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INTRODUCTION 

According to the Committee of the Land 
Management of the Ministry of Agriculture of 
the Republic of Kazakhstan, the area of agri-
cultural lands in the Republic of Kazakhstan 
amounts to 105,337.4 thousand hectares, includ-
ing 25,340 thousand hectares of arable lands. 
The availability of large areas of land resources 
provides the opportunity for the Republic to 
make a significant contribution to solving the 
global food problem.

According to the Statistics Committee in 
2018, the Republic produced 14 million tons of 
wheat, 2.7 million tons of oilseeds, and other 
plant products that satisfy the internal and expert 
needs of the country. However, in Kazakhstan the 
productivity of crops, including oilseed crops, 
has been remaining low and unsteady for several 
years. Thus, the yield of oil flax seeds on average 
does not exceed 0.5 – 0.6 t/ha.

One of the important conditions for form-
ing high yields of oil flax seeds is obtaining 
vigorous and full-fledged germination, which 
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ABSTRACT
The article provides the results of studying the effect of 0.1, 1.0, 2.5, 5.0, 7.5, and 10% aqueous suspensions of 
bottom ash and technical carbon on the germination vigor of the seeds of oil flax and the environmental safety of 
its use in terms of the content of heavy metals. Laboratory experiments were performed at the environment lab, 
field experiments – at the experimental field of the Kokshetau State University n.a. S. Ualikhanov. The laboratory 
germination vigor of the seeds, the length of seedlings, and the mesocotyl were determined according to the Inter-
state Standard Agricultural Seeds GOST 12038–844. In the field experiment on studying dosages of introducing 
the drug, the content of heavy metals was determined by the method of stripping voltammetry. The preparation is 
a mixture of bottom ash and technical carbon in the ratio of 2:1. It has been found that the use of a 5% aqueous 
suspension of the preparations contributes to increasing the laboratory germination to 97.0% (88% in the refer-
ence), the length of the mesocotyl to 80 mm (55 mm in the reference), the length of roots to 79 mm, and the weight 
of germinated seeds to 1.6 grams (in the reference, these values were 46 mm and 0.6 g, respectively). After the 
introduction of the preparation made of bottom ash and technical carbon at the dosages of 100, 200, 300, 400, and 
500 kg/ha, the content of heavy metals insignificantly increases, compared to the reference, but does not exceed the 
permissible levels in the soil, in the stalks, and in the grains of oil flax; that is, the introduction of the preparation 
into the soil at the dosages of 100 – 500 kg/ha is ecologically safe. The experimental data have shown that the max-
imum effect is ensured by pre-sowing treatment of oil flax seeds with a 5% solution of aqueous suspension made 
of bottom ash and technical carbon, where the laboratory germination capacity of the seeds increased by 10.2%.

Keywords: oil flax, preparation made of bottom ash and technical carbon, laboratory germination, length of roots 
and mesocotyl, heavy metals.
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is only possible in the case of sowing certified 
high-class seeds.

The relevance of studying the considered sci-
entific problem is that in the production condi-
tions, it is not always possible to obtain seeds with 
high sowing qualities. Therefore, the pre-sowing 
treatment of the seeds of oilseed crops is an inte-
gral part of their cultivation technology. Current-
ly, air-and-heat treatment, seed dressing, and oth-
er methods are used. In the territory of the Repub-
lic of Kazakhstan, insectofungicides are mainly 
used for the pre-sowing treatment of seeds, such 
as Akiba (LLC “Agro Expert Group”, Russia), 
Lamador (company Bayer AG, Germany), Olym-
pus (Sinteziya Kemi GmbH, Germany), Rakson 
(Redigo Pro, Bayer Crop Science AG, Germany), 
Redigo Extra (Bayer Crop Science AG, Germa-
ny), Celest Top (Syngenta Crop Protection AG, 
Switzerland), Thenasol Super (Shanghai, MIO 
Chemical Co., Ltd., China) [n.d., 2015]. The 
above preparations are mainly used as a means of 
seeds protection from pests and diseases.

