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Abstract: The paper examines the data on 86 rapeseed samples of various 

ecological and geographical origins, which were subjected to a long-term 

selection study with the criterion of winter hardiness to create a new Kazakhstani 

variety of winter rapeseed. For selection, plant indicators are used in terms of the 

number of leaves (at least 7), the diameter of the root collar (more than 6 mm), 

the height of the growth point (up to 3 cm), the weight of 1 plant should be more 

than 35 g, the correlation/regression method is used to determine the relationship 

between structural features and productivity. The purpose of the study is 

to expand the territory of winter rapeseed crops in the southern and 

southeastern regions of Kazakhstan. The first Kazakh winter rapeseed 

variety Pervenets Semirechya was created with the following indicators: 

Winter hardiness 79 to 91.3%, green mass yield 40.7 to 51.4 t/ha, oilseed 

yield 2.76 to 3.83 t/ha, oil content 46.3% and protein content 26%. 

Bioclimatic potential makes it possible to introduce winter rapeseed to an 

area of 50-70 thousand hectares in the system of crop rotation. The 

advantages of winter rapeseed over spring rapeseed are noted. 
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Introduction 

Rapeseed is a crop of versatile use: It can be used for the 

production of edible and industrial oil, for fodder purposes 

(early green fodder, haylage, frozen fodder, high-protein 

cake), and in the agrotechnical sense, it is used as a catch crop 

after early harvested crops. It plays an important role as an 

early green forage, covering the protein deficiency before the 

green biomass of alfalfa ripens. Alfalfa (Medicago L.) is a 

high-protein fodder crop (Humphries et al., 2020).  

Rapeseed is a good honey plant, with a flowering time 

of more than 30 days and a honey yield from each hectare 

up to 100 kg. It is considered a phytosanitary crop and is 

used as green manure (Pilyuk, 2007).  

Research and forecasts clearly show that the area 

under rapeseed is increasing worldwide (Fig. 1). 

Rapeseed in Kazakhstan began to spread at the beginning 

of 2000 as one of the important aspects of production 

diversification, supported by state subsidies, and has 

become firmly established in the structure of crop 

rotations in the northern regions of Kazakhstan. 

Goods manufacturers of Kazakhstan have already 

appreciated the benefits of rapeseed. In addition, an 

optimal technology for growing spring rapeseed has been 

developed in the main zones of its production, namely in 

North Kazakhstan, Akmola, Kostanay, East Kazakhstan, 

and Pavlodar regions. The annual cultivation area of 

spring rapeseed in Kazakhstan makes up 150-350 

thousand hectares and rapeseed oilseeds have become an 

export product that is in stable demand. About 80% of 

rapeseed seeds are used to obtain oil that meets all the 

requirements for food quality (Torikov and Shakov, 

2008). Cultivation of winter rapeseed in the southern and 

southeastern regions of Kazakhstan can become a reserve 

for increasing the production of oilseeds and fodder. 

Winter rapeseed has a higher yield than spring rapeseed. 

It effectively uses soil moisture in the spring period and has 

some advantages over spring rapeseed, such as simplified 

cultivation technology, early maturity (harvesting for seeds 

between June 20 and June 30), the use of irrigation water in 

the non-growing season, a significant reduction in pesticide 

load or cultivation completely without pesticides. 
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Cultivation of winter rapeseed is more profitable 

than the cultivation of spring rapeseed since its yield is 

much higher. The overwintered rapeseed in the rosette 

phase grows quickly and forms buds 20 days after the 

beginning of the growing season and blooms                  

13-17 days after the beginning of budding. In this phase 

it can be used for fodder purposes, that is, in the early 

spring period before the green mass from alfalfa arrives 

(Humphries et al., 2020). For fodder purposes, it can 

also be cultivated during spring sowing; the mowing 

ripeness of the herbage begins 50-60 days after the 

emergence of seedlings. In terms of use for fodder, it is 

a unique crop that can be used for post-cut crops and 

catch crops in the pure or mixed form under irrigated 

conditions in the south and southeast of Kazakhstan. 

Green mass (1 kg) contains on average up to 30 grams 

of digestible protein, 0.28 mg of carotene, and 0.16 

feed units. The green mass has a high digestibility and 

a small amount of fiber, it is well consumed by all farm 

animals and is a valuable raw material for ensilaging. 

The yield of the green mass of winter rapeseed during 

autumn sowing reaches up to 40-50 t/ha (Kostin and 

Velichko, 1985). 

