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Abstract       The number of cones per tree with based diameter between 40 
and 60 cm varies between 100 and 150 seeds, the maximum is 611 cones for 
a tree with 43 cm diameter at 1.3 m height. The 100 seeds weight range from 
150 to 300 g with an average of 270 g; per 1 kilogram being between 4,000 
and 5,000 seeds. For this study the materials were collected from trees 
belonging to natural populations of Pinus cembra, trees belonging to 
comparative cultures of Swiss stone pine from: Pietrosu Rodnei, Lala, 
Călimani, Boteanu, Iezerul Mare, Gemenele and Pietrele. The differences 
were statistically analyzed using Duncan test. Pietrosu Rodnei population 
presents an average of each character studied, lower than the populations 
from Retezat. Within the populations, the cones sizes present a small and 
very small variability. The sizes of the cones are characters which are strongly 
influenced by environment conditions and in a strong connection to the 
number of seeds per cone. Therefore, the pollination success largely 
determines the number of fertilized ovules, number of seeds per cone and 
cone sizes.   
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Terminal cones are erect, ovoid flattened, 6-8 cm, and 

rimy-purple in youth, becoming brown after ripening. 

The thick scales have apophyses slightly curved, 

flattened and umbellic small terminal, grizzly and tight 

against each other (7; 8). Although it produces seeds 

every 2-3 years, the full mast has the periodicity of 4-6 

years after Holzer (1975) (5) and after Grabowski 

(1971) (5), the periodicity is 9 - 10 years. Regarding 

the distribution of cones in the content of the crown, it 

is observed that the highest proportion is to be found in 

the upper third of the crown, there being 90 % of the 

cones, being 9.5 % in the middle third and in the lower 

third only 0.5 % of total cones (5). Number of cones 

per tree (5) with based diameter between 40 and 60 cm 

varies between 100 and 150; the maximum is 611 

cones for a tree with 43 cm diameter at 1.3 m height. 

Personally I found the cones formed on specimens that 

did not exceed 1.7 m height and 6 cm diameter at root 

crown, seedlings being planted in the Life Nature 

project, whose coordinator was Mr. Dr. Ing. Ioan Blada 

(3; 4). The 100 seeds weight range from 150 to 300 g 

with an average of 270 g; per 1 kilogram being 

between 4,000 and 5,000 seeds, in contrast to larch and 

spruce, which register in one kilogram a total of 17,500 

seeds, respective 720,000 seeds. The proportion of 

viable seeds per tree varies between 0 and 37%, with 

an average of 8% for a mature tree (5). 

The maturation is biennial and the cones fall unopened 

in the third spring, often being gnawed by squirrels and 

birds since the fall of the second year. A wide 

disadvantage is that the seeds are frequently eaten by 

the mountain nutcracker (Nucifraga caryocatactes 

L.)(2); also this bird participate in the dissemination of 

Swiss stone pine seeds having an important 

contribution regarding genetic information diversity, 

through carrying the seeds between different 

populations. The cones were harvested with as many 

seeds remaining therein for a smaller variability in the 

number of seeds per cone and also the seeds weight per 

cone. 

The differences registered after the field determinations 

were statistically analyzed using Duncan test (1), 

which allows an objective comparison between any 

two differences of variants using different values of     

DS5% and DS1%, the factors calculated according with 

the differences between the means of those two 

variants.  

The comparasion of differences between studied Pinus 

cembra L.  populations to be the most apropriate is 

necessary to determine and quantify five elements, 

considered in the references to be relevant: [1] Cone 

length; [2] Cone diameter; [3] Seeds number per cone; 

[4] Seeds weight from cones; [5] Weight of 100 seeds. 

 

Material and Methods 

 
The populations, from which the cones and seeds were 

harvest, are: Pietrosu Rodnei, Lala, Călimani, Boteanu, 
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Iezerul Mare, Gemenele and Pietrele (Figure 1 a). The 

samples were labeled regarding the tree number, the 

third of the crown and the population from which the 

cones and seeds are originated. The cones harvest was 

done from mature trees, in the second half of October, 

when the seeds ripening was complete. From each 

population were chosen ten trees, with the diameter 

appropriated with the stand diameter, and also were 

harvest ten cones from each tree, from the entire 

canopy.

