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Abstract
Many forests restoration programs and efforts depend on seeds. Particularly in the Andes, further information regarding seed 
germination requirements and seed storage behavior is necessary. The aim of this study was to evaluate the effects of stor-
age conditions on the germination percentage, the viability and the coefficient of velocity of germination for seeds of three 
native tree species (Cedrela montana, Weinmannia fagaroides and Oreocallis grandiflora). Under controlled conditions, the 
seeds were exposed to three levels of seed moisture content and storage temperatures (5 °C, 10 °C and room temperature at 
approx. 19 °C) for 3, 6 and 12 months. The results showed that at 3–6 months of seed storage under temperatures of 5 and 
10 °C, the seeds had a high percentage of germination, viability and germination speed for C. montana and W. fagaroides 
compared to those stored at room temperature. At 12 months of storage, there was a marked reduction in seed germination 
in all treatments for both species. Furthermore, the seed germination and viability of O. grandiflora was not influenced by 
any of the above storage treatments. However, at the end of the experiment a slight decrease was observed, hence this species 
might be tolerant to medium- and long-term storage conditions. Though limited to just three co-occurring species, the study 
provided insight into the variability in responses to storage, with preliminary indications of appropriate storage conditions 
to maximize storability of seeds for restoration programs. Importantly, the study demonstrated the need for empirical testing 
of storage responses (temperature and duration) of seeds before subjecting untested species to a particular storage regime.

Keywords Ex situ conservation · Seed storage behavior · Desiccation tolerance · Seed management · Reforestation · Andes

Introduction

Globally, tropical mountain forests are under pressure from 
deforestation, land-use conversion and habitat fragmentation 
(Soh et al. 2019). This is problematic, considering that most 
montane tropical forests are in biodiversity hotspots with 
high levels of endemism (Mittermeier et al. 2011). Thus, 
there is a growing need to collect and store seeds of forest 
tree species for subsequent restoration programs to achieve 

local and global targets for ecosystem restoration (FAO 
2014a; Broadhurst et al. 2016; Shaw 2019). Sufficient knowl-
edge of seed storage conditions is scarce for tropical tree 
species. This knowledge is a fundamental tenet for success-
ful ecological restoration programs, especially considering 
the variety within tropical forests from dry forests, highlands 
mountain forests, humid forest, rainforests to cloud forests. 
To ensure a sustainable supply of planting stock required 
in reforestation programs, research on the appropriate seed 
storage conditions is needed for maintaining seed germina-
tion capacity through controlling moisture content, storage 
temperature and storage duration (Colville 2017; Kim 2018). 
A key constraint to storability is the ability of seeds to toler-
ate desiccation. Orthodox seeds are tolerant to desiccation, 
withstand low temperatures and can be stored for long time 
periods. Recalcitrant seeds, however, are intolerant to desic-
cation and cannot withstand low temperatures as intact seeds 
with attenuated storage capacity (Schmidt 2000; Simpson 
et al. 2004). Intermediate seeds exhibit intermediate stor-
age characteristics (Walters 2015) as they can be dried to a 
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low moisture content, but are sensitive to low temperatures 
with seeds being sustained in storage for only a few years 
(Bonner 2008). According to Kettle (2012), Umarani et al. 
(2015) and Kainer et al. (1999), 44% of neo-tropical tree 
species are recalcitrant. Likewise, Wyse and Dickie (2018) 
predicted that 10% of the seed plants from Ecuador produce 
desiccation-sensitive seeds and, based on a local study in 
a mountain forest, three of seven species investigated pos-
sessed seed desiccation sensitivity (Palomeque et al. 2017). 
In general, seed banking has several challenges for maintain-
ing viable seeds over time, FAO (2014b) has been outlining 
standards for seed drying based on medium-term storage 
conditions at 5–10 °C and a relative humidity of 15 ± 3%. 
For long-term storage, other conditions are needed, includ-
ing −18 ± 3 °C of temperature. However, long-term storage 
could result in a loss in viability and seedling vigor due to 
ageing physiology (Ratajczak et al. 2015). Moreover, the 
ageing process is known to be accelerated in conditions of 
high temperature and high seed moisture content (McCor-
mack et al. 2014; Murthy et al. 2003). One of the methods 
to prolong seed viability is to maintain seeds in a constant 
state of dryness to reduce the metabolic rate (Bonner 2008). 
Some studies have reported that orthodox seeds stored for 
several months or years increased the germination perfor-
mance. This is the case for Rhynchospora alba, a species 
found in peatlands, whose seed germination increased after 
12 months of dry storage (Bourgeois et al. 2019). The same 
pattern was found for Kumara plicatilis, a tree from African 
montane habitats, which had a higher cumulative percent-
age germination after being stored at room temperature for 
9 months of storage, although these seeds had the slowest 
speed of germination (Cousins et al. 2014). Whether stor-
age stimulates embryo maturation and/or breaks endogenous 
seed dormancy or after-ripening is likely species dependent 
(Bentsink and Maarten 2008; Penfield 2017). In this study, 
we investigated seed storage behavior of three key tree spe-
cies of the Andean montane forest as a basis for promoting 
best practice in community and government, as they require 
seeds for their ecological restoration programs and to pro-
vide a germplasm storage capacity to safeguard species with 
ecological and socioeconomic importance (Cousins et al. 
2014).

