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Abstract
The objective of this study was to determine the effect of substrate temperature and light/darkness alternation, 

on the germination response of fresh seeds (sexually obtained) of five Morus alba L. varieties (cubana, tigreada, 
universidad, universidad mejorada and yu-62) harvested in Matanzas –Cuba–, from two different lots. In the essays 
a completely randomized design was used; the percentage data of final germination and mean germination time were 
processed through a simple-classification variance analysis (ANOVA), with factorial arrangement of the treatments. 
The germination was evaluated at fixed temperature (25 ºC) and in four thermoperiods (25/30 ºC, 25/35 ºC, 25/40 ºC 
and 25/45 ºC), under two conditions (light and darkness). The seeds did not show dormancy; the highest percentages 
of final germination for all the varieties were reached at 25/35 ºC with light, although high germination percentages were 
also obtained in total darkness when the seeds were placed at 25/40 ºC. On the other hand, the fixed temperature of 25 
ºC caused in all the varieties a thermoinhibition of germination. The high diversity of germination responses in the 
studied M. alba varieties, in each harvest date, was shown; which indicates that the germination process can occur 
under different environmental conditions, particularly where there is a wide fluctuation of temperature.
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♦This result corresponds to the project «Studies with Morus sp. for the development of sustainable human and animal feeding 
and health technologies in Cuba». National Program of Science and Technology «Feed production», of the Ministry of Science, 
Technology and Environment, Cuba.

Introduction
Although not enough is known yet about the 

environmental conditions required for the germina-
tion of the cultivated plants, which is partly due to 
the fact that man’s action has favored the selection 
of fast-germination genotypes for different envi-
ronments (Smýkal et al., 2014; Dürr et al., 2015). 
Thus, plant domestication promotes traits in the 
seeds which differ from those of their parents or 
wild relatives. However, having knowledge about 
the germination requirements of plants helps the 
development of already established crops and the crea-
tion of new varieties/accessions (Shalimu et al., 2015).

In Cuba, germination studies of economically 
important plants for men in agricultural systems 
are referred to a large extent to such crops as rice 
(Oryza sativa L.) and tomato (Solanum lycopersi-
cum L.), in which the effect of substrate salinity and 
temperature on the germination process and seed-
ling development, has been determined, for some 
varieties (Sánchez et al., 2001; Lamz and González, 

2015); this aspect has also been studied, in developing 
countries as well as in nations of the so-called First 
World (Górski et al., 2013; Tribouillois et al., 2016).

Seed germination is a critical stage of the life 
cycle of plants, which influences crop growth and 
production, and can be affected by different abiotic 
and biotic components (Finch-Savage and Bassel, 
2015). Among them, harvest conditions and seed 
obtainment methods; differences among popula-
tions, accessions and lots (maternal effects); and 
light, temperature and substrate moisture, stand 
out, only to name a few (Baskin and Baskin, 2014).

Variability in germination is so diverse that, 
sometimes, it is mistakenly classified as the response 
of one species to an element of the environment; for 
example, when this process occurs in the presence 
of light (Górski et al., 2013). This indicates, on the 
one hand, the different regeneration strategies of 
a plant species to face environmental uncertainty; 
and, on the other hand, the artificial selection crops 
have undergone for several centuries (Baskin and 
Baskin, 2014; Mitchell et al., 2016).
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Mulberry (Morus alba L. Moraceae) is a multi-
purpose cultivated plant, which originated in India 
and Central Asia that has been introduced almost 
throughout the world, mainly because of its im-
portance in the silk industry and its forage value 
(Martín et al., 2014); and the asexual propagation 
method (by stakes/cuttings) is the most widely used 
one for this species (Olivera and Noda, 2010).

Nevertheless, propagation by seeds (sexual 
way) not only constitutes the most economical and 
simple method, but also ensures genetic diversi-
ty and with it the species survival and production 
under continuous environmental changes (Fenner 
and Thompson, 2005; Finch-Savage and Bassel, 
2015). However, the existing information about the 
dormancy classes and germination requirements of 
M. alba seeds is contradictory. On the one hand, 
it is stated that fresh (cultivated/wild) seeds show 
physiological dormancy (Barbour et al., 2008), 
which is the same one present in its relative Morus 
nigra (Konyuncu, 2005) and in most species of the 
Moraceae family (Willis et al., 2014); the presence 
of physical dormancy in fresh M. alba seeds has 
also been reported (Barbour et al., 2008).

