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Abstract

Knowing the physiology of seeds and the elements that influence their germination is fundamental
aspects in seminiferous propagation; important techniques are used to obtain genetic variability
and development of new cultivars of blueberry. The aim of this study is to evaluate the germina-
tion behavior, as well as viability levels, through germination tests and tetrazolium, of Vaccinium
ashei Reade seed cultivars Briteblue and Climax. Seeds treated or not with 5 M potassium hydrox-
ide (KOH) were submitted to the germination test, on substrates, filter paper (SP) or solid culture
medium with half of the salt concentration (MS/2), at temperatures of 10°C £ 2°C or 25°C + 2°C. The
maximum germination percentage of blueberry seeds was 40%. Both temperatures and sub-
strates caused seed germination in the tested cultivars, and pretreatment with 5 M KOH for 5 mi-
nutes inhibited germination. Yet, the tetrazolium test, based on coloration of tissue, allowed the
establishment of different levels of viability.

Keywords

Vaccinium ashei Reade, Germination Behavior, Dormancy

1. Introduction

Brazil has produced 59 t blueberry in 2012, in an area of 270 planted hectares in South and Southeast regions [1],
and the most promising specie for regions of cold weather is the Vaccinium ashei; the species’ cultivars that are
better adapted to the Brazilian weather conditions are: Aliceblue, Bluebelle, Bluegem, Briteblue, Climax, Delite,
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Powderblue, Woodhard [2]. These cultivars are selected from other countries with different edaphoclimatic con-
ditions displaying limitations for its cultivation, which drives the need for superior plants that are able to adapt
to Brazil’s particularities [3]. When searching for genetic variability and the development of new cultivars, the
propagation of blueberry seeds becomes important [2].

In order to achieve satisfactory results in seminiferous propagation, it is imperative to know the seed’s ger-
minative behavior and physiologic quality, which can be evaluated through germination and force test, such as
the tetrazolium test [4].

Seed’s germination constitutes of a sequence of physical, biochemical and physiologic events, influenced by a
variety of factors, which can act isolated or combined [5]. Those factors can be extrinsic, such as: light, temper-
ature and humidity; and intrinsic, like: morphology, viability and dormancy [6].

As far as extrinsic factors are concerned, the Vaccinium seeds have its germination affected by temperature [7]
and present positive and orthodox photoblastic behavior [8], meaning it germinates in the presence of light, and
is able to maintain the viability even with low humidity content [9].

In a germination test, the substrate is another extern factor that influences seeds germination, due to its struc-
ture, aeration, water retention capacity and level of pathogens infestation [10]. The paper filter is the most uti-
lized support in seeds germination, due to its capacity to simplify the test, increase the speed, and reduce costs
[11]. However, the usage of MS medium culture [12] was cited as a substrate for seeds germination of Vacci-
nium meridionale Swartz since reduction of salts concentration in the culture medium allowed greater percen-
tage of germination [13].

At the end of a germination test, the presence of non-germinated seeds may occur, because those died, were
hard or in dormancy [14]. The seeds dormancy can be classified in: physiological, morphological, physical and
combined (physical and physiological) dormancy [15]. The impermeability of the seed coat is a physical dor-
mancy, which prevents the entry of water [16] and can be caused by the presence of substances such as suberin,
lignin, cutin, tannins, pectins, as well as derivates of quinine [17]. Chemical studies indicate that the cuticle and
pigment chains, present in the seed coat, are composed by insoluble polymeric materials, which can be depoly-
merized by alkaline hydrolysis [18] with KOH or NaOH [19].

Viable seeds that are considered in dormancy, present a temporary blockage to complete the germination [20].
The tetrazolium test is a fast method to determinate the viability of the seeds, based on the activity of dehydro-
genase enzymes, present in living tissues [21].

The aim of the present work was to determinate the germinative behavior and levels of the viability of the
seeds of Vaccinium ashei Reade cultivars Briteblue and Climax, by germination and tetrazolium tests.

2. Material and Methods

Site and biologic material

Blueberry seedlings from cvs. Climax and Briteblue experimentally planted in spacing of 4.0 m x 1.5 m in
2010, in Ponta Grossa—PR (25°05'35"S e 50°03'50"W e 950 m de altitude). The weather is classified as cfb [22],
presenting well-defined dry seasons, frequent frosts during winter and soil Haplic cambisol dystrophic of clay
texture, produced the fruits used in the experiments.

