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Abstract. The purpose of the research is to assess the productivity and
adaptability of Camelina sativa depending on the natural and climatic
conditions of the forest-steppe zone of the Middle Volga region and the
steppe Crimea. The researches were conducted in two regions (Penza and
Crimea) with contrasting hydrothermal conditions in 2015–2019 years.
Climate conditions in the years of researches were characterized by
significant variability in both the degree of humidity and temperature
regime in both regions. The hydrothermal coefficient in the Crimea varied
in the range of 0.23–1.11, in the conditions of Penza - from 0.45 to 1.10.
The index of environmental conditions varied from -0.58 to 1.28 units
depending on the natural and climatic zone. On average, in 2015–2019,
the productivity of Camelina changed from 1.45 to 1.79 t/ha in Penza and
from 0.56 to 1.66 t/ha in Crimea. The highest yield of Camelina sativa was
recorded in 2016 in Penza and in 2017 in the Crimea and amounted to 1.79
and 1.66 t/ha, respectively. The value of the index of environmental
conditions is 1.17 and 1.28 with hydrothermal coefficient of 0.82 and 0.61,
respectively. Depending on the conditions of the year and the region, the
oil content varied from 33.9 to 43.9 %. At the same time, there is a
tendency to decrease the amount of oil for all years of study in the
direction from the Crimea to the zone of the Penza region. Camelina sativa
is characterized by a high level of resistance to stressful conditions (0.49–
1.10), differs in environmental adaptability (bi=1.15–1.17), has a high
fitness criterion, 41.2–41.5 g/m2, depending on the region.

1 Introduction
The main factor in realizing the bioclimatic potential of each region, especially those
located in unfavorable soil and climate conditions, is the cultivation of such crops that are
most adapted to local, including unfavorable and extreme environmental conditions and
differentially use unevenly distributed in time and space climate factors that limit the size
and quality of the crop [1].
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At present, due to global transformations of climatic conditions that tend to increase
temperatures, the issue of expanding the range of oilseeds and spreading the most adaptive
crops that can form stable yields when changing thermal and water regimes is raised [2-4].
Due to its plasticity and tolerance to the conditions of cultivation, such crops include
Camelina sativa, which has recently become increasingly popular in many regions, both in
the Russian Federation and abroad, as a promising oilseed crop for the use of oilseeds for
food, technical purposes and for the production of biodiesel [5–9].
Camelina is characterized by good adaptability to various climatic conditions, both
favorable and stressful, cold resistance, high growth rates at low temperatures, early
maturation, and the ability to tolerate soil and air drought [6–11].
The main economic value of Camelina sativa is its ability to form a high potential
productivity in a wide range of soil and climatic conditions [2, 4, 10].
In turn, its yield acts as an integral indicator and reflects the whole complex of
biological properties and adaptive capabilities of the crop under specific agro ecological
conditions [1].
For successful cultivation of crops in various climatic regions, the most important
requirement for it is stability and adaptability to environmental factors. And in areas with a
sharp manifestation of contrasting elements of the climate, this problem is especially
relevant.
In this regard, the purpose of our researches was to assess the productivity and
adaptability of Camelina sativa depending on the natural and climatic conditions of the
forest-steppe zone of the Middle Volga region and the steppe Crimea.

2 Research methods and conditions
The researches were conducted in two regions (Penza and Crimea) with contrasting
hydrothermal conditions in 2015–2019 years.
The climate of the forest-steppe of the Middle Volga region, which includes the Penza
region, is moderately continental. The amount of annual precipitation varies in a wide range
from 350 to 750 mm. The average annual temperature is 5.3°C. The sum of the effective
temperatures during the growing season of crops is an average of 2450°C.
Crimea is one of the sunniest regions, and the natural conditions of the Peninsula are
particularly favorable for the cultivation of most agricultural crops. The climate of the
steppe Crimea is continental. The average annual temperature here is 10.2°C, with 350–450
mm of precipitation per year. The sum of effective temperatures varies from 3300 to
3600°C.
The yield of Camelina sativa was evaluated according to the existing guidelines for
oilseeds [11].
The index of environmental conditions was determined by the method of S. A. Eberhart
and W. A. Russel, the effect of interaction of environmental conditions and genotype was
evaluated by the method of G. C. Tai, as described by V. A. Zykin and others [12].
Parameters of the overall adaptive capacity (bi) and yield variability were determined
by the method of A.V. Kilchevsky and L. V. Khotyleva using dispersion and regression
analyses [13].
The ecological stability of varieties was determined by the method of A. A. Rossielle
and J. Hamblin (using the Ymax–Ymin equation) [14].
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3 Research results
Climate conditions in the years of researches were characterized by significant variability in
both the degree of humidity and temperature regime in both regions.
The index of environmental conditions varied quite widely from -0.58 to 1.28 units
depending on the natural and climatic zone.
The most favorable conditions for the development of Camelina sativa were formed in
2015 and 2017 in the Penza region and in 2015 in the Crimea, the hydrothermal coefficient
here was 1.02; 1.10 and 1.11, respectively (table 1).
Table 1. Hydrothermal conditions for the development of Camelina sativa by regions.
Region