The suggested preparation is used for activat-
ing the growth processes in oil flax seeds. The use 
of bottom ash, coal dust, and other local wastes 
for pre-treatment of crop seeds does not find prac-
tical use due to the insufficient level of knowl-
edge in the Republic of Kazakhstan.

Pradyumna Kumar Singh, Preeti Tripathi, 
Sanjay Dwivedi, Surabhi Awasthi, Manju Shri, 
Debasis Chakrabarty, Rudra Deo Tripathi [2016] 
note that the use of fly ash (FA) in the agricultural 
sector is a very common practice due to the pres-
ence of mineral elements required for the growth 
of plants [Asiedu et al., 2011].

Zeba Usmani, Vipin Kumar, Pratishtha Gupta, 
Gauri Gupta, Rupa Rani, Avantika Chandra [2019] 
report that by 2035, coal consumption in the Asia-
Pacific region will increase to approximately 
87.2%. Management of the coal combustion re-
siduals (CCRs) generated in the industry is a major 
bottleneck in overcoming the consequences of us-
ing coal. The toxicity of microelements in vermi-
composted fly ash (VCF) did not reveal any appar-
ent environmental risks. The authors discovered 
improved germination of the seeds of tomatoes 
esculentum, melongena by 82.22%, the efficiency 
of using fly ash (CCR) in agriculture, especially in 
developing countries [Usmani et al., 2019].

Surface introduction of coal ash is considered 
an environmentally friendly variant for improving 
soil quality. The bioavailable concentrations of 
metals were very low [Mtisi, and Gwenzi, 2019].

The use of coal fly ash (CFA) has become very 
common due to its economic advantages. Howev-
er, these residues may contain toxic components 
that pose a risk to the environment, therefore 
Khamphe Phoungthong, Li-Ming Shao, Pin-Jing 
He, Hua Zhang believe it is necessary to assess 
their environmental toxicity [Khamphe, 2018].

In the Republic of Kazakhstan, the amount 
of ash and slag waste (ASW) accumulated by 
the industrial enterprises and residential sec-
tors by 2016 is about 500 million tons, and by 
2030, their accumulation is expected to reach one 
billion tons.

Scientific novelty and significance

In the conditions of the sharply continental 
climate of the steppe zone of Northern Kazakh-
stan that features late spring, short summer, and 
early autumn, it is difficult in practice to obtain 
seeds with high sowing qualities that meet the 
standard requirements.

The proposed method of pre-sowing treatment 
of seeds with a preparation made of bottom ash 
and technical carbon obtained from local wastes 
can solve the problem of increasing the laboratory 
germination of oil flax seeds by 10.2 %, i.e., using 
cheap and readily available preparation, it seems 
possible to bring poor-condition seeds to the sow-
ing conditions, to decrease the seeding rates by 
10%, and to obtain vigorous sprouts, which does 
not pose environmental risk.

In the article, based on the experimental 
data, the authors have proven the environmental 
safety of using industrial wastes (bottom ash and 
technical carbon) for the pre-sowing seed treat-
ment and for fertilizing ordinary black soils to 
be used for oil flax.

The principle of action of the preparation lies 
in the fact that the chemical composition of bot-
tom ash includes the elements required for the 
life activity of oil flax, which helps activate the 
growth processes in the seeds, and improve oil 
flax productivity. With that, it is necessary to ex-
perimentally test the ecological safety of using it 
for seed treatment, and as a fertilizer.

The study was aimed at studying the effect of 
the preparation made of bottom ash and techni-
cal carbon suggested by A. A. Sarsenova [2013] 
on the physiological parameters of germinating 
seeds of oil flax, and providing the environmental 
assessment of its use. The objectives of the study 
included the following:
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− studying the effect 0.1, 1.0, 2.5, 5.0, 7.5, 
and 10% aqueous suspensions of bottom 
ash and technical carbon on the laboratory 
germination rate of the seeds, the length of 
the roots and the mesocotyl, and the weight 
of germinated seeds; establishing the op-
timal concentration of this preparation for 
pre-sowing treatment of oil flax seeds; 

− giving an environmental assessment of in-
troducing 100, 200, 300, 400, and 500 kg/ha 
of the drug on the content of heavy metals 
in ordinary black soil, the straw and the 
grains of oil flax;

OBJECTS, CONDITIONS, AND METHODS

The objects of research were ordinary black 
soil, the preparation made of bottom ash and 
technical carbon, and the seeds of Severny rec-
ognized variety.