Despite having such advantages, winter rapeseed has 

not yet found its rightful place in crop rotations in the 

southern regions, that is, in the zone where winter wheat 

is widespread. In terms of its winter hardiness, winter 

rapeseed is slightly inferior to winter wheat.  

Winter rapeseed may well overwinter with an 

appropriate selection of winter-hardy varieties with the 

introduction of technologies that ensure its resistance to 

winter factors. Its cultivation is more technologically 

advanced. According to our estimates, in the conditions of 

the south and southeast, observing the principle of crop 

rotation under which rapeseed should be cultivated in its 

former place not earlier than six years, one can predict an 

increase to 50-70 thousand hectares in its area.  

The study aims to expand the territory of winter 

rapeseed crops in the southern and southeastern regions 

of Kazakhstan. 

Materials and Methods  

Place and Period of the Study 

The study was carried out at the stationary “Kazakh 

Scientific-Research Institute of Agriculture and Plant 

Growing” LLP in Almalybak, Almaty region of the 

Republic of Kazakhstan from 2009 to 2020. Breeding 

nurseries for the study of the collection and testing of 

numbers in the selection process and breeding sites 

were established in the conditions of the foothill zone 

of the Iliy Alatau (500-750 m above sea level) on light 

chestnut soils of medium texture. The areas of the plots 

where the sampling was carried out amounted to        

100-200 m2 and the areas of reproduction equaled 3-5 

hectares. The main criteria for the selection of sites 

were their uniformity and typicality corresponding to 

the zone of distribution of winter rapeseed to soil and 

climatic conditions. 

Field Experiments 

The predecessor crops were winter wheat and, in some 

years, barley. Sowing was carried out after water-

charging (sprouting) irrigation, as well as without it. Main 

and pre-sowing treatment: Reverse plowing, careful 

cutting, and leveling of the surface layer. For the main 

treatment, phosphorus fertilizers were applied at 90 kg/ha. 

and for pre-sowing treatment nitrogen fertilizers were 

used at 50 kg/ha of the active substance and in spring on 

frozen soil, 60 kg/ha of nitrogen was used. In 2018 and 

2019, rapeseed was sown for the first time with direct 

sowing on winter wheat stubble. Sowing was carried out 

at the optimal time in the first decade of September. The 

sowing method was wide-row (30 cm per row) with a 

sowing rate of 10-12 kg/ha, at a sowing depth of 2-3 cm. 

After sowing, the soil was rolled down. Harvesting of 

winter rapeseed for seeds was carried out at the onset of a 

yellow-green color in most of the pods when the seeds had 

acquired a dark shiny color and a crush-hard consistency. 

Before harvesting, desiccation was carried out with the 

Reglon preparation (made by Syngenta Crop Protection 

AG, Switzerland) for 5-7 days. Harvesting in nurseries 

was done manually and in production breeding plots John 

Deere and Vector combine harvesters were used.  

Phenological Observations 

To assess the state of winter rapeseed crops in breeding 
nurseries and breeding sites, we took into account the yield 
of green mass at the beginning of flowering of plants and for 
seeds at maturity of 70-90% of pods, as well as winter 
hardiness, phenology, resistance to Alternaria blight. We also 
performed a structural analysis with a sample size of 50 
plants according to the following characteristics: Growing 
season, plant height, lodging resistance, 1st order 
branching, height up to 1st branching, number of pods per 
plant, number of pods on the central cluster, number of 
seeds in a pod, the weight of 1,000 seeds. 

In the pre-breeding work with winter rapeseed, the 

collection in the crops of 2009-2011 was first studied. 

with the identification of the most winter-hardy and 

productive samples. Then elite plants in the selected best 

samples were used as parental forms for hybridization. 

Hybrids were obtained from a combination of crossing.  
Based on the results of a three-year screening, the 

following high-yielding and winter-hardy varieties with 
some other valuable traits and properties were selected 
from 86 samples: Leader, Svetlana, Zorin, and the Arctic. 
Elite plants of these varieties served as the initial form 
of further breeding work on hybridization and triple 
family-group selection of desired genotypes with 
increased winter hardiness.  
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Breeding Study  

Subsequently, they were subjected to a breeding study 

in the period from 2012 to 2020 by the method of 

family/group selection with line assessment in breeding 

nurseries. The main selection criterion at all stages of 

assessing the collection and breeding lines was the index 

of winter hardiness, which was determined by counting 

plants before leaving for winter and counting the 

surviving plants after overwintering with an intensive 

accumulation of biomass in the early spring period of 

growth. For the selection, we also used the indicators of 

plants in terms of the number of leaves (at least 7), the 

diameter of the root collar (more than 6 mm), the height 

of the growth point (up to 3 cm) and the weight of 1 plant 

(more than 35 g) (Belyavskii, 2005). To determine the 

relationship of structural features with productivity, a 

correlation/regression method was used.  

