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Abstract 

 

Studying the reaction to the abiotic conditions of the Middle Urals in 16 varieties of oil flax will allow 
to adapt the culture: increase its productivity and product quality. As a standard, the variety ‘VNIIMK 620’ 
was sown. The experiments were laid on sod-podzolic medium loamy soil in the grain-grass rotation after 
winter crops during 2012-2015. During the years of research, the plow layer of the experimental plots had 
different humus contents - medium and high, mobile phosphorus and exchange potassium - medium and very 
high, exchange soil acidity - slightly acidic and close to neutral. To a greater extent, by 91.5%, the change in the 
seed yield of the studied oil flax varieties depended on the abiotic conditions of the growing season; the share 
of the influence of the genotype of the variety in the formation of seed yield was 3.0%. Meteorological 
conditions during the years of the experiments were characterized by large fluctuations in the average daily air 
temperature and the amount of precipitation that fell over the months, in consequence of this the seed yield of 
flax oil varied in wide range over both varieties and years of study. The most favorable abiotic conditions for 
the formation of oil flax seeds were formed in 2014, when, during the ripening period of the seeds optimal 
meteorological conditions have developed with hydro thermic factor of 1.0. This contributed to obtaining the 
highest seed yield in 2014 - 218 g/m2. On average, over four years of research, the same response to abiotic 
conditions with seed yield was formed in ‘VNIIMK 620’ varieties from Russia, ‘Clark’ varieties from Holland 
and ‘Barbara’ from Hungary. The most plastic grade is ‘Clark’ with a plasticity coefficient bi = 1.33. The most 
stable seed yield is the ‘Norlin’ variety with a stability coefficient of 32.2. Russian varieties ‘LM-96’, ‘N 3829’ 
and foreign varieties ‘Norlin’, ‘Atalante’ proved to be the most adaptable to cultivation conditions in the 
agroecological conditions of the Cis-Ural region and can be considered promising in terms used as starting 
material in the breeding process. 
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Introduction 

 
Variety is an indicator of the hereditary properties of field crops, their characteristics of biology in the 

form of some advantages and disadvantages (Zhuchenko, 2008). The role of the variety is especially high in 
areas with extreme soil and climatic conditions for crops (Zhuchenko, 2008). For most of crops yield depends 
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on unregulated environmental factors for 60-80% and above all on meteorological conditions which are not 
always possible to accurately predict (Tavarini et al., 2016). The less suitable and more diverse the existing 

environmental conditions the less likely they are technogenic regulation and the greater the role of the variety 
in the utilization of environmental factors and the ability to counteract the effects of abiotic and biotic stressors 
(Zhuchenko, 2008). The main and primary environmental factors are temperature, humidity and light 
(Zhuchenko, 1990). The listed factors are the main in the degree of influence on the growth and development 
of flax plants and in their variability (Zhuchenko, 1990). Stress factors are the main reasons for not only the 
large discrepancy between the average and maximum yields of field crops but also the strong dependence of the 
size and quality of the crop on weather changes. The variety forms the greater productivity the more it can 
respond by increasing quantitative and qualitative values of the crop to continuous improvement of the 
external environment (Zhuchenko, 2009). Varieties used in modern production must provide not only the 
highest yield and high-quality products but also resist adverse environmental factors, i.e., have high adaptive 
properties and high homeo-staticity (Shcherbakov, 1981; Rozhmina, 2001). Stable productivity in different 
ecological and geographical conditions can be ensured only by high adaptability of the variety which is due to 
its genotype (Potanin et al., 2014). 

