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Maturation fruits and drying on quality of crambe seeds
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ABSTRACT: This study aimed to evaluate the effect of maturation fruit and drying
temperatures stages on oil content and the physiological performance of crambe seeds.
Randomized blocks were the experimental design, with four replications. Harvests
occurred when the plants reached 20, 40, 60, 80 and 100% brown color fruits. After
harvest, seeds were dried at different temperatures (natural and artificial air at 30, 45
and 60 °C). The seeds were evaluated for the weight of a thousand seeds, productivity, oil
content, germination and vigor (count of the first germination and seedling emergence).
Crambe seeds, FMS Brilhante cultivar, reach the maximum oil content with harvests made
from 70% of total brown color fruits. Drying temperatures do not affect the oil content
of the seeds. Harvesting crambe seed aiming at the highest physiological quality should
occur when the plants have between 75 and 85% brown fruits. Artificial drying at 30 and
45 °C can be recommended for crambe seeds, favoring the production of quality seeds.

Index terms: Crambe abyssinica Hochst, biodiesel, germination, vigor.

Maturagao de frutos e secagem na qualidade de sementes de crambe

RESUMO: Este estudo teve como objetivo avaliar o efeito dos estadios de maturacdo
dos frutos e das temperaturas de secagem sobre o teor de dleo e o potencial fisiologico
das sementes de crambe. O delineamento experimental foi o de blocos casualizados,
com quatro repeti¢bes. A colheita ocorreu quando as plantas atingiram 20, 40, 60, 80 e
100% de frutos de cor marrom. Apds a colheita, as sementes foram secas em diferentes
temperaturas (ar natural e artificial a 30, 45 e 60 °C). As sementes foram avaliadas quanto
ao peso de mil sementes, produtividade, teor de dleo, germinacdo e vigor (primeira
contagem de germinacdo e emergéncia de plantulas). As sementes de crambe, cultivar
FMS Brilhante, atingiram o teor maximo de 6leo com colheitas feitas a partir de 70% do
total de frutos de cor marrom. As temperaturas de secagem nao afetaram o teor de dleo
das sementes. A colheita de sementes de crambe visando a mais alta qualidade fisioldgica
deve ocorrer quando as plantas tiverem entre 75 e 85% de frutos marrons. A secagem
artificial a 30 e 45 °C pode ser recomendada para sementes de crambe, favorecendo a
producdo de sementes de qualidade.

Termos para indexa¢do: Crambe abyssinica Hochst, biodiesel, germinagao, vigor.
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INTRODUCTION

With the production and use stimulus of biodiesel, crambe is one of the best options for supplying raw material for
the sector due to its cultivation adaptability in tropical and subtropical climate and the high oil content in the seeds.
Colodetti et al. (2012) cited the importance of crambe in the production of biodiesel, with most of the oils used for
this purpose coming from annual crops, mainly crops with spring and summer cycles, lacking options at other seasons
that allow the continuity of production of biodiesel and use in industry. However, there is a lack of information on crop
management, especially regarding the production system of seed quality.

From the physiological maturity to the time of its use in the sowing, the seeds are subject to quality loss due to the
biochemical and physiological changes (Garcia et al., 2004), often due to stresses during these steps. Thus, it to know
the process of development and maturation of the seeds is important to establish the best harvest time, when the
seeds show the maximum germination and vigor.

The initial studies carried out with the objective of characterizing the seed maturation process of cultivated
plants were mainly aimed at determining differences in the phenology of species and cultivars and the evaluation
of parameters to indicate the appropriate time for harvesting (Marcos-Filho, 2015). It is noteworthy that, under
field conditions, the evolution of each characteristic of maturation is not easy to be monitored and the setting of a
date or time for the occurrence of physiological maturity due to events such as sowing, flowering and fruiting may
present differences for the same species and cultivar due to local climatic conditions, plant nutritional status, among
other factors. Therefore, it is interesting to know other parameters that allow the detection of physiological maturity,
correlating it with morphological characteristics of the plant, fruits and /or seeds.

