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HIGHLIGHTS:
Cold chamber storage environment favors the quality of chickpea seeds.
Storage period significantly influences the quality of chickpea seeds.
Kraft® paper packaging is more efficient for storing chickpea seeds.

ABSTRACT: Storage is a fundamental practice in the control of the physiological quality of seeds, as it is a method
that can preserve their viability and vigor for a longer period. Thus, the objective of the present study was to evaluate
the storage of chickpea seeds in different packagings, environments, and periods. The completely randomized design
was used in a 2 x 2'X 4 factorial scheme, correspondi? to two types of packaging (hermetic and Kraft® paperg, two
storage environments (cold chamber environment and conventional environment), and four storage periods (0, 45,
90, and 135 days), with four replicates. The seeds were placed in Kraft® paper bags and hermetic packagings and
stored for 135 days in the environments: cold chamber (14.5 °C and relative air humidity of 65%) and conventional
environment (no temperature and relative air humidity control). Every 45 days, seeds were subjected to the followin
evaluations: determination of water content, germination, first germination count and accelerated aging. In general,
the maintenance of the %hysiological quality of chickpea seeds was verified in Kraft® paper packagings and the cold
chamber environment, Storage of chickpea seeds in hermetic packaging must be carried out with seeds with 7%
moisture, regardless of the storage environment. The packagings maintained the physiological quality of chickpea
seeds for up to 45 days, regardless of the storage environment.

Key words: Cicer arietinum L., hermetic packaging, physiological quality, vigor

RESUMO: O armazenamento é uma pratica fundamental no controle da qualidade fisioldgica das sementes, pois é um
método que pode preservar sua viabilidade e vigor por mais tempo. Assim, o objetivo do presente estudo foi avaliar
o armazenamento de sementes de grao-de-bico em diferentes embalagens, ambientes e periodos. O delineamento
inteiramente casualizado foi utilizado em esquema fatorial 2 x 2 x 4, sendo dois tipos de embalagens (hermética e papel
Kraft®), dois ambientes de armazenamento (ambiente de cAmara fria e ambiente convencional) e quatro periodos de
armazenamento (0, 45, 90 e 135 dias), com quatro repeti¢des. As sementes foram acondicionadas em sacos de papel
Kraft® e embalagens herméticas, e armazenadas por 135 dias nos ambientes: cAmara fria (14,5 °C e umidade reFatlva
do ar de 65%) e ambiente convencional (sem controle de temperatura e umidade relativa do ar). A cada 45 dias, as
sementes foram submetidas as seguintes avaliacdes: determinagio do teor de dgua, ﬁerminagéo, primeira contagem
de germinagdo e envelhecimento acelerado. Em geral, a manutencao da qualidade fisiolégica das sementes de grao
de Eico foi verificada em embalagens de papel Kraft® e em ambiente de camara fria. O armazenamento de sementes
de grao de bico em embalagens herméticas deve ser realizado com sementes com 7% de umidade, independente do
am%iente de armazenamento. As embalagens mantiveram a qualidade fisiolégica das sementes de grao de bico por
até 45 dias, independente do ambiente de armazenamento.
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INTRODUCTION

Chickpea (Cicer arietinum L.) belongs to the legume family
and plays an important role in human nutrition (Merga & Haji,
2019), being one of the most consumed legumes in the world,
second only to soybeans (Swamy et al., 2020).

Storage is an excellent alternative to meet the logistics of
the production and sale of seeds. Thus, information on the
behavior of seeds in the face of the probable climatic conditions
that occur during storage can help make the storage based on
the cost-benefit ratio, resulting from possible losses of quality
during storage.

Environmental conditions related to temperature, relative
air humidity, and water content of seeds should be taken into
account during storage, as unfavorable conditions lead to
reduced longevity of seeds (Suriyong et al., 2015).

Among the factors mentioned above, seed moisture content
is considered the main factor affecting seed longevity, as it can
induce to high respiratory rate and consumption of energy
reserves (Martins & Pinto, 2014; Wang et al., 2018; Ullmann
et al,, 2018).

Another factor that interferes with the physiological quality
of seeds is the type of packaging used (Marcos Filho, 2015);
the packaging for seed storage, available on the market, has
permeable, semi-permeable or impermeable characteristics,
each with a different degree of protection regarding variations
in air humidity and hygroscopicity (Baudet & Villela, 2019).

However, there are few studies in the literature on the
storage of chickpea seeds, especially regarding the environment
and ideal storage temperature, and the best packaging. Thus,
the objective of this study was to evaluate the storage of
chickpea seeds in different packagings, environments, and
storage periods.