Analysis of scientific research on a global scale, namely in Russia, Canada, Ethiopia (Rossielle and 
Hamblin, 1981; Fu et al., 2002; Kulma et al., 2015) proves the importance of distributing the genetic diversity 

of cultivated plants in different countries, including flax for optimizing the selection and choosing the best 
samples on economically valuable traits. The resulting range of characters is of strategic importance for the 
conservation of genetic diversity and the efficient use of the gene pool in breeding. Significant genetic 
similarities between flax varieties from Russia and other European countries have been established. The results 
of the common origin of flax varieties from Russia are also confirmed by an analysis of their genealogy (Rossielle 
and Hamblin, 1981). The use of different types of flax for hybridization, including wild ones, can diversify the 
genetic material of newly created hybrids. All this will contribute to the manifestation in the varieties of 
valuable economical and biological traits, reduce stress under adverse abiotic conditions, increase yield and 
product quality (Fu et al., 2002; Kulma et al., 2015). 

Flax is a multi-purpose culture, it is grown in many countries of the world and is becoming more 
widespread both in the world and in Russian agriculture. The level of yield of seeds of oil flax varieties in the 
conditions of the Middle Cis-Ural region varies significantly over the years and varies from 4,1 dt/ha to 12,3 
dt/ha (Fatykhov et al., 2014; Goreeva et al., 2015; Korepanova, 2016; Korepanova et al., 2017). This crop is 

relatively demanding on abiotic conditions; therefore, adaptively significant and economically valuable traits 
have specific responsiveness (reaction) to the action of environmental factors. The large scale of seed yield over 
the years is associated with the characteristics of the continental climate of the Middle Cis-Ural region. 
Therefore, the issues of early maturity and drought tolerance are topical for flax growing in the Middle Cis-
Ural region. Early ripe varieties are relatively less demanding on soil fertility, more effective than varieties of 
other ripeness groups using winter-spring moisture reserves in the soil to form a crop. In the conditions of the 
Republic of Belarus, early ripening varieties, when planted in optimal time, allow to carry out the bulk of the 
work when harvesting flax in late July - early August, thereby reducing the load during the harvesting period 
(Khamutovsky and Kargopoltsev, 2005). The cultivation of early ripening flax varieties in Western Siberia 
creates favorable conditions for harvesting in optimal terms which reduces the probability of large range of 
variation in yield (Kapinos and Leshchenko, 2009). 

Scientific research on the reaction of oil flax varieties to abiotic conditions in the Middle Cis-Ural region 
has not been carried out. In this regard, the relevance of the studies presented is undeniable. 

The greatest value for production will be those varieties of flax oil, in which the average yield and quality 
of seeds are at higher level, as well as in different conditions of growth and development, the signs fluctuate are 
on a smaller scale. Therefore, the assessment of environmental plasticity and stability of varieties of oil flax of 
different ecological and geographical origin is important for production and science. 
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The purpose of the research is to study how oil flax varieties of different ecological and geographical 
origin reacts to the abiotic conditions of the Middle Cis-Ural region with the formation of seed productivity. 

Research objectives: 

• to determine the proportion of varieties and abiotic conditions by the impact on productivity, 
using data on the yield of seeds of different varieties of oil flax; 

• evaluate the adaptive properties of varieties of oil flax. 
 
 
Materials and Methods 

 
Object of study 

The experimental data were obtained in 2012-2015 in SC "Uchkhoz Iyulskoye ISAA", carrying out 
experiments on the experimental field. For the object of research 16 varieties of oil flax of various ecological and 
geographical origin were taken from the national collection of the All-Russian Research Institute of Flax 
(Torzhok): VNIIMK 620, Voronezhsky, LM-96, N3829, LM-92, Severny, Stavropol Territory, LM-98 - from 
Russia; Norlin and Flanders - from Canada; Atalante and Linda - from France; Mo Eregor and Barbara - from 
Hungary; Culbert - from the USA; Clark - from Holland. The VNIIMK 620 variety was adopted as the 
standard, which was entered into the State Register of Selection Achievements and approved for use in the 
Volga-Vyatka region (State register of selection achievements approved for use, 2020). 