We investigated the following questions (1) What are the 
differences in the germination percentage and viability of 
seeds of three native tree species stored under different lev-
els of seed moisture content, temperature and duration of 
storage? (2) What is the germination rate, here measured as 
coefficient of velocity of germination (CVG), depending on 
the alterations in moisture content, temperature and dura-
tion of storage? CVG can be used as an indication whether 
some of the experimental settings and conditions are able 
to impair seed vigor, which in turn enables us to develop 
appropriate seed production practices.

Materials and methods

Species selection and seed sources

The three framework species, which were selected, 
Cedrela montana (Cedro), Oreocallis grandiflora (Gañal) 
and Weinmannia fagaroides (Sarar), are wind-dispersed 
trees that have ecological and socioeconomic importance 
in the southern region of Ecuador. The seeds were col-
lected in two natural forests, Llaviuco and Mazan, in the 
province of Azuay (Fig. 1), within an elevation range of 
3.000 to 3.300 m asl. According to the Llaviucu weather 
station, mean precipitation is 1282 mm (Instituto Nacional 
de Meteorología e Hidrología de Ecuador, INAMHI), 
mean average temperature is 10.4 °C, while mean maxi-
mum temperature is 15.4 °C and mean minimum tempera-
ture is 6.6 °C (Empresa Pública Municipal de Telecomu-
nicaciones, Agua Potable, Alcantarillado y Saneamiento 
de Cuenca, ETAPA). In each forest, at least 10 mother 
trees per species were identified based on a marked dis-
tance between trees. Their fruits were collected in different 
months in 2016, depending on peak fructification periods.

Experimental design

The seeds were transported to the laboratory at the Uni-
versity of Cuenca for cleaning and visually inspected for 
evidence of infestation by fungi or insects. Only clean and 
intact seeds were then immediately incorporated into the 
seed storage experiments. The total seed pool was mixed 
and split in equal portions for: (1) determination of the 
initial seed moisture content to define the type of seed 
(orthodox, intermediate and/or recalcitrant), (2) subjection 
of seeds to varying moisture content and (3) seed storage 
using different treatments, which includes three moisture 
contents depending on the species, temperature (5 °C, 
10 °C and room temperature) and duration of storage (3, 6 
and 12 months). Table 1 shows the three different experi-
mental levels for each treatment.

For the determination of initial seed moisture content, 
two samples of 100 seeds per species were used, except 
for W. fagaroides, where a total of 200 seeds in each 
sample were analyzed. The sample of the species were 
exposed to 103 °C for 17 h according to ISTA regulations 
(ISTA 2007) (Eq. 1). The seed size of the three species 
was < 7 mm. They were oven-dried directly after collec-
tion (ISTA 2007). A calibrated curve of desiccation by 
the oven-drying method (Rao et al. 2006) for each species 
was drawn to identify the time (hours and minutes) at a 
constant temperature of 45 °C until the seeds reached the 
two levels of moisture content without causing embryo 
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damage or death. This calibrated curve was based on a 
previous test on thermal tolerance of the embryo axis. The 
seed moisture levels were calculated by weighing the seed 
pool before and after oven drying (Eq. 1).

CH: Moisture Content (%), m1: Weight in grams of the 
container, m2: Weight in grams of the container, and the 
seeds before drying ,m3: Weight in grams of the container, 
and the seeds after drying.