Collection nurseries for the study of a collection of 

winter rapeseed, consisting of 86 samples of various 

ecological and geographical origins, were created in three 

replicates with a counting area of each sample of 3-6 m2. 

The collection was based on samples kindly donated by 

the renowned rapeseed breeder Ya. E. Pilyuk (Agriculture 

Research and Practice Center of the National Academy of 

Sciences (NAS) of Belarus, Zhodino).  

Breeding nurseries with selected numbers were 

established on single-row plots 5 m long without 

repetition with a row spacing of 30 cm.  

In the control nurseries, for the initial assessment of 

the selection efficiency, each number was placed on plots 

with an area of 10 m2 in three replicates and the best 

numbers in competitive nurseries, as the final stage of the 

assessment, were tested on plots with a counting area of 

25 m2 in four replicates for three years in comparison with 

the Ivanna (standard) variety approved for use in the 

Almaty region since 1991, despite the small quantity of 

winter rapeseed in production. In all trials, the numbers 

studied were randomized. 

In the creation of the first Kazakhstani variety 

Pervenets Semirechya, we used elite plants of winter-

hardy varieties, such as Leader, Svetlana, Zorin, and the 

Arctic, applying a poly cross-method, followed by a three-

fold family/group selection. 

Protein content analysis was performed based on NIR 

spectroscopy using a FOSS DS 2500 instrument (FOSS, 

Denmark) calibrated according to the Kjeldahl method. 

Analysis of the crude fat content in soybean seeds was 

carried out based on NIR spectroscopy using the FOSS 

DS 2500 instrument. 

Statistical Analysis 

The processing of the experimental results to ensure 

the reliability of the data was carried out according to 

Dospekhov (1968). 

Results 

In the conditions of the southeast Kazakhstan (Almaty 

region), when the tasks were set to expand the sown area 

of rapeseed as part of the diversification of production to 

solve the problem of providing the population with vegetable 

oil, we conducted a study on the selection and technology of 

cultivation of spring rapeseed. The first Kazakhstani varieties 

of spring rapeseed Maylı (Patent No. 1042, 2010), Shalqar 

39 (Patent No. 2423, 2011), and Safiya (Patent No. 412, 

2014) were created and technologies for their cultivation 

were developed experimentally by timing, methods, sowing 

rates, fertilizers, pest, disease and weed control, harvesting 

(Meiirman et al., 2011). However, at the stage of 

introducing spring rapeseed into production, some 

difficulties arose. First of all, the crops had to be 

protected from cruciferous fleas in the spring. It 

multiplied rapidly, destroying emerging seedlings. The 

delay in chemical treatment by 3-5 days led to the 

thinning and in some cases, the destruction of crops.  

The surviving crops due to damage by pests 

(diamondback moth) during the summer and diseases 

(root rot, powdery mildew, Fusarium blight, etc.,) 

sharply decreased the potential of the crop, the yield 

was 8-10 c/ha, which is 2-3 times less than in the case 

of timely organization of protective measures for 

chemical treatment of crops.  

Climatic changes on our planet lead to the loss of 

potential yields when growing plants in specific conditions 

without adjusting the sowing time (Dolgikh and Abugalieva. 

2007). Analysis of the bioclimatic potential of the south 

and southeast of Kazakhstan in terms of the main limiting 

parameters, such as temperature during the wintering 

period of winter rapeseed and precipitation in the main 

stages of the growing season makes it possible to justify 

the prospects for the cultivation of winter rapeseed. The 

level of overwintering is determined not only by the 

genotype but also to a large extent by the winter conditions, 

like the height of the snow cover, winter thaws, temperature 

fluctuations, ice crust, severe frosty days, etc. According to 

long-term meteorological data (2000-2020), the first stage of 

development (September-October), the overwintering 

(November, December, January, and February), and the 

second stage of development (March, April, May, and June; 

the ripening period) are characterized by the following 

parameters (Fig. 2 and 3). 