 
Research methodology 

According to the methodology of conducting field agrotechnical experiments with oil crops (2010), the 
repetition of options in the experiment was three-fold and the seed application rate was 5,6 million germinating 
seeds per 1 ha. The method of sowing seeds is raw seeding for a 3-4 cm depth. The registration area of the plot 
is 1,05 m2. The experiment was carried out in grain-grass rotation after winter crops. The cultivation 
technology was consistent with the zonal recommendations for the cultivation of oil flax (Goreeva, 2019). 
Every year before sowing in order to calculate the doses of mineral fertilizers the agrochemical parameters of 
the plow layer were determined according to generally accepted methods [Workshop on Agrochemistry, 2008]. 
Significant differences in experiment variants were established using analysis of variance methods (Dospekhov, 
2012), on years of research - in replicates, on average over the years of research, the indicators averaged over all 
years of the experiment for each repetition in all variants were calculated according to Vaulin (1998). For this 
the significance of differences (LSD05) of variants (varieties) was evaluated using the F-criterion (Fisher LSD). 
If Ffact > Ftheor., then there are significant differences between the compared varieties, when Ffact < Ftheor, then the 
differences are insignificant and the null hypothesis about the equality of the compared options is not rejected. 
Based on two-way analysis of variance, the influence of the genotype, environmental factors, and their mutual 
action were determined (Dospekhov, 2012). Yield variability versus average experience or coefficient of 
variation (V) was calculated according to Dospekhov (2012). Coefficient of variation (V) is standard deviation, 
expressed as a percentage of the arithmetic mean of a given population (Dospekhov, 2012). Variability is 
considered insignificant if the coefficient of variation does not exceed 10%, medium - if the coefficient V is 11-
20% and significant if V is more than 20%. 

Calculation of environmental plasticity (bi) and stability (S2di) parameters according to the guidelines 
of Eberhart and Russel (1996), using the calculation method of Zykin (2005). The plasticity coefficient (bi) 
shows the response of the variety to changing cultivation conditions. The higher its value (bi > 1), the greater 
the responsiveness of this variety. Direct dependence of productivity on weather conditions is indicated when 
bi equals to 1. The stability coefficient (S2di) is the deviation of the actual yield from theoretically possible 
when testing the variety. Varieties are stable if changing of environmental conditions does not affect the 
development of traits. The resistance of the varieties to stress and the average yield in contrasting environmental 
conditions (genetic flexibility) were determined according to the equations of Rossielle and Hamblin (1981). 
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The level of stress tolerance of varieties is determined by the difference between the minimum and maximum 
productivity (Y2-Y1). This parameter has a negative sign. The smaller the gap the higher the stress tolerance of 
the variety and the wider the range of its adaptive capabilities. The indicator of genetic flexibility (Y1+Y2)/2 
reflects the average crop yield in contrasting (stressful and non-stressful) conditions and describes the 
compensatory ability of the variety. Degree of correspondence between the genotype of the variety and various 
environmental factors increases while increasing the indicator of genetic flexibility. The yield range was 
calculated by Zykin et al. (2000), this indicator characterizes the variation in productivity in different 

environmental conditions. The lower the yield range, the more stable the object in specific cultivation 
conditions. 

 
Soil conditions 

All years of research the experiments were carried out on sod-podzolic soil, with a granulometric 
composition of medium loamy soil. In the arable layer soil in different years had medium and high humus 
content (2.6-2.7%); from medium to very high content of mobile phosphorus and exchange potassium (156-
371 and 189-313 mg/kg of soil respectively); exchange acidity of soil is weakly acidic and close to neutral (5.2-
5.7). Based on these doses of mineral fertilizers in the years of research amounted to N72-115. Ammonium 
saltpeter was applied. 

 
Agroclimatic conditions 

The years of research differed in the hydro-thermic conditions (Figures 1, 2). This allowed us to evaluate 
the adaptive properties of the studied varieties of oil flax to the conditions of the Cis-Urals region. The 
calculation of the average daily air temperature and the amount of precipitation was carried out on the basis of 
daily indicators of the listed parameters of the weather station in Izhevsk (Weather in Izhevsk ..., 2020). 

May 2012 was characterized by the following weather conditions: precipitation amounted to 88% of the 

norm, or 43 mm, the average air temperature for the whole month was 2.2 ℃ higher than the long-term average. 

