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Sosnowsky’s hogweed (Heracleum sos-
nowskyi Manden.) is one of the most dangerous 
invasive plant species, common in the European 
part of Russia and some European countries 
[1–3]. Its danger is associated with the threat 
to the biological diversity of natural ecosystems 
and the ability to cause severe burns when the 
juice hits the human skin [4, 5].

Introduced in some regions of Russia, as 
well as abroad, Sosnowsky’s hogweed was culti-
vated in the late 50th and early 60th years of the 
twentieth century as a silage culture. However, 
after revealing its inadequacy to feed livestock, 
the purposeful cultivation of Sosnowsky’s hog-
weed was discontinued. The lack of control over 
the state of the currently abandoned crops led 
to the fact that H. sosnowskyi went beyond the 
boundaries of the cultivated land [6]. At the 
same time, the presence of pronounced allelo-
pathic and herbicidal action, clastogenic and 
antigenic activity against other plants allowed 
him to populate significant areas [7, 8].

High seed productivity of H. sosnowskyi, as 
well as its capacity to seed dispersal with run-
ning water and floods, winds, animals, as well 
as by human when dispersion occurs with the 
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air flow generated by road and rail transport, 
it facilitates the rapid spread of [1, 9, 10]. Most 
often, the Sosnowsky’s hogweed is found in 
disturbed areas with relatively rich and well-
moistened soils. Its large populations can be 
found on uncultivated fields, meadows, on the 
banks and in the vicinity of watercourses and 
reservoirs, on the outskirts of forests, and along 
roads [9, 11]. In the valleys of the large and me-
dium rivers shores formed by rocks with a high 
content of solid detrital material appear as the 
most favorable for the growth of H. sosnowskyi, 
while wet abrasion plains and sandy shores are 
unfavorable for growth [3].

In connection with the mass distribution of 
Sosnowsky’s hogweed on the territory of certain 
regions of the Russian Federation, the question 
of the need to create a federal target program to 
control hogweed in Russia is being raised in the 
State Duma. The technology of geoinformation 
systems (GIS) with the use of remote sensing 
(RS) data can provide essential assistance in 
planning the measures to control the spread 
of the Sosnowsky’s hogweed from the point of 
view of controlling its growth zones. At pres-
ent, RS data analysis is a promising method 
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for studying vegetation cover [12, 13], which 
allows obtaining information on areas occupied 
by plant communities, as well as their state in 
large areas [14–16].

Satellite images from space vehicles 
(RapidEye, Resourcesat, Landsat, Kompsat, 
Resource DK, SPOT, Sentinel) can be used to 
monitor foci of the distribution of Sosnowsky’s 
hogweed [17, 18]. Reliable results can be ob-
tained with the use of multispectral satellite 
images made in the spectral zones of 660–720 
or 600–700 nm, which provide the greatest 
clarity and the best spatial resolution [19]. 
Good results can be obtained by synthesizing 
colored images for typological interpretation of 
Sosnowsky’s hogweed snapshots.

The purpose of this work was the approba-
tion of the method for detecting the foci of the 
distribution of Sosnowsky’s hogweed in the 
territory of the Kirov region using the available 
satellite images.

Objects and methods

With regard to the study of foci of the 
spread of plant populations, including Sos-
nowsky’s hogweed, several of the most impor-
tant tasks can be identified, in which satellite 
images can be used.

First of all, this is a qualitative and quan-
titative assessment, which includes the iden-
tification of different types of phytocenoses, 
areas of their distribution, the state of vegeta-
tion on the basis of spectral indices [17]. An 
important task, along with a qualitative and 
quantitative assessment, is the inventory of the 
vegetation cover, which includes the primary 
information on its composition and structure. 
It includes mapping based on remote sensing 
data; obtaining information on the distribution 
of vegetation cover units of different scale from 
formations to individual species.

Spatial analysis of Earth remote sensing 
data in combination with field research data 
opens up the possibility of statistical analysis 
of patterns of distribution and occurrence of 
plant communities (including Sosnowsky’s 
hogweed).

