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Abstract       The study aimed to evaluate the possibilities of germination of pine 
seeds under normal and in vitro conditions. The experiment was performed in 
parallel, in vivo on moistened filter paper, in vitro on strongly hydrated solid media. 
The germination temperature was 24-25 oC. It was determined, the germination 
capacity after 10 days and the germination energy after 4 days. The biological 
material consisted of black pine seeds, from four populations: Svinita, Herculane 
(from Romania), Ano Polidrosos, Kerasia-Evia (from Greece).  Statistical processing 
was performed by analyzing the variance specific to bifactorial experiments and 
making two-dimensional diagrams. The seed germination is influenced by all the 
experimental factors studied: culture systems, genotype, germination period. 
Generally, the germination begins on the second day, manifests itself with high 
intensity from the third day, and after the sixth day the intensity decreases. The 
average germination capacity in vivo ranged from 5.08% (Kerasia Evia) to 29.50% in 
(Svinița), and in vitro from 9.11% (Kerasia Evia) to 40.47% ( Svinița). The populations 
in Romania have better germination, compared to those in Greece. In vivo 
germination showed a high germination energy at five to eight days, with a daily 
average of 5.41 to 8.13%. In vitro, the maximum intensity is three to five days, the 
daily increase being from 9.41 to 14.02%.   
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The methods of germinating pine seeds are 

constantly changing, in order to speed up germination 
and increase the percentage of germinated seeds. In 
vitro germination on artificial media has been less 
tried. Most studies have been aimed at finding better 
ways to reduce seed latency, influence seed 
characteristics on germination or use treatments to 
stimulate germination. The present study addresses the 
technique of germination on artificial media under 
sterile conditions. For the germination of pine seeds, it 
is recommended to sort them before they are 
germinated. This emerges from studies to establish the 
link between seed properties and germination capacity. 
The parameters of the seeds, their length, width and 
thickness, can vary greatly depending on the plant from 
which they were harvested, the positioning of the cone 
on the branches or the area of the cone from which they 
come. For uniform germination, the seeds must be 
sorted by size to make the profitable activity in the 
nurseries [10]. 

The germination tests under different 
conditions are also very useful for the process of 
preserving the germplasm for a longer time. The 
comparison of the germination of fresh seeds with 
seeds stored for 10 years shows that the germination 
energy and the percentage of germination depend on 
the ecological characteristics of the origin area[19] . 
The studies on the improvement of pine seed 

germination techniques have also looked at the 
influence of tree age on germination. Following the 
viability of the seeds, the germination capacity and the 
growth of the black pine seedlings, it was found that 
the germination and subsequent growths depend on the 
size of the seeds and not on the age of the trees. Even 
the seeds from very old trees, hundreds of years old, 
have a pretty good germination [14]. 

To improve germination on black pine, 
plasma treatments have also been tried and it has been 
found that such treatments can improve seed 
germination and seedling growth [15]. For a good 
growth of seedlings obtained by in vitro cultures, 
rooting and growth in length of stems can be stimulated 
with the help of fungi that form mycorrhiza. The 
mushrooms must be harvested from the areas of origin 
of the seeds, there is a good adaptation of the species 
that achieve symbiosis [3]. Germination studies can be 
performed by calculating several indices of this 
process: germination time, germination uniformity 
coefficient, germination time variation coefficient, 
average germination rate, weighted average 
germination rate, germination rate coefficient. With the 
help of these indices it is possible to quantify the 
different aspects that appear during this very complex 
process. The evolution of the germination stages helps 
the organization of the technology by those who deal 
with the multiplication of the pine [13]. 
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To improve germination, have also been tried 
water extracts from the leaves of some tree species that 
have a common area with pine. These extracts have a 
high content of polyphenols that inhibit plant growth 
after germination. This inhibitory effect can be 
annihilated by the presence of coal as a substrate. 
These experiments wanted to transpose in the 
laboratory the factors encountered by the seeds being 
germinated in the natural environment [8]. 

