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MORPHO - PHYSIOLOGICAL CHARACTERISTICS OF GENTIAN 

(Gentiana lutea L.) GENOTYPE SEEDLINGS FROM NATURAL 

POPULATIONS IN MONTENEGRO 

 

SUMMARY  

The aim of this paper is to examine the possibility of gentian generative 

propagation, because the production of high-quality planting material is very 

important not only for the beginning of revitalization of this plant species in their 

natural habitat but also for its large-scale production in Montenegro. Cultivation 

of gentian, as well as other medicinal plants, represents a safe way for their 

protection and conservation in the wild. For the purpose of choosing the best 

population, seed samples from 9 natural habitats were collected in the mountains 

of the northern part of Montenegro. The field trial in which dynamics of gentian 

seedlings growth was monitored in the first and the second year of vegetation 

was set up by sowing of seeds collected in natural conditions at the locality 

Korita. 

The average fresh root weight of the sowed annual seeds was 0.17 g and 

the maximum weight had seedlings originating from the locality called Jovanova 

koliba. The average dry matter content in the roots was 29.18%. The average root 

length of biennial seedlings of the tested population was 14.6 cm and maximum 

length had seedlings originating from Prelija. The average root fresh weight of 

the analyzed population of biennial seedlings was 0.96 g and maximum weight 

had seedlings from Jovanova koliba (1.57 g). 
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INTRODUCTION 

Gentian lutea L. (yellow, big gentian or Gentianella austriaca) is a 

perennial, heliophilous, herbaceous rugged mountain plant of wide ecological 

valence. Its habitats are spread across the Alps, the Apennines, the Carpathian 

mountains, the Iberian and the Balkan Peninsula (Hesse et al., 2007; Vender et 

al., 2010) 300-2800 m above sea level, on different soil types, which as a rule 
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contain more than 6% of humus (Stepanović and Radanović, 2011). Gentian is 

more or less found on almost all Montenegrin mountains: Sinjajevina, Bjelasica, 

Prokletije (Plav-Gusinje), Hajla, Komovi, Durmitor, Ljubišnja, Morača 

Mountains, Orjen, Lovcen, Rumija, Volujak, Vojnik, Golija, in the plateau of 

Korita as well as in Štedim (Balijagić et al., 2012a; 2012b).  

The demand for gentian use in herbal medicine and the beverage industry 

has been growing steadily (Sezik et al., 2005; Kušar and Baričević, 2006; 

Balijagić et al., 2012a; 2012b). Only in Europe, 400-500 tons of dry root 

(Radanović et al., 2014) is consumed annually. Thus, large amounts of yellow 

gentian root cannot be collected from natural populations over a longer period of 

time without the risk of its destruction. In almost all countries, yellow gentian is 

under a regime of strict control against exploitation, and in most countries of 

South Eastern Europe its use from natural populations is prohibited (Radanović 

et al., 2014). 

In the last century, irrational exploitation of gentian caused its eradication 

or great reduction in most of our mountains. Sustainable use of natural resources 

can only be achieved with the introduction of plants, as well as cultivation, which 

is an important way to protect endangered plant species (Menges, 2000). 

Therefore, in recent decades of the last and at the beginning of this century, 

abroad, but also in Serbia and Slovenia great efforts had been made to develop a 

technology for gentian cultivation, especially in rural mountainous areas (Kušar 

and Baričević, 2006; Radanović et al., 2007b; 2007c; Radanović, 2008; Franz, 

2012; Radanović et al., 2013; 2014; Balijagić, 2013; González-López et al., 

2014; Sand, 2015). 

The aim of this study was to examine the possibility of reproduction of 

gentian seeds and choose the most suitable populations of plant species in 

agricultural conditions of Montenegro. The production of high-quality planting 

material is very important for the start of the revitalization of plant species in 

their natural habitats as well as for their large-scale production in Montenegro. 

The cultivation of gentian as well as other medicinal plant species represents a 

safe way for protection and conservation of wild plants whose survival is 

endangered due to overexploitation. Besides that, the cultivation of endangered 

species has an important socio-economic dimension, as it can enable the rural 

development of the impoverished population in mountain regions. 

 

MATERIAL AND METHODS 
In 2009, the gentian seeds were collected from nine natural habitats in the 

mountains of northern part of Montenegro that are located at altitudes from1.400 

to 2.076 m (Table1). The seeds were collected in accordance with the Law on 

Environmental Protection. Parts of collected inflorescence were dried in the 

shade, in the drafty place to air dry state, followed by manual threshing of seeds. 