The preparation of bottom ash and technical 
carbon is a powder composed of low-calcium fly 
ash of Ekibastuz coals and technical carbon. The 
chemical composition of the fly ash from the Eki-
bastuz coalfield is as follows: SiO2 62.9%, Fe2O3 
6.35%, Al2O3 26.35%, CaO 1.9%, MgO 0.9%, 
SO3 1.2%, Na2O 0.23%. The macro- and micro-
elemental composition of the fly ash is repre-
sented by the following elements in descending 
order: K > Fe > Al > Mg > Ca > Mn > Sr > Pb > 
Co > Zn > Cu > Sn > As > Ni > Cd > Hg. Techni-
cal carbon consists of carbon by more than 99% 
[Sarsenova, 2013].

The laboratory experiment “The Effect of 
an aqueous suspension of the preparation made 
of bottom ash and technical carbon on the physi-
ological indicators of flax seeds germination” 
was laid with four repetitions according to the 
following scheme: 1) reference – without the use 
of an aqueous suspension solution; 2) 0.1% aque-
ous suspension solution; 3) 1.0% aqueous sus-
pension solution; 4) 2.5% aqueous suspension 
solution; 5) 5.0% aqueous suspension solu-
tion; 6) 7.5% aqueous suspension solution; and 
7) 10.0% aqueous suspension solution.

In the study, aqueous solutions of bottom 
ash and technical carbon were used. The gradi-
ent of the aqueous suspension concentration in 
the experiments included the range from 0.1% 
to 10.0%, the tested concentrations of the prep-
aration were 0.1%, 1.0%, 2.5%, 5%, 7.5%, and 
10.0%; and distilled water was used for reference. 

The solubility of the preparation made of bottom 
ash and technical carbon was 90%, the seeds were 
treated with the aqueous suspension. The physi-
ological characteristics of oil flax seed germina-
tion were studied at various concentrations of the 
aqueous suspension of the studied preparation.

During the experiment, the laboratory germi-
nation vigor of the seeds, the length of seedlings, 
and the length of the mesocotyl were determined 
according to the Interstate Standard Agricultural 
Seeds GOST 12038–84. According to the GOST, 
the seeds were placed into germinators between 
layers of moistened filtering paper; the flax seeds 
were germinated at 20 °C. The germinated seeds 
were assessed and counted for determining the 
germination rate after seven days. Normally ger-
minated were considered the seeds with well-
developed roots and healthy appearance, well-de-
veloped and intact mesocotyl with a normal api-
cal bud. The germination vigor of the seeds was 
calculated in percent [GOST 12038–84 Interstate 
standard. Seeds of crops. Methods of determina-
tion of germination. Official edition as amended 
IUS No. 12, 2016]. 

To visualize the presence of the relationship 
between the quantitative variables, a scatter plot 
was built. Regression equations were derived; 
each object in the diagram matches a point, the 
coordinates of which are equal to the values of 
the pairs selected for the analysis of the variable.

The field experiment was laid at the Elite 
Educational Scientific and Production Center of 
the Kokshetau State University named after S. 
Ualikhanov. The experimental field was located 
in the steppe zone of Northern Kazakhstan. The 
soil cover of the experimental plot was ordinary 
medium loamy carbonate low-humus black soil. 
According to the Department of Surveying, Land 
Monitoring and Laboratory Studies, the arable 
layer of the soil contained 3.96 % of humus, 
the soil solution reaction was slightly alkaline 
(pH = 7.9). The content of easily hydrolyzable 
nitrogen was 46 mg/kg, and that of mobile phos-
phorus – 17 mg/kg. The degree of availability of 
hydrolyzable nitrogen by Tyurin and Kononova 
was moderate, and that of phosphorus by Machi-
gin [Kauricheva, 1986] was low. The content of 
the studied heavy metals before planting did not 
exceed the maximum permissible norms. 