MATERIAL AND METHODS

The experiment was conducted at the Seed Analysis
Didactic Laboratory “Flavio Farias da Rocha” of the Graduate
Program in Seed Science and Technology at the Federal
University of Pelotas. A lot of chickpea seeds, cultivar Aleppo
from the 2019/2020 growing season, was used. After harvesting
and processing the seeds, the experiment was set up.

The completely randomized design was used in a 2 x 2 x
4 factorial scheme, corresponding to two types of packaging
(hermetic and Kraft” paper), two storage environments (cold
chamber environment and conventional environment), and
four storage periods (0, 45, 90, and 135 days), with four
replicates.

From the seed lot, 1.5 kg were taken and placed in each of
the aforementioned packagings and stored in a conventional
environment, without temperature and relative air humidity
control, and in a cold chamber set at 14.5 °C and relative air
humidity of 65%. From the same original lot, a representative
sample was taken and the physiological quality was evaluated,
whose data obtained were taken as a result of month zero of
storage.

The meteorological data recorded during the experimental
period are illustrated in Figure 1.
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Aver.temp - Average temperature; Max.temp — Maximum temperature; Min.temp -
Minimum temperature; RH - Relative air humidity

Figure 1. Monthly data of rainfall, relative air humidity and
temperature recorded at the Instituto Nacional de Meteorologia
- Pelotas Station, Brazil, during the experimental period, year
2020

To assess the physiological quality in the different storage
periods, the following assessments were performed:

Seed water content: it was determined by the standard oven
method at 105 + 3 °C for 24 hours (Brasil, 2009).

Germination test: 50 seeds per treatment were sown
between sheets of germitest paper, in the form of rolls and
moistened with a volume of distilled water equivalent to 2.5
times the dry weight. The rolls were placed in a germinator
at a temperature of 20 °C. The evaluations were carried out
on the fifth and tenth day after sowing, and the results were
expressed as a percentage of normal seedlings, according to
criteria established by Brasil (2009).

First germination count: it was carried out along with the
germination test with evaluation on the fifth day after sowing,
with the results expressed in percentage, according to Brasil
(2009).

Accelerated aging: a single layer of 300 seeds was evenly
distributed on an aluminum screen coupled to the gerbox (11
x 11 x 3.5 cm), containing 40 mL saturated sodium chloride
solution (40 g of NaCl for 100 mL distilled water). Gerboxes
were covered and kept in a BOD chamber, at 40 °C for 24 hours.
After this period, the germination test was carried out, with
four replicates of 50 seeds per treatment, in which counting was
performed on the fifth day, according to the criteria established
in the Rules for Seed Analysis (Brasil, 2009).

Data obtained were tested for normality and homogeneity
of variances and then subjected to analysis of variance.
In addition, effects of storage packagings and storage
environments were studied by the F test at p < 0.05. The
effects of storage periods were tested by regression analysis,
selecting the appropriate models to represent them based on
their biological behavior, on the significance of the model
coefficients and on the value of the coefficient of determination
(R?). For data analysis, the statistical software R was used (R
Core Team, 2017).

RESULTS AND DISCUSSION

There was a significant effect of the triple interaction
between the factors for the variable water content (Table 1).
The double interaction was significant for the packaging and
storage period factors for germination and first germination
count. In relation to accelerated aging, there was a significant
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Table 1. Analysis of variance for the variables water content
(WCQC), germination (GER), first germination count (FGC), and
accelerated aging (ACA) of chickpea seeds stored in different
packagings, environments and periods

**, ns - Significant and not significant by F-test at p < 0.05, respectively

effect of the double interactions between the packaging and
environment factors, and between environment and storage
period factors.

In the cold chamber environment (Figure 2A), the water
contents of the seeds throughout the storage period showed

* - Significant at p < 0.05 by F test

Figure 2. Water content of chickpea seeds stored in a cold
chamber (A) and conventional storage (B) as a function of
storage period for different storage packagings
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a linear behavior for the packagings. In the initial evaluation
period, seeds stored in hermetic and Kraft paper packagings
had an estimated water content of 10.76%. However, during the
storage period, the water content of seeds for both packagings
decreased, reaching the lowest percentages of 7.09 and 8.29%
moisture, respectively, at the end of evaluation period. Thus,
the results obtained represented reductions in the water content
of seeds of 34.10 and 22.95%, respectively, compared to the
initial evaluation (period 0).