June was characterized by large 66% amount of precipitation and increase of 1.8 ℃ with an average air 
temperature per day. In the second half of the growing season (July and August), increased amount of 
precipitation was observed - 134-142% of the norm and this was accompanied by an increase of the average 
daily air temperature by 1.1–1.3 ℃. Under the conditions of increased soil moisture and relatively high air 
temperature, relatively slow ripening of seeds occurred. 

The growing season of 2013 was characterized by relatively hot and dry meteorological conditions 
(hydro thermic factor is 0,2...0,8). May 2013 was characterized by temperature conditions close to long-term 
average values, but at the same time, 54% of long-term average precipitation fell, or 25 mm, the bulk of which 
fell immediately after sowing. June and July were distinguished by hot and dry weather: the average daily 
temperature exceeded 0.9-2.3 °С, and the amount of precipitation was 60-83% of the norm. 

Hydro thermic conditions of the vegetation periods of 2014 and 2015 characterized as wet and cool in 
the second half of the growing season (hydro thermic factor is 1.4-2.0). May 2014 was characterized by an 
average daily temperature increase of 3.6 °C and decrease of 66% of precipitation relative to the average long-
term similar data. Weather conditions in June formed at the level of long-term average values with a total 
precipitation of 64 mm and average daily air temperature of 16.1 ºС. Oil flax plants have found themselves in 
favorable conditions for growth and development. July was distinguished by an increased by 25% from the 
normal amount of precipitation and greater by 1.0 °C average daily air temperature. During the period of seed 
maturation (August), a combination of increased average daily air temperature by 1.7 °C and decreased on 9% 
amount of precipitation was observed. 

In 2015, the first half of the oilseed flax vegetation (May, June) passed with increased by 2.5-3 °C average 
daily air temperature and decreased on 25-35% average daily precipitation. In the second half of the growing 
season (July and August), decreased by 2.2 and 3.3 °C average daily air temperature was observed, in comparison 
with the average annual temperature, and it was 15.7 and 13.8 ºС, but the amount of precipitation was equal 
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to 186-190% of the norm or 120 and 124 mm. This delayed the ripening of varieties and harvesting (see Figures 
1, 2). 

 

 
Figure 1. The average daily temperature for the growing season of oil flax (according to the Izhevsk weather 
station: Weather and climate, 2020) 

 

 
Figure 2. The amount of precipitation during the growing season of oil flax (according to Izhevsk weather station) 

 
 

Results  

 
Over the years of research, the highest average seed yield of the studied varieties of oil flax was formed 

under abiotic conditions in 2014 and amounted to 218 g/m2 (Table 1). Abiotic conditions in other years of 
the study led to a decrease in the average yield of seeds of oil flax varieties: in 2012 by 104 g/m2, or 48%, in 2013 
by 182 g/m2, or 83%, in 2015 by 80 g/m2, or 37%. Varieties of oil flax on abiotic conditions in 2012 showed 
diverse reaction, thus forming different seed yields. The standard variety ‘VNIIMK 620’ exceeded all tested 
varieties in productivity, having the highest seed yield of 157 g/m2. The yields of the remaining studied varieties 
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differed by 10-74 g/m2 or 10-66% to the lower side, compared with the same index of the variety taken as a 
standard with LSD05 10 g/m2.  

 
Table 1. Seed yield formed in varieties of oil flax, g/m2  

Item 
No. 
(№) 