Once the seeds reached the two previously determined 
levels of moisture content, they were wrapped immediately 
in aluminum foil and placed in Ziploc bags with silica 
gel and stored in hermetic containers. The temperatures at 
5 °C and 10 °C were calibrated in individual refrigerators, 
while the room temperature was based on the following 
ambient laboratory conditions: mean temperature 19 °C, 

(1)CH = (m2 −m3) ×
100

(m2 −m1)

minimum temperature 16ºC, maximum temperature 25ºC 
and an average relative humidity of 64%.

For each treatment, including the control, a total of four 
replicates with 25 seeds each were used for C. montana and 
O. grandiflora, while 50 seeds were used for W. fagaroides 
due to their smaller seed size. The seeds were sown in Petri 
dishes with inserts of moistened paper, previously sterilized 
in the oven to avoid contamination. The seeds were disin-
fected using a liquid soap, sprayed with alcohol (70% solu-
tion), and thoroughly rinsed with distilled water. Humidity 
was maintained with distilled water during the germination 
period, which was about 50 days for C. montana and O. 
grandiflora and about 70 days for W. fagaroides. The ger-
mination was recorded daily. A seed was considered germi-
nated when embryonic leaves appeared and a radicle had 
emerged (ISTA 2007).

Once germination had stabilized, non-germinating seeds 
were evaluated through a viability test using 2,3,5-triphenyl-
tetrazolium chloride (TTC); therefore, two categories post 

Fig. 1  Seed collection at Mazán 
and Llaviucu Forests, located in 
the Azuay province, Southern 
Ecuador

Table 1  Summary of the seed storage treatments with their respective moisture content levels applied to three native tree species

Species Family Seed moisture content (%) Storage temperature Duration of storage

Cedrela
montana

Meliaceae (1) 19 (Initial)
(2) 10
(3) 15

5 °C, 10 °C, room temperature 3, 6, 12 months

Oreocallis grandiflora Proteaceae (1) 11 (Initial)
(2) 5
(3) 8

5 °C, 10 °C, room temperature 3, 6, 12 months

Weinmannia fagaroides Cunoniaceae (1) 22 (Initial)
(2) 10
(3) 15

5 °C, 10 °C, room temperature 3, 6, 12 months
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germination were identified as viable and non-viable seeds. 
Finally, CVG was calculated to indicate the total time of 
seed germination (Baskin and Baskin 2014) (Eq. 2), where 
a high value of the CVG indicates rapid seed germination.

A1 + A2 and Ax = number of seeds germinated on the 
first, second and final days. T1, T2 and Tx = number of days 
between sowing and first, second and final times.

Statistical analysis

At the beginning of the experiment, a one-way ANOVA 
test followed by a Tukey comparison was performed for 
each species, using seed moisture content as a single fac-
tor applied to all dependent variables. Here, assumption of 
normality and homogeneity of variance was achieved. Other 
analyses were conducted separately for each species using 
generalized linear models. The fixed factors were duration 
of storage, temperature, moisture content, and their interac-
tions. The evaluated variables were germination, viability, 
non-viable seeds and CVG. If the model did not present a 
normal distribution of residual error, then they were consid-
ered as a Poisson distribution. Model selection was based 
on the lowest values of Akaike information criterion (AIC) 
and Bayesian information criterion (BIC). Analyses were 
performed with the R package ‘‘nlme” (Pinheiro et al. 2018).

Results

Effect of moisture content, temperature 
and duration of storage on percentage germination, 
viable and non‑viable seeds

In C. montana, a clear pattern of higher cumulative germina-
tion (above 50%) was observed at 3 and 6 months of seed 
storage at 5 and 10 °C (Fig. 2a, b). However, the different 
levels of moisture content did not influence germination 
(p > 0.05) (Table 5). Room temperature substantially and 
negatively affected seed germination at the beginning of stor-
age, with less than 25% germination under all levels of mois-
ture content (Fig. 2a,b). At 12 months, seed germination was 
considerably reduced in all treatments (Fig. 2c). The interac-
tion between duration of storage, temperature and moisture 
content was statistically significant (p < 0.05) (Table 5). The 
results of seed storage showed a similar percentage of ger-
mination to the control, except for seeds exposed to 10% 
of moisture content and seeds at room temperature which 
both showed low germination outcomes (Table 2). This spe-
cies possessed a high percentage of non-viable seeds which 