One of the important tasks of studying 
the dynamics of plant populations is modeling 
and forecasting the distribution of plant com-
munities, changing their boundaries over time, 
identifying corridors suitable for habitats of the 
studied plant communities [16].

The detection of the foci of the distribu-
tion of Sosnowsky’s  hogweed was carried out 

in Falensky, Slobodskoy and Belokholunitsky 
dirstricts.

A multispectral space image obtained 
from the Sentinel-2A spacecraft on August 23, 
2017, was used to test the method for detecting 
hotspot distribution. This device is equipped 
with an optoelectronic multispectral sensor for 
surveys with a resolution of 10 to 60 m in the 
visible, near infrared (VNIR) and short-wave 
infrared (SWIR) spectral zones, which include 
13 spectral channels, which ensures the display 
of differences in the vegetation state, including 
temporary changes, and also minimizes the 
impact of the atmosphere on the survey quality. 
The increased width of the survey strip, along 
with the high repeatability of surveys, makes 
it possible to track rapidly changing processes, 
including changes in the nature of the vegeta-
tion during the vegetation period, which makes 
it possible to identify hogweeds in different 
seasons of the year.

Results and discussion

The processing of multispectral images 
was carried out using the ENVI 5.2 program. 
Four spectral channels with a spatial resolu-
tion of 10 m were used to search for the foci of 
growth of the Sosnowsky’s hogweed: blue B2 
(447.6–545.6 nm), green B3 (537.5–582.5 nm), 
red B4 (645.5–683.5 nm) and near infrared B8 
(762.6–907.6 nm). The standard way of visual-
ization in the ENVI environment involves using 
only three spectral channels to form a color im-
age on the screen. In this case, the best visuall 
results are given by the combination of RGB = 
B4 + B3 + B2 (in accordance with [19, 20]) and 
RGB = B8 + B3 + B2. In the first case, thickets 
of hogweed are highlighted in bright green 
(Fig. 1, see color insert), and in the second 
case – bright yellow (Fig. 2, see color insert).

Conclusion

Thus, the method of visual interpretation of 
satellite imagery obtained from the Sentinel-2 
satellites series of the European Space Agency 
and provided by the agency to the public via the 
Internet network can be effectively used to iden-
tify the sources of the spread of the dangerous 
invasive plant Sosnowsky’s  hogweed. Available 
software allows to determine the coordinates of 
the hotspot distribution areas, which is the basic 
information for operative monitoring of natural 
environments and planning of measures to control 
the spread of dangerous invasive plant species.

МЕТОДЫ ИССЛЕДОВАНИЙ. МОДЕЛИ И ПРОГНОЗЫ



E. V. TOVSTIK, T. A. ADAMOVICH, V. V. RUTMAN, G. YA. KANTOR, 
T. YA. ASHIKHMINA “IDENTIFICATION OF THE THICKETS OF HERACLEUM SOSNOWSKYI 

USING EARTH REMOTE SENSING DATA”

F
ig

. 1
. T

h
e 

fo
ci

 o
f t

h
e 

di
st

ri
bu

ti
on

 o
f t

h
e 

S
os

n
ov

sk
i’

s 
h

og
w

ee
d 

du
ri

n
g

 
fl

ow
er

in
g

 o
n

 s
at

el
li

te
 im

ag
es

 w
it

h
 t

h
e 

u
se

 o
f S

en
ti

n
el

-2
 r

ed
, g

re
en

 a
n

d 
bl

u
e 

sp
ec

tr
al

 c
h

an
n

el
s 

fo
r 

vi
su

al
iz

at
io

n
:

A
) 

st
lm

t 
F

al
en

k
i F

al
en

sk
y 

D
is

tr
ic

t;
B

) 
vi

ll
 D

en
is

ov
y 

S
lo

bo
ds

k
oy

 D
is

tr
ic

t;
C

) 
vi

ll
 P

ro
k

or
ie

 B
el

ok
h

ol
u

n
it

sk
y 

D
is

tr
ic

t

   
   

   
   