 

 

    
Figure 1. Determinations and observations conducted to determine phenotypic variability for cones and seeds: (a) 

harvesting the cones; (b) determine cones length; (c) determine cones diameter; (d) determine seeds weight. 

 

The directly observations and determinations were: [1] 

cones length using a ruler, with one millimeter 

precision (Figure 1 b); [2] cones half diameter using a 

ruler, with one millimeter precision (Figure 1 c); [3] 

seeds number per cone, aspect considered for cones 

dimensions – the number of seeds determines cones 

dimensions and also points the pollination mode, type 

and successes about fecundation ovules (Figure 1 d); 

[4] seeds number per cone and seeds weight from 

cones was used to determine by extrapolation  the 

weight of 100 seeds. 

The differences between the above mentioned elements 

were statistically analyzed using the test of multiple 

comparisons (Duncan test) (the statistical variants were 

named: Gemenele and Pietrosu Rodnei).  
         

Results 

 
In table 1 could be observed that the highest average 

value for the cones length was recorded for Iezeru 

Mare population, followed by Boteanu and Pietrele 

populations; the differences being non-significant. 

Significant differences (p<0.01) beside Iezeru Mare 

population were recorded by Lala, Călimani, Gemenele 

and Pietrosu Rodnei populations. The lowest average 

value for cones length was determined for Pietrosu 

Rodnei population, followed by Gemenele, Călimani 

and Lala populations, with differences not statistically 

assured, but with very significant differences regarding 

Iezeru Mare, Boteanu and Pietrele populations.

Table 1 

Differences (cm) between populations concerning cones length according to Duncan Test 

Row Population 

Cone length 

(cm) 

Experimental differences between cones length (cm) 

Boteanu Pietrele Lala Călimani Gemenele 
Pietrosu 

Rodnei 

Average 4.84 4.79 4.21 4.10 3.99 3.91 

1 Iezeru Mare 4.92 0.08 0.13 0.71** 0.82** 0.93** 1.01** 

2 Boteanu 4.84  0.05 0.63** 0.74** 0.85** 0.93** 

3 Pietrele 4.79   0.58** 0.69** 0.80** 0.88** 

4 Lala 4.21    0.11 0.22 0.30 

5 Călimani 4.10     0.11 0.19 

6 Gemenele 3.99      0.08 

7 
Pietrosu 

Rodnei 
3.91       

*p< 0.05; **p< 0.01; DS 5%= 0.39 - 0.44 cm; DS 1%= 0.52 - 0.58 cm 
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Regarding the cones diameter, the highest average 

value was recorded for Iezeru Mare population, 

followed by Boteanu and Pietrele populations; between 

these populations the differences are not statistically 

assured. Significant differences (p<0.01) beside Iezeru 

Mare population were determine statistically the Lala, 

Călimani, Gemenele and Pietrosu Rodnei populations. 

The lowest average value was recorded for Pietrosu 

Rodnei population, alternate with none statistically 

differences assured by Gemenele population, 

significant differences (p<0.05) by Călimani 

population, and very significant differences by Lala, 

Pietrele, Boteanu and Iezeru Mare populations. Lala 

population presents statistically differences assured 

beside Călimani population, but significant differences 

(p<0.05) beside Gemenele, and very significant 

differences (p<0.01) beside Pietrosu Rodnei population 

(Table 2). 