The experiment was laid with four repetitions 
according to the following scheme:
1. reference without the use of fertilizers;
2. P10 (1/10 of the calculated dosage), background.
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3. The specified dosage of the phosphorus fertil-
izer was introduced in all subsequent variants 
(3, 4, 5, 6, 7) – background.

4. background + 100 kg/ha of multicomponent 
carbon-containing preparation;

5. background + 200 kg/ha of multicomponent 
carbon-containing preparation;

6. background + 300 kg/ha of multicomponent 
carbon-containing preparation;

7. background + 400 kg/ha of multicomponent 
carbon-containing preparation; and

8. background + 500 kg/ha of multicomponent 
carbon-containing preparation; the area of the 
plot was 125 m2 (5 x 25 m); the accounting area 
was 100 m2 (4 x 25 m). 

In the field experiment, the early maturing flax 
variety Severny was used. The vegetation period 
was 70 – 75 days. This variety has a complex of 
valuable characteristics: it matures evenly; and it 
is resistant to fusarium blight, lodging, and shat-
tering. It is intended for obtaining high-quality 
technical oil and short fibers. 

Soil samples were taken from the 0 – 20 cm 
soil layer according to GOST 28168–89 before 
sowing and at the phases of tillering and full ripe-
ness of the flax. The gross content of heavy met-
als was determined by the method of stripping 
voltammetry at the laboratory of the branch of 
the RSE at the REM National Expertise Center of 
the Public Health Committee of the Ministry of 
Health of the Republic of Kazakhstan for the Ak-
mola region (GOST 50686–94, GOST 50683–94). 

The obtained results were processed using 
statistical methods; for calculations, the Statistica 
software was used.

RESULTS

The results of the laboratory experiments 
showed that the tested preparation had a stimulat-
ing effect on the growth processes in the seeds of 
oil flax. Thus, laboratory germination of the seeds 
in the reference was 88.0 %, and in the variants 
with treated seeds – 88.5–97.0%, depending on 
the concentration of the preparation. Moreover, 
with increasing the concentration from 0.1 to 
5.0%, the germination rate increased from 88.5 
to 97.0%. An equation was built for linear regres-
sion y = 1.7844 x + 88.231, a very close correla-
tion (r = 0.99) was obtained; further, with the con-
centrations of the suspension of 7.5 and 10.0%, 
the germination rate decreased to 91.5 and 90.0%. 
The maximum effect was obtained in the variant 
with 5.0%, where the germination of the seeds in-
creased by 10.2% (Figure 1).

The length of mesocotyl in the reference vari-
ant was 55 mm, and in the variants with treat-
ment – 64–80 mm, depending on the concentra-
tion of the preparation, which was higher than in 
the reference by 16.4–46.2%. Here, with increas-
ing the concentration from 0.1 to 5.0%, the length 
of mesocotyl also increased from 64 to 80 mm; a 
linear regression equation y = 3.894 x + 59.102 
was built, close correlation (r = 0.82) was ob-
tained; further, at the concentrations of 7.5 and 
10 %, their length decreased to 67 and 62 mm 
(Figure 2). Even the minimal addition caused the 
growth of the hypocotyl. A double-peaked Gauss-
ian curve is observed, which indicates the pres-
ence of two factors with different optima.