To establish the ideal harvest point for a crop, it is important to know the process of formation and maturation of its
fruits and seeds (Lucena et al., 2013). The crambe has an indeterminate flowering habit (Oliveira et al., 2014). For these
plants, flowering and, consequently, seed production occurs for an extended period, which shows the maturation and
harvest effects on the quality of the seeds. Therefore, seeds harvested in different racemes or positions in the raceme
are affected by the environmental conditions in force during their formation and may present different germination
and vigor (Lucena et al., 2006). Thus, early harvest may compromise quality mainly due to the occurrence of immature
seeds (Melo and Ribeiro, 1990). On the other hand, delayed harvesting can compromise seed quality as seeds are
exposed to the weather for a longer period, resulting in seed deterioration even in the field of production.

Studying harvest times and physiological quality of crambe seeds, Oliveira et al. (2014) concluded that the best
time to harvest crambe seeds, cultivar FMS Brilhante, with higher physiological quality (maximum germination and
vigor) occurs within 14 to 26 days after flowering. Although there is growing interest in the crop, research on seed
maturation of this species is still scarce, especially when the objective is to identify morphological characteristics of the
plant, fruits and / or seeds, correlating them with seed maturation.

Seeds, freshly harvested from the field, may often have an inadequate water content to be safely stored, thus, they
need to be dried (Carvalho and Nakagawa, 2012). High water content can affect seed quality not only during harvesting
operations, but also during processing and storage. Smaniotto et al. (2014) evaluating the physiological quality of
soybean seeds stored under different conditions, observed that the initial water content influences the quality of
soybean seeds during storage.

In the postharvest phase of plant products, drying is the most widely used process to assure its quality and stability
since decreasing the amount of water in the material reduces the biological activity and the chemical and physical
changes that occur during storage (Ullmann et al., 2010). However, the optimal drying conditions for the crambe seed
plots are not yet well established, which could make unfeasible the production of seeds with the quality required by
the market. In order to determine the drying behavior of the crambe seeds, it is important to note that the drying
procedures are recent and it cover the aspects related to drying kinetics (Faria et al., 2012; Costa et al., 2013) and
drying (Costa et al., 2012; Martins et al., 2012). Thus, there is a need for research aiming the selection of types and
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methods of drying more appropriate for the production of seeds with high quality standard.
Given the above, this study aimed to evaluate the effect of maturation and drying temperatures stages on oil
content and the physiological and physical features of crambe seeds.

MATERIAL AND METHODS

The seeds were produced at the Experimental Field of the Department of Plant Science of the Universidade Federal
de Vicosa, Minas Gerais, whose geographical coordinates are 20°45’14” south latitude and 42°52’53” west longitude
at 650 m altitude. The climate of the region, according to the Képpen classification, is Cwb, mesothermic humid with
rainy summers and dry winters. The mean air temperature and relative humidity, as well as accumulated precipitation
were recorded during the period of conduction of the experiment (April to December 2016), and the values recorded
were: 19.57 °C, UR 74.27% and precipitation of 526.6 mm.

The experiment was carried out in randomized blocks, with four replications, arranged in a 5 x 4 (brown color fruit
x dry temperature) factorial scheme. There were five stages of maturation at harvest (plants with 20, 40, 60, 80 and
100% brown fruits) and four drying temperatures (natural and artificial air at 30, 45 and 60 °C).

To produce the seeds, we used FMS Brilhante crambe seeds, from the Foundation MS. Soil tillage consisted of one
plowing and two harrowing. Sowing was manual, in an area of 1.000 m?, using 0.50 m spacing between rows, with 20
seeds being sown per meter to a depth of 3 cm, without the pre-definition of plots.

Planting fertilization and cover were based on the soil chemical characteristics, in the 0-20 cm depth layer, and
carried out according to the recommendations for the crop (Pitol, 2008), which consisted of applying N:P:K formulation
4:14:8 (150 kg.ha) and, 25 days after planting, a cover fertilization with 45 kg.ha™ nitrogen, using urea as the source
of N. Technical recommendations were adopted for the best crop development, including irrigation in a conventional
aspersion system and the control of weeds with manual weeding.

We performed manual harvesting according to the color of the fruits when the plants showed 20, 40, 60, 80 and
100% of brown fruits (total number of fruits of plant in such conditions). During the flowering phase, the plants were
daily labeled and sampled until the percentage of brown fruits needed to harvest. Harvests corresponded to 38, 45, 52,
59 and 67 days after the anthesis, respectively.