Górski et al. (2013) stated that germination is re-
duced due to the low red:far-red relation and Permán 
et al. (2013) acknowledged that fresh seeds do not re-
quire pre-treatment to germinate (Permán et al. 2013).

In Cuba, propagation by cuttings is the most 
widely extended method for M. alba (Martín et al., 
2014), and only recently the procedure for its sexual 
reproduction was introduced. Thus, the objective of 
this study was to determine the effect of substrate 
temperature and light-darkness alternation, on the 
germination response of fresh seeds of five M. alba va-
rieties harvested in the country, from two different lots.

Materials and Methods
Plant material. The fresh (newly harvested) 

M. alba seeds were from the genetic resource bank 
of the Pastures and Forages Research Station Indio 
Hatuey. The seeds corresponding to five varieties 
(cubana, tigreada, universidad, universidad mejo-
rada and yu-62) which had been introduced from 
Ethiopia, Costa Rica and China (Martín et al., 
2014), and harvested in March, 2014 (lot 1), and 
February, 2015 (lot 2), from a plantation aimed at 
seed production, were used. Seed extraction and 
cleaning was done manually, through depulping 
and separation with a sieve and rinsing with tap wa-
ter; and then they were dried at ambient temperature 
and under shade during two or three days. Their 

viability percentage was determined by the tetra-
zolium test (ISTA, 2007).

Germination requirements. To achieve the 
germination response under laboratory conditions a 
completely randomized design was used. Ten treat-
ments were essayed with the combination of five 
thermoperiods [constant temperature of 25 ºC and 
in alternate regimes of 25/30 ºC, 25/35 ºC, 25/40 ºC 
and 25/45 ºC (8 hours for the highest temperature of 
the thermoperiod and 12 hours at 25 ºC, with 4-hour 
transition between them)] and the light-darkness al-
ternation [exposure to light during 8 h at 40 µmol 
m-2 s-1 approximately and at a length of 400-700 
nm, coinciding with the highest temperature pe-
riod within each treatment; and to total darkness 
(constant), which was achieved wrapping the plates 
with two layers of aluminum foil]. The illumination 
was the one recommended in the internationally 
established rules (ISTA, 2007). The conditions to 
which the seeds were subject simulated the possible 
variations of these climate elements in the soil of 
a field area, according to the criteria expressed by 
Sánchez et al. (2011). The position of the plates in 
the incubators was changing regularly.

The seeds, before sowing, were sterilized 
with mercury bichloride (1 g L-1) to prevent fungal 
contamination. Five replications of 25 seeds each 
were used per treatment. The seeding was carried 
out in hydrostatic agar at 1 % on 9-cm diameter 
Petri dishes. In the case of the illuminated seeds, 
the germination count was made daily during 30 
days. The germination count in the seeds exposed 
to continuous conditions of total darkness was 
determined three days after concluding germination 
under light. The criterion for germination was radicle 
emergence. In the treatments under light, the agar 
was maintained humid throughout the experiment. 
The final germination percentage under light and 
darkness was determined, and for the light condition, 
the mean germination time (days) according to the 
methodology proposed by Ranal et al. (2009).

The final germination percentage under light 
and darkness was used to calculate the light relat-
ed germination (LRG) index, which showed the 
light requirements for germination (Milberg et al., 
2000). This index was calculated according to the 
formula LRG = GL/(GD + GL), where GL = ger-
mination percentage under light, and GD = germi-
nation percentage in darkness. To obtain the LRG 
index of each variety the optimum temperature 
range was used (i.e. the one in which the highest 
germination percentage under light or darkness was 



266    Pastos y Forrajes, Vol. 40, No. 4, October-December, 264-271, 2017 / Effect of controlled conditiones on the germination of Morus alba L.

recorded). The LRG values varied between 0 (seeds 
that germinated only in the dark) and 1 (seeds that 
germinated only under light). If the LRG index was 
higher than 0,75 it was considered that the species/
variety was light dependent (positive photoblastic), 
if it was lower than 0,25 it was light repellent (nega-
tive photoblastic), and if the value was between 0,25 
and 0,75 it was established as light indifferent (Funes 
et al., 2009).