A similar regularity was observed in the length 
of roots and the weight of germinated seeds. With 
increasing the concentration of the suspension 

Figure 1. The effect of the multicomponent carbon-containing preparation 
concentration on the laboratory germination of oil flax seeds
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from 0.1 to 5%, the length of the roots increased 
from 50 to 79 mm (in the reference – 46 mm), and 
the weight of germinated seeds increased from 
0.9 to 1.6 g (in the reference – 0.6 g), the linear 
regression equations y = 6.0339 x + 45.622 and 
y = 0.1665 x + 0.8337 were built, close correla-
tion (r = 0.85 and r = 0.82) was also obtained; the 
increase was from 8.8 to 73.6% and from 54.3 to 
185.8%, respectively. With the concentration of 
the suspension of 7.5 and 10.0%, these indicators 
significantly decreased (Figure 3, 4).

Various dosages of the preparation ranging 
from 100 to 500 kg/ha on the background of phos-
phorus fertilizer did not significantly increase the 
content of heavy metals in the soil, in the stems 
and the seeds of oil flax.

In the reference variant, the content of lead in 
the soil was low – 0.52 mg/kg, in the variants with 
fertilization, its content increased to 1.7 mg/kg; 

however, this amount was not as high as the allow-
able norm – 32 mg/kg. The content of lead in the 
stems of oil flax varied from 0.32 to 0.65 mg/kg 
(in the reference – 0.63 mg/kg). Lead accumula-
tion in the seeds of oil flax in the variants with 
fertilization varied from 0.19 to 0.37 mg/kg (in 
the reference – 0.26 mg/kg) with the norm equal 
to 1.0 mg/kg. The content of cadmium was only 
discovered in the soil in variant 1/10 R10 – back-
ground – 0.090 mg/kg. In the stems and the seeds 
of oil flax plants, no cadmium was detected. The 
content of zinc in the soil in the variants with fer-
tilization increased from 0.31 to 1.4 mg/kg (in the 
reference – 0). Copper accumulation in the soil 
was not observed in all variants with fertilization, 
but only in the variants with background + prep-
aration 100 kg/ha – 0.074 mg/kg, background 
+ preparation 200 kg/ha – 0.041 mg/kg, back-
ground + preparation 400 kg/ha – 0.064 mg/kg; 

Figure 2. The effect of the multicomponent carbon-containing preparation 
concentration along the length of the mesocotyl of oil flax

Figure 3. The effect of the multicomponent carbon-containing preparation 
concentration along the length of the roots of oil flax
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in the reference – 0.024 mg/kg, and in other vari-
ants, no accumulation of copper was detected.

Accumulation of arsenic in the stems of the 
plants was detected in the reference – 0.054 mg/kg 
and background + 100 kg/ha – 0.037 mg/kg; in 
other variants with fertilization, no arsenic was 
detected. In the stems and the seeds of oil flax, no 
cadmium and mercury were detected (Table 1).

DISCUSSION

From literature sources, it is known that vari-
ous techniques are used for increasing the activ-
ity of seed germination. For instance, biologically 
active compounds are used for pre-sowing treat-
ment of soybean seeds (lignohumate – a mixture 
of humic and fulvic acids, lexin – a mixture of 

Figure 4. The effect of the multicomponent carbon-containing preparation 
concentration on the weight of germinated oil flax seeds

Table 1. The effect of the dosages of the preparation made from bottom ash and nanocarbon on the content of 
heavy metals in the soil, the stems, and the seeds of oil flax

No. Variant Object
Heavy metals, mg/kg

Pb Cd Zn Cu As Hg

1 Reference without 
fertilization

Soil 0.52 0.000 0.000 0.024 - -
Stems 0.63 0.000 0.054 0.000
Seeds 0.26 0.000 0.000 0.000

2 1/10 P10 – background
Soil 1.1 0.090 0.34 0.000 - -

Stems 0.46 0.000 0.000 0.000
Seeds 0.21 0.000 0.000 0.000

3 Background + preparation 
100 kg/ha

Soil 0.52 0.000 0.31 0.074 - -
Stems 0.5 0.000 0.037 0.000
Seeds

4 Background + preparation 
200 kg/ha

Soil 1.2 0.000 1.4 0.041 - -
Stems
Seeds 0.3 0.000 0.000 0.000

5 Background + preparation 
300 kg/ha

Soil 1.0 0.000 0.36 0.000 - -
Stems 0.32 0.000 0.000 0.000
Seeds 0.37 0.000 0.000 0.000