At the time of harvest, the plants were cut and taken to the laboratory, where the racemes were cut. The seeds
were manually extracted and treated for the removal of barks and impurities. Then, the water content of the seeds was
determined by the standard oven method at 105 + 3 °C for 24 hours (Brasil, 2009).

Subsequently, seed samples were submitted to drying with natural air (ambient with natural air circulation) and
artificial drying (in a forced circulation oven, with drying air at 30, 45 and 60 °C) until reaching 10% of water content.
Water loss by the seeds was monitored by periodic weighing until reaching the desired humidity degree.

After drying, the seeds were packed in closed paper bags and they were stored in an air-conditioned room with an
average temperature of 20 °C and relative humidity close to 55% until the humidity stabilized. Soon after the humidity
stabilization, the seeds were weighed for yield determination. Data were corrected to 10% humidity adapting the
equation proposed by Santos et al. (2005). After these procedures, the seeds were submitted to the following tests
and/or determinations:

Seed oil content: the determination of the oil content occurred by the method of Nuclear Magnetic Resonance
(Oxford, 1989); the apparatus was previously calibrated with trans esterified crambe oil, using three subsamples of 10
g seeds per replicate, with results expressed in percentages.

Germination test: conducted in plastic boxes, with three subsamples of 50 seeds per replicate. The seeds were
distributed between two sheets of blotting paper, previously moistened with KNO, solution in a volume equivalent to
2.5 times the weight of the dry paper. The boxes containing the seeds were placed in a B.0O.D. germination chamber,
regulated at a constant temperature of 25 °C. We performed the evaluations on the fourth and seventh day after
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sowing, counting the number of normal seedlings, with the results expressed as a percentage, according to the criteria
established by the RAS (Brasil, 2009).

First germination counting: conducted along with the germination test; it consisted of the number of normal
seedlings on the fourth day after sowing (Brasil, 2009). The results are as percentage of normal seedlings.

Seedling emergence: conducted under uncontrolled greenhouse conditions, with sand substrate washed and
sterilized in an oven at 200 °C for two hours. The seeds were sown 3 cm deep in plastic trays and the substrate was
moistened with water equivalent to 60% of the retention capacity, keeping it in this condition with daily light irrigations
(Brasil, 2009). We counted the number of normal seedlings from the seventh day after sowing, adopting as an evaluation
criterion the seedlings that presented essential structures (root system, shoots with the first for leaves) developed and
complete, with results expressed as percentage of emergence of seedlings.

The data were not transformed because they met the assumptions of the normality and homogeneity tests,
being subjected to analysis of variance. The effects of the maturation stages were studied through regression analysis
by choosing the appropriate models to represent them based on their biological behavior, the significance of the
coefficients of the model and the coefficient of determination (R?). We used the Tukey test, at 5% probability, to study
the effects of the drying temperatures.

RESULTS AND DISCUSSION

The average values of the weight of a thousand seeds indicated that the seeds from the first harvest had an estimated
weight of 6.27g. From this maturation stage, the values increased until reaching the maximum weight of one thousand
seeds (7.38 g), with an estimated harvest of 72.62% of brown color fruits (Figure 1). There was an increase of 17.70% in
the weight of one thousand seeds of the first harvest until the maximum point. From this stage, there was a decrease of
a small magnitude until the last harvest, when the seeds had an estimated value of 7.08 g. These results can be explained
since the beginning of seed development is characterized by the relatively slow accumulation of dry material, also
affecting seed weight. After this step, the flow of dry matter accumulation is intensified to its maximum. From this point
accumulated reserves begin to be degraded and this effect also impacts on the reduction of seed weight.
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Figure 1. Weight of one thousand seeds — WOTS (g) and seed yield (kg.ha') of crambe harvested at different
maturation stages.
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Seed vyield was not influenced by maturation stages (Figure 1), with average values of 1530.86 kg.ha™. The
productivity results are in accordance with those achieved by the MS Foundation, which proves that, when cultivated
in soils of good to high fertility, crambe productivity varies from 1000 to 1500 kg.ha (Pitol, 2008).