The same year, the field trial was set up under natural conditions at the 

locality of Korita (Sušica), which is at an altitude of 1.300 m and has good soil 

conditions for gentian cultivation (Table 2). 
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Table 1. Localities where in 2009 the seeds of yellow gentian were 

collected, the mountains in northern part of Montenegro 

Population 

Number of 

plants 

(average) 

The average 

fresh root (g) 

mass 

The average 

dry root (g) 

mass 

Strmenica 24.00 0.178 0.051 

Kobilja glava 24.50 0.138 0.038 

Durmitor 22.25 0.277 0.075 

Gutavica 31.25 0.095 0.033 

Konjska rijeka 15.50 0.123 0.037 

Prošćen Mountains 16.50 0.111 0.029 

Prelija 13.50 0.142 0.043 

Jovanova koliba 17.50 0.301 0.088 

Ljubišnja 16.00 0.164 0.048 

Average 20.11 0.170 0.049 

LSD 
1% - 0.131 0.039 

5% - 0.097 0.029 

F – probability (p) 0.001 0.003 

 

During September 2009, the sowing in the field trial was conducted in 

already prepared beds, according to the method of non-hormonal production of 

gentian seedlings in open winter beds (Radanović et al., 2007b). 

According to the agrochemical analyses of the soil (Table 2), the farmyard 

manure was added to the soil before planting, at a dose of 100 m³ ha
-1

 and 

mineral fertilizer NPK (8:20:30) at a dose of 150 kg ha
-1

. The basic agrochemical 

analyses of the soil are determined by standard methods prescribed for soil 

analysis. Weed control in experimental plots was performed manually by hoeing 

and weeding, and during the summer beds were semi-shaded by a protective net. 

The field trial was irrigated as needed. 

 

Table 2. Agrochemical soil analyses (0-30 cm) from the localities where 

the trial was set up 

Number of 

samples 

pH CaCO3  

(%) 
Humus 

(%) 
P2O5 K2O 

u H2O u KCl mg/100 g of soil 

1 6.43 5.85 2.8 4.81 2.2 11.5 

2 6.17 5.60 2.6 4.48 2.6 10.4 

 

For each of the studied population, four furrows (4 replications) were 

formed in beds, and each was sown by 250 seeds. At the end of the first year of 

vegetation, from each furrow, in four replications, at row length of 15 cm, the 

seedlings were removed. Firstly, the number of seedlings was determined, and 

this was followed by measurements of roots’ neck width, roots’ length, roots’ 
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mass per seedling, as well as dry matter content in the root of seedling. The same 

measurements were also performed at the end of the second vegetation period. 

The weight of plant was measured by precise laboratory beam scale while 

the length and thickness of seedlings’ parts were measured by a vernier caliper. 

Statistical data processing included a factorial analysis of variance and the 

averages of treatments were compared by LSD test (Witte and Witte, 2013) and a 

standard deviation (SD) was calculated as a measure of variation.  

 

RESULTS AND DISCUSSION 

 

Morpho-physiological characteristics of the annual seedlings  

The average number of plants in analyzed samples of all populations was 

20.11. The minimum number of plants (13.50) belonged to the population 

originating from locality Prelija locality while the maximum (31.25) from the 

locality called Gutavica (Table 3). 

 

 Table 3. The number of the studied plants and morho-physiological 

characteristics of the annual seedlings 

Population 

Number of 

plants 

(average) 

The average 

fresh root (g) 

mass 

The average 

dry root (g) 

mass 

Strmenica 24.00 0.178 0.051 

Kobilja glava 24.50 0.138 0.038 

Durmitor 22.25 0.277 0.075 

Gutavica 31.25 0.095 0.033 

Konjska rijeka 15.50 0.123 0.037 

Prošćen Mountains 16.50 0.111 0.029 

Prelija 13.50 0.142 0.043 

Jovanova koliba 17.50 0.301 0.088 

Ljubišnja 16.00 0.164 0.048 

Average 20.11 0.170 0.049 

LSD 
1% - 0.131 0.039 

5% - 0.097 0.029 

F – probability (p) 0.001 0.003 

 

The average fresh root weight of the annual seedlings was 0.170 g. The 

minimum average fresh root weight (0.095 g) was recorded on plants from 

locality Gutavica, while the maximum (0.301g) on gentian seedlings from 

locality Jovanova koliba. F-test of variance analysis (0.001) shows that the 

localities had significant effect on the fresh root weight of annual seedlings 

(Table 3). 

The average weight of air dried roots in all seedlings was 0.049 g. The 

minimum weight (0.029 g) of air dried roots had the plants obtained by sowing 
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seeds of natural populations from the locality called Prošćen mountains and the 

maximum (0.088 g) from the locality called Jovanova koliba. F-test of variance 

analysis (0.003) shows that the localities had a significant effect on the mass of 

air dried roots (Table 3). The values of annual seedling mass were significantly 

lower in comparison to those obtained in the study of RADANOVIĆ et al. 