In nature, the germination of seeds does not 
take place immediately after their dissemination. Many 
seeds germinate only in the second spring after 
dissemination. In nature, the winter cold can interrupt 
physiological rest if the embryo has reached maturity. 
Some embryos mature only in the second year. To 
speed up germination in laboratory conditions, some 
treatments must be applied. The use of stimulants, 
abscisic acid or gibberellinic acid can help to improve 
the germination of freshly harvested seeds [17]. In 
some pine species, such as the Korean pine, the release 
of seeds from the cone is difficult. The heat can help 
the seeds to release faster. The seeds kept in the cone 
maintain their germination capacity for a fairly long 
time. Some studies show that cone seeds over 20 years 
old still have a certain percentage of germination. In 
them, in vitro germination can lead to a better 
germination rate [1]. 

The stimulation of germination in laboratory 
conditions has been tried by various methods. 
According to experiments performed on some pine 
species, the germination rate increases by treating the 
seeds with indolyl-acetic acid, gibberellic acid and 
sodium nitrate. Stratification and treatment with 
concentrated sulfuric acid and gibberellic acid may also 
be beneficial. These variants can also be considered in 
”in vitro” germination [5]. 

A germination it has been found that 
germination in some pine species depends very much 
on the geographical origin of the seeds but also on the 
temperature at which germination takes place. Is 
recommended, temperature of 20oC. But, the color of 
the germination medium also has an influence on the 
germination. But the lught color of the germination 
medium also has an influence on germination. The red 
light can influence germination at lower temperatures 
[16]. 

In the Korean pine, where the seed latency 
period is longer, the heat treatments during the seed 
stratification period can speed up the rest. Wetting the 
seeds in water at 70oC, followed by storage at room 
temperature and stratification at a constant temperature 
of 3oC led to earlier dormancy. Such treatments must 
also be considered in the case of ”in vitro” 
germination, which makes it possible to obtain plants 
within a very short period of seed harvesting [12]. 

At the forest pine, the stimulation of 
germination was tried by freezing at low temperatures 
and increasing the water content of cones and seeds 
[11].  

In the case of white pine, the germination 
treatments followed the duration of wetting the seeds 
and the way of wetting: with aerated water, with water 
changed twice a day or with unchanged water. The 
most effective method was to use aerated water for a 
shorter period of time. By in vitro germination, such 
more complicated techniques could be eliminated [6]. 

 
Material and Method 
 

The aim of the research was to make a 
comparison between normal germination and ”in vitro” 
germination of black pine seeds, to obtain a better 
germination percentage. 

The biological material was represented by 
black pine seeds collected from four populations, two 
from Romania (Svinita, Herculane) and two from 
Greece (Ano Polidrosos, Kerasia-Evia). In the field, 
cones were collected, from which the seeds were 
extracted. Seeds were selected by immersion in water 
to remove poorly developed ones [20].  

For the efficiency of seed germination and in 
vitro regeneration, the sterilization of the biological 
material is of special importance. For germination, it 
has the best effect mercuric chloride [18].  

The seeds were used to mount the two 
germination techniques. In vivo germination was 
performed in Petri dishes, 50 seeds each, in 3 
repetitions, on moist filter paper, maintaining optimum 
humidity by supplementing with water. To in vitro 
germination were used solid germination media, 
strongly hydrated without the addition of germination 
biostimulators. For both variants, the temperature was 
kept constant at 24-25oC, and the humidity in the 
growth chambers was 80%. The observations on 
germination were made for 10 days. The germination 
energy was established after 4 days, and the 
germination capacity after 10 days. 

The statistical calculation was performed by 
methods that highlight the differences between the 
genotypes studied, by analysis of variance and t test for 
bidirectional experiments [4]. The significance of the 
differences was expressed as the base symbol (* or 0) 
and based on the letters (for the vertical comparison a, 
b, c, for the horizontal comparison x, y, z). To allow a 
graphical representation of the population behavior for 
the studied characteristics, two-dimensional diagrams 
were made [7] and the GCE method [21]. 
 
