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Seed longevity of Colubrina glandulosa Perkins stored
Longevidade de sementes de Colubrina glandulosa Perkins armazenadas
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A B S T R A C T

Colubrina glandulosa Perkins is a species of ecological and socioeconomic importance, but in danger of extinction. The 
present study aimed to evaluate different storage conditions to check the physiological quality of the colubrina seeds. 
The seeds were stored in a paper bag and glass bottle, in a laboratory environment and in a dry chamber, during 0, 3, 
6, 9, 12, and 15 months. For each storage period and condition, the following variables were evaluated: water content, 
germination, speed of germination, mean time and germination synchrony, total length, and dry mass of seedlings. 
The experimental design was completely randomized, in a 2 × 6 factorial arrangement (2 packs and 6 storage periods), 
with 4 replicates of 25 seeds. The water content of the seeds ranged from 8.0% to 17.8%, depending on the packaging 
and environmental conditions of the storage site, being physiologically classified as orthodox. Under the laboratory 
conditions, seed physiological potential decreased from 6 months onward in the paper packaging. Seeds conditioned 
in a porous or impermeable packaging with a water content of 8.0%, in the dry chamber condition, remained viable 
when stored for 15 months.

Keywords: colubrina; period and storage condition; physiological quality; water content.

R E S U M O

Colubrina glandulosa Perkins é uma espécie de importância ecológica e socioeconômica, porém, em risco de extinção. 
O presente trabalho teve como objetivo avaliar diferentes condições de armazenamento sobre a qualidade fisiológica 
de sementes de colubrina. As sementes foram acondicionadas em saco de papel e frasco de vidro, em ambiente de 
laboratório e em câmara seca, durante os períodos de 0, 3, 6, 9, 12 e 15 meses. Para cada período e condição de arma-
zenamento foram avaliadas as seguintes variáveis: teor de água, germinação, velocidade de germinação, tempo médio 
e sincronia de germinação, comprimento total e massa seca de plântulas. O delineamento experimental foi inteiramente 
casualizado, em arranjo fatorial 2 x 6 (duas embalagens e seis períodos de armazenamento), com quatro repetições de 
25 sementes. O teor de água das sementes variou de 8,0 a 17,8%, dependendo da embalagem e das condições ambien-
tais do local de armazenamento, sendo fisiologicamente classificadas como ortodoxas. Em condições de laboratório, 
verificou-se diminuição no potencial fisiológico das sementes, a partir dos 6 meses, em embalagem de papel. Sementes 
acondicionadas em embalagem porosa ou impermeável, com teor de água de 8,0%, na condição de câmara seca, manti-
veram a viabilidade quando armazenadas por 15 meses.

Palavras-chave: colubrina, período e condição de armazenamento, qualidade fisiológica, teor de água.
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INTRODUCTION

Colubrina glandulosa Perkins, Rhamnaceae family, 
is commonly known as colubrina, with poten-
tial for use for luxury furniture manufacturing, 
energy production, pulp and paper, afforestation 
in squares and parks, as well as in restoration of 
degraded areas for conservation purposes. The 
tree is deciduous, however, it is presumed that 
this species presents different ecotypes, adapta-
tions to different climatic regions, as it is possi-
ble to find specimens with foliage even during 
the physiological rest season (Lorenzi, 2016). This 
species enters the reproductive age at 3 years old, 
in plantations, in fertile soils, and can survive 
approximately 40 years (Carvalho, 2005). Recently, 
it gained immense attention in a broad spectrum 
of researches in the South of Brazil.

The irregularity in seed production in most forest 
species, motivated by a majority of varied factors, 
makes it impossible to meet the demands of seed-
ling production programs for a variety of purposes 
(Oliveira et al., 2017). Through storage, it is possible 
to conserve the germplasm of valuable and endan-
gered plants (Léon-Lobos and Ellis, 2018); however, 
in order to obtain positive results, the seeds must 
be stored in optimal conditions.

It is therefore necessary to use appropriate tech-
niques to maintain the viability of seeds for the 
longest possible time period, minimizing the dete-
rioration processes, and thus, ensuring the mainte-
nance of the seed regulating stock for subsequent 
years of low production. According to Wencomo 
et al. (2017), the purpose of storage is to conserve 
the seeds and preserve their physical, physiolog-
ical, and sanitary qualities, for future sowing and 
cultivating healthy plants after germination.

Thus, in addition to the seed treatment, appro-
priate packaging and optimal environmental 
conditions are required. According to Sahu et al. 
(2017), storage should be carried out under differ-
ent conditions, depending on the species and the 
characteristics of its seeds. The storage conditions 
may vary with the time period in which the seeds 
will be stored (Silva et al., 2018). In general, the 
reduced environmental luminosity, temperature, 
and humidity, as well as the seed temperature lead 
to decreased seed metabolism, and thus prevent 

microbial attack and seed deterioration, thereby 
increasing the seed shelf life (Schneider et al., 2017). 
Evaluating the seed behavior against the storage 
potential is fundamental in inferring about the 
ecological environment in which the species has 
evolved and its present state.