Variety 
Year Average 

for  
2012-2015 

Deviation 
from 

standard 
2012 2013 2014 2015 

1. 
‘VNIIMK 620’, 

standard 
157 31 229 142 147 - 

2. ‘Norlin’ 101 25 179 118 108 -39 

3. ‘Voronezhsky’ 91 28 201 136 113 -34 

4. ‘LM-96’ 94 46 204 126 132 -15 

5. ‘N 3829’ 95 20 178 133 109 -38 

6. ‘Atalante’ 118 47 210 156 134 -13 

7. ‘Mo Eregor’ 114 31 203 153 128 -19 

8. ‘LM-92’ 117 26 213 107 119 -28 

9. ‘Clark’ 97 43 283 134 143 -4 

10. ‘Culbert’ 109 41 242 151 140 -7 

11. ‘Barbara’ 147 43 230 131 135 -12 

12. ‘Severny’ 140 45 214 172 146 -1 

13. ‘Stavropol territory’ 83 20 232 132 119 -28 

14. ‘LM-98’ 128 26 220 134 132 -15 

15. ‘Linda’ 117 48 229 112 129 -18 

16. ‘Flanders’ 114 48 215 171 141 -6 

 ‘Average’ 114 36 218 138 130 -17 

 LSD05 10 3 8 15 6  

 
Index of environment 

conditions Ij 
-12.4 -90.7 91.4 11.7 -  

 
Under relatively unfavorable abiotic conditions of 2013, oil flax varieties had seed yield of 20-48 g/m2. 

‘Mo Eregor’ variety got the yield of 31 g/m2 i.e. at the same level as the standard. The most productive, with 
seed yields 10-17 g/m2 higher than the standard variety, were ‘LM-96’, ‘Atalante’, ‘Clark’, ‘Culbert’, ‘Barbara’, 
‘Severny’, ‘Linda’ and ‘Flanders’ (LSD05 - 3 g/m2). Varieties ‘Norlin’, ‘Voronezhskysky’, ‘N 3829’, ‘LM-92’, 
‘Stavropol Territory’ and ‘LM-98’ were less productive, their seed yield was 3-11 g/m2 lower than the seed yield 
of ‘VNIIMK 620’. 

‘Clark’ and ‘Culbert’ varieties responded to growing conditions in 2014 with increase of seed 
productivity on 13-54 g/m2 in comparison with the productivity of the ‘VNIIMK 620’ variety with LSD05 - 8 
g/m2. All remaining experimental varieties had significantly smaller difference of seed yield which is 9-51 g/m2, 
except ‘Barbara’, ‘Stavropol Territory’ and ‘Linda’ varieties, in relation to the productivity of the variety taken 
for control. 

Under the conditions of 2015, the best reaction of oil flax by 29-30 g/m2 was the formation of seed yields 
of ‘Severny’ and ‘Flanders’ varieties compared to the seed yield of the standard variety ‘VNIMMK 620’. 
Decrease of seed yields by 16-65 g/m2 was observed in varieties ‘LM- 98’, ‘LM-92’, ‘Norlin’, ‘Linda’. 

On average, over 4 years of experiments it was found that in productivity none of the tested varieties 
significantly exceeded the standard. ‘Clark’ varieties from Holland and ‘Barbara’ from Hungary were not 
inferior in productivity to ‘VNIIMK 620’. The rest of the studied varieties responded to growing conditions 
with decrease of 6-41 g/m2 seed yield relative to the productivity of the standard variety with LSD05 - 4 g/m2. 

As a result of the analysis of experimental data, it was found that the best abiotic conditions for the 
growth and development of oil flax plants were established in 2014 (index of environmental conditions Ij = 
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91,4), the worst in 2013 (Ij = -90,7). In 2012 and 2015 the prevailing conditions occupy an intermediate 
position (Ij = - 12,4 and 11,7, respectively). 

The data from our experiments show that, most of all (by 91.5%), the seed yield of the tested varieties of 
oil flax changed depending on the conditions prevailing during the period of growth and development. The 
genotype of the variety participated in the formation of seed productivity by 3.0%, random factors by 0.2%. It 
follows that the abiotic conditions of the growing season turned out to be the determining factors in the 
formation of the seed yield of the studied varieties of oil flax. 

According to the yields of oilseed flax varieties (2012-2015), the parameters of ecological plasticity and 
adaptability were calculated and evaluated (Tables 2, 3). 