The analysis of variance of the data revealed a significant effect of maturation stages (E) on all evaluated
characteristics. Drying temperatures (S) significantly influenced germination, first germination counting and seedling
emergence. Except for the oil content, the interaction E x S showed an effect on the other evaluated characteristics.

When the plants were with 20% brown fruits, harvesting showed seeds with 28.84% oil content (Figure 2). As the
maturation stages prolonged, an increase in the oil content of the seeds occurred, reaching the maximum (35.92%)
when the plants showed 79.47% brown fruits. From this maturation stage, values reduced with average oil contents in
the seeds close to 35.00% when the plants showed 100% brown fruits.

The determination of seed oil content as a function of fruit ripening stage and harvest time has also been studied by
other authors. In a study with Jatropha fruits, Pessoa et al. (2012) found that to obtain oil the fruits can be harvested at
any development stage when still adhered to the plant. However, the authors reported that the highest levels are found
from stage I, characterized by yellow fruits with shiny black seeds. Ducca et al. (2015) concluded that harvesting Jatropha
seeds should occur from 75 days after flowering to maximize oil yield, dry matter mass and physiological quality of seeds.

The different drying temperatures did not influence the oil content of crambe seeds (Figure 3), with values close
to 33.00%. Silva et al. (2013), when evaluating the drying effect with warm air, with natural air, in the farmyard, in the
shade and drying in the field on the quality of crude oil of crambe grains, concluded that the different methods did
not interfere in the quality of crude oil. Harris et al. (1978) report that high temperatures during seed development
are associated with the reduction in total oil content. Under field conditions, this effect is variable according to other
environmental factors such as water stress, thus affecting oil production by the effects on seed growth and development.

The germination results of seeds harvested at different fruit ripening stages and submitted to drying revealed that
the values of natural air drying and 30 °C were adjusted to the quadratic behavior models, while the temperatures
of 45 and 60 °C showed a cubic effect obtained values (Figure 4). For natural air-drying, germination was initially at
21%, with results increasing until 75.31% of brown fruits at the time of germination (69%). At this development stage,
even though the water content is high (29.48%), the seeds have already acquired germination potential, mainly due
to the accumulation of reserves. From this maturation stage, there was a reduction in values. In the last harvest, the
germination was at 59%.
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Figure 2. Seed oil content (%) of crambe harvested at different maturation stages.
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Figure 3. Seed oil content (%) of crambe submitted to different drying temperatures.
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Figure 4. Seed germination (%) of crambe harvested at different maturation stages and submitted to different drying
temperatures.

In a study with crambe seeds, Oliveira et al. (2014) verified germination higher than 70% in the first harvest season
at 14 days after flowering. However, germination reduced significantly until the last harvest, with values close to 44%.
In this study, the low germination percentage observed in the early stages of maturation may be associated with the
indeterminate flowering habit of the crambe crop and the post-harvest dormancy of its seeds. According to Costa et al.
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(2011), the unevenness present in the crambe racemes possibly contributed to seed dormancy in different degrees. In
addition to genetic factors, some environmental factors, such as day length, light quality, mineral nutrition, competition,
temperature, physiological stage of the plant and the position of the seed in the parent plant have a great influence on
dormancy during its development (Hilhorst, 2007).

The maximum germination percentage (82%), when the seeds were submitted to drying air at 30 °C, occurred in
the stage with 84.44% of brown fruits, occurring, from this stage, a reduction in values (Figure 4). In the first harvesting
season, there was practically no germination when the seeds were exposed at temperatures of 30, 45 and 60 °C. This
result can be explained since the seeds were still in the development process, presenting high water content. Thus,
drying at these temperatures may have caused damage to the embryo, because at this development stage the seeds
do not yet present the desiccation tolerance mechanisms sufficiently active to respond efficiently to the stresses, as
reported by Bewley et al. (2013).

In addition, Bewley et al. (2013) reported that premature desiccation affects synthesis of proteins as well as synthesis
of enzymes essential for the development and germination of seeds. Therefore, removal of the seeds from the plant, with
subsequent rapid drying, can determine the complete feasibility loss, depending on the stage of development in which
it occurs and the species. The seed cell membranes system remains disorganized during most of the transfer period of
plant matter for the seeds (Abdul-Baki and Anderson, 1972). It is further verified that at 45 °C the maximum germination
percentage was 91% while seeds submitted at 60 °C showed the maximum germination estimated at 53% (Figure 4).