This study aimed to evaluate the different storage 
conditions on the physiological quality of colubri-
na seeds.

MATERIAL AND METHODS

The study was conducted in the Laboratory of 
Plant Propagation, Center of Agricultural Scienc-
es, Federal University of Alagoas, Rio Largo, AL, 
Brazil.

Site collection and Plant Material

The seeds were collected from October to Decem-
ber 2015, in forest fragments, in the municipality of 
Bom Conselho, mesoregion of the state of Pernam-
buco (Agreste), with 09º 10′ 11′′ S, 36° 40′ 47′′ W, and 
altitude of 654 m. The mean annual temperature 
was 21 °C (Fig. 1). According to the climatic classi-
fication of Köppen, the climate is classified as BSh, 
semi-arid hot with annual precipitation of 918 mm 
(Figure 1).

Mature fruits were collected directly from the 
trees, maturity being indicated by the change 
in coloration (going from green to dark brown) 

 

Figure 1 - Monthly averages of temperature and precipitation occurred in Bom 
Conselho (PE) from October 2014 to December 2015. 
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Figure 1 - Monthly averages of temperature and precipitation 
occurred in Bom Conselho (PE) from October 2014 
to December 2015.
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and the onset of dehiscence. The number of trees 
collected is listed in Table 1.

The fruits were kept in the shade and broken for 
the extraction of the seeds, according to the recom-
mendations of Lorenzi (2016). The seed lots were 
formed only by mature seeds and without visual 
damage. It was observed that the smaller fruits, of 
late maturation, did not present seeds.

Furthermore, the seeds were counted and 
preserved in four conditions: in Kraft type paper 
bag and glass bottle, in laboratory environment 
(uncontrolled) and in dry chamber (18 °C and 45% 
RH), storage period: 0 (without storage), 3, 6, 9, 12, 
and 15 months.

For each evaluation period, in each storage condi-
tion, the water content of the seeds was determined 
and the germination test was performed.

The methodology used to propose seed classifica-
tion for storage capacity was based on the meth-
odology proposed by Hong and Ellis (1996), with 
some modifications.

Assessed parameters of the seeds

The water content was determined with two seed 
samples of 1 g each. The greenhouse method was 
used at 105 ± 3 °C for 24 h, in accordance with the 
Rules for Seed Analysis (Brasil, 2009).

For the germination test, seed asepsis was 
performed by immersing them in 70% alcohol for 
1 min followed by washing them in running water 
(Melo Junior et al., 2018). Thereafter, the seeds 

were sown in the region opposite to the hilum and 
were placed to germinate on two sheets of paper 
towels moistened with distilled water equivalent 
to 2.5 times the weight of the dry paper (Brasil, 
2009), kept in plastic boxes (11.0 × 11.0 × 3.5 cm) 
in a Biochemical Oxygen Demand (BOD) germinat-
ing chamber regulated at 30 °C with photoperiod 
of 8 h. Seeds germinated were considered to have 
originated seedlings classified as normal (Brasil, 
2009), and were counted daily at the same time for 
19 days. The substrate was kept sufficiently moist 
throughout the test. The variables analyzed were: 
germination, germination speed, mean germina-
tion time, and synchrony index, total length, and 
dry mass of seedlings, according to the following 
equations:

(a)  Germination: 𝑔𝑖 = (Σ𝑘𝑖=1ni/N) × 100, where ni: 
the number of seeds germinated in time 𝑖; N: 
the total number of seeds placed to germinate.

(b)  Index of speed of germination: IVG = G1/N1 + 
G2/N2 +...+ Gn/Nn, where G1, G2, Gn: the number 
of seeds germinated in the first, second, and the 
last count; and N1, N2, and Nn: the number of 
sowing days at the first, second, and last count.

(c)  Average germination time: 𝑡 = Σ𝑘𝑖 = 1 (niti)/Σ𝑘𝑖 
= 1ni, where ti: time from the onset of the exper-
iment to the 𝑖nth observation (days or hours); 
ni: number of seeds germinated at time 𝑖 (corre-
sponding number or 𝑖 nth observation); 𝑘: last 
day of germination.

(d)  Synchronicity Index: Z = ΣCn1,2/N ≍ Cn1,2 = ni 
(ni – 1)/2; N = Σni (Σni – 1)/2, where Cn1,2: the 
combination of germinated seeds in 𝑖nth time; 
ni: the number of seeds germinated in time 𝑖.

