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Abstract: Rhodiola rosea l. grows on rocky habitats in the absence of well developed 
vegetation and soil coverage. the rhizomes are located on the surface and have a relatively 
regular shape that allows measurement and calculation of the volume. Based on the calcu-
lated volume and the relative weight of the rhizomes, the biomass can be determined without 
eradication of plants. 

the aim of this article is to propose and test a new approach for determination of 
the rhizome biomass of R. rosea, based on the approximation method, that does not require 
eradication of plants. 
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INTRODUCTION

Rhodiola rosea l. is a medicinal plant with proven pharmacological 
properties. it has antioxidant activity (garifulina et al., 2000), anti-stress and 
anti-depressant activity, improves the memory and concentration (olsson 
et al., 2009), inhibits the division of tumor cells (agnieszka et al., 2006), 
protects the cardiovascular system (maslova, 2004), stimulates the physical 
performance (lee et al., 2009), etc. 

in Bulgaria, the species has a limited distribution in the high parts of 
rila, Pirin and stara Planina mountains (Valev, 1970).

R. rosea is included as critically endangered in the red data Book of 
the republic of Bulgaria (meshinev, 2011). it is included in appendix 3 of 
the Biodiversity act (2002) and prohibited for collection. 

аs a raw material of R. rosea is used the rhizome. Because of 
the conservation status of the species, the classic weighting method for 
determination of the amount of rhizome biomass is inapplicable, as it is 
necessary to eradicate a certain number of plants (Popov, egorova 1993). 

the aim of this article is to propose and test a new approach for 
determination of the rhizome biomass of R. rosea that does not require 
eradication of plants. 
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MATERIAL AND METHODS

subject of the study are representatives of R. rosea. Plant material is 
collected from cultivated plants from the experimental field of the institute 
of Botany, Bulgarian academy of sciences ‘Beglika’, situated in the Western 
rhodopes (41°50’57’’n, 24°07’08’’e, 1525 m a.s.l.).

climate diagram (Walter, lieth,1967) for a 50 years period according 
to data from the nearest meteorological station is shown in Fig. 1 (Koleva, 
Peneva, 1990, hershkovic, 1984). the average monthly temperatures are 
relatively low, with a maximum in July-august. the maximum of the rainfall 
is in may-June. there are no periods of drought.

R. rosea grows on rocky habitats with initial soil formation and in the 
absence of well developed vegetation (Fig. 2a). the rhizomes are located on 
the surface and have a relatively regular shape that allows measurement and 
calculation of the volume. Based on the calculated volume and the relative 
weight of the rhizomes, the biomass can be determined without eradication 
of plants. 

in the general case, the individual segments that form the rhizome of 
R. rosea in natural habitats can be approximated with sufficient accuracy 
with a circular cylinder, circular cone, and truncated circular cone (Fig. 2B). 

For the volumes of the abovelisted geometric bodies, the following 
formulas were applied:

- cylinder: 

(1) V = 
4

1 πd2h

Where:
V – volume of the cylinder; 

Fig. 1. climate diagram, ‘Beglika’ station
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d – diameter of the base;
h – height of the cylinder.
- cone:

(2) V = 
3

1 .
4

1 πd2h

Where:
V – volume of the cone;
d – diameter of the base;
h – height of the cone.
- truncated cone: 

(3) V = 
3

1 .
4

1 πh’(d2
1 + d2

2 + d1d2 )

Where:
V – volume of the truncated cone;
d1 and d2 – diameters of the bases;

Fig. 2. а) R. rosea in a natural habitat (above malyovitsa hut, rila);  
B) approximation of the rhizome 
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h’ – height of the truncated cone. 
From Fig. 1 and Formulas (1), (2) and (3):

(4) V = 
4

1 π∑
=

n

i 1

d2
ihi +

3

1 .
4

1 π∑
=

m

j 1

d2
jhj +

3

1 .
4

1 π∑
=

l

k 1

h’k (d2
1k+ d2

2k 
+d1kd2k)

Where:
n – number of cylindrical segments;
m – number of conical segments;
l – number of truncated cone segments. 
For a more convenient calculation, Formula (4) can be represented as 

follows:

(5) V = 
4

1 π{∑
=

n

i 1

d2
ihi +

3

1
[∑

=

m

j 1

d2
jhj +∑

=

l

k 1

h`k(d2
1k+ d2

2k + d1kd2k)]}

For the bases of the bodies are measured three diameters, the average 
value is used for further calculations. the measurements are made with a 
caliper accurate to 0.1 mm.