(2)CVG =
100(A1 + A2 + Ax)

A1T1 + A2T2 + AxTx)

increased with storage time (Table 3); storage conditions 
and their interactions with temperature and time had high 
statistical significance (p < 0.05) (Table 5). Both control 
and the treatments had high proportions of non-viable seeds 
(post germination) from 6 months of storage (Tables 2, 3). 
O. grandiflora had high seed germination, which approached 
100% under all storage conditions evaluated in the experi-
ment (Fig. 2d, f). There was also no statistical significance in 
the combination of the three factors of moisture, temperature 
and duration of storage (p > 0.05) (Table 5). Nevertheless, 
at 12 months of storage at room temperature and under all 
levels of moisture content, the percentage of germination 
showed a slight reduction (75%) (Fig. 2f). The results of 
germination in the storage experiment were comparable 
to the control, except for room temperature at 12 months 
(Table 2, Fig. 2f). This species showed also a high viabil-
ity post germination during storage. However, at 12 months 
under room temperature, non-viable seeds had increased 
slightly (Table 3). For viable and non-viable seeds, most 
of the factors tested and their interactions, were statistically 
significant (p < 0.05) (Table 5). In comparison to control 
treatment, the behavior of the variables was similar to the 
treatments of storage experiment (Table 2).  

W. fagaroides had low germination at all storage con-
ditions tested in the experiment (Fig. 2 g,h,i). At 3 and 
6 months, the percentage of germination was similar among 
all moisture contents and temperatures, ranging between 15 
and 39% (Fig. 2 g, h). At 12 months, the room temperature 
treatment had the lowest germination (< 5%) (Fig. 2i). Statis-
tically significant (p < 0.05) was found for the interaction of 
all the factors (Table 5). In comparison to the control treat-
ment, the percentage of germination was also low (Table 2). 
This species demonstrated a high percentage of non-viable 
seeds across all treatments and during storage (Table 3). 
The interaction of three factors had a statistical significance 
(p < 0.05) (Table 5). Similar results were observed in the 
control treatment (Table 2).

Effect of seed moisture content, temperature 
and duration of storage on CVG

C. montana had a decline in seed germination speed over 
storage time (Table 4) (p < 0.05), except with the interac-
tion of three factors (Table 5). In comparison to the control 
treatments, there were comparable values in the seed stor-
age experiment (Table 2). O. grandiflora showed a pattern, 
where the CVG increased at 6 months in comparison to seed 
stored for 3 months in almost all treatments. However, at 
12 months, there was a reduction in germination rate in the 
room temperature treatment (Table 4). All factors and their 
interactions were statistically significant (p < 0.05) (Table 5). 
The results of CVG obtained in the control treatment 
were comparable to the values found in the seed storage 
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experiment (Table 2). W. fagaroides had a notable decrease 
in the values of CVG at room temperature and at 12 month 
storage, exhibiting the most significant impact on rate of ger-
mination (Table 4). All treatments were statistically signifi-
cant (p < 0.05), but moisture content did not influence CVG 
(Table 5). The results found in the storage experiment were 
similar to the control treatment although the seeds stored at 
12 months had a lower CVG (Table 2). Accumulative ger-
mination percentage for all treatments across time (3, 6 and 
12 months of storage) is shown in Appendix A

Discussion

A major finding of this study is the response of the seeds 
of native tree species to different storage conditions, which 
depended on the initial seed moisture content. Seeds of 
C. montana and W. fagaroides exhibit intermediate stor-
age behavior due to their tolerance to desiccation after 
12 month storage, although the seeds did not perform 
well at room temperature storage. In terms of potential 
storage duration, C. montana and W. fagaroides began to 

Fig 2  Germination (%) of Cedrela montana (a–c), Oreocallis grandiflora (d–f) and Weinmannia fagaroides (g–i) seeds stored at 5 °C, 10 °C and 
room temperature, at three levels of moisture content and stored for 3, 6 and 12 months. Bars depict the standard error, n = 4
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decline in seed germination, viability and velocity after 
6 months of storage. In the case of O. grandiflora, we 
found a low initial seed moisture content indicating ortho-
dox seed behavior. This species also tolerated a reduction 

in moisture content under all storage conditions of tem-
perature and duration with a high tolerance to 12 months 
of storage time.