 
Table 2. Ecological plasticity parameters of the yield of oil flax varieties (average for 2012-2015) 

Item 
No. 
(№) 

Variety 
Variation coefficient,  

V % 
Plasticity coefficient 

 (bi) 
Stability factor  

(S2di) 

1. ‘VNIIMK 620’ standard 58.6 1.06 617.4 

2. ‘Norlin’ 60.0 0.84 32.2 

3. ‘Voronezhsky’ 64.0 0.97 125.6 

4. ‘LM-96’ 56.5 0.88 131.1 

5. ‘N 3829’ 62.8 0.88 188.2 

6. ‘Atalante’ 51.6 0.91 108.6 

7. ‘Mo Eregor’ 58.0 0.95 210.5 

8. ‘LM-92’ 66.2 1.00 307.0 

9. ‘Clark’ 73.9 1.33 1090.7 

10. ‘Culbert’ 61.9 1.12 114.0 

11. ‘Barbara’ 55.6 1.00 400.3 

12. ‘Severny’ 50.3 0.93 403.3 

13. ‘Stavropol territory’ 76.6 1.18 262.0 

14. ‘LM-98’ 62.5 1.05 134.4 

15. ‘Linda’ 59.5 0.97 488.0 

16. ‘Flanders’ 52.8 0.94 359.4 

 
Over the years of research, significant fluctuations in seed yields were observed in all tested varieties of 

oil flax, the coefficient of variation was 50.3-76.6%. This indicates the dependence of the variety genotype on 
environmental factors. ‘Clark’ varieties (bi=1,33), ‘Stavropol Territory’ (bi=1,18), ‘Culbert’ (bi=1,12), 
‘VNIIMK 620’ (bi=1,06) reacted to the conditions of the year (plastic coefficient is greater than unity) more 
strongly and ‘LM-98’ (bi=1.05). These are varieties of the intensive type - they react more strongly to the 
improvement of growth conditions, however, under adverse conditions of growth and development, their 
productivity decreases more strongly. Varieties ‘Norlin’, ‘LM-96’, ‘N 3829’ respond to changing environmental 
conditions less, so they can be used with extensive technologies, with obtaining the maximum return at 
minimum cost. The plasticity coefficient of ‘LM-92’, ‘Barbara’, ‘Voronezhsky’, and ‘Linda’ varieties is close to 
or equal to unity, which indicates that the change of productivity is fully consistent with the change of growing 
conditions. 

The stability coefficient can be used for characterizing the level of yield fluctuations. The less this 
coefficient deviates from zero the greater the stability of the variety provides. Greater stability in seed yield is 
provided by the ‘Norlin’ variety (S2di = 32.2). This variety had significant advantages in some respects relative 
to many experimental varieties. Clark was the most unstable in seed yield in the years of study. 

The most resistant to stress and most of all have the ability to adapt varieties ‘Norlin’, ‘LM-96’, ‘N 3829’ 
and ‘Atalante’ varieties are the most resistant to stress and the most adaptable. The difference between the 
minimum and maximum in seed yield in these varieties is the smallest - 157.0-167.0 g/m2. 
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Table 3. Adaptability of varieties of oil flax seed yield (average for 2012-2015) 

Item 
No. 
(№) 

Variety 
Yield, g/m2 Stress 

resistance 
g/m2 

Range of  
yield 

% 

Genetic 
flexibility 

g/m2 
У2 min У1 max 

1. 
‘VNIIMK 620’ 

standard 
30.0 232.0 -202.0 131.0 87.1 

2. ‘Norlin’ 24.0 181.0 -157.0 102.5 86.7 

3. ‘Voronezhsky’ 27.0 205.0 -178.0 116.0 86.8 

4. ‘LM-96’ 45.0 210.0 -165.0 127.5 78.6 

5. ‘N 3829’ 19.0 181.0 -162.0 100.0 89.5 

6. ‘Atalante’ 46.0 213.0 -167.0 129.5 78.4 

7. ‘Mo Eregor’ 28.0 207.0 -179.0 117.5 86.5 

8. ‘LM-92’ 26.0 216.0 -190.0 121.0 88.0 

9. ‘Clark’ 41.0 293.0 -252.0 167.0 86.0 

10. ‘Culbert’ 49.0 251.0 -211.0 145.5 84.1 

11. ‘Barbara’ 41.0 233.0 -192.0 137.0 82.4 

12. ‘Severny’ 44.0 221.0 -177.0 132.5 80.1 

13. 
‘Stavropol 
territory’ 