the specific weight of the rhizomes (g/cm3) is determined by measuring 
the volume (by immersion in a measuring cylinder filled with water) and the 
fresh weight (with an analytical balance accurate to 0.001 g). 

the plant material is dried in a drying oven at 30° c. 
the amount of underground phytomass is calculated according to the 

formula:

(6) uPP = (V.G
Rr

).(100-W)
                         
             100

Where:
uPP – underground phytomass (g dry weight);
V – root volume (cm3);
grr – specific weight of rhizomes of R. rosea (g/cm3);
W – weight loss on drying (%).
the statistical processing is done using microsoft excel and statsoft 

statistica software products.
For the measured characteristics, the minimum, maximum, average, 

standard deviation (stdev), and coefficient of variation (cV%) are calculated.
the degree of variability is evaluated by the coefficient of variation 

(cV%), according mamaev’s scale (1970):
Very low variability – cV<7%;
low variability – 7.1<cV<12%;



105

medium variability – 12.1<cV<20%;
high variability – 20.1<cV<40%;
Very high variability – cV>40.1%.
the significance of the correlation coefficients is assessed by applying 

the F-criterion of significance.
to prove the statistical reliability of the differences t-test was used. 

RESULTS

the fresh and air-dry weight for the rhizomes of 30 cultivated plants 
is measured. the average biomass of 15 three-year-old plants of each sex is 
given in table 1. 

Based on the results for the fresh and dry weight of each individual, 
the water content of the R. rosea rhizome is calculated. the average amount 
of water contained in the underground parts of the plants is between 55% 
and 75%, depending on the soil humidity at the time of sampling. 

For the rhizomes of the thirty test plants, the volume is measured by 
determining the water displacement in a measuring cylinder. the rhizomes 
are weighed and for each of them, the relative weight (g/cm3) is calculated. 
the obtained results are given in table 2.

the relative weight ranges between 0.80 and 0.96 g/cm3. the variation 
is very low (cV% – 4.5%).

the volume of the rhizomes is determined by approximation according 
to the proposed formula (5).

a comparison of the values obtained by the two methods is given in 
table 3. the data are subjected to a ttest with outcome p = 0.02. 

the amount of underground biomass is calculated according to the 
formula:
 uPP = (V.0,875).(100-W)

              
               100

Where:
uPP – underground phytomass (air dry weight);
V-volume of the rhizomes (cm3);

Table 1. average biomass of an individual (3 years old)

Sample Fresh weight (g) Dry weight (g) 

Average ♂ 47,5±7,52 13,1±4,83

Average ♀ 55,0±9,21 25,0±6,27

Average 40,5±8,77 15,6±5,3
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0.875 – specific weight of rhizomes of R. rosea (g/cm3);
W – weight loss on drying (%).
the weight of each of the studied rhizomes is measured with an 

analytical balance. a comparison of the weights of the rhizomes of R. rosea 
obtained by weighing and by approximation is given in Fig. 3. 

DISCUSSION

the water content of the rhizomes of R. rosea varies widely. it is highly 
dependent on the specific soil and water conditions at the time of sampling. 
therefore, it is not possible to include the average value as a constant in the 
calculation of the rhizomes’ biomass. it is necessary to take samples from 
each locality under investigation at the time of the survey and determine the 
water content of the rhizomes experimentally, in laboratory conditions.

Table 2. Parameters for measured rhizomes

No Weight 
(g)

Volume 
(cm3)

Relative weight 
(g/cm3) No Weight 

(g)
Volume 
(cm3)

Relative weight 
(g/cm3)

1 21.1 24.5 0.86 16 83.5 93.8 0.89

2 21.7 24.0 0.90 17 46.5 56.0 0.83

3 21.8 25.0 0.87 18 69.6 87.0 0.80

4 43.9 54.0 0.81 19 20.9 23.0 0.91

5 12.4 15.6 0.80 20 52.3 58.1 0.90

6 38.3 43.0 0.89 21 67.6 76.0 0.89

7 27.8 32.0 0.87 22 44.8 54.0 0.83

8 61.4 68.2 0.90 23 29.2 33.7 0.87

9 117.2 130.2 0.90 24 29.4 34.1 0.86

10 72.5 82.3 0.88 25 141.9 156.0 0.91

11 59.8 72.0 0.83 26 106.8 112.5 0.95

12 38.6 46.0 0.84 27 69.2 76.0 0.91

13 57.0 67.0 0.85 28 53.5 63.5 0.84

14 31.4 34.5 0.91 29 13.6 15.2 0.89

15 19.1 22.0 0.87 30 77.6 81.2 0.96

average 0.875

stdev 0.041

cV% 4.51

min 0.80

max 0.96
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the relative weight of the rhizomes of R. rosea is a comparatively 
constant indicator. the statistical analysis shows a very low degree of 
variation. the relative weight can be included in the proposed formula for 
determination of the rhizome biomass as a constant (grr = 0.875 g/cm3). it 
is not necessary to calculate this indicator in each study. 

the comparison between the results for the volume of the rhizomes 
obtained by direct measurement in a measuring cylinder and by calculation 
by the approximation method shows that there are no statistically significant 
differences between them. this can be seen both from the result of the ttest 
and the statistically significant (r2 = 0,097) direct dependence between the 
results obtained by the two methods. 