Results and Discussions 
 

Germination is a physiological process of 
crossing a germ of life latent and active life that gives 
rise to a plant or plant organ. Inside the seed is the 
embryo, from which new plants arise. Seed store 
nutrients needed to grow embryo and new seedlings 
until they succeed alone to produce the necessary 
nutritive substance in the process of photosynthesis 
[22]. 
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Analysis of variance concerning the effect of 
culture system, genotype and period on seeds 
germination in black pine populations studied showed 
that all three factors had a real influence distinctly 
significant on seeds germination, amid a low variation 
with not significant differences between repetitions 
(table 1).   

Germination dynamics during the 10 days of 
testing showed a significant variation of this 
characteristic from day to day (Table 2). Thus, the 
process of germination started sporadically in the 
second day, following that in the third day all 

populations started to manifest in mass. Between the 
third and the fifth day the highest germination energy 
was recorded (the daily average rate was of 7.02 to 
8.58%). Later in the period, from the sixth to eighth 
day, the intensity of this process is reduced to a level of 
4.13 to 5.72% daily increase. At the end of the period, 
in the ninth and the tenth day the germination intensity 
is considerably reduced down to a daily rate of 1.5-
2.7%. 
 

 

Table 1 
Analysis of variance concerning the effect of culture system, genotype and period on seeds germination in black 

pine populations 
Source of variation SS DF MS F Test 

Total 111784.40 239   
Repetitions 66.46 2 33.23 F=0.08 

Culture 8690.81 1 8690.81 F=20.93* 
Culture error 830.31 2 415.15  

Genotype 24421.67 3 8140.56 F=36.92** 
Culture x Genotype 2981.83 3 993.94 F=4.51* 

Genotype error 2646.26 12 220.52  
Period 54912.74 9 6101.42 F=328.48** 

Culture x Period 3529.10 9 392.12 F= 21.11** 
Genotype x Period 9216.99 27 341.37 F= 18.38** 

Culture x Genotype x Period 1813.47 27 67.17 F= 3.62** 
Period error 2674.78 144 18.57  

Table 2 
The effect of period on seeds germination in black pine populations 

Period 
(days) 

Average  
(%) 

Relative 
values 

(%) 

Difference/ 
Significance 

Period 
(days) 

Average  
(%) 

Relative 
values  

(%) 

Difference/ 
Significance 

2 - 1 0.27 0.00 - 0.27 10 - 3 41.74 8.85 471.64 32.89*** 
3 - 1 8.85 0.00 - 8.85*** 5 - 4 23.28 15.87 146.69 7.41*** 
4 - 1 15.87 0.00 - 15.87*** 6 - 4 27.69 15.87 174.48 11.82*** 
5 - 1 23.28 0.00 - 23.28*** 7 - 4 33.41 15.87 210.52 17.54*** 
6 - 1 27.69 0.00 - 27.69*** 8 - 4 37.54 15.87 236.55 21.67*** 
7 - 1 33.41 0.00 - 33.41*** 9 - 4 40.27 15.87 253.75 24.40*** 
8 - 1 37.54 0.00 - 37.54*** 10 - 4 41.74 15.87 263.01 25.87*** 
9 - 1 40.27 0.00 - 40.27*** 6 - 5 27.69 23.28 118.94 4.41*** 
10 - 1 41.74 0.00 - 41.74*** 7 - 5 33.41 23.28 143.51 10.13*** 
4 - 2 15.87 0.27 5877.78 15.60*** 8 - 5 37.54 23.28 161.25 14.26*** 
5 - 2 23.28 0.27 8622.22 23.01*** 9 - 5 40.27 23.28 172.98 16.99*** 
6 - 2 27.69 0.27 10255.56 27.42*** 10 - 5 41.74 23.28 179.30 18.46*** 
7 - 2 33.41 0.27 12374.07 33.14*** 7 - 6 33.41 27.69 120.66 5.72*** 
8 - 2 37.54 0.27 13903.70 37.27*** 8 - 6 37.54 27.69 135.57 9.85*** 
9 - 2 40.27 0.27 14914.81 40.00*** 9 - 6 40.27 27.69 145.43 12.58*** 
10 - 2 41.74 0.27 15459.26 41.47*** 0 - 6 41.74 27.69 150.74 14.05*** 
4 - 3 15.87 8.85 179.32 7.02*** 8 - 7 37.54 33.41 112.36 4.13** 
5 - 3 23.28 8.85 263.05 14.43*** 9 - 7 40.27 33.41 120.53 6.86*** 
6 - 3 27.69 8.85 312.88 18.84*** 10 - 7 41.74 33.41 124.93 8.33*** 
7 - 3 33.41 8.85 377.51 24.56*** 9 - 8 40.27 37.54 107.27 2.73* 
8 - 3 37.54 8.85 424.18 28.69*** 10 - 8 41.74 37.54 111.19 4.20*** 
9 - 3 40.27 8.85 455.03 31.42*** 10 - 9 41.74 40.27 103.65 1.47 