Table 2  Initial percentage of 
germination, viable seeds using 
2,3,5-triphenyl-tetrazolium 
chloride (TTC), non-viable 
(at post germination, PG) 
and coefficient of velocity of 
germination (CVG) without 
storage (control) at three 
moisture content levels for the 
three studied native species.

(I) Initial seed moisture content
Different letters correspond to significant differences according to the Tukey test (p<0.05), (n=4)

Species Seed moisture 
content .(%)

Initial germina-
tion (%)

PG viable 
(TTC) (%)

PG non 
viable (%)

CVG

Cedrela montana 10 55ab 0a 45ab 3.65b
15 47b 1a 52a 4.32 a
19 (I) 69a 1a 30b 4.19a

Oreocallis grandiflora 5 95a 0a 5a 4.58a
8 90a 4a 6a 4.29b

11 (I) 93a 0a 7a 3.29c
Weinmanna fagaroides 10 26a 0 74a 3.15a

15 22a 0 78a 3.44a

Table 3  Percentage of viable seeds using 2,3,5-triphenyl-tetrazolium chloride (TTC) and non-viable seeds (at post germination, PG) for the three 
studied native species stored at three levels of seed moisture content and temperature (5 °C, 10 °C and room temperature) for 3, 6 and 12 months

Species Factors (treatments) 3 Months 6 Months 12 Months

PG viable 
(TTC) (%)

PG non-
viable (%)

PG viable
(TTC) (%)

PG non-
viable (%)

PG viable
(TTC) (%)

PG non-
viable 
(%)

C. montana 5 °C 10% MC 1 18 1 30 10 60
5 °C 15% MC 0 25 1 31 6 87
5 °C initial MC 2 21 2 24 7 79
10 °C 10% MC 0 26 3 23 0 75
10 °C 15% MC 4 31 5 41 0 96
10 °C Initial MC 6 44 3 24 0 82
Ambient °C 10% MC 1 74 1 78 1 99
Ambient °C 15% MC 1 17 4 71 3 97
Ambient °C initial% MC 0 51 7 69 9 91

O. grandiflora 5 °C 5% MC 0 11 2 2 1 1
5 °C 8% MC 0 5 0 7 5 1
5 °C initial MC 0 4 0 0 2 2
10 °C 5% MC 2 2 0 4 5 2
10 °C 8% MC 3 5 0 4 4 4
10 °C initial MC 5 1 1 4 8 3
Ambient °C 5% MC 0 4 3 3 7 18
Ambient °C 8% MC 1 4 0 5 2 21
Ambient °C initial% MC 0 7 0 5 5 20

W. fagaroides 5 °C 10% MC 7 68 2 74 6 90
5 °C 15% MC 5 66 3 59 7 76
5 °C initial MC 8 78 5 76 6 86
10 °C 10% MC 3 77 0 80 0 81
10 °C 15% MC 4 80 3 75 1 99
10 °C initial MC 4 71 4 74 0 91
Ambient °C 10% MC 3 71 2 76 0 100
Ambient °C 15% MC 2 79 5 78 0 100
Ambient °C initial% MC 9 71 3 68 6 92
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The percentage of seed germination and velocity of the 
intermediate species decreased substantially at 12 months. 
This result suggests that the seeds may be subject to delete-
rious physiological ageing. Seed ageing occurs as a result 
of (1) Maillard reactions through the chemical modifica-
tion of macromolecules that leads to a gradual reduction in 
metabolic capability (Murthy et al. 2003), (2) accumula-
tion of Active oxygen species (AOS) and free radicals that 
collectively degrade plant cell components (Bailly 2004; 
Smirnof 1993), and (3) changes in the activities of proteo-
lytic enzymes over time (Ratajczak et al. 2015). The seeds of 
C. montana lost germination capacity at 6 months, as found 
for Jatropa curcas L. from the Atlantic rain forest region in 
Brazil, which also had a short viability period with loss of 
germination capacity after less than 6 months at moderate 
temperatures (25 °C) (Moncaleano-Escandon et al. 2012). 
Our results for C. montana are also similar to C. fissilis, a 
native tree species from Brazil, where seed storage at high 
temperature and high moisture content resulted in the lowest 

germination outcome with the species sensitive to standard 
seed storage conditions (Martins and Lago 2008).

