecimento. Regras para andlise de sementes. Secretaria de
Defesa Agropecudria. Brasilia: Mapa/ACS, 2009. Disponivel em:
http://www.bs.cca.ufsc.br/publicacoes/regras %20analise % 20sementes.pdf . Acesso em: 16 de set. 2012.

CAMILLO, J; LUIS, Z. G.; SCHERWINSKI-PEREIRA, J. E. Tolerancia de sementes de dendezeiro a
criopreservacio. Pesquisa Agropecuaria Brasileira, Brasilia, v. 44, n.2, p. 211-215, 2009.

CEJAS, I; VIVES, K.; LAUDAT, T.; GONZALEZ-OLMEDO, J.; ENGELMANN, F.; MARTINEZ-
MONTERO, M.E.; LORENZO, J.C. Effects of cryopreservation of Phaseolus vulgaris L. seeds on early stages
of germination. Plant Cell Reports, Berlin, v. 31, n.11, p. 2065-73, 2012.

COELHO, N.; GONCALVES, S ; GONZALEZ-BENITO, M. E.; ROMANO, A. Germination and
cryopreservation tolerance of seeds from the rare aromatic species Thymus lotocephalus. Scientia
Horticulturae, Amsterdam, v. 145, p. 84-86, 2012.

DICKIE, J. B.; SMITH, R. D. Observations on the survival of seeds of Agathis spp stored at low moisture
contents and temperatures. Seed Science Research, v. 5, n. 1, p. 5-14, 1995.

Biosci. J., Uberlandia, v. 30, n. 2, p. 312-319, Mar./Apr. 2014



318
Cryostorage of sunflower seeds MOTTA, L. B. et al

DUMET, D.; BENSON, E. E. The use of physical and biochemical studies to elucidate and reduce
cryopreservation-induced damage in hydrated/desiccated plant germplasm. In: ENGELMANN F.; TAKAGI, H.
Cryopreservation of tropical plant germplasm current research progress and application, Rome:
JIRCAS, Tsukuba, p. 43-56, 2000.

ENGELMANN, F. Importance of cryopreservation for the conservation of plant genetic resources. In:
ENGELMANN F.; TAKAGI, H. Cryopreservation of tropical plant germplasm current research progress
and application, Rome: JIRCAS, Tsukuba, p. 8-20, 2000.

FARRANT, J.; WALTER, C. A.; LEE, H.; MCGANN, L. E. Use of two-step cooling procedures to examine
factors influencing cell survival following freezing and thawing. Cryobiology, v. 14, n. 3, p. 273-286, 1977.
Disponivel em: http://ac.els-cdn.com/0011224077901766/1-s2.0-0011224077901766-main.pdf?_tid=aff1c2f6-
00ca-11e2-8e7b-00000aacb360&acdnat=1347888311_b33536a2b9d0f827aa9¢c2063a05ef682. Acesso em: 17
de set. 2012.

HALLGREN, J. E., OQUIST, G. Adaptations to low temperatures. In: Alscher, R.G., Cumming, J.R. Stress
responses in plants: adaptation and acclimation mechanisms. Wiley-Liss, New York, p. 265-295, 1990.

HARDING, K. Genetic integrity of cryopreserved cells: a review. Cryo Letters, London, v. 25, n. 1, p. 3-22,
2004.

JOSE, S. C. B.R.; SALOMAO, A. N.; COSTA, TdaS. A.; DA SILVA, J. T. T. T.; CURL, CC da S..
Armazenamento de sementes de girassol em temperaturas subzero: aspectos fisioldgicos e bioquimicos.
Revista Brasileira de Sementes, Londrina, v. 32, n 4, p. 29-38, 2010. Disponivel em:
http://www.scielo.br/pdf/rbs/v32n4/04.pdf . Acesso em 17 de set. de 2012.

KHOLINA, A. B.; VORONKOVA, N. M. Seed Cryopreservation of Some Medicinal Legumes. Journal of
Botany, Cairo, v. 2012, 7 p., volume 2012. Disponivel em: http://www.hindawi.com/journals/jb/2012/186891/.
Acesso em 21 de set. 2012.

LARCHER, W. Ecofiosiologia vegetal. Sao Carlos: Rima. 531p. 2004.

MAGUIRE, J. D. Speed of germination-aid in selection and evaluation for seedlig emergence and vigor. Crop
Science, Madison, v. 2, n. 2, p. 176-177, 1962.

MARCOS FILHO, J. Fisiologia de sementes de plantas cultivadas. Piracicaba: FEALQ, 495p. 2005.

MOLINA, T. F.; TILLMANN, M. A.; DODE, B. L.; VIEGAS, J. Crioconservagdo em sementes de cebola.
Revista Brasileira de Sementes, Pelotas, v. 28, n. 3, p. 72-81, 2006. Disponivel em:
http://www.scielo.br/pdf/%0D/rbs/v28n3/11.pdf . Acesso em: 17 de set. de 2012.

NAKAGAWA, J. Testes de vigor baseados no desempenho das plantulas. In: KRZYZANOSKI, F. C.;
VIEIRA, R. D.; FRANCA NETO, J. B. Vigor de sementes: conceitos e testes, Londrina, ABRATES, p. 2.1-
2.24,1999.