Experiment 1—Physiological quality and germinative behavior of Vaccinium ashei Reade seeds, culti-
vars Briteblue and Climax, treated or not with 5 M of potassium hydroxide (KOH), and submitted to the
germination test in different substrates and temperatures

Ripe fruits, collected in February of 2012, were taken to the laboratory, selected, macerated and depulped in
order to obtain the seeds. The seeds were washed with running water, spread on paper towels and shade dried at
room temperature for 24 hours. Two experiments were performed, one using cv. Briteblue seeds, placed in the
refrigerator for two months, and the other with fresh cv. Climax seeds. Furthermore, both cultivars’ seeds were
soaked in H,O (control) or potassium hydroxide solution 5 M (KOH) for 5 minutes, and then submitted to the
germination test, installed in Petri dishes, containing the autoclaved substrates: filter paper (SP) periodically
moistened with sterile distilled water (2.5 times the weight of the substrate in water) or solid culture medium MS
(6 g-L* of agar) with half of salt concentrations (MS/2). Then, the dishes were vetoed with plastic wrap and
kept at constant temperatures of 10°C + 2°C (BOD like cabinet) or 25°C + 2°C (climatized room with air condi-
tioning), with photoperiod of 16 hours of light, making the following treatments: T1) Control + SP + 10°C, T2)
Control + SP + 25°C, T3) Control + MS/2 + 10°C, T4) Control + MS/2 + 25°C, T5) KOH + SP + 10°C, T6)
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KOH + SP + 25°C, T7) KOH + MS/2 + 10°C, T8) KOH + MS/2 + 25°C. The experimental design was com-
pletely randomized with eight treatments, four replicates, and the experimental unit consisted of a Petri dish,
containing 10 seeds. The effect of the use of KOH, substrates and temperatures on the germination performance
of the seeds was evaluated by the percentage of germination and the first count of normal seedlings (presented
all of the essential structures developed). After obtaining the first normal seedling, successive counts were per-
formed every 7 days. The test finished when there was absence of germination after 30 days of test. The percen-
tage data of germination were transformed to arcsen VP%/100, submitted to the Barlett test, followed by analysis
of variance, and when significant were compared by Duncan test (p < 0.05), using the SAS statistical package.

Experiment 2—Levels of seeds viability of Vaccinium ashei Reade cultivars Briteblue and Climax
through the tetrazolium test

Fruits from cultivars Briteblue and Climax were collected in January of 2013, and were taken to the laborato-
ry and placed under refrigaration. To separate the pulp from the seeds, fruits were placed together with water in
a mixer. Next, the seeds were washed with running water, spread on paper towels and shade dried at room tem-
perature for 3 days. To perform the tetrazolium test, three repetitions of 50 seeds were used; 150 seeds in total
were pre-wetted by immersion in water for 24 hours, and the exposure of the fabrics to staining were made by a
needle in the opposite side of the location of the embryo. Then, the seeds were immersed in a colorless solution
of 2,3,4-triphenyl tetrazolium bromide 1% for 3 hours at 30°C and then kept 21 hours at room temperature in
complete darkness condition [8]. After being immersed, the seeds were washed with running water and trans-
versely cut with razor to visualize the embryo [14] in optic microscope (50x increase). The viability was scored
by percentage of embryo color (0, 25, 50, 75 and 100%), and stained seeds with embryo above 50% were con-
sidered viable.

3. Results and Discussion

Experiment 1—Physiological quality and germinative behavior of Vaccinium ashei Reade seeds, cultivars
Briteblue and Climax, treated or not with 5 M of potassium hydroxide (KOH), and submitted to the ger-
mination test in different substrates and temperatures

The disposal of the treatments T3 and T4 (Briteblue cultivar), and T2, T5 and T6 (Climax cultivar) was due to
a contamination of the substrate by fungus. This interfered de evaluation of the factors: exposition or not to po-
tassium hydroxide (KOH), substrates (SP and MS/2) and temperatures (10°C and 25°C) in factorial arrangement
2%x2x%2.

Table 1 shows the results of analysis of variance of germination percentage transformed to arcsin VP%/100,
and the value of chi-square (#?) for the Barlett test, which showed homogeneity of variances of treatments.

For the germination test of blueberry seeds of Briteblue cultivar, in the treatments T1 and T2, which contained
seeds immersed in water for 5 minutes and germinated on paper, had germination percentages of 30% and 40%
respectively, yet they did not differ significantly as a function of temperature (10°C and 25°C). To the T6 and T8

Table 1. Test results of variance of germination percentage of data of the seeds of Vaccinium ashei Reade, Briteblue and
Climax cultivars.