(2013), in which at the end of the first growing season in Serbia the average 

seedling fresh mass of gentian was 1.79 g. These differences are presumably 

caused by high quality seeds obtained by cultivated gentian, as well as by better 

conditions in seed beds seedlings’ production in Serbia.  

 

Morpho- physiological characteristics of biennial seedlings 

The average number of plants of biennial seedlings in the studied samples 

of yellow gentian was 28.3. The maximum number of plants (42.0) was obtained 

from the seeds originating from the natural population of Durmitor locality and 

the minimum (15.3) from seeds of Prošćen mountains. F-test of variance analysis 

shows that localities had no significant effect on the number of plants (Table 4). 

Previous experiences in cultivation of yellow gentian obtained in the southern 

and South-eastern Europe demonstrated that the climatic conditions and the slow 

rooting and development of seedlings in the first two years of cultivation are the 

main limiting factors which cause great losses of plants and thus the low root 

yield (RADANOVIĆ et al., 2014).  

 

Table 4: The number of the studied morpho - physiological characteristics 

of biennial seedlings 

Population 
Number of plants 

(average) 

The 

average 

root 

neck 

widht  

(mm) 

The 

average 

root 

length 

(cm) 

The 

average 

fresh 

root 

mass 

(g) 

The 

average 

dry root 

mass (g) 

Strmenica 16.8 3.0 12.2 0.57 0.17 

Kobilja glava 33.3 3.3 15.8 0.67 0.20 

Durmitor 42.0 4.2 14.0 1.01 0.29 

Gutavica 29.3 4.4 15.5 1.29 0.35 

Konjska rijeka 28.8 3.5 13.3 0.72 0.19 

Prošćen 

mountains 
15.3 3.0 13.5 0.48 0.28 

Prelija 30.0 4.0 16.2 1.10 0.13 

Jovanova koliba 17.5 4.8 15.4 1.57 0.24 

Ljubišnja 41.8 4.1 15.7 1,23 0.41 

Average  28.3 3.8 14.6 0.96 0.25 

LSD 
1% 30.27 1.0 4.0 0.71 0.15 

5% 22.33 0.8 2.9 0.52 0.11 

F - probability 0.14 <.001 0.103 0.003 <.001 
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The average width – roots’ neck diameter of the examined populations was 

3.8 mm. The minimum average diameter of 3.0 mm had seedlings originating 

from locality Strmenica and the maximum of 4.8 mm seedlings produced from 

the seeds of Jovanova koliba locality. F-test of variance analysis (<.001) shows 

that localities had significant effect on the diameter of the root neck of biennial 

gentian seedlings (Table 4) 

The average value of the standard deviation (SD) for the width of the root 

neck for nine populations of the studied seedlings was 1.26 mm (Table 5). The 

minimum Sd value of 1.04 was obtained from seedlings originating from seeds 

from locality Durmitor and the maximum (1.81) from seedlings obtained from 

seeds from locality Jovanova koliba. 

For nine populations, the average value of the coefficient of variation (CV) 

width of roots’ neck was 33. 44%. The lowest coefficient of variation (24.81) 

was between seedlings from Durmitor locality and the highest (43.96) from 

locality Strmenica. Individually, the smallest root neck width of a biennial 

gentian (0.90 mm) was recorded in seedlings from locality Prelija and the 

highest (9.90 mm) in seedlings obtained from seeds of Gutavica locality. The 

obtained values of the width of root neck of biennial seedlings in this trial are 

lower in comparison to those obtained in the study of RADANOVIĆ et al. (2013) 

who at the end of the second year of growing obtained plants with average 

diameter of roots’ neck of 13.03 mm. The plants were grown out of cultivated 

gentian seeds from Serbia.  

 

Table 5: Indicators of biennial seedlings variability of root neck width 

Population SD (mm) CV (%) min max 

For all 9 population 1.26 33.44 0.90 9.90 

 

The average root length of the studied populations was 14.6 cm. The 

minimum average root length (12.2 cm) had seedlings originating from 

Strmenica locality and the maximum (16.2 cm) had seedlings originating from 

Prelija locality. F-test analysis of variance (0,103) shows that the localities had 

no significant effect on the root length (Table 4). 

The average value of SD for root length for nine populations was 4.98 

(Table 6). The minimum value (3.35) was recorded in seedlings from locality 

Jovanova koliba, and the maximum (14.53) in seedlings from locality Kobilja 

glava. The average value of the coefficient of variation between root lengths 

(CV) in the examined population was 33.67.  