Furthermore, the high levels of moisture content and 
storage time could provide optimum conditions for fungal 
proliferation, which occurred for C. montana, with a high 
percentage of decayed seeds in this study (non-viable seeds, 
post germination). The latter finding has been shown for 
Leucaena leucocephala after 6 month storage (Lezcano 
et al. 2015). On the other hand, at room temperature, all 
species including O. grandiflora, had a reduction in germi-
nation. This is a significant finding as many seed collectors 
and restoration operations have limited storage capacity 
beyond ambient conditions. In addition, ambient storage 
needs to avoid damage by insect and fungal attack, and 
keep the integrity of embryos (Bonner 2008). Moreover, 
the combination of high temperature and high seed moisture 
content contribute to a substantial loss of seed viability and 
vigor. In this context, our finding differs from the results 
of Ribeiro and Costa (2015), who showed that Myrsine 

Table 4  Mean coefficient 
velocity of germination for the 
native species C. montana, O. 
grandiflora and W. fagaroides 
stored at three levels of 
seed moisture content and 
temperature (5 °C, 10 °C and 
room temperature) for 3, 6 and 
12 months

NG non-germination

Species Factors (treatments) 3 Months 6 Months 12 Months

Cedrela montana 5 °C 10% MC 4.65 4.34 4.49
5 °C 15% MC 4.69 4.53 3.07
5 °C Initial MC 4.69 4.46 4.38
10 °C 10% MC 4.59 3.82 4.16
10 °C 15% MC 3.87 3.85 2.06
10 °C Initial MC 4.27 3.80 3.97
Ambient °C 10% MC 4.71 4.50 NG
Ambient °C 15% MC 4.42 4.20 NG
Ambient °C Initial% MC 3.37 3.99 NG

Oreocallis grandiflora 5 °C 5% MC 4.30 4.66 4.07
5 °C 8% MC 4.56 4.94 4.47
5 °C Initial MC 4.31 4.64 3.99
10 °C 5% MC 4.39 4.71 4.25
10 °C 8% MC 3.89 4.34 4.14
10 °C Initial MC 3.15 4.40 4.12
Ambient °C 5% MC 4.31 4.54 3.81
Ambient °C 8% MC 4.51 4.68 3.51
Ambient °C Initial% MC 4.14 3.82 3.15

Weinmannia fagaroides 5 °C 10% MC 10% MC 4.15 3.42 2.01
5 °C 15% MC 15% MC 4.08 3.38 NG
5 °C Initial MC 3.93 3.35 2.79
10 °C 10% MC 3.68 3.23 2.71
10 °C 15% MC 3.75 3.44 3.02
10 °C Initial MC 2.98 3.27 1.69
Ambient °C 10% MC 3.98 3.00 NG
Ambient °C 15% MC 3.74 2.73 0.56
Ambient °C Initial% MC 1.68 1.82 1.33
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parvifolia, a native tree species from Brazil’s coastal plain 
responded positively to storage at 15 and 20 °C. In addition, 
Oyekale et al. (2012) mentioned that with a higher seed 
moisture content, germination capacity declines more rap-
idly over time. O. grandiflora is widespread in the Andean 
region (Hazelhurst et al. 2018) and it is located in a wide 
topographical range from high to less humidity uplands in 
the Azuay province (tropicos.org 2019). Such ecological 
breadth and the absence of seed dormancy could contribute 
to the ability of the species to respond positively to a range 
of storage conditions. As a pioneer tree, O. grandiflora dem-
onstrated major longevity over the first year of evaluation 
in comparison to other two study species. According to the 
seed information database from the Royal Botanic Gardens 

(RBG), Kew, several species of the Proteaceae family were 
categorized as orthodox and with high viability under dif-
ferent storage conditions (RBG Kew 2019). For instance, 
the Embothrium coccineum proves a storage behavior of 
47% viability following drying to moisture contents in 
equilibrium with 15% of relative humidity and freezing for 
5 years at −20 ºC (RBG Kew 2020). In addition, Swiet-
enia senegalensis (syn. genus Khaya) was evaluated over 
4 years of storage, and showed that after 1 year, seed ger-
mination capacity decreases at room temperature but at 5 °C 
the germination was sustained at 80% (Danthu et al. 1999). 
Lozano-Isla et al. (2018) showed that the germination of 
the tropical tree, Jatropha curcas L., was not significantly 
affected after 12 months of storage compared to fresh seeds 