The decrease in the percentage of water content over the
months of storage can be attributed to the hygroscopicity of
the seed, that is, it has the property of absorbing or transferring
water to the surrounding air (Oliveira et al., 2014; Costa et
al., 2015). Humidity variations inside the packagings during
storage cause variations in the water content of seeds during
this period, since the seed has hygroscopic tissues (Capilheira
etal., 2019).

As for the conventional environment (Figure 2B), the
water content of the seeds stored in hermetic and Kraft’ paper
packagings showed linear and quadratic behavior, respectively.
Considering the results obtained with seeds stored in hermetic
packaging, the water content, which was 10.76% at the
beginning of storage, decreased until reaching its lowest value
(7.10%) in the last evaluation period (135 days). In turn, seeds
stored in Kraft” paper packaging showed an increase in water
content, reaching 13.26% at 43 days of storage with a further
reduction in this percentage, at 135 days, in which the water
content was 6.53%.

The storage of seeds in permeable packagings allows the
internal humidity to change with the environment, causing
increases or decreases in the water content until reaching
hygroscopic equilibrium (Rocha et al., 2017; Moreano et al,,
2018; Keneni et al., 2019). Smaniotto et al. (2014) evaluated
the storage of soybean seeds and observed a reduction in the
water content, to 11%, due to the permeability of the packaging,
which allowed greater intensities of water vapor exchange with
the environment. However, under conventional environment
conditions, there is variation in relative air humidity throughout
the year, with a consequent activity in seed moisture content,
while under controlled environment conditions, the variation is
minimal. In the city of Pelotas, RS, Brazil, where the experiment
was carried out, the highest relative air humidity occurs in
May (Figure 1), when the evaluations were carried out, which
explains the higher moisture content of seeds stored in the
conventional environment. Silva et al. (2019), studying the
storage of sorghum seeds in the city of Botucatu, SP, Brazil,
observed that the lowest moisture contents of the seeds stored
in a natural laboratory environment were obtained in July,
when the lowest relative air humidity was observed. Thus,
the increase in the water content of seeds in the Kraft paper
packaging can be justified by fluctuations in weather conditions
observed during seed storage (Figure 1). According to Baudet
& Villela (2019), when stored in permeable packagings, seeds
change their water content as a function of variations in relative
air humidity, as they are hygroscopic.

According to Table 2, for the cold chamber environment
at 45 days of storage, there was no difference between the
packagings; on the other hand, at 90 and 135 days, seeds
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Table 2. Water content (%) of chickpea seeds stored in different
environments, packagings and periods

For the same storage period, means followed by different uppercase letters, in the same row
(packagings), and lowercase letters, in the same column (environments), are significantly
different from each other by F-test at p < 0.05

stored in the Kraft' paper packaging had higher water content,
compared to those stored in the hermetic packaging.

Changes in the water content of seeds in the present
study can be explained by the fact that the cold chamber was
frequently opened during some periods, causing fluctuations
in temperature and humidity. And the permeable packagings
do not offer any resistance to the exchange of water vapor
between seeds and the environment in which they are stored;
thus, the water content of seeds stored in permeable packagings
varies according to variations in relative air humidity,
because they are hygroscopic (Hornke et al., 2020). In the
conventional environment, at 45 and 90 days of storage, the
lowest percentage of the water content of seeds was found for
the hermetic packaging (Table 2).

According to Marcos Filho (2015), moisture content is one
of the factors that most affect the metabolic activity of seeds
and, therefore, can determine the maintenance of embryonic
viability and seed quality during storage. For orthodox seeds,
these can be dried to low water contents between 5 and 7% and
stored at low temperatures (Costa, 2009). However, Harrington
(1972) considers the water contents for orthodox seeds between
5 and 14% and storage temperature between 0 and 50 °C.
To maintain viability throughout the storage period, a 1%
reduction in seed water content doubles the viability period
as well as a decrease of 5.6 °C in temperature.

The germination percentage of seeds stored in both
packagings decreased linearly over the storage period (Figure
3). The germination percentage, which was 83% at the
beginning of storage, reduced until reaching its lowest value
of 46 and 38%, respectively, in Kraft" and hermetic paper
packagings after 135 days of storage (Figure 3).

This may be because chickpea seeds were packed in
waterproof packaging with humidity above 10%. This humidity
condition is considered high compared to hermetic packaging
standards, which favors the seed deterioration process.
Satasiya et al. (2021) also observed a reduction in chickpea
seed germination under natural conditions during the seed
storage period.