Vaccinium ashei Reade Briteblue Cultivar

Variation Sources G.L. Mean Square

Treatments 5 0.00131635"

Error 18 0.00037102
Chi-Square () 8.42603"

Vaccinium ashei Reade Climax Cultivar

Variation Sources G.L. Mean Square

Treatments 4 0.00164518"

Error 15 0.00015064
Chi-Square () 7.08139"

“significant at 5% of probability.
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treatments, which contained seeds, treated with 5M of KOH and were germinated at a temperature of 25°C, had
germination percentages of 7% and 10% respectively; these did not differ significantly in relation with the sub-
strate (SP and MS/2).

The T2 treatment revealed to be statistically superior to the T6 treatment, showing that the exposure of the
seeds to 5m of KOH inhibited the germination in relation with the seeds that were only immersed in water and
germinated on paper at the same temperature (Figure 1).

For the Climax cultivar, the T1 and T4 treatments, presented the best statistical performance and germination
percentages of 40% and 30% respectively, surpassing the other treatments. The T7 treatment, which had seeds
treated with 5M of KOH and was germinated on the substrate MS/2 at 25°C, presented inferior statistical results
than the other treatments, and germination percentage of 5% (Figure 2).

The first detached normal seedling was obtained after 46 days to Climax cv. treatment T8 (KOH + MS/2 +
25°C) and after 52 days to Briteblue cv. on treatment T5 (KOH + SP + 10°C). Seeds of Vaccinium meridionale
Swartz, stored for a week in ambient conditions at a temperature of 18°C + 2°C, using as substrate the culture
medium MS with 1/3, 1/8 and 1/16 of the salt concentration, initiated the germination 42 days post the test in-
stallation [13].

The germination test of the seeds of Vaccinium ashei Reade Briteblue and Climax cultivars was terminated
after 6 months of its installation, when the absence of germination was superior to 30 days. Evidence of dor-
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Figure 1. Germination of the blueberry seeds Briteblue cv. in different germinative treatments. Ponta Grossa, PR, 2012. "By
the Duncan test p < 0.05, means followed by the same letter do not differ among themselves.
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Figure 2. Germination of the blueberry seeds Climax cv. in different germinative treatments. Ponta Grossa, PR, 2012. "By
the Duncan test P < 0.05, means followed by the same letter do not differ among themselves.
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mancy in seeds of Vaccinium spp. are often manifested by the low and irregular germination, as observed in V.
angustifolium, V. ashei, V. canadense, V. corymbosum, V. macrocarpon and V. oxycoccus [23]. In wild oat dor-
mant seeds the use of KOH promoted significantly improvement on the germination [19]. Similarly seeds of
Vaccinium angustifolium Ait. had maximum germination (approximately 80%) when treated with 5.3 M of
KOH for 5 minutes [24]; results that were not seen in the tested cultivars of this study, showing that within the
same genus, species have different behavior regarding KOH usage.

The usage of paper filter as a substrate has been observed in the seeds germination of Vaccinium membrana-
ceum [25], Vaccinium arctostaphylos L. [26] and Vaccinium parvifolium Smith [7]. On the other hand, the cul-
ture medium MS with 1/3, 1/8 and 1/16 of the original salt concentration has been tested as a substrate [13] in
the seeds germination of Vaccinium meridionale. Promoting germination percentages of 48, 63, 63.5% respec-
tively. In the present experiment both substrates, SP and MS/2, promoted seeds germination of the Vaccinium
ashei Reade for both tested cultivars.

Many temperature schemes can affect the germination of Vaccinium sp [7], fact that can be observed over the
different temperatures used for germination of seeds of this genus. In order to simulate Canadian typical spring
conditions, seeds of Vaccinium angustifolium Ait. were germinated at 10°C [24]. On the other hand, when
working with Vaccinium myrtillus L. and Vaccinium vitis-idaea, obtained germination of 62% - 100% in pres-
ence of light and alternate temperatures of 20:10°C [27]. In the present study both constant temperatures of 10°C
+2°C (BOD) and 25°C + 2°C (SC) enabled the germination of Vaccinium ashei Reade seeds, although Climax
cultivar, when variables were maintained constant, using or not KOH and substrate, at 25°C, showed germina-
tion percentage statistically superior than the one at 10°C.