Winter conditions, subject to timely sowing (55-60 days) 

and the provision of soil moisture in this zone during the 

autumn growing season, cannot be viewed as serious limiting 

factors. Therefore, it is necessary to choose more winter-

hardy varieties. However, it is not always possible to obtain 

seedlings because of the often recurring autumn drought. Of 

the years studied, autumn 2020 was found to have very low 

precipitation. Seedlings appeared in the spring and the plants 

further developed in a spring-like manner. To ensure the 
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emergence of seedlings and the development of plants in 

the autumn period, it is recommended to carry out 

sprouting irrigation as an effective measure in the 

technology of cultivation of winter rapeseed. 

The main advantages of winter rapeseed over spring 

rapeseed are as follows: 
 
 During the emergence of winter rapeseed seedlings, 

that is, in the autumn period, harmful insects (in 

particular cruciferous fleas) are not as active as in 

spring and the plants are not damaged. Accordingly, 

insecticidal treatments are excluded 

 In spring, and winter rapeseed develops quite 

intensively, accumulating biomass and in most 

cases, chemical treatments against pests, diseases, 

and weeds are not necessary 

 Winter rapeseed ripens in the second half of June and 

is not affected by the summer heat 

 

By the combination of its advantages, it can be 

considered that winter rapeseed is more environmentally 

friendly than spring rapeseed. In the crops of the latter, 

chemical treatment is carried out 3-4 times during the 

growing season. The parameters of the bioclimatic 

potential of the south and southeast of Kazakhstan meet 

the biological requirements for the growth and 

development of winter rapeseed. Its cultivation in these 

regions gives a new impetus to strengthening the fodder 

base of animal husbandry and the production of oilseeds 

for technical use. The prospect of such a view on the issue 

is also determined by the fact that the reproduction rate of 

winter rapeseed is very high (not less than 1: 300), which 

makes it possible to accelerate its introduction at high rates.  

There is a need to create high-yielding varieties, both 

in terms of green mass and seeds. In parallel, we carried 

out the selection of winter rapeseed. For this purpose, a 

collection of winter rapeseed was studied. Subject to the 

technology, especially the sowing time, the yield of 

samples of the collection of winter rapeseed was quite 

high, within the range of 25-34 c/ha with winter hardiness 

of 53-92% in 2014, 15-46 c/ha with winter hardiness of 

28-84% in 2016, 27.6 c/ha with winter hardiness of 80.1% 

in 2018 (on average) and 38.3 c/ha with winter hardiness 

of 91.3% in 2020. The appearance of rapeseed pests and 

diseases was not observed on crops of winter rapeseed in 

the autumn when shoots appeared and developed before 

hibernation (September to October). It also was not 

necessary to carry out weed control measures.  

In spring, after successful overwintering, winter 

rapeseed begins to actively vegetate under conditions of 

spring moisture and an increase in positive temperatures. 

Plants quickly gain weight, outstripping the development 

of insects, and pests and they do not pose a danger in 

reducing productivity, even in the production of oilseeds, 

especially for the production of early green feed.  

For the selection of winter rapeseed, the degree of 

expression of indicators of the elements of structure and 

productivity is important. We have established the 

strength of the connection between the structural elements 

which is determined by the conditions of the year and the 

density of the stand. The latter is a direct reflection of the 

level of overwintering (Fig. 4). 

In the course of the work of the hybrid population, 

selections were carried out with the selection of more than 

2 thousand desirable lines and they were evaluated in 

breeding nurseries after each selection (three times) and 

at the final stages were tested in control nurseries and 

competitive variety trials. 

The results of testing the newly created variety 

Pervenets Semirechya (breeding number OR-48-51-4) are 

presented in Fig. 5 and Table 1. The yield of green mass 

in the new variety of winter rapeseed Pervenets Semirechya 

during the test years was 40.7 to 51.4 t/ha and oilseed yield 

was 2.76-3.83 t/ha with an average oil content of 46.3% and 

protein content of 26.0%. Winter hardiness averaged 83.6% 

with annual fluctuations of 79.3 to 91.3%. The area of the 

newly introduced variety in 2019 was 112 hectares and in 

2020 it had expanded to 714 hectares. 
 