LSD5%=2.46       LSD1%=3.25      LSD0,1%=4.18 
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Table 3 

The effect of culture system and genotype on seeds germination in black pine populations 

Population 
Culture system 

x
sx   S% In vitro In vivo 

Herculane x38.07a y17.92b 27.99+2.87 79.44 
Svinita x40.47a y29.50a 34.98+3.18 70.46 

Kerasia Evia x9.11c x5.08c 7.09+1.24 135.9 
Ano Polidrosos x28.00b y15.00b 21.50+2.12 76.25 

x
sx   28.91+2.10 16.87+1.68 22.89+1.39  

S% 79.43 109.10 94.47  
Culture System- LSD5%=9.51    LSD1%=13.61   LSD0,1%=19.85 
Population-      LSD5%=8.35    LSD1%=11.71   LSD0,1%=16.55 

  
Amid the influence of culture on seed 

germination of each population (table 3, figure 1) it is 
noted that the highest amplitude of the variation 
(20.15%) and the greatest effect was registered on the 
population of Herculane.  

Mean germination capacity of the four 
populations, recorded in vivo (table 4) ranged from 
5.08% in Kerasia Evia to 29.50% in Sviniţa population, 
amid variability among genotypes is of 79.43%. 
Population of Sviniţa realized, in these culture 
conditions, mean values of this character significantly 
superior to the other populations with increases ranging 
from 11.58% to Herculane and 24.42% to Kerasia 
Evia. Populations of Herculane and Ano Polydrossos 

have used at the same level the in vivo culture 
conditions, in terms of seed germination. In vitro 
culture conditions determined the studied populations 
to achieve values of germination capacity with limits 
between 9.11% in Kerasia Evia to 40.47% in Sviniţa 
amid the interpopulation variability of 109.1%. The 
Romanian population of Sviniţa and Herculane 
registered the highest values for germination capacity 
in the in vitro culture conditions, with significantly 
increases from 36% to 344% compared with Greek 
population.  

While the variation amplitude in population of 
Kerasia Evia was considerably lower (4.03%).  
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Figure 1. Seeds germination of black pine populations on different culture systems 
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Table 4 

The effect of genotype on seeds germination for each culture system  
Population x In vivo Average (%) Relative values (%) Difference/ Significance 
Svinita -Herculane 29.50 17.92 164.62 11.58* 

Kerasia  Evia - Herculane 5.08 17.92 28.35 -12.8400 

Ano Polidrosos - Herculane 15.00 17.92 83.71 -2.92 
Kerasia  Evia - Svinita 5.08 29.50 17.22 -24.42000 

Ano Polidrosos - Svinita 15.00 29.50 50.85 -14.5000 

Ano Polidrosos–Kerasia Evia 15.00 5.08 295.28 9.92* 
Population x In vitro Average (%) Relative values (%) Difference/ Significance 
Svinita -Herculane 40.47 38.07 106.30 2.40 

Kerasia  Evia - Herculane 9.11 38.07 23.93 -28.96000 

Ano Polidrosos - Herculane 28.00 38.07 73.55 -10.070 

Kerasia  Evia - Svinita 9.11 40.47 22.51 -31.36000 

Ano Polidrosos - Svinita 28.00 40.47 69.19 -12.4700 

Ano Polidrosos–Kerasia Evia 28.00 9.11 307.35 18.89*** 
LSD5%=8.35    LSD1%=11.71   LSD0,1%=16.55  