Table 5  Statistical evaluation of the effect of duration, temperature 
and moisture content (MC) on the percentage of seed germination, 
viability, non-viability seeds and coefficient of velocity of germina-

tion coefficient (CVG) according to Generalized Linear Models of the 
native tree species C. montana, O. grandiflora and W. fagaroides 

Species Factors DF Germination PG viable seeds 
(TTC)

PG non-viable 
seeds

CGV

F p value F p value F p value F p value

Cedrela montana Time 2 383  < 0.001 17  < 0.001 471  < 0.001 114  < 0.001
Temperature 2 115  < 0.001 0 0.577 158  < 0.001 66  < 0.001
MC 2 1 0.248 13  < 0.001 1 0.538 7 0.002
Time:temperature 4 18  < 0.001 14  < 0.001 41  < 0.001 50  < 0.001
Time:MC 4 13  < 0.001 3 0.012 20  < 0.001 5 0.001
Temperature:MC 4 15  < 0.001 15  < 0.001 21  < 0.001 4 0.01
Time:temperature:MC 8 5  < 0.001 5  < 0.001 10  < 0.001 2 0.135

Oreocallis grandiflora Time 2 26  < 0.001 64  < 0.001 31  < 0.001 209  < 0.001
Temperature 2 19  < 0.001 18  < 0.001 79  < 0.001 352  < 0.001
MC 2 0 0.908 2 0.101 2 0.091 195  < 0.001
Time:temperature 4 19  < 0.001 13  < 0.001 41  < 0.001 340  < 0.001
Time:MC 4 0 0.751 9  < 0.001 3 0.017 232  < 0.001
Temperature:MC 4 1 0.3 8  < 0.001 4 0.004 91  < 0.001
Time:temperature:MC 8 1 0.531 3  < 0.001 6  < 0.001 72  < 0.001

Weinmannia fagaroides Time 2 103  < 0.001 6 0.004 94  < 0.001 81  < 0.001
Temperature 2 6 0.003 2 0.172 6 0.004 23  < 0.001
MC 2 1 0.426 6 0.005 0 0.875 3 0.08
Time:temperature 4 3 0.017 9  < 0.001 6  < 0.001 5 0.002
Time:Mc 4 1 0.647 1 0.619 1 0.628 6  < 0.001
Temperature:Mc 4 5  < 0.001 3 0.041 5  < 0.001 6  < 0.001
Time:temperature:Mc 8 8  < 0.001 2 0.055 6  < 0.001 5  < 0.001
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that had not been stored. All of these findings coincide with 
the results found in this study. However, long-term stor-
age (> 12 months) must be established if O. grandiflora is 
indeed an orthodox seed.

During post germination evaluation we observed that W. 
fagaroides had a high number of empty seeds (in the cat-
egory of non-viable seeds) which may be related to breed-
ing systems. Perea et al. (2013) found that a proportion of 
50% empty seeds reduces seed predation by 26% for Ulmus 
laevis, suggesting that empty seeds are an ecological strat-
egy for some species to efficiently reduce predation losses 
for the tree. In addition, environmental stress at the time of 
seed maturation can substantially decrease plant reproduc-
tive output through premature seed abortion (Coello and 
Martínez-Barajas 2016; Egli 2017). However, this species 
is a vigorous tree present in a wide variety of disturbed and 
pristine habitats. Therefore, climatic conditions would be a 
likely cause for any decline in seed quality.

Conclusions

A long storage duration and specific temperatures had nega-
tive effects on the germination percentage and viability of 
seeds of two framework tree species, C. montana and W. 
fagaroides, particularly at 12 months storage at room tem-
perature. On the other hand, O. grandiflora maintained a high 
germination percentage and viability across time independent 
of seed storage treatments. The CVG for all species showed 
a reduction across time, although W. fagaroides had a slower 
marked germination at 12 months of storage at room tem-
perature. Information on the germination rate as well as the 
synchronicity of germination of native species is very use-
ful for planning plant production. This study in the Andean 

region showed that seed characteristics and storage capability 
are highly variable. Therefore, storage under standard condi-
tions is not ideal for all of the species in this study. Additional 
research is needed across a variety of species which represent 
a large ecotonal range and phylogenetic diversity. Only with 
this information are we likely to ensure that Andean forest 
restoration will have a reliable and long-term supply of suit-
able species for ecological restoration programs.
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