At the end of the germination tests, the percen- 
tage of non-germinated live seeds was determined 
by pressing the seeds with a needle to establish 
whether they contained a white and firm embryo 
(live seeds) or a soft or gray embryo, the latter in-
dicative of seed unviability –dead seeds (Baskin 
and Baskin, 2014). For the non-germinated ones in 
the temperatures 25 ºC and 25/30 ºC, this variable 
was established through re-seeding in the optimum 
germination temperature (see Results section) and 
under white light. Re-seeding was performed to 
determine whether the seeds acquired thermoinhi-
bition or thermodormancy due to inadequate tem-
perature conditions; it was considered that they 
acquired thermoinhibition if there were high ger-
mination percentages, according to the criterion 
expressed by Geneve (2005).

Assignation of dormancy classes. It was con-
sidered that the species had dormant seeds if their 
germination started after 28 days under optimum 
germination conditions (Baskin and Baskin, 2014), 
or if at least 20 % of the seeds remained alive and 
without germinating at the end of the germination 
experiment (Sánchez et al., 2015).

Statistical analysis. The statistical processing 
was made independently for each harvest year (seed 
lot). The percentage data of final germination and 
mean germination time were processed through 
simple classification variance analysis (ANOVA), 
with factorial arrangement of the treatments; the 
germination percentage were transformed with 
the arcsin of the square root of the proportion. No 
multiple comparison tests of means were applied 
a posteriori, because some independent variables 
represented combinations of quantitative treatments 
(light-darkness alternation and temperature). The 
statistical analyses were made by the program 
InfoStat v. 2015 (Di Rienzo et al., 2015).

Results
Germination requirements. The variance 

analysis showed that the final germination percentages 
in both lots of fresh M. alba seeds were the result of the 

highly significant interaction which was established 
among the varieties, substrate temperatures and light-
darkness alternation (table 1). In addition, first-order 
interactions (variety x temperature, variety x light and 
temperature x light) and the main effects also played a 
significant role in germination.

 Table 1. ANOVA for the main factors and their  
interactions in final germination

Variation source
F-Test

Lot 2014 Lot 2015
Variety 143,3*** 271,9***
Temperature 215,9*** 308,7***
Light 502,5*** 223,7***
Variety x temperature 20,4*** 38,3***
Variety x light    15,5**  16,7**
Temperature x light 91,3*** 68,9***
Variety x temperature x light 7,0**    8,2**

** p < 0,01; *** p < 0,001.

The highest percentages of final germination 
in all the varieties of each lot were obtained in 
the alternate temperature range of 25/35 ºC with 
light (table 2). However, in the case of the tigreada 
variety of 2014, with light, also the temperatures of 
25/40 ºC and 25/45 ºC were adequate to increase 
germination, although in this last range seedling 
emergence did not occur. On the other hand, in 
the university variety of 2014 significant increases of 
germination were obtained in the seeding at 25/30 ºC 
under light. Under total darkness conditions high 
final germination percentages were obtained 
equally for all varieties when seeding was carried 
out at 25/40 ºC for the seeds of the 2014 lot, and at 
25/35 ºC and 25/40 ºC for the seeds of the 2015 lot.

Instead, the lowest percentages of final germi-
nation were reached, for all the varieties and lots, at 
the constant temperature of 25 ºC and the alternate 
one of 25/30 ºC, effect that was higher in the cubana 
and tigreada varieties, under light as well as total 
darkness conditions (table 2). Under these seeding 
conditions a large number of non-germinated live 
seeds also appeared which reached high germina-
tion percentages when they were put at alternate 
temperature of 25/35 ºC.