 
Given the cumulative effect of culture system 

and duration of treatment on germination capacity 
(Table 5, Figure 2) there is a high variability for in vivo 
culture (109.10%) compared to results obtained when 
germination was realised in vitro (79.43%). 
Germination of seeds in normal, in vivo conditions, 
showed a gradual and significant increase in 
germination capacity from the fourth day to the ninth 
days. The germination energy showed a higher 
intensity in the range of fifth to eighth days, recording 
a daily average of 5.41 to 8.13%. But in the last few 
days the daily increase in the percentage of germination 
reduced to 2.71 to 3.34%. 

Dynamic of germination is different in vitro, 
given that the highest germination energy intensity 
occurs in between the third and the fifth days, 
combined with a daily increase of 9.41 to 14.02%. 

Further, there is a progressive and significant 
reduction of daily average of germinated seeds, which 
reaches the end with low values of 0.2 to 2.1%.  

The highest difference between the two 
systems (17-23%), in terms of their influence on the 
germination of the seed is recorded in the range of 
forth to seventh days, following that at the end of 
experimentation period the in vitro culture determined 
an increase in the result of 7-11% of germination 
capacity of seeds.  

 
Table 5 

The effect of culture system and period on seeds germination in black pine populations 

Period(days) 
Culture system 

x
sx   S% In vitro In vivo 

1 x0.00g x0.00g 0.00  
2 x0.34g x0.21g 0.27+0.15 279.1 
3 x14.36f y3.33fg 8.85+1.80 99.95 
4 x25.28e y6.46f 15.87+3.04 93.93 
5 x34.69d y11.87e 23.28+3.70 77.91 
6 x38.51c y16.87d 27.69+3.87 68.52 
7 x41.82bc y25.00c 33.41+3.93 57.60 
8 x43.20ab y31.87b 37.54+3.96 61.54 
9 x45.34a y35.21ab 40.27+3.88 47.26 
10 x45.57a x37.92a 41.74+3.95 46.26 

x
sx   28.91+2.10 16.87+1.68 22.89+1.39  

S% 79.43 109.10 94.47  
Culture System- LSD5%=8.72    LSD1%=14.53   LSD0,1%=27.42 

Period-      LSD5%=3.48    LSD1%=4.59   LSD0,1%=5.91 
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Figure 2. Seeds germination of black pine for different culture systems and periods 

 
The effect of the period of treatment on the 

percentage of seed germination for each variety (Table 
6 Fig. 3) amplitude variation observed varied between 
17.24% in Kerasia Evia population and 61.83% of the 
population Sviniţa. Both Sviniţa and Herculane 
populations faced the most intensive germination 
energy in the first three days, with daily averages of 
10.60 to 13.60% and 8.10 to 11.75%.  

In Greek populations both the final value of 
seed germination percentage and intensity of this 
process are significantly lower. Thus, a maximum 
germination rate of 6.5 to 9% was registered in Ano 
Poplidrosos in between the third and fifth day, while 
germination process developed slower in the seeds of 
Kerasia Evia, the highest germination intensity being 
registered in the fifth day. 

Hard seeds or water impermeable are common 
in tree seeds, especially in coniferous seeds, that might 

need even 25 years and special conditions to germinate 
() and loss in seed viability can occur during anyone of 
the several phases of seed collection process, namely 
cone storage or drying in the kiln, but also during the 
dewinging of seeds process [2].  

The effect of genotype on the percentage of 
germinated seeds (Table 5.69) was emphasized during 
the entire period. Seeds of Romanian populations 
showed significant superior values in the germination 
capacity in the fifth and sixth day of the 
experimentation, associated with significant increases 
of 7-30 % compared with Greek populations. In the last 
four days of germination period seeds of Sviniţa 
population recorded significantly higher germination 
capacity to the other populations, closely followed by 
the seeds of Herculane population. 