 
 

Fig. 1: Growth of the cultivated areas of spring rapeseed in Kazakhstan, per thousand hectares (according to statistics) 
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Fig. 2: Long-time average annual temperature by month 

 

 
 

Fig. 3: Long-time average annual precipitation by month 
 

 
 
Fig. 4: Coefficients of the correlation between the structural features of winter rapeseed of the Pervenets Semirechya variety and its 

productivity 
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Fig. 5: General view of the crops of winter rapeseed variety Pervenets Semirechya (2020) 
 
Table 1: Indicators of the new winter rapeseed variety pervenets semirechya (according to the competitive variety testing) 
  Pervenets Semirechya   Ivanna 

  -----------------------------------------  ----------------------------------------------- 

Indicator Unit of measurement 2018 2019 2020 Average 2018 2019 2020 Average 

1. Seed yield (at t/ha 2.76 3.01 3.83 3.20 2.35 2.41 3.23 2.67 

standard moisture %)  t/ha 0.16 0.23 0.25 

Least Significant % 

Difference (LSD)095 day 80.1 79.3 91.30 83.60 77.20 73.10 81.30 77.20 

2. Winter hardiness - 290 283 296.00 289.00 294.00 287.00 300.00 294.00 

3. Vegetation period pcs 290 283 296.00 289.00 294.00 287.00 300.00 294.00 

4. Ripeness at the same time pcs Uneven Uneven 

5. Number of pods pcs 35.0 31.3 44.20 37.30 33.00 29.60 40.40 34.30 

on the central cluster 

6. Number of branches g 13.0 13.4 15.20 13.90 13.00 11.00 13.20 12.40 

of the 1st order 

7. Number of seeds in the % 26.0 27.3 28.90 27.40 26.40 27.40 25.50 27.70 

pod on the central cluster 

8. Weight of 1000 seeds % 5.2 6.0 5.40 55.00 5.00 5.70 5.00 5.20 

9. Fat content % 45.0 46.3 47.60 46.30 43.70 45.70 46.40 45.30 

a) in abs. dry seeds t/ha 45.4 46.8 47.90 46.70 44.00 45.90 46.80 45.60 

b) in the kernel t/ha 25.0 26.3 26.80 26.00 25.00 25.80 25.00 25.30 

10. Protein content in seeds 5.2 6.0 5.4 5.50 5.00 5.70 5.00 5.20 

11. Yield of green mass 40.7 43.2 51.4 45.10 32.70 35.90 41.30 36.60 

LSD095 0.48 0.43 0.4 

 

Discussion 

The concept of winter hardiness includes the ability of 

plants to withstand a complex of adverse effects of the 

external environment during the autumn/winter and early 

spring periods (the effect of negative temperatures, winter 

thaws, and spring thawing with a sharp transition to frost, 

soaking, and damping, etc.). To establish these natural 

situations as a background for selection, breeding work 

with winter rapeseed lasted for 15 years, which made it 

possible to differentiate genotypes according to the level 

of winter hardiness in different winter conditions.  

A collection of rapeseed with a description of 

productive samples was studied by Dolgikh and 

Abugalieva (2007).  

According to long-term data from the Agriculture 

Research and Practice Center of the NAS of Belarus, winter 

rapeseed overwinters better when, before overwintering, its 

plants are characterized by the following development 

parameters: The number of leaves from 6 to 10, the diameter 

of the root collar more than 6 mm, the height of the growing 

point up to 3 cm, the weight of 1 plant more than 35 g.  

As our observations show, such a state of winter 

rapeseed plants in southeast Kazakhstan is achieved when 

sowing in the first half of September. At the same time, 

the duration of the autumn growing season is 55 to 60 

days, which is sufficient for the accumulation of sugar in 

plants as the main factor providing a high level of survival 

after overwintering. The sugar content in plants before 

winter is the main quality indicator of winter rapeseed 

(Zelenyak et al., 2010). 

Conclusion 

As a result of many years of research, the goal was 

achieved-the first Kazakh winter rapeseed variety 

Pervenets Semirechya was created. It is distinguished by 

high winter hardiness at the level of 79.3 to 91.3%, with a 
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yield of green mass of 40.7 to 51.4 t/ha and an oilseed 

yield of 2.76 to 3.83 t/ha. In 2020, 3.4 t/ha of oilseeds and 

51.4 t/ha of green mass were obtained from production 

breeding plots on an area of 58 hectares. 

 The bioclimatic potential of the south and southeast 

of Kazakhstan makes it possible to cultivate winter 

rapeseed successfully. In these regions, winter rapeseed is 

more productive than spring rapeseed. Winter crops are of 

fodder value when cultivated in the main crops, catch 

crops, and post-cut crops.  

Elite seeds of the Pervenets Semirechya variety were 

collected in the amount of 30 tons. Winter rapeseed was 

introduced with scientific support on an area of 613 ha in 

different ecological areas. 
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