  –
 p

op
u

la
ti

on
s 

of
 H

er
a

cl
eu

m
 s

os
no

w
sk

yi
 (

li
g

h
t 

g
re

en
)

А
B

C



F
ig

. 2
. T

h
e 

fo
ci

 o
f t

h
e 

di
st

ri
bu

ti
on

 o
f t

h
e 

S
os

n
ov

sk
i’

s 
h

og
w

ee
d 

du
ri

n
g

 
fl

ow
er

in
g

 o
n

 s
at

el
li

te
 im

ag
es

 w
it

h
 t

h
e 

u
se

 o
f S

en
ti

n
el

-2
 n

ea
r 

in
fr

ar
ed

, 
g

re
en

 a
n

d 
bl

u
e 

sp
ec

tr
al

 c
h

an
n

el
s 

fo
r 

vi
su

al
iz

at
io

n
:

A
) 

st
lm

t 
F

al
en

k
i F

al
en

sk
y 

D
is

tr
ic

t;
B

) 
vi

ll
 D

en
is

ov
y 

S
lo

bo
ds

k
oy

 D
is

tr
ic

t;
C

) 
vi

ll
 P

ro
k

or
ie

 B
el

ok
h

ol
u

n
it

sk
y 

D
is

tr
ic

t

   
   

   
   

  –
 p

op
u

la
ti

on
s 

of
 H

er
a

cl
eu

m
 s

os
no

w
sk

yi
 (

li
g

h
t 

ye
ll

ow
)

E. V. TOVSTIK, T. A. ADAMOVICH, V. V. RUTMAN, G. YA. KANTOR, 
T. YA. ASHIKHMINA “IDENTIFICATION OF THE THICKETS OF HERACLEUM SOSNOWSKYI 

USING EARTH REMOTE SENSING DATA”
А

B

C



37
 Теоретическая и прикладная экология №2, 2018

The work was supported by a grant from the 
President of the Russian Federation for state support 
of young scientists – candidates of science (MK-
2880.2018.5).

References

1. Chadin I., Dalke I., Zakhozhiy I., Malyshev R., Madi E., 
Kuzivanova O., Kirillov D., Elsakov V. Distribution of the 
invasive plant species Heracleum sosnowskyi Manden. in the 
Komi Republic (Russia) // PhytoKeys. 2017. No. 77. Р. 71–80.

2. Stojanović V., Petrović S., Kovačević J., Stojanović D., 
Bjedov I. Heracleum sosnowskyi Manden. (Apiaceae) – a 
new invasive species in the flora of Serbia // Glasnik 
Šumarskog fakulteta. Beograd, 2017. No. 116. Р. 215–220. 

3. Ozerova N.A., Shirokova V.A., Krivosheina M.G., 
Petrosyan V.G. Spatial distribution of Sosnowsky’s hogweed  
(Heracleum sosnowskyi) in the valleys of large and medium 
rivers of the East European Plain (based on materials 
from expeditionary studies 2008–2016) // Rossiyskiy 
zhurnal biologicheskikh invaziy. 2017. No. 3. P. 38–63 
(in Russian).

4. Weryszko-Chmielewska E., Chwil M. Localisation 
of furanocoumarins in the tissues and on the surface of 
shoots of Heracleum sosnowskyi // Botany. 2017. V. 95. 
No. 11. Р. 1057–1070.

5. Luneva N.N. Sosnowsky’s hogweed in the Russian 
Federation // Zashchita i karantin rasteniy. 2014. No. 3. 
P. 12–18 (in Russian).

6. Bahadori M.B., Dinparast L., Zengin G. The genus 
heracleum: a comprehensive review on its phytochemistry, 
pharmacology, and ethnobotanical values as a useful herb // 
Comprehensive Reviews in Food Science and Food Safety. 
2016. V. 15. No. 6. P. 1018–1039.

7. Mishyna M., Laman N., Prokhorov V., Maninang J.S., 
Fujii Y. Identification of octanal as plant growth inhibitory 
volatile compound released from Heracleum sosnowskyi 
fruit // Natural Product Communications. 2015. V. 10. 
No. 5. Р. 771–774. 