 

Table 2  

Differences (cm) between populations concerning cones diameter according to Duncan Test 

Row   Population 

Cones 

diameter (cm) 

Experimental differences between cones diameter (cm) 

Boteanu Pietrele Lala Călimani Gemenele 
Pietrosu 

Rodnei 

Average 4.16 4.05 3.58 3.53 3.22 3.16 

1 
Iezeru 

Mare 
4.22 0.07 0.17 0.65** 0.69** 1.00** 1.06** 

2 Boteanu 4.16  0.11 0.58** 0.63** 0.94** 0.99** 

3 Pietrele 4.05   0.47** 0.52** 0.83** 0.89** 

4 Lala 3.58    0.05 0.35* 0.41** 

5 Călimani 3.53     0.31* 0.37* 

6 Gemenele 3.22      0.06 

7 
Pietrosu 

Rodnei 
3.16       

*p< 0.05; **p< 0.01; DS 5% = 0.26 - 0.29 cm; DS 1% = 0.34 - 0.38 cm 

 

Table 3 

Differences between populations concerning seeds number/ cone according to Duncan Test 

Row Population 

Seeds 

number/ cone 

Experimental differences between seeds number/ cone 

Iezeru 

Mare 
Pietrele Lala Călimani 

Pietrosu 

Rodnei 
Gemenele 

Average 52.08 37.79 24.73 19.82 8.36 4.67 

1 Boteanu 52.32 0.24 14.53** 27.59** 32.50** 43.96** 47.65** 

2 Iezeru Mare 52.08  14.29** 27.34** 32.26** 43.72** 47.41** 

3 Pietrele 37.79   13.06** 17.97** 29.43** 33.12** 

4 Lala 24.73    4.91 16.37** 20.06** 

5 Călimani 19.82     11.46* 15.15** 

6 
Pietrosu 

Rodnei 
8.36      3.69 

7 Gemenele 4.67       

*p< 0.05; **p< 0.01; DS 5% = 8.64-9.89 seeds; DS 1% = 11.48 – 12.91 seeds 
 

The highest average number of seeds per con was 

recorded for Boteanu population, between this one and 

Iezeru Mare population there were no statistically 

differences assured. Very significant differences 

(p<0.01) beside Boteanu population, presents Pietrele, 

Lala, Călimani, Pietrosu Rodnei and Gemenele 

populations. The lowest average value recorded for 

seeds number per cone was in Gemenele population, 

followed by Pietrosu Rodnei, with no statistically 

differences assured. Călimani, Lala, Pietrele, Iezeru 

Mare and Boteanu populations were distributed at very 

significant differences beside Gemenele population. 

Călimani population presented a significant difference 

(p<0.005) beside Pietrosu Rodnei population, although 

beside Lala population were recorded non statistically 

differences assured (Table 3). 

The highest value of seed weight (Table 4) was 

determined in population con Iezeru Mare, followed by 

Boteanu population, but without statistical differences 

insured. Differences statistically very significant 

compared to the population of Iezeru Mare lies the 

Gemenele populations, Pietrele, Lala, Călimani and 
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Pietrosu Rodnei. The lowest average seed weight was 

recorded in Pietrosu Rodnei population, this being very 

significant differences for any of the populations 

analyzed. The differences between Gemenele 

populations, Pietrele, Lala and Călimani are very 

significant, issue that highlights the heterogeneity of 

climatic, physical and geographical factors that 

characterize the areas where the populations studied are 

located.

 

Table 4 

Differences between populations concerning cone seeds weight (g) according to Duncan Test 

Row Population 

Cone seeds 

weight (g) 

Experimental differences between cone seeds weigh (g) 

Boteanu Gemenele Pietrele Lala Călimani 
Pietrosu 

Rodnei 

Average 52.08 37.79 24.73 19.82 8.36 4.67 

1 
Iezeru 

Mare 
52.32 0.24 14.53** 27.59** 32.50** 43.96** 47.65** 

2 Boteanu 52.08  14.29** 27.34** 32.26** 43.72** 47.41** 

3 Gemenele 37.79   13.06** 17.97** 29.43** 33.12** 

4 Pietrele 24.73    4.91** 16.37** 20.06** 

5 Lala 19.82     11.46** 15.15** 

6 Călimani 8.36      3.69** 

7 
Pietrosu 

Rodnei 
4.67       

*p< 0.05; **p< 0.01; DS 5% = 2.31-2.65 g; DS 1% = 3.07 – 3.45 g 

 

The data presented in Table 5 show that the highest 

value of the 100 seeds weight was recorded for 

Călimani population, followed by Lala and Iezeru 

Mare populations without statistical assured 

differences; and Boteanu, Gemenele and Pietrele 

populations present insignificant statistically 

differences.  