Years

2015
2016
Penza
2017
2018
2019
Average experience
2015
2016
Crimea
2017
2018
2019
Average experience

Amount of
precipitation,
mm
178.1
155.8
128.8
50.7
98.1
122.3
314.1
287.4
139.9
90.2
133.9
193.1

Daily temperature,
ºС
5.1
5.3
5.0
5.0
5.3
5.1
9.7
11.3
8.9
10.3
8.4
9.7

HTC
1.02
0.82
1.10
0.45
0.63
0.80
1.11
0.82
0.61
0.23
0.60
0.67

Index of
environmental
conditions, Ij
0.98
1.17
1.03
-0.58
-0.62
0.98
0.84
1.28
-0.74
0.97
-

In the Crimea, during the growing season of Camelina sativa in 2014-2015, 314.1 mm
of precipitation fell, almost an annual norm. Only in the third decade of September, 100.2
mm of precipitation fell, which is more than the 3-month norm. Abnormal precipitation
also fell in the second half of the third decade of May 2015. Their amount was 155 mm
(816 % of the decadal norm). Temperature indicators during the vegetation period were
close to the average annual temperature. The HTC was 1.11 units.
The vegetation conditions of 2016 in the Crimea were characterized as moderately dry,
with the HTC of 0.82. There is a shortage of precipitation at elevated temperatures in the
autumn period. The spring-summer development of the Camelina sativa was held in
favorable conditions. May and June 2016 were the leaders in the amount of precipitation
compared to the average annual data.
Conditions in 2017 and 2019 were characterized as dry, with a hydrothermal coefficient
of 0.61 and 0.60, respectively. The amount of precipitation was 139.9 and 133.9 mm, with
average daily temperatures of 8.9 and 8.4°C. Despite the fact that there was not enough
precipitation in the spring of 2017, Camelina sativa plants formed a fairly high yield due to
the reserves of productive moisture in the soil. The index of the environment conditions for
the development of Camelina sativa here reached the highest values and amounted to 1.28.
The most severe weather conditions were in 2018 (HTC -0.23). The amount of
precipitation during the growing season was 90.2 mm against the background of high
temperature conditions. The overall index of environmental conditions here was -0.74.
These conditions led to a significant inhibition of the growth and development of Camelina
sativa, which led to a significant decrease in the yield of Camelina sativa.
In the conditions of the Penza region, the most optimal for water availability were 2015
and 2017, the HTC reached the optimal value and was 1.02 and 1.10. At the same time, the
best conditions for the formation of yield were in 2017, the index of environmental
conditions was 1.03.
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The most stressful conditions for the growth and development of Camelina sativa were
formed in 2018 and 2019, and were characterized as acutely arid, the HTC was 0.45–0.63.
The growing season of Camelina sativa in 2016 took place in insufficiently humid
conditions with a HTC of 0.82 units and an average daily temperature of 5.3°C. However,
the value of the index of environmental conditions is high and is 1.17.
Based on the prevailing environmental conditions caused by the hydrothermal regime,
the yield of Camelina sativa varied widely. On average, in 2015–2019, the productivity of
Camelina sativa ranged from 1.45 to 1.79 t/ha in Penza and from 0.56 to 1.66 t/ha in
Crimea (table 2).
Table 2. Productivity of Camelina sativa by regions.
Penza
Years
2015
2016
2017
2018
2019
Average
smallest
significant
difference05