In general, the fresh seeds of the varieties cu-
bana of 2014 and yu-62 of 2015 showed the lowest 
percentages of final germination (table 2), perfor-
mance which was also shown when the effects of 
the main factors were separately analyzed (table 3); 
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the tigreada and universidad varieties of the 2014 
lot showed a higher performance than those collect-
ed in 2015. Universidad mejorada showed a similar 
performance between the years. Finally, the effect 
of the light factor, as germination stimulator, was 
higher for both years, although its result was more 
marked in the 2014 seeds (table 3).

The mean germination time (or necessary time 
to reach 50 % of the germinated seeds) for both seed 
lots was significantly affected by the interaction of 
the factors variety and temperature, and also by the 
main effects (table 4). The lowest time to germi-
nate, independently from the variety and collection 
time, was always reached at the alternate range of 
25/35 ºC (table 5), with a range from 2,4 ± 0,1 days 
(in yu-62 of 2014) to 7,1 days in tigreada and yu-
62 of 2015. It was also observed that from 25/35 ºC 

germination was slower, particularly in the range 
of 25/45 ºC, in which it tended to concentrate in a 
few days. The above-explained facts showed that 
the 25/35 ºC thermoperiod was the optimum one for 
the germination of all varieties, because with it the 
maximum percentages of final germination were 
achieved in the lowest possible time. It can be stated 
that, for all the varieties of 2014, the onset of ger-
mination started after the second day of seeding at 
25/30 ºC and 25/35 ºC; and for the 2015 varieties, at 
the same temperatures, germination started on the 
third day for cubana and universidad, on the fourth 
day for tigreada and universidad mejorada, and on 
the fifth day for yu-62.

The light-related germination index (LRG) in 
the temperature of 25/35 ºC was higher in all the 
2014 varieties, except in yu-62, with regards to the 

                Table 2. Final germination percentage (mean ± SE) of fresh M. alba seeds under different  
                              seeding conditions

Lot/variety
Germination percentage

25 ºC 25/30 ºC 25/35 ºC 25/40 ºC 25/45 ºC
2014 Light

Cubana 28,0 ± 4,6 33,3 ± 9,3 34,6 ± 5,8 24,0 ± 4,6 24,0 ± 2,3
Tigreada  5,3 ± 1,3 81,3 ± 2,6 96,0 ± 2,3 96,0 ± 0,8 96,0 ± 0,9
Universidad 68,0 ± 1,1 92,0 ± 2,3 93,3 ± 2,6 81,3 ± 4,8 86,6 ± 1,3
Universidad mejorada 46,6 ± 8,1 70,6 ± 10,6 82,6 ± 4,8 82,7 ± 7,4 44,0 ± 4,6
Yu-62 50,6 ± 5,3 81,3 ± 1,3 90,6 ± 3,5 82,6 ± 1,3 88,0 ± 6,1

2014 Darkness
Cubana 5,3 ± 1,3 10,6 ± 2,6 25,3 ± 2,6 32,0 ± 10,0 22,3 ± 5,0
Tigreada 0  0 21,3 ± 1,3 98,6 ± 1,3 82,6 ± 2,6
Universidad 8,6 ± 4,3 18,0 ± 1,0 54,6 ± 3,5 94,6 ± 2,6 64,0 ± 4,0
Universidad mejorada 1,3 ± 0,8 2,6 ± 1,3 20,0 ± 8,3 89,3 ± 1,3 28,0 ± 9,6
Yu-62 9,3 ± 1,3 6,6 ± 2,6 69,3 ± 7,0 96,0 ± 2,3 72,0 ± 4,0

2015 Light
Cubana 2,6 ± 1,3 86,6 ± 1,3 100 96,0 ± 2,3 90,6 ± 3,5
Tigreada 9,3 ± 2,6 53,3 ± 1,3 73,3 ± 5,3 52,0 ± 4,0 5,3 ± 1,3
Universidad 61,3 ± 2,6 80,0 ± 8,3 89,3 ± 4,8 70,6 ± 1,3 8,0 ± 2,3
Universidad mejorada 41,3 ± 6,6 73,3 ± 4,8 78,6 ± 1,3 73,3 ± 3,5 18,6 ± 4,8
Yu-62 10,6 ± 1,3 9,3 ± 3,5 18,0 ± 1,3 8,0 ± 4,0 1,3 ± 0,2