Table 3. comparison of rhizomes’ volume (cm3) determined by two methods

Volume (cm3)
Difference 

(%)

Volume (cm3)
Difference 

(%)Measuring 
cylinder

Approximation 
method

Measuring 
cylinder

Approximation 
method

24.5 23.8 2.86 93.8 96 2.29

24.0 24.1 0.41 56.0 55.4 1.07

25.0 25.3 1.19 87.0 88.4 1.58

54.0 53 1.85 23.0 22.6 1.74

15.6 15 3.54 58.1 57.1 1.74

43.0 42 2.33 76.0 76.4 0.52

32.0 33 3.03 54.0 55.5 2.70

68.2 66 3.28 33.7 33.6 0.24

130.2 135 3.53 34.1 33.1 2.93

82.3 84.33 2.36 156.0 152 2.56

72.0 73.4 1.91 112.5 114 1.36

46.0 44 4.35 76.0 77.2 1.55

67.0 64.2 4.18 63.5 61 3.94

34.5 33.7 2.35 15.2 15 1.51

22.0 22.2 0.90 81.2 79.8 1.72

average 2.54

stdev 1.163

cV% 45.74

min 0.90

max 4.35
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the differences between the volume of each rhizome, determined by 
direct measurement and by approximation (as an absolute value), are below 
4%. they vary to a very high degree. therefore, it is not possible to include a 
correction factor in the proposed formula. even though, the obtained results 
suggest that the proposed method of approximation in the determination of 
the biomass of R. rosea rhizomes is reliable and applicable to rocky habitats. 

CONCLUSIONS

the volume of Rhodiola rosea l. rhizomes in natural habitats can be 
calculated with sufficient accuracy by approximation with circular cylinders, 
circular cones, and circular truncated cones without eradication of plants.

the water content of the rhizomes of R. rosea varies widely, depending 
on the specific soil and weather conditions at the time of the sampling. 
therefore, it is not introduced in the proposed formula for determination of 
the biomass as a constant. it has to be determined experimentally. 

the relative weight of the rhizomes of R. rosea is comparatively 
constant (0.875 ± 0.041 g/cm3) and shows a very low degree of variation. 
it is therefore included in the proposed formula for determination of the 
biomass as a constant.

there are no statistically significant differences between the results 
for the volume of the rhizomes obtained by measurement of the water 
displacement in a measuring cylinder and by the approximation method.

the approximation method for determination of the volume and 
biomass of R. rosea rhizomes in rocky habitats is applicable and reliable. 

Fig. 3. comparison between the weights of rhizomes obtained by measuring  
and by approximation
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ОПреДеЛяне БиОМаСаТа на КОрениЩа  
ОТ RHODIOLA ROSEA L. ПО МеТОДа на аПрОКСиМаЦияТа

М. Божилова
Институт за гората – софия
Българска академия на науките

(реЗЮМе)

Rhodiola rosea l. е лечебно растение с доказани фармакологични 
свойства. 

като растителна суровина от R. rosea се използва коренището. 
Поради консервационния статус на вида, класическият тегловен метод 
за определяне количеството биомаса от коренища е неприложим, 
тъй като е необходимо изкореняване на растения. 

В настоящата статия е предложен и изпитан нов подход за 
определяне количеството биомаса на коренищата в естествени 
местообитания, чрез апроксимация, без да е необходимо изкореняване. 

Подходът се основава на факта, че R. rosea се развива по 
скалисти местообитания, без наличието на сформирана почвена 
покривка и силно развита съпътстваща растителност. коренищата 
са разположени на повърхността и имат относително правилна 
цилиндрична/конусовидна форма, което позволява измерване и 
изчисляване на обема им по метода на апроксимацията. 

методът на апроксимацията при определянето на обем 
и биомаса на коренищата на R. rosea е достоверен и приложим в 
естествените местообитания на вида. 

Ключови думи: Rhodiola rosea l., подземна биомаса, апроксимация
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