17.0 234.0 -217.0 125.5 92.7 

14. ‘LM-98’ 26.0 221.0 -195.0 123.5 88.2 

15. ‘Linda’ 47.0 231.0 -184.0 139.0 79.6 

16. ‘Flanders’ 46.0 218.0 -172.0 132.0 78.9 

 
‘Clark’ and ‘Culbert’ varieties are relatively less resistant to changes in growing conditions. In 2013 

which is relatively unfavorable by meteorological conditions their productivity decreased by 167% and 145.5%, 
respectively, compared with productivity in relatively favorable 2014. Varieties ‘N 3829’, ‘LM-92’, ‘Stavropol 
Territory’ and ‘LM-98’ were identified as relatively the most flexible, best adapted to changing environmental 
conditions. Under various abiotic conditions these varieties formed the highest average seed yield of 88.0-92.7 
g/m2, which indicates the greatest correspondence between the genotype and environmental factors 

 
 
Discussion 

 
In the Middle Cis-Ural region, on sod-podzolic soils, among abiotic conditions, the main limiting factor 

in the formation of fiber flax yield is the amount of precipitation for the “herringbone” - flowering period 
(Maslova et al., 2018), in the formation of oil flax seed yield - the sum of the temperatures during flowering - 

yellow ripeness (Goreeva, 2019). The most adaptive varieties of long flax and oil flax have established varieties 
that provide stable yield over years. According to Liebig's law, weather conditions, namely precipitation, is the 
main limiting factor which very often affects on flax productivity in many regions of Europe (Heller and 
Byczynska, 2015). In Poland the optimum soil moisture for flax should be at least 62,5%. Arid conditions lead 
to decreasing in fiber yield by 39.7-49.3%. Currently, there is progress in biotechnology of flax growing in 
Europe and China, two leading producers of flax fiber: classical selection methods supported by genetic 
engineering technologies can accelerate the efficiency of selection to increase the yield and quality of new 
varieties of flax (Kulma et al., 2015). In order to reduce the negative impact of drought on flax productivity, 

alternation of small and large ridges with full-layer mulching is recommended in China, which provides an 
innovative option for optimizing the hydrothermal conditions of the soil, thereby increasing the productivity 
and profitability of flax crops in dry semi-desert conditions (Mo et al., 2018). In Lithuania to breed new well 

adapted to local soil and climatic conditions flax varieties predominantly traditional selection with 
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hybridization methods is used which is also applicable for Russia (Jankauskiene and Gruzdeviene, 2015). 
Varieties are tested on economically valuable traits, genetic flexibility, plasticity, stability. 

Under the conditions of Central and Northern Italy the genotype of the variety, the cultivation zone, 
and vegetation conditions had a significant effect on the yield, chemical composition of flax production, and 
its structure (Tavarini et al., 2016). The highest seed yield of the distinguished varieties was 3.05 t/ha, the yield 

of aboveground biomass was 6.98 t/ha. The main objective of the Latvian flax breeding program is to create 
highly productive flax genotypes (both fibers and seeds) that well adapt to changing of environmental 
conditions (Stafecka et al., 2016). This allows us to divide the genotypes of flax varieties into two groups of 

lower and higher yields and make recommendations for production. In the Southeast Agricultural Zone of 
Romania (Anastasiu et al., 2016), May-June is a critical period in the consumption of moisture for development 