Crimea

Yield,
t/ha
1.69
1.79
1.65
1.51
1.45
1.62

Oil content,
%
40.4
38.9
39.6
40.2
39.1
39.6

Yield,
t/ha
1.46
1.49
1.66
0.56
1.50
1.33

Oil content,
%
40.8
43.9
41.3
33.9
39.5
39.9

0.14

1.02

0.09

1.17

The highest yield of Camelina sativa was recorded in 2016 in Penza and in 2017 in the
Crimea and amounted to 1.79 and 1.66 t/ha, respectively. The value of the index of
environmental conditions here is 1.17 and 1.28, while the integral moisture index, reflecting
the ratio of temperature and precipitation, was only 0.82 and 0.61, respectively. The
positive value of the index of environmental conditions is formed due to a more complete
realization of the potential of the culture genotype in these conditions.
In the Crimea, very low productivity of Camelina sativa (0.56 t/ha) was noted in 2018.
Here the complex influence of water and temperature factors has affected, the index of
environmental conditions here has a negative value and is -0.74, which is a consequence of
low adaptive potential.
Camelina sativa differed not only in the level of manifestation of a sign of productivity,
but also in the manifestation of the quality of oilseeds. Depending on the conditions of the
year and the region, the oil content varied from 33.9 to 43.9%. At the same time, there is a
tendency to decrease the amount of oil for all years of study in the direction from the
Crimea to the zone of the Penza region, which is due to a more severe temperature regime,
with the exception of 2018.
The assessment of the interaction “genotype-environment” with the help of dispersion
analysis showed a high degree of influence of the climate factor on the variability of
productivity of Camelina sativa in the “region-years” system.
The studied factors significantly affected the productivity of Camelina sativa varieties
(Fa>Ft) regardless of the natural and climatic region (table 3).
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Table 3. Dispersion analysis of productivity of Camelina sativa.
Criterion F
Source of variation
Factor А (region)
Factor В (years)
Interaction АВ
Random factors

actual

theoretical

4.52
5.96
4.85
-

3.94
3.32
3.09
-

Share of
factor
influence
32.3
34.3
27.7
5.7

smallest
significa
nt
differenc
e05
0.18
0.15
0.11
-

Interaction
effect
0.21
0.15
0.16
-

The calculation of the contribution of factors showed that the leading factor is “years”,
the value of which was 34.3%, the value of the factor “region” was 32.3%. Share of the
influence of the interaction of factors years and region is 27.7%, which increases the
adaptability of the genotype and reduces the influence of the environment.
The yield variability of Camelina sativa grown in the Penza region is weak and amounts
to 11.6 %. Coefficient of crop variation in the Crimea reaches an average value of 21.9 %,
which shows a relatively high genetic protection against the action of limiting factors (table
4).
Table 4. Adaptability parameters of Camelina sativa.
Indicator
The variability of yield, %
The stability index, %
Environmental adaptability bi
Environmental sustainability
The General criterion of fitness, g/m2

Penza
11.6
16.10
1.17
0.49
41.5

Crimea
21.9
15.92
1.15
1.10
41.2

At the same time, in both regions, Camelina sativa had a high stability index for this
crop of 15.92-16.10 %.
After all, both in optimal growing conditions and in extreme conditions, the Camelina
sativa shows tolerance to all stressors and maximum adaptability to specific environmental
conditions.
Despite fluctuations in yield depending on the changing hydrothermal factor, Camelina
sativa shows stability and plasticity, regardless of the region, the environmental
adaptability of which is 1.15 and 1.17. This shows a weak reaction of the culture to the
varying degree of manifestation of limiting factors (temperature or moisture).
The parameters of stability and environmental sustainability have shown that Camelina
sativa shows a wide range of its adaptability to stressful growing conditions, both in the
conditions of Penza and in the Crimea. The general criterion of fitness of the Camelina
sativa had high positive values of 41.2-41.5 g/m2, depending on the region.

4 Conclusion
Thus, the environmental sustainability of the crop, its adaptability and tolerance to
environmental factors will ensure a sufficiently high yield in favorable conditions of
cultivation and stability in stressful conditions in different localities and in different years.
Camelina sativa is characterized by a high level of resistance to stress conditions (0.49–
1.10), is characterized by environmental adaptability (bi= 1.15–1.17), has a high fitness
criterion, which contributes to the formation of a high and stable yield of oilseeds (1.331.62 t/ha) in various contrasting growing conditions.
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