It appears that, regardless of the harvesting season, the seeds exposed to the drying temperature of 60 °C
(Figure 4) showed germination below the standard established for the commercialization of seeds of oil species of
the same crambe family, such as canola, which is 70% germination for basic seeds (Brasil, 2013).

Analyzing the effects of drying temperatures within each stage of maturation, the use of temperature at 60 °C was
detrimental to the germination of the seeds harvested at all stages of maturation (Table 1). The lower germination
percentage of seeds from all fruit ripening stages at 60 °C is possibly associated with deterioration of seed cell
membranes, as already reported.

In other studies, with crambe seeds, Faria et al. (2014) reported that the temperature between 40 and 60 °C
provided better physiological performance of crambe seeds while the at 70 °C it was detrimental. Regarding the
drying methods, Oliva et al. (2012) observed that there was no immediate negative effect of shade drying, drying with
unheated air, drying with heated air, drying in the farmyard and drying in the field on the quality of crambe seeds. The
drying method in the plant provided lower number of dead seeds in relation to the other treatments.

In post-harvest seeds of Jatropha, drying is the most used process to ensure its quality (Ullmann et al., 2010). The
authors verified that the drying temperature of the seeds affects their physiological quality. As the drying temperature
increases, mechanical damage of the Jatropha seeds occurs; however, germination is still high. Evaluating Jatropha
seeds, Zonta et al. (2011) reported that the seeds can be dried in the sun at temperatures of 33 and 43 °C. They also

Table 1. Seed germination (%) of crambe harvested at different maturation stages and submitted to different
drying temperatures.

) Maturation Stages (% brown fruits) Means
Drying Temperatures
20 40 60 80 100
Natural air 25.77 A 42.49 A 55.35C 87.83A 50.66 C 52.42
30°C 10.00B 19.77B 79.47 A 90.66 A 69.63 B 53.90
45 °C 3.35C 23.03 B 68.33 B 88.66 A 81.55A 52.98
60 °C 1.00C 3.66C 40.58 D 49.33B 30.49D 25.01
Means 10.03 22.23 60.93 78.97 58.08

Means followed by different letters in the column differ from each other at 5% probability, by the Tukey test.
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found that at 43 °C there is less drying time, better germination, and vigor of Jatropha seeds. According to the authors,
shade drying is detrimental to seed quality.

Figure 5 shows the values for the first seed germination test, harvested at different maturation stages, and submitted
to drying methods. The results from drying with natural air and at 60 °C adjusted to quadratic behavior models while
temperatures at 30 and 45 °C showed a cubic effect in the obtained values.

For seed drying with natural air, the germination was 6% when the plants had 20% brown fruits. There were
increases in the percentage of normal seedlings up to the stage with 82.04% brown fruits when it reached its maximum
vigor value (61%). From this maturation stage, the values reduced, observing that harvests with 100% brown fruits
resulted in 56% germination at the first test counting (Figure 5).

Seeds submitted to 60 °C also showed values of the first germination counting, adjusting to a quadratic model.
This temperature was detrimental to seed quality regardless of maturation stages since the maximum value was
31% germination at the first counting, for a harvest with 79.86% brown fruits (Figure 5). Better results occurred
when the seeds were dried at 30 and 45 °C, presenting, respectively, 83 and 89% of maximum germination in the
first count (Figure 5).

The development of the E x S interaction, studying the effect of drying temperatures within each stage of maturation,
revealed that seed exposure to drying air at 60 °C was detrimental to seed quality from different stages of maturation
(Table 2). The data from the first count followed the trend of those observed in seed germination, indicating that drying
with natural air and with mild temperatures (30 and 45 °C) enhanced the production of more vigorous seeds especially
when they were harvested from plants with 80% of brown fruits. At this stage of maturation, the values obtained were
higher than 80% of germination even at the first count of the test. Drying at 60 °C was also detrimental to seed vigor in
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** and * significant, at 1 and 5%, by the “t” test, respectively.