Experiment 2—Levels of seeds viability of Vaccinium ashei Reade cultivars Briteblue and Climax
through thetetrazolium test

In order to obtain satisfactory results in the tetrazolium test, is required that the 2,3,5, triphenil tetrazolium
bromide solution is absorbed by the seeds. Thus, some species need preparation steps, such as puncture, cut
and/or removal of the seed coat [21]. The puncture of the seed coat with a needle was essential so that the tetra-
zolium solution was able to act inside the seed, demonstrating impermeability by the tested cultivars. The class
levels established in the tetrazolium test for the Briteblue and Climax cvs. seeds are represented in percentage
staining red-orange of the embryo (Figure 3 and Figure 4). Embryos Vaccinium meridionale Swartz, treated
with tetrazolium solution at 1%, showed staining from light pink to dark pink, with shades of Orange [8]. Em-
bryos with less than 50% of staining red-orange were considered not viable. The number of classes depends on
the seed staining, morphological characteristics of the specie, and on the applied treatments, and for different
species, distinct levels of classes can be proposed [28].

Accordingly with the levels of proposed classes, to Briteblue cv., were considered viable the seeds that presented
50%, 75% and 100% of staining red-orange of the embryo (Figures 3(d)-(f)), which represent respectively

Figure 3. Embryo staining (a) dead (b) 0% (c) 25% (d) 50% (e) 75% and (f) 100% of blu-
eberry seeds of Briteblue cv. treated with 2,3,5 tripenyl tetrazolium bromide solution. Ponta

Grossa, PR, 2013.
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13%, 7% and 9% of the evaluated seeds (Figure 5(a)). Seeds that showed red-orange embryo staining of ap-
proximately 25% (Figure 3(c)) corresponded to 20% of the sample and were not considered viable, as well as
those that were not stained (dead or 0% of red-orange staining—(Figure 3(a) and Figure 3(b)), which repre-
sented 51% of the sample (Figure 3(a)), and from this percentage dead seeds correspond to 46%.

The same viability standards used to analyze the Briteblue cv. results, which were also used for Climax cv.,
were considered viable for the seeds that presented 50%, 75% and 100% of embryo staining red-orange
(Figures 4(d)-(f)) and that represented respectively 8%, 13.5% and 28.5% of the sample (Figure 4(b)). Seeds
that showed red-orange embryo staining of approximately 25% (Figure 4(c)) corresponded to 19% of the sam-
ple and were not considered viable. Those that were not stained (0% of red-orange staining or dead) represented
31% of the sample (Figure 5(b)).

Adding the percentage of the seeds that had the embryo stained red-orange over 50% in the tetrazolium test,
29% of the Briteblue cv. seeds and 50% of the Climax cv. seeds were considered viable. Vaccinium meridionale
Swartz submitted to the tetrazolium test showed 84.2% of viability, and from those, 63% germinated and 21.2%
did not germinate (remained dormant) [8]. The low percentage of germination of seeds can be related to elevated
number of unviable seeds in the tetrazolium test, or viables that remained in latent state.

4. Conclusions

Briteblue and Climax cvs. of blueberry seeds, which were pre-treated with 5 M of KOH for 5 minutes and germi-

Figure 4. Embryo staining (a) dead (b) 0% (c) 25% (d) 50% (e) 75% and (f) 100% of blu-
eberry seeds of Climax cv. treated with 2,3,5 tripenyl tetrazolium bromide solution. Ponta
Grossa, PR, 2013.
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Figure 5. Percentage of staining of the blueberry seeds embryo (a) Briteblue cv. and (b) Cli-
max cv., treated with 2,3,5 triphenyl tetrazolium bromide.
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nated on the same substrate at the same temperature, had low germination percentage in relation with the non-
treated seeds.

Blueberry seeds of both tested cultivars had their germinative behavior altered when the variables temperature
(10°C and 25°C) and substrate (SP and MS/2) were combined.

Vaccinium ashei Reade blueberry seeds treated with combination of the variables: exposure or not to KOH,
substrates (SP and MS/2) and temperature (10°C and 25°C) required up to 46 days to emit the first normal
seedling and showed slow germination, and after 6 months of beginning the germination test, germination per-
centage dose did not exceed 40%.

The tetrazolium test, based on the staining of the fabrics, allows the establishment of different levels of viabil-
ity, which is valuable for blueberry seeds.
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