The highest coefficient of variation (91.91) in root length had the seedlings 

of the population from locality Kobilja glava, and the smallest (20.75), the 

seedlings of the population from locality Jovanova koliba. The minimum root 

length (4.50 cm) measured separately, had seedlings obtained from the seeds of 

locality Prelija, and the maximum (30.80 cm) seedlings of the population from 

locality Durmitor. 
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Table 6: Indicators of biennial seedlings’ variability of root length 

Population SD (cm) CV (%) min max 

Strmenica 4.29 34,98 4.70 21.30 

Kobilja glava 14.53 91,91 7.1 23.30 

Durmitor  4.04 28.94 6.30 30.80 

Gutavica 3.75 24.18 7.50 24,80 

Konjska rijeka 3.51 26.28 7.60 26.90 

Prošćen mountains 3.90 24.89 8.30 24.50 

Prelija 3.55 26.25 4.50 20.50 

Jovanova koliba 3.35 20.75 9.50 24.70 

Ljubišnja 3.93 24.85 5.40 24.00 

For all 9 population 4.98 33.67 4.50 24.8 

 

The average value of the fresh root mass of biennial seedlings was 0.96 g. 

The minimum average mass (0.48 g) had seedlings obtained from seeds from 

locality Prošćen mountains, and the maximum (1.57 g) had seedlings of the 

population from locality Jovanova koliba. F-test analysis of variance (<.001) 

shows that localities had significant effect on fresh root mass (Table 4). 

The average value of standard deviation of the examined biennial 

seedlings’ fresh root mass was 0.85 (Table 7). The minimum value of SD (0.44) 

was recorded in seedlings of the population from locality Prelija and the 

maximum (1.42) had seedlings of the population from Ljubišnja locality. 

Coefficient of variation value (CV) for the studied population fresh root weight 

was 92.21%. A minimum variation of fresh root weight (59.33%) was within the 

population of locality Durmitor and a maximum (124.58%) had seedlings from 

locality Konjska Rijeka. The minimum mass obtained by the separate 

measurement of seedlings fresh root weight (0.02 g) had seedlings from locality 

Prelija and the maximum (8.42 g) had seedlings of the population from locality 

Gutavica. 

 

Table 7. Indicators of biennial seedlings’ variability of fresh roots mass 

Population SD (g) CV (%) min max 

Strmenica 0.62 112.8 0.04 2.49 
Kobilja glava 0.69 102.01 0.08 3.59 

Durmitor 0.60 59.33 0.17 3.34 
Gutavica 1.30 101.14 0.16 8.49 

Konjska rijeka 0.90 124.58 0.15 4.85 
Prošćen mountains 0.81 66.08 0.28 4.07 

Prelija 0.44 91.86 0.02 1.69 
Jovanova koliba 0.88 80.25 0.10 4.20 

Ljubišnja 1.42 91.87 0.12 6.79 
For all 9 population 0.85 92.21 0.02 8.49 
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The average of air dried root mass of the studied populations was 0.25 g. 

The minimum average mass had seedlings obtained from seeds collected in 

Prelija locality (0.13 g) while the maximum mass had seedlings from mountain 

Ljubišnja (0.41). F-test analysis of variance (<.001) shows that localities had a 

significant effect on air dried root mass of seedlings (Table 4). 

The average root length of biennial seedlings was 14.6 cm. F-test analysis 

of variance indicates that the localities did not affect seedlings root length. Our 

results are in accordance with the statements of Radanović et al. (2007a): the 

length of annual seedlings in September were about 10 cm because there was a 

great probability that root of annual seedlings would grow for 1.25 cm more by 

October, the time when the measurements were performed. 

In the third year of gentian cultivation in the pots, Galambosi and 

Galambosi (2010) achieved the one plant root yield of 78 g with 3 plants per pot, 

up to 44.3 g with 10 plants per pot.Our studies also confirmed that higher 

seedling number and density per unit of area reduce weight of seedlings root. 

 

CONCLUSIONS 

The origin of seeds i.e. the population had a significant effect on annual 

and biennial seedlings fresh and dry root mass, as well as on the width of roots’ 

neck, while the origin of seeds had no significant effect on the relation between 

fresh and dry root mass, as well as on the length of both kinds of seedlings.  

The population of seeds from the locality called Jovanova koliba should 

be used for the production of gentian seedlings. That seed had the highest 

average fresh root yield in both, annual and biennial seedlings with the lower 

coefficient of variance for this trait in comparison with the average value for all 

populations. Along with the gained experience in cultivation, this population 

would provide the best results in the production of gentian seedlings. 
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