6 Background + preparation 
400 kg/ha

Soil 0.68 0.000 0.61 0.064 - -
Stems
Seeds 0.19 0.000 0.000 0.000

7 Background + preparation 
500 kg/ha

Soil 1.7 0.000 1.1 0.000 - -
Stems 0.65 0.000 0.000 0.000
Seeds 0.27 0.000 0.000 0.000

MPC
Soil 32 n/a n/a n/a n/a n/a

Stems n/a n/a n/a n/a n/a n/a
Seeds 1.0 0.1 0.3 0.05
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humic and fulvic acids enriched with auxin, 
brassinosteroid – a synthetic analog to the natu-
ral 24 epibrassinolide), and the so-called “com-
plete seed treatment” – a mixture of a saturated 
solution of sucrose, lexin, fungicide Maxim XL 
035 FS, Syngenta and a pinolene-based adjuvant 
[Prochazka et al., 2016]; boiling of the seeds of 
Bauhinia rufescens in the water for 10 seconds 
[Asiedu et al., 2011]; magnet-treated water [ul 
Haq Z et al., 2016]; soaking the seeds of Bauhinia 
rufescens in hot water at 65 °C for 60 minutes 
[Opoku et al., 2018]; pre-sowing treatment of the 
seeds of Peela Raya (Brassica carianata L.) with 
microelements (ZnSO4, MnSO4, and FeSO4) [Ul-
lah et al., 2002]; treatment of the fig seeds with 
preparation GA3 [Oguzhan et al., 2012]; elec-
tromagnetic treatment of the seeds of Zea mays 
at the rate of 4 µt, with the three-minute expo-
sure [Elizabeth et al., 2011]; the use of the mag-
netic field for the seeds of cotton for 30 minutes 
(MF-30) [Bilalis, et al., 2013]; the use of Gaucho 
600 FS at the dosage of 1 l/100 kg of soybean 
seeds [Ilieva and Vasileva, 2014]; treatment of 
the seeds of spring wheat of cultivar Esther with 
the ozone-and-air agent [Sabin et al., 2017]; treat-
ment of the seeds of Lycopersicum esculentum 
with solutions of hydrogen peroxide and potas-
sium permanganate [Baranova et al., 2014]; and 
treatment of the seed of oats by preparations La-
mador, Planreez, Vial TrusT, ZHUSS [Zakharov 
et al., 2016].

The suggested preparation made of bottom 
ash and technical carbon is a readily available lo-
cal inexpensive material. Its use in agriculture for 
the pre-sowing treatment of seeds and as a fertil-
izer is also environmentally significant in terms 
of disposal of production wastes. 

Moreover, the studies have shown the eco-
logical safety of the preparation made of bottom 
ash and technical carbon when used for fertilizing 
the soil under oil flax crops. The content of lead in 
the soil was 0.52 and 1.7 mg/kg (with the allowed 
rate equal to 32 mg/kg); cadmium was not found, 
the content of zinc was 0.00–1.4 mg/kg (with the 
allowed rate not established), and the content of 
copper was 0.00–0.074 mg/kg (with the allowed 
rate not established).

Nguyen Xuan Cu [2015] states that soil and 
surface water contamination by heavy metals is 
a global environmental problem. There is quite 
a lot of information about the accumulation of 
heavy metals in the soil, in the water, and the plant 
products in Vietnam. The authors recommend 

using phosphate fertilizers and lime for reducing 
the content of copper, lead, and zinc in the soil 
and the plants.

In the experiment, the preparation made of 
bottom ash and technical carbon was used for the 
crops of oil flax on the background of phosphate 
fertilizers, which prevented the entry of heavy 
metals into the vegetable mass.

In Jordan, dozens of the most widely used 
fertilizers were studied for the level of heavy 
metals content in the soil and the leaves of let-
tuce. The results showed that the content of Cd, 
Ab, and As was within the acceptable limits 
[AlKhader, 2015].