(e)  Total length of the seedling: its length (from the 
apex of the primary root to the shoot’s apical 
aerial part) was measured with the aid of a 
graduated ruler.

(f)  Dry mass of seedlings: the seedlings were 
packed in paper bags of the Kraft type and were 
dried in an oven with forced air circulation 
regulated at 80 °C until they reached a constant 
weight (24 h), and their dry mass was weighed 
in a precision analytical balance.

Table 1 - Ecological group (GE), number of trees collected 
(AC), period of fruit drying (S), determination of 
water content and duration of the germination test 
(G) of seeds of C. glandulosa

GE AC S 
(days)

Water content G 
(days)Repetitions Weight (g)

Initial 
secondary

10 5 2 1 19
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Statistical procedures

The experimental design was completely rand-
omized with four replicates of 25 seeds, and the 
data was subjected to the tests of normality and 
homogeneity. For the data with abnormal distri-
bution, the sine arc transformation was done √%, 
and collectively with the data that met the afore-
mentioned assumptions, the analysis of variance 
was used in a 2 × 6 factorial arrangement (2 packs 
× 6 storage periods) and polynomial regression 
was applied, adopting the equations with higher 
determination coefficients (R2). All analyses were 
performed with the statistical software Sisvar 
version 5.6 (Ferreira, 2014).

RESULTS AND DISCUSSION

There was lower variation in water content for 
seeds stored in dry chamber, regardless of the type 
of packaging used, in which there was an increase 
of one and three percentage points for glass (9.4%) 
and paper (11.2%), respectively, over the storage 
period, to the detriment of those preserved in paper 
packaging in a laboratory environment, which 
allowed a greater exchange of moisture, passing its 
water content from 8.1% to 17.8% in the 15 months 
of storage (Figure 2). This variation in the water 
content of the seeds evidenced two distinct patterns, 
being correlated with the storage condition.

In the present study, the difference in the water 
content observed during the storage period was 
due to the fact that glass packaging prevent or 
hinder the exchange of moisture of the seeds with 
their surrounding environment, contrary to the 
paper that facilitates the process of hygroscopy, 
intrinsic property.

When the water content of the seeds stored in the 
glass bottles and paper bags, in a dry chamber 
and laboratory environment, remained below 
13%, it presumably led to a higher viability and 
vigor during the 15 months storage. In contrast, 
when the water content was high, approximately 
14%, a significant decrease was observed in the 
physiological potential, from 6-month onward 
(Figures 2–6). In the porous packaging (paper), 
water vapors penetrated inside the packages, and 
this, associated with high temperatures, causing 

the progressive inactivation of the metabolism and 
culminating with the death of the seeds. In the 
waterproof packaging (glass), the ambient vapor 
did not penetrate inside the package.

Considering the flowchart of Hong and Ellis (1996) 
for determination of seed storage behavior, and 
considering the results verified in Figures 2–6, it is 
possible to classify the colubrina seeds as having 
orthodox behavior, because the germinability was 
maintained, even after the water content being 
reduced to 8%–9%. A majority of the species, of 
typical tropical ecological adaptation, presents 
this behavior, that is, the drier seeds will have a 
better shelf life. However, notably, in the laborato-
ry environment, change was observed the physio-
logical quality of the seed, compared to that of the 
initial months, and a negative linear relationship 
was found between the water content and longevi-
ty of the seeds stored in the paper bags.

According to Felix et al. (2017), the effect of the 
water content of the seeds is majorly due to inten-
sive respiration. This effect of water content on 
the seed storage potential was also demonstrated 
in the research studies with seeds of other plant 

 

Figure 2 - Water content of C. glandulosa seeds packed in paper and glass containers 
and stored for different periods. 
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Figure 2 - Water content of C. glandulosa seeds packed in 
paper and glass containers and stored for different 
periods.
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species (Hennipman et al., 2017; Menegatti et al., 
2017; Nery et al., 2017; Ri et al., 2017; Oliveira et al., 
2018). The conditions of relative humidity and 
temperature during storage, where the seeds will 
reach the specific hygroscopic equilibrium, will 
determine the maintenance of their physiological 
quality for a greater or lesser time.

In laboratory (normal environmental condi-
tions), with the paper packaging in storage time 
of 15 months, lower physiological potential was 
observed (Figures 2–6). Under these conditions, 
the water content of 17.8% accelerated the deteri-
oration, usually determined by the disorganiza-
tion of the membrane system. According to Jose 
et al. (2018), this is because the seed releases to the 
environment water of constitution, increasing the 
relative humidity of the air inside the package, 
which can lead to the consumption of reserves 
of the embryo and the release of toxins. Similar 
results were found in seeds of several other species 

(Bandeira et al., 2017; Flores et al., 2018; Smiderle 
et al., 2018), in which the viability and vigor were 
reduced with prolonged storage time.