2015 Darkness
Cubana 0 8,0 ± 2,3 97,0 ± 1,5 97,3 ± 2,6 84,0 ± 4,6
Tigreada 0 2,6 ± 1,0 48,0 ± 4,6 29,3 ± 3,5 1,3 ± 1,0
Universidad 4,0 ± 2,3 13,3 ± 1,3 70,6 ± 1,3 84,0 ± 2,3 10,6 ± 3,5
Universidad mejorada 1,3 ± 1,3 4,0 ± 2,3 62,6 ± 1,3 70,6 ± 8,7 40,0 ± 4,6
Yu-62 1,3 ± 1,0 10,6 ± 2,6 10,3 ± 1,3 12,6 ± 3,5 0

The percentage data shown are in correspondence with the original ones.
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                                                    Table 3. Effect of the main factors (variety, temperature  
                                                                  and light) on the final germination percentage  
                                                                 (mean ± SE)

Variety
Final germination (%)
2014 lot 2015 lot

Cubana 23,3 ± 2,2 66,2 ± 7,7
Tigreada 57,7 ± 7,8 27,4 ± 4,8
Universidad 66,1 ± 5,5 49,2 ± 6,3
Universidad mejorada 46,8 ± 6,1 46,4 ± 5,3
Yu-62 64,6 ± 5,8 8,4 ± 1,3
Temperature 2014 lot 2015 lot
25 ºC 22,3 ± 4,4 13,2 ± 3,7
25/30 ºC 39,6 ± 6,7 34,1 ± 6,2
25/35 ºC 70,8 ± 5,6 68,5 ± 5,6
25/40 ºC 68,7 ± 4,9 64,5 ± 5,6
25/45 ºC 60,7 ± 5,2 27,8 ± 6,1
Illumination 2014 lot 2015 lot
Light 66,4 ± 3,3 48,0 ± 4,1
Darkness 37,2 ± 4,0 31,0 ± 3,9

The percentage data shown are in correspondence with the 
                                                           original ones.

                                                    Table 4. ANOVA for the main effects and their  
                                                                  interactions in the mean germination time.

Variation source
F-test

2014 lot 2015 lot
Variety 9,4** 21,5***
Temperature 121,1*** 71,5***
Variety x temperature 2,2** 3,7***

                                                               ** p < 0,01; *** p < 0,001.

Table 5. Mean germination time (mean ± SE) under light and different substrate temperature.

Lot/variety Seeding temperature 
2014 25 ºC 25/30 ºC 25/35 ºC 25/40 ºC 25/45 ºC

Cubana 4,6 ± 0,7 3,5 ± 0,7 3,3 ± 0,3 4,7 ± 0,4 10,5 ± 0,3
Tigreada 4,8 ± 0,9 5,1 ± 0,8 3,9 ± 0,1 4,7 ± 0,1 10,1 ± 0,2
Universidad 4,9 ± 0,0 3,7 ± 0,1 2,9 ± 0,1 4,3 ± 0,1 9,5 ± 0,4
Universidad mejorada 5,2 ± 0,6 3,2 ± 0,1 3,1 ± 0,1 4,8 ± 0,2 8,9 ± 0,5
Yu-62 4,6 ± 1,1 3,0 ± 0,1 2,4 ± 0,1 3,8 ± 0,2 6,2 ± 0,2

2015 25 ºC 25/30 ºC 25/35 ºC 25/40 ºC 25/45 ºC
Cubana 5,3 ± 3,1 5,8 ± 0,2 4,3 ± 0,1 5,4 ± 0,1 9,2 ± 0,3
Tigreada 7,5 ± 0,4 7,3 ± 0,4 7,1 ± 0,2 8,7 ± 0,1 18,3 ± 0,6
Universidad 6,5 ± 0,4 6,1 ± 0,2 5,3 ± 0,31 6,7 ± 0,1 12,0 ± 1,0
Universidad mejorada 8,5 ± 0,7 5,8 ± 0,1 5,5 ± 0,2 6,9 ± 0,9 11,1 ± 0,4
Yu-62 9,6 ± 1,2 7,4 ± 0,2 7,1 ± 0,8 8,17 ± 1,8 19,6 ± 0,3

                The percentage data shown are in correspondence with the original ones.
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values obtained for the 2015 seed lots (fi g. 1). The 
varieties tigreada and universidad mejorada showed 
LRG values higher than 0,75; thus, they were pho-
toblastic. In the other varieties, independently from 
the collection time, there were LRG values from 
0,50 to 0,63, for which they were considered indif-
ferent photoblastic.