 
Table 6 

The effect of genotype and period on seeds germination in black pine populations 

Period(days) 
Population 

x
sx   S% Herculane Svinita Kerasia E. Ano Pol. 

1 x0.00g x0.00g x0.00f x0.00g 0.00  
2 x0.00g x0.75g x0.00f x0.34g 0.27+0.15 279.1 
3 x11.75f x14.33f y0.00f x9.31f 8.85+1.80 99.95 
4 x22.17e x24.08e y0.45ef x16.77e 15.87+3.04 93.93 
5 xy30.25d x34.67d z4.92de y23.30d 23.28+3.70 77.91 
6 x35.50c x42.75c z6.96cd y25.55cd 27.69+3.87 68.52 
7 y39.33c x52.83b u11.25bc z30.27bb 33.41+3.93 57.60 
8 y44.25b x58.00a u13.33ab z34.56ab 37.54+3.96 61.54 
9 y47.08ab x60.58a u16.79a z36.64a 40.27+3.88 47.26 
10 y49.58a x61.83a u17.24a z38.31a 41.74+3.95 46.26 

x
sx   27.99+2.87 34.98+3.18 7.09+1.24 21.50+2.12 22.89+1.39  

S% 79.44 70.46 135.9 76.25 94.47  
Population- LSD5%=7.92      LSD1%=9.78     LSD0,1%=12.90 

Period-    LSD5%=4.92       LSD1%=6.49     LSD0,1%=8.36 



 45

 

0 0

11.75

22.17

30.25

35.50
39.33

44.25
47.08

49.58

0 0.75

14.33

24.08

34.67

42.75

52.83

58.00
60.58 61.83

0 0 0 0.45

4.92
6.96

11.25
13.33

16.79 17.24

0 0.34

9.31

16.77

23.3
25.55

30.27

34.56
36.64 38.31

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7 8 9 10

Period (days)

G
er

m
in

at
io

n
 (
%

) 
   

.
Herculane

Svinita

Kerasia E.

Ano Pol.

LSD5%--Per
LSD5%--P

 
Figure 3. Seeds germination of black pine populations on different periods  

 
”In vitro” multiplication studies in pine have 

looked at the efficiency of multiplication in different 
explants. Thus, the culture of mature embryos or 
embryonic cells from immature embryos gave good 
results. The regenerated plants followed for several 
years in natural conditions had a favorable growth, and 
the number of descendants obtained was very high. For 
regeneration media, good results were obtained by the 
use of 2,4D and benzyl-amino-purine, andolyl-butlic 
acid, polyethylene glycol, maltose instead of sucrose. 
For the germination of mature embryos, not are 
recommended hormones or activated charcoa [9] 
 
Conclusions 
 

The obtained results show that the culture 
system, the genotype and the germination period, 
influenced the germination of the seeds, each with its 
own involvement. The germination process started the 
next day, but the mass germination started on the third 
day. After the sixth day, the germination intensity 
decreases. The average in vivo germination capacity 
ranged from 5.08% (Kerasia Evia) to 29.50% in 
(Sviniţa), against the background of variability between 
genotypes is 79.43%. At in vitro germination, the limits 
were between 9.11% (Kerasia Evia) and 40.47% 
(Svinița), against the background of the interpopulation 
variability of 109.10%. The populations from Romania 
showed a better germination than those in Greece. ”In 
vivo” germination showed a gradual and significant 
increase from the fourth day to the ninth day. 
Germination energy has a higher intensity in the 
interval of five to eight days, with a daily average of 
5.41 to 8.13%. In vitro, the maximum intensity of 
germination energy takes place between the third and 

fifth day, the daily increase being from 9.41 to 14.02%. 
The effect of the germination period differs from one 
population to another. The populations of Svinița and 
Herculane have the most intense germination energies 
in the first three days (daily averages of 10.60-13.60%, 
respectively 8.10-11.75%). In Greek populations, the 
germination rate and germination intensity are 
significantly lower. For a better germination rate, can 
be established a working protocol for ”in vitro” 
germination. 
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