When studying the effect of packaging within each
storage period, it is verified that there was a difference in the
germination percentage of seeds only in the storage period of
135 days, and the seeds stored in Kraft” paper packaging had
higher germination percentages (Table 3).

Thus, permeable packaging such as paper allows for
gas exchange between the seed and the environment, while
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* - Significant at p < 0.05 by F test
Figure 3. Chickpea seed germination as a function of storage
period for different packagings

Table 3. Chickpea seed germination as a function of packaging
for different storage periods

Means followed by different letters on the same column are significantly different by
the F test at p < 0.05

hermetic packaging restricts such exchange (Ferreira & Bazzo,
2020). In the same study, it was possible to verify that the
analyzed variables showed a significant drop when the seeds
were packed in plastic packaging under a natural environment
condition.

It is worth mentioning that in the initial period of storage
the seeds showed a minimum percentage of germination
(80%) acceptable for the commercialization of chickpea seeds
(Brasil, 2012).

When evaluating the vigor of seeds by first germination
count, a quadratic regression equation fitted to the results
(Figure 4). There was a reduction in the vigor of seeds stored

* - Significant at p < 0.05 by F test
Figure 4. First germination count of chickpea seeds as a
function of storage period for different packagings
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in hermetic packagings up to 90 days of storage. As for the
Kraft paper packaging, in the initial period of assessment, the
seeds showed vigor of 72%, decreasing sharply until 90 days
of storage, reaching a vigor of 35%. Similar results obtained
in this study were observed by Silva et al. (2010), who also
observed that rice, corn and bean seeds, stored in permeable
packaging at chamber temperature, showed decrease in vigor
over storage time.

According to Marcos Filho (2015), the maintenance of vigor
may be related to the moisture variations observed according
to the hermetic packagings used and the concentration
of O, inside the packagings, which interfere with the seed
metabolism.

When studying the effect of packagings within each storage
period, it is verified that with 45 and 135 days of storage, seeds
stored in Kraft’ paper packaging were more vigorous compared
to those stored in hermetic packaging (Table 4).

It is noteworthy mentioning the lower performance from
the storage of seeds in hermetic packaging due to improper
storage humidity affecting the metabolism of seeds to the point
of compromising their vigor (Antonello et al., 2009).

According to Donadon et al. (2015), among the physiological
symptoms most strongly affected by the seed deterioration
process are those related to vigor; this occurs due to the
disruption of the membrane system through the attack of its
cellular constituents by free radicals, triggering serious damage
during the growth and formation of seedlings.

Regarding accelerated aging, there was no statistical
difference between the packagings in any of the environments
(Table 5). However, seeds stored in Kraft' paper packaging
in the cold chamber were more vigorous when compared to
those stored in the conventional environment. Similar results
were reported by Almeida et al. (2010), who emphasize that
the physiological quality of stored oilseeds is better when they
are kept in a controlled temperature environment.

Regarding the analysis of storage periods (Figure 5),
at the beginning of storage, seeds showed a vigor of 83%,
decreasing linearly for both storage environments, reaching the
lowest percentages of 29.14 and 42.79% for the conventional
environment and cold chamber, respectively.

Seeds stored in a controlled environment tend to be
preserved for a longer time, as with the use of a reduced
temperature there can be less loss of water to the environment.

Table 4. First germination count of chickpea seeds as a function
of packagings for different storage periods

Means followed by different letters on the same column are significantly different by
the F test at p < 0.05

Table 5. Accelerated aging of chickpea seeds stored in different
packagings and environments

Means followed by different uppercase letters, in the same row (packaging), and lowercase
letters, in the same column (environment), are significantly different by F-test at p < 0.05
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* - Significant at p < 0.05 by F test
Figure 5. Accelerated aging of chickpea seeds as function of
storage period in conventional environment and cold chamber

On the other hand, in environments without humidity and
temperature control, the humidity in the air may be sufficient to
promote the resumption of embryonic development (Gibbert
et al., 2019).

In this context, the information obtained in this study helps
determine the best strategies to be adopted to store chickpea
seeds, seeking to obtain high-quality seeds.

CONCLUSIONS

1. In general, the maintenance of the physiological quality
of chickpea seeds was verified in Kraft paper packagings and
in a cold chamber environment.

2. The storage of chickpea seeds in hermetic packaging
must be carried out with seeds with 7% moisture, regardless
of the storage environment.

3. The packagings maintained the physiological quality of
the chickpea seeds for up to 45 days, regardless of the storage
environment.
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