Assignation of seed dormancy classes
The seeds did not show dormancy; in the opti-

mum temperature the germination process started 
before seven days, and reached for most varieties 
more than 70 % of fi nal germination, according to 
the initial viability of the lots (97 %). In addition, in 
the temperature considered as optimum the seeds 
which did not germinate were dead, according to 
the results of the cutting test.

Discussion
Under the experimental conditions, it was 

shown that the fresh M. alba seeds did not show 
physical or physiological dormancy, because they 
were hydrated and their germination started in less 
than 28 days; result that coincides with the report 
by Permán et al. (2013) for this species. It was also 
proven that the germination of the varieties can oc-
cur in a wide range of temperatures under light and 
darkness conditions. This aspect is possibly due 
to the domestication process of the species, which 
during centuries has favored that the seeds ger-
minate faster and that there is a loss of dormancy. 
Similar domestication center has been reported for 

a large number of crops (Fuller and Allbay, 2009: 
Dürr et al., 2015) and represents an advantage for 
the management and fast establishment of the har-
vested plants (Smýkal et al., 2014). However, the di-
versity in the germination response could also be an 
advantage to face the uncertainty or environmen-
tal stress the seeds can fi nd once they are planted 
under nursery conditions (Cochrane et al., 2015; 
Mitchell et al., 2016). In fact, the stress conditions, 
in productive systems as well as natural systems, 
are the ones which the seeds commonly fi nd when 
they reach the soil (Finch-Savage and Bassel, 2015; 
Gardarin et al., 2016).

The results of this study showed that the 
germination of M. alba can be reduced by the 
inadequate conditions of substrate temperature and 
illumination. The fi nal germination signifi cantly 
decreased at fi xed temperature of 25 ºC and alternate 
temperature of 25/30 ºC, but when reseeding was 
done at 25/35 ºC high germination percentages were 
achieved, which proved the thermoinhibition process, 
as has been reported for many species (Geneve, 2005; 
Baskin and Baskin, 2014). Likewise, it can be stated 
that germination was always stimulated under white 
light conditions, which is due to the acknowledged 
photosensitivity for the seeds of different M. alba 
genotypes (Smýkal et al., 2014).

The substrate temperature seems to be the main 
factor that regulates the germination of the studied 
varieties, because thermoinhibition occurred in the 
seeds sown under white light as well as in those un-
der total darkness conditions. Nevertheless, it was 
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also proven that at the optimum seeding tempera-
ture (25/35 ºC) the fresh seeds from tigreada and 
universidad mejorada behaved as positive photo-
blastic, according to the light relative germination 
index (Milberg et al., 2000). The above-explained 
facts prove that such varieties were the most sensi-
tive to the light stress and to the low substrate tem-
peratures, result which could have high practical 
implication in the reproduction of these varieties 
under nursery and field conditions.

Conclusions
There was high diversity of germination response 

in the studied M. alba varieties, in each harvest date; 
which indicates that the germination process can 
occur under different environmental conditions, 
particularly where there is wide temperature fluc-
tuation. In addition, it could be observed that very 
high temperature ranges, such as 25/45 ºC, could 
be effective for germinating, but not for achieving 
seedling emergence. These elements should be tak-
en into consideration if the species is to be sexually 
reproduced, because such diversity could attempt 
against obtaining uniform plantations, and it could 
also favor the adaptation of the species to different 
climate conditions.

It is recommended to determine the effects of 
the pre-germination hydration-dehydration treat-
ments of these seeds, to synchronize and increase 
the germination and establishment of the species 
under stressful conditions (heat, drought, salinity, 
among others).
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