Observing the Figures 2-6, for dry chamber condi-
tions (characterized by low relative humidity), the 
values indicate that with a suitable initial water 
content, the viability of the seeds can be main-
tained for a long period, both in glass packaging 
and in paper bag. In contrast, in the laboratory 
environment, better results were obtained with 
the glass packaging, making the effect of the high 
daytime temperatures were not so drastic. There-
fore, to store seeds in a typically tropical climate 
(in the case of Brazil, in the Amazon region) it is 
recommended to dry the seeds well and then pack 
them in moisture-proof packaging.

 

Figure 3 - Germination (G), index of speed of germination (IVG) and average 
germination time (TMG) of C. glandulosa seeds packed in paper and glass containers 
and stored in laboratory environment for different periods. 
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Figure 3 - Germination (G), index of speed of germination 
(IVG) and average germination time (TMG) of 
C. glandulosa seeds packed in paper and glass 
containers and stored in laboratory environment 
for different periods.

Figure 4 - Synchrony index (Z × 10–4), total length (CT) and dry mass (MST) of C. 
glandulosa seedlings packed in paper and glass containers and stored in laboratory 
environment for different periods.  
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A study conducted by Pereira et al. (2017) appropri-
ately illustrates the regional climatic effect on the 
choice of packaging to be used, in the case of seeds 
of orthodox behavior. Herein, the seed will adjusts 
to the new relative humidity of the air, and conse-
quently acquire a higher water content than the 
initial one, which, in turn, results in further modi-
fication of the relative humidity of the packaging 
air and new hygroscopic balance of the seed. More-
over, it would stimulate the growth of fungi, both 
by water vapor and by the caloric energy added to 
the internal environment of the packaging.

According to Pelissari et al. (2018), seeds of several 
tropical rainforest species, as soon as they are 
dispersed, have a relatively high water content and 
intense metabolic activity. These seeds would tend 
to germinate rapidly and simultaneously after 
dispersion, otherwise they would lose viability 
because the soil environment is constantly humid 
and at high temperatures (Becerra-Vázquez et al., 
2018). Thus, the success in establishing this species 
under natural conditions may be more related to 
the quantity and periodicity (annual) of the seed 
produced, than to the maintenance of seeds in the 
soil.

Figure 5 - Germination (G), index of speed of germination 
(IVG) and average germination time (TMG) of 
C. glandulosa seeds packed in paper and glass 
containers and stored in dry chamber for different 
periods.

Figure 6 - Synchrony index (Z × 10-4), total length (CT) and 
dry mass (MST) of C. glandulosa seedlings packed 
in paper and glass containers and stored in dry 
chamber for different periods.

Figure 5 - Germination (G), index of speed of germination (IVG) and average 
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and stored in dry chamber for different periods.  

y Glass = -0.4952x + 97.381
R2 = 0.9821

y Paper = -1.4571x + 101.1
R2 = 0.9642

0
10
20
30
40
50
60
70
80
90

100

0 3 6 9 12 15

Storage period (months)

G
 (%

) Glass
Paper

y Glass = -0.0307x + 7.3961
R2 = 0.9368

y Paper = -0.1374x + 7.5422
R2 = 0.9337

0
1
2
3
4
5
6
7
8

0 3 6 9 12 15

Storage period (months)

IV
G Glass

Paper

y Glass = 0.0333x + 3.2667
R2 = 0.9292

y Paper = 0.0533x + 3.4667
R2 = 0.9465

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

0 3 6 9 12 15

Storage period (months)

TM
G

 (d
ay

s)

Glass
Paper

y Glass = -0.0059x + 0.4909
R2 = 0.9665

y Paper = -0.0131x + 0.562
R2 = 0.9167

0

10

20

30

40

50

60

0 3 6 9 12 15

Storage period (months)

Z

Glass
Paper

y Glass = -1.1333x + 146.67
R2 = 0.9417

y Paper = -1.5905x + 147.43
R2 = 0.9276

0
20
40
60
80

100
120
140
160
180

0 3 6 9 12 15

Storage period (months)

C
T

 (m
m

)

Glass
Paper

y Glass = -0.7905x + 121.1
R2 = 0.976

y Paper = -0.9333x + 117.33
R2 = 0.944

0
20
40
60
80

100
120
140
160

0 3 6 9 12 15

Storage period (months)

M
ST

 (m
g)

Glass
Paper



400 Revista de Ciências Agrárias, 2019, 42(2): 394-401

CONCLUSIONS

Seeds of colubrina in the laboratory environment, 
do not lose their viability for 15 months if they are 
packed in glass containers.

The physiological quality of the seeds is main-
tained, when stored in a dry chamber, in a porous 
or impermeable package, with initial water content 
of 8.0%–8.2%.
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