Figure 5. First seed germination counting (%) of crambe harvested at different maturation stages and submitted to
different drying temperatures.
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most fruit ripening stages (Table 2).

For all drying temperatures, there was a cubic effect on the emergence of seedlings (Figure 6). The ripening stage
with 40% brown fruits presented the lowest results. From this stage there was an increase in the values obtained, and
seeds from the stage with 80% brown fruits presented the best results of seedling emergence. Seeds dried in natural
air showed 51% of seedlings emerged, while air drying at 30, 45 and 60 °C the values found were 55, 53 and 48% of
seedling emergence, respectively. The later harvest, with 100% brown fruits, was detrimental to seed vigor, regardless

of the drying temperature.

In the research work, the data are contradictory regarding the moment when the maximum germination occurs in

Table 2. First seed germination counting (%) of crambe harvested at different maturation stages and submitted to

different drying temperatures.

) Maturation Stages (% brown fruits) Means
Drying Temperatures
20 40 60 80 100
Natural air 10.50 A 31.30A 37.40B 85.50 A 45.30B 42.00
30°C 2.00 B 9.40 B 39.508B 88.90 A 55.108B 38.98
45 °C 2.00B 16.60 B 61.10 A 87.10 A 72.10A 38.78
60 °C 1.00B 3.20C 27.30C 42.00B 20.80C 18.86
Means 3.87 15.12 41.32 75.87 47.80

Means followed by different letters in the column differ from each other at 5% probability, by the Tukey test.
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** and * significant at 1 and 5% by the “t” test, respectively.

Figure 6. Seedling emergence (%) of crambe from seeds harvested at different maturation stages and submitted to

different drying temperatures.
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Table 3. Seedling emergence (%) of crambe from seeds harvested at different maturation stages and submitted to
different drying temperatures.

) Maturation Stages (% brown fruits) Means
Drying Temperatures
20 40 60 80 100
Natural air 36.45A 31.53A 31.78 A 56.95 A 27.99B 36.94
30°C 21.04B 19.61B 22.28 B 62.83 A 38.99A 32.95
45 °C 22.57B 27.33A 27.77 A 60.16 A 33.16A 34.19
60 °C 1.00C 6.24C 33.20A 48.07 B 25.99B 22.90
Means 20.26 21.17 28.75 57.00 31.53

Means followed by different letters in the column differ from each other at 5% probability, by the Tukey test.

relation to the maximum accumulation of dry matter. According to Marcos-Filho (2015), the physiological maturity point
of seeds is marked by the maximum accumulation of dry matter mass, by the maximum physiological quality, besides
water loss. Ellis and Pietra Filho (1992), working with different species, suggested that the maximum physiological
potential would only occur after the seed physiological maturity. These authors proposed the term “mass maturity”
to characterize the time of occurrence of the maximum mass of dry matter, considering that this moment does not
coincide with maximum vigor and germination.

In this work, the maximum germination and vigor points, by first counting and seedling emergence tests, occurred
after the maximum accumulation of dry matter, which was estimated when the plants showed 67.81% brown fruits,
therefore, before the stage of maximum germination, according to the information of Ellis and Pietra Filho (1992).

The results of drying temperatures within each maturation stage also revealed a detrimental effect of 60 °C on
seedling emergence (Table 3). The post-harvest drying occurs to reduce the humidity content of the seeds to safe levels,
aiming to attenuate the possibility of injuries during handling and to allow the proper preservation of the physiological
performance during storage. However, it is necessary that artificial drying be conducted with due care and speed
sufficient to remove water capable of accelerating the destructive metabolism without promoting seed disturbance,
usually caused by the use of elevated temperatures and mechanical damage during drying (Marcos-Filho, 2015).

CONCLUSIONS

Crambe seeds, FMS Brilhante cultivar, reach the maximum oil content with harvests made from 70% of total
brown fruits.

Drying temperatures do not affect the oil content of the seeds.

Harvesting crambe seed aiming at the highest physiological quality should occur when the plants have between 75
and 85% brown fruits.

Artificial drying at 30 and 45 °C can be recommended for crambe seeds, favoring the production of quality seeds.
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