8. Baležentienė L. Immediate allelopathic effect of two 
invasive Heracleum species on acceptor-germination // 
Acta Biologica Universitatis Daugavpiliensis. Daugavpils. 
2015. V. 15. No. 1. P. 17–26.

9. Wrzesień M., Denisow B. Factors responsible for the 
distribution of invasive plant species in the surroundings 
of railway areas. A case study from SE Poland // Biologia. 
2017. V. 72. No. 11. Р. 1275–1284.

10. Dalke I.V., Chadin, I.F., Zakhozhiy I.G., Maly-
shev R.V., Maslova S.P., Tabalenkova G.N., Golovko T.K. 
Traits of Heracleum sosnowskyi plants in monostand on 
invaded area // PLoS ONE. 2015. V. 10. No. 11. Р. 1–7.

11. Panasenko N.N. Some questions of biology and 
ecology of the Sosnowsky’s hogweed (Heracleum sosnowskyi 
Manden.) // Rossiyskiy zhurnal biologicheskikh invaziy. 
2017. V. 10. No. 2. P. 95–106 (in Russian).

12. Homolova L., Malenovsky Z., Clevers J.G., Garcia-
Santos G., Schaepman M.E. Review of optical-based remote 
sensing for plant trait mapping // Ecological Complexity. 
2013. V. 15. P. 1–16.

13. Puzachenko M.Yu., Chrnenkova T.V., Basova E.V. 
Natural-anthropogenic variability of the vegetation cover 
in the central part of the Murmansk region and its carto-
graphic mapping // Domestic geobotany: major milestones 
and prospects: Mater. Vseros. nauch. konf. s mezhdunar. 
uchastiyem. Sankt-Peterburg, 2011. V. 1. P. 408–411 (in 
Russian).

14. Klimina E.M., Ostroukhov A.V. Analysis of 
the dynamics of disturbance of dark coniferous forests of 
the Northern Sikhote-Alin basin using satellite data // 
Izvestiya Samarskogo nauchnogo tsentra Rossiyskoy 
akademii nauk. 2011. V. 13. No. 1–4. P. 996–1000 (in 
Russian). 

15. Petrou Z.I., Manakos I., Stathaki T. Remote 
sensing for biodiversity monitoring: a review of methods 
for biodiversity indicator extraction and assessment of 
progress towards international targets // Biodiversity and 
Conservation. 2015. V. 24. No. 10. P. 2333–2363.

16. Chen Y., Dengsheng L., Geping L., Jingfeng H.  
Detection of vegetation abundance change in the al-
pine tree line using multitemporal Landsat thematic 
mapper imagery // Int. J. of Rem. Sens. 2015. V. 36:18.  
P. 4683–4701. 

17. Belenko V.V. Analysis of remote sensing data 
(RSD) used for landscape-ecological mapping // Molodoy 
uchenyy. 2009. No. 10. P. 34–36 (in Russian).

18. Adamovich T.A., Ashikhmina T.Ya., Kantor G.Ya. 
Use of various combinations of spectral channels on satel-
lite imagery from the Landsat 8 spacecraft for the assess-
ment of natural environments and objects (review) //  
Teoreticheskaya i prikladnaya ekologiya. 2017. No. 2.  
P. 9–18 (in Russian).

19. Myshlyakov S.G. Mapping the places of growth 
of Sosnowsky’s hogweed by Sentinel 2 satellite imagery 
(Sovzond Company) // Modern problems of remote sensing 
of the Earth from space: Pyatnadtsataya Vserossiyskaya 
otkrytaya konferentsiya. Moskva: Institut kosmicheskikh 
issledovaniy RAN (poster) (in Russian).

20. Ryzhikov D.M. A method for processing mul-
tispectral satellite data for solving the problem of moni-
toring the growth zones of the Sosnowsky’s hogweed // 
Informatsionno-Upravlyayushchiye Sistemy. 2017. V. 91. 
No. 6. Р. 43–51 (in Russian).

МЕТОДЫ ИССЛЕДОВАНИЙ. МОДЕЛИ И ПРОГНОЗЫ