of oil flax due to the intensive growth of plants in height and branching. During this period, flax plants require 
more precipitation and low average daily temperature. In July-August, when seed ripening occurs, flax plants 
need higher average daily temperatures and small amount of rainfall. One of the significant abiotic factors in 
India (New Delhi), that causing stress in flax plants is drought which inhibits plant growth and development 
(Dash et al., 2018). A number of studies confirm that not only seed yields, but also changes in oil content 

depend on genotypic characteristics. In the conditions of the dry steppe zone of Northern Kazakhstan on the 
dark chestnut soils of the Akmola region, it was established that the formation of oil depends on the climatic 
conditions of cultivation and on the sum of the active temperatures during seed maturation (Gordeyeva and 
Shestakova, 2018). For the dry steppe zone in terms of plasticity and stability of oil content ‘VNIIMK 620’, 
‘Lirina’, ‘Karabalyksky 7 ‘varieties are highly valuable, and ‘Severny’, ‘Biryuza’, ‘Kazar’, and ‘Ilyich’ varieties are 
valuable. 

Abiotic conditions include many factors, such as location, field topography, landscape, soil conditions, 
climatic factors (precipitation amount, average daily temperature and duration of the growing season), etc. 
Information collection of these factors, their effect on flax yield and structure indicators will allow us to 
calculate the regression equations for analysis, evaluation and comparison of new varieties (Jia and Booker, 
2018). According to Egyptian scientists’ flax productivity is also influenced by chemical factors, namely, the use 
of mineral fertilizers (Emam, 2019). The introduction of nitrogen fertilizers into the soil: ammonium nitrate, 
ammonium sulfate provides the highest yield of straw and flax seeds, compared with the yield obtained from 
the application of urea (Emam, 2019). 

Thus, scientists from Russia and other countries, regardless of selection programs and methods of 
creating varieties, test the evaluation of the tested varieties for adaptability to specific soil and climatic 
conditions, to various abiotic factors and give recommendations to agricultural producers to improve the 
efficiency of the flax growing industry. 

 
 

Conclusions 

 
On the sod-podzolic soils of the Middle Cis-Urals, year conditions had a decisive influence on seed yields 

of the tested varieties of oil flax by 91.5%, the genotype of the variety participated in the formation of the seed 
yield by 3.0%. Significant variability of seed yield (V = 50.3-76.6%) of the studied varieties of oil flax allows us 
to state that the agroecological environmental conditions had a decisive influence on this parameter. In 2014, 
the growth and development of oil flax plants took place under the most favorable abiotic conditions (index of 
environmental conditions Ij = 91,4). On average over four years of research the same reaction to abiotic 
conditions with seed yield (141 - 147 g/m2) was formed in ‘VNIIMK 620’ and ‘Severny’ varieties from Russia, 
‘Clark’ varieties from Holland and ‘Flanders’ from Canada. Significant fluctuations in seed yields were observed 
in all tested varieties of oil flax. ‘Norlin’ from Canada, ‘LM-96’, ‘N 3829’ - from Russia and ‘Atalante’ from 
France are the most resistant to stress and the most adaptable varieties. The most flexible variety is ‘Clark’ with 
flexibility coefficient bi equals to 1.33. The most stable seed yield is ‘Norlin’ with stability factor of 32.2. 
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Varieties ‘N 3829’ from Russia and ‘Norlin’ from Canada distinguished themselves by the smallest range of 
seed yield. The listed varieties will provide more stable indicator in specific cultivation conditions. Varieties 
from Russia such as ‘N 3829’, ‘Stavropol Territory’, ‘LM-98’ and ‘LM-92’ had the best genetic flexibility, which 
indicates the greatest correspondence between the genotype and environmental factors. 

Thus, the most suitable for cultivation in the conditions of the Cis-Urals region oil flax varieties are 
selected. The Russian variety ‘N 3829’ and the Canadian variety ‘Norlin’ have high resistance to stress and low 
yield, have a wide range of adaptive capabilities respectively. The listed varieties should be recognized as 
promising in terms of seed yield, their adaptation to various abiotic cultivation conditions and used as starting 
material in the breeding process. 
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