ODLUM, K. D.; BLAKE, T. J. A comparison of analytical approaches for assessing freezing damage in black
spruce using electrolyte leakage methods. Canadian Journal of Botany, Guelph, v. 74, p. 952-958, 1996.
POTTS, S. E.; LUMPKIN, T. A. Cryopreservation of Wasabia spp seeds. Cryo-Letters, v. 18, p. 185-190,
1997.

SANTOS, L. R. Criopreservagédo de germoplasma vegetal. Biotecnologia Ciéncia e Desenvolvimento, Brasilia,
v. 4, n. 20, p. 60-65, 2001. Disponivel em: http://novastecnologias.com.br/revista/bio20/20_13.pdf . Acesso em
17 de set. 2012.

Biosci. J., Uberlandia, v. 30, n. 2, p. 312-319, Mar./Apr. 2014



319
Cryostorage of sunflower seeds MOTTA, L. B. et al

SARTOR, F. R.; MORAES, A. M. DE; ALMEIDA, F. DE A. C. Técnicas para criopreservacdo de gemas de
mangabeira. Revista Agrotecnologia, Anapolis, v. 3, n. 1, p. 31-39, 2012. Disponivel em:
http://www.prp.ueg.br/revista/index.php/agrotecnologia/article/view/339/296. Acesso em: 21 de set. 2012.

SEKI, S.; MAZUR, P. Effect of warming rate on the survival of vitrified mouse oocytes and on the
recrystallization of intracellular ice. Biology of Reproduction, Madison, v. 79, p. 727-737, 2008. Disponivel
em: http://www.biolreprod.org/content/79/4/727 full.pdf+html . Acesso em: 17 de set. 2012.

SILVA, F. A. S.; AZEVEDQ, C. A. V. Versao do programa computacional Assistat para o sistema operacional
Windows. Revista Brasileira de Produtos Agroindustriais, Campina Grande, v. 4, p. 71-78, 2002.

SILVA, V. DE F.; SALES, J. DE F.; SILVA, F. G.; CAMPOS, R. C.; BRANQUINHO, A. DE C.; SILVA,
V.A. Cryopreservation of quina seeds (Strychnos pseudoquina A. St. Hil). International Research Journal of
Biotechnology. v. 3, n. 4, p. 55-60, 2012. Disponivel em:
http://interesjournals.org/IRJOB/Pdf/2012/April/Silva%20et%20al.pdf. Acesso em: 21 de set. 2012.

STEPONKUS, P. L. Role of plasma membrane in freezing injury and cold acclimation. Annual Review of
Plant Physiology. v. 35, p. 543-584, 1984. Disponivel em:
http://www.annualreviews.org/doi/pdf/10.1146/annurev.pp.35.060184.002551. Acesso em: 17 de set. 2012.

SURANTHRAN, P.; GANTAIT, S.; SINNIAH, U. R.; SUBRAMANIAM, S.; ALWEE, S. S. R. S.; ROOW]I,
S.H. Effect of loading and vitrification solutions on survival of cryopreserved oil palm polyembryoids. Plant
Growth Regulation, Dordrecht, v. 66. p. 101-109, 2012.

SURENCISKI, M. R.; FLACHSLAND, E. A.; TERADA, G.; MROGINSKI L. A.; REY, H. Y.
Cryopreservation of Cyrtopodium hatschbachii Pabst (Orchidaceae) immature seeds by encapsulation-
dehydration. Biocell, Mendonza, v. 36, n. 1, p. 31-36, 2012. Disponivel em:
http://www?3.cricyt.edu.ar/biocell/vol/pdf/36_1/02.pdf. Acesso em: 21 de set. 2012.

TORRES, M.; DE PAULA, M.; PEREZ-OTAOLA, M.; DARDER, M.; FRUTOS, G.; MARTINEZ-
HONDUVILLA, C. J. Ageing-induced changes in glutathione system of sunflower seeds. Plant Physiology, v.
133, n. 2, p. 600-604, 1997. Disponivel em: http://onlinelibrary.wiley.com/doi/10.1111/j.1399-
3054.1997.tb01067.x/pdf. Acesso em: 17 de set. 2012.

VIEIRA, R. D.; KRZYZANOWSKI, F. C. Teste de condutividade elétrica. In: KRZYZANOWSKI, F. C.;
VIEIRA, R. D.; FRANCA NETO, J. B. (Ed.). Vigor de sementes: conceitos e testes, Londrina, ABRATES, p.
1-26, 1999.

WANG, R. X.; SONG, X. Q.; HE, M. G.; SONG, S. Q. Developmental changes of cryo-tolerance associated
with stored reserve accumulation of Doritis pulcherrima (Orchidaceae) seeds. Seed Science and Technology,
Zurich, v. 39, n. 2, p. 271-281, 2011.

ZANOTTIL R. F.; MOTTA, L. B.; BRAGATTO, J.; LABATE, C. A.; SALOMAO, A. N.; VENDRAME, W.
A.; CUZZUOL, G. R. F. C. Germination, Carbohydrate Composition and Vigor of Cryopreserved Caesalpinia
echinata Seeds. Brazilian Archives of Biology and Technology, Curitiba, v. 55, n. 5: p. 661-669, 2012.

ZWIAZEK, J.J.; BLAKE, T.J. Effects of preconditioning on electrolyte leakage and lipid composition in
black spruce (Picea mariana) stressed with polyethylene glycol. Physiologia Plantarum. v. 79, p. 71-77, 1990.

Biosci. J., Uberlandia, v. 30, n. 2, p. 312-319, Mar./Apr. 2014