Lowest average 100 seeds weight was identified in the 

Pietrosu Rodnei population with very significant 

differences compared with Călimani population and 

significant differences from Lala and Iezeru Mare 

populations.  

Between Pietrosu Rodnei and Pietrele, Gemenele and 

Boteanu populations there are no differences 

statistically assured regarding the 100 seeds weight.

 

 

Table 5 

Differences between populations regarding 100 seeds weight according to Duncan Test 

Row Population 

100 seeds 

weight 

(g) 

Experimental differences between 100 seeds weight (g) 

Lala 
Iezeru 

Mare 
Boteanu Gemenele Pietrele 

Pietrosu 

Rodnei 

Average 25.73 24.97 23.83 23.75 23.53 18.95 

1 Călimani 27.34 1.61 2.37 3.51 3.59 3.81 8.39** 

2 Lala 25.73  0.76 1.90 1.98 2.20 6.78* 

3 
Iezeru 

Mare 
24.97   1.14 1.22 1.44 6.02* 

4 Boteanu 23.83    0.08 0.30 4.87 

5 Gemenele 23.75     0.22 4.80 

6 Pietrele 23.53      4.57 

7 
Pietrosu 

Rodnei 
18.95       

*p< 0.05; **p< 0.01; DS 5% = 4.65 - 5.33 g; DS 1% = 6.18 - 6.96 g 

 

Conclusions 

 
Between Iezeru Mare, Boteanu and Pietrele 

populations no statically differences were registered for 

cones length. As compared to Iezeru Mare population, 

Lala, Călimani, Gemenele and Pietrosu Rodnei 

populations present very significant differences. The 

smallest cone length was obtained in Pietrosu Rodnei 
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population. A small and very small intra-population 

variability (cv% < 10 %) was registered for all the 

populations studied.  

Cone diameter at ½ is a character for which, as well as 

for cones length, no statistic differences were 

registered in the case of Iezeru Mare, Boteanu and 

Pietrele populations. As compared to Iezeru Mare 

population, Lala, Călimani, Gemenele and Pietrosu 

Rodnei populations are very significantly different. 

Concerning the intra-population variability, for all 

population taken into study, a small and very small 

variability was determined.  

After analyzing the data concerning the 100 seeds 

weight as well as the number of seeds per cone, it can 

be conclude the fact that Boteanu and Iezeru Mare 

populations are able to produce more seeds as 

compared to Lala, Pietrele, Călimani, Pietrosu Rodnei 

and Gemenele populations, but the higher value of 100 

seeds weight registered in the case of Lala, Călimani 

and Iezeru Mare population highlights the potential of 

these populations in order to produce heavier seeds, 

with a higher quantity of endosperm, which favors 

germination and growth of plants.  

From the populations studied, Iezeru Mare and 

Boteanu populations proved to be the best when taking 

into account their potential in producing high quantities 

of seeds and with a higher content of endosperm, in 

Lala population the research revealed similar results to 

the ones obtained by Blada and Popescu (1993), 

respectively a small number of seeds per cone, but with 

a high value of 100 seeds weight.  

Pietrosu Rodnei population presents an average of each 

character studied, lower than the populations from 

Retezat, same result being obtained by Blada and 

Popescu (1993), in their research.  

Within the populations, the cones sizes present a small 

and very small variability, a selection for the 

improvement of the character within each population 

taken into study would not be recommended from this 

point of view. The sizes of the cones are characters 

which are strongly influenced by environment 

conditions and in a strong connection to the number of 

seeds per cone.  

A very important factor influencing the cones length 

and diameter growth is the number of seeds per cone, 

thus, the many ovules are fertilized, the higher the 

number of seeds and implicit the cones sizes are 

higher. Therefore, the pollination success largely 

determines the number of fertilized ovules, number of 

seeds per cone and cone sizes. 
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