Many-years studies by Wierzbowska et al. 
[2018] of sewage water, compost, and domestic 
wastes and manure showed that heavy metals 
were adsorbed stronger in the soil rich in organic 
matter, which positively correlated with the con-
tent of organic carbon.

The studied preparation contains carbon, 
which is converted in the soil into organic carbon, 
thereby limiting the entry of heavy metals into the 
plants of oil flax. 

It should be noted that not only macroele-
ments but also microelements are required for 
normal growth and development of the plants 
[Lebedev, 1988]. That is, heavy metals in the 
studied preparation serve as the nutrition medium 
for oil flax. However, as noted by Draszawka-
Bołzan and Cyraniak [2014] an excess of these 
elements may be phytotoxic.

The sources of heavy metal contamination, 
as indicated by Czarnecki and Düring [2015], 
may be natural ones, such as weathering, indus-
try, fertilizers, and atmospheric precipitation. The 
authors studied the effect of long-term use of fer-
tilizers on the soil properties, and the content of 
heavy metals in the soil. They found that after in-
troducing mineral fertilizers for the last 14 years, 
the content of mobile forms of heavy metals in 
the soil has considerably increased [Czarnecki 
and Düring, 2015].

That is, pollution of soil and plants is pos-
sible even with the use of traditional fertilizers. 
This suggests the need for systematic environ-
mental monitoring. The suggested preparation is 
no exception.

According to Honghua He et al. [2019], CFA 
is often used as a fertilizer to improve the physi-
cochemical properties of the soil. However, CFA 
contains many rare earth elements (REE), which 
can pose an environmental hazard. Their results 
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showed that adding CFA to the soil not always 
significantly increases the concentration in the 
plants [Honghua et al., 2019].

Olushola et al. [2019] believe that the phyto-
toxicity indicators include the germination of the 
seeds of millet (Panicum virgatum) and the mor-
phometry of the plants. Experiments have shown 
that the effect of CFA increases seed germination 
depending on the concentration. 10% of CFA 
increased the growth of seedlings, while 15 and 
20% of CFA reduced the growth of seedlings and 
caused leaves chlorosis [Olushola et al., 2019].

Adnan Shakeel et al. [2019] state that disposal 
of fly ash causes significant economic and eco-
logical problems. Therefore, the authors studied 
the possibility of introducing fly ash into the soil 
for improving the growth and the yield of treacle 
mustard (Brassica juncea L. cv. Varuna), and stud-
ied the effect of various concentrations of fly ash 
(0, 10, 20, 30, 40, and 50 wt%.) on the growth of 
the plants (the length, the fresh weight, and the dry 
weight of shoots and roots). It was found that the 
parameters had considerably increased from 10 to 
30%; the level of fly ash being at the maximum at 
30%. However, with higher levels of fly ash from 
40 to 50%, the growth parameters significantly 
reduced. Studying the data showed that the 30% 
content of fly ash was ideal for the better growth 
of the treacle mustard [Shakeel et al., 2019].

In the experiment of the authors, the best con-
centration for oil flax was 5%, while increasing 
the concentration to 7.5 and 10.0% decreased 
several physiological parameters.

Sung Chul Kim et al. [2017] note that adding 
coal ash to the acidic wastes reduces its acidity 
and provides essential nutrients for the plants. The 
treatment preparation was a mixture of coalmine 
wastes with coal ash. Adding coal ash increased 
the pH of the coal mine wastes and filtrate, and 
stimulated the growth of the plants. The use of 
coal ash also offers an environmentally compat-
ible and cost-effective way of cleaning up coal 
mine wastes [Kim et al., 2017].

Fine slag has excellent properties, such as 
large surface area, a wide range of pore size, and 
high carbon content. This material can improve 
poor soils when added as a soil additive for al-
kaline sandy lands. The experiments with potted 
plants in a greenhouse showed that adding 20% 
of CGFS had considerably increased the germina-
tion of maize and wheat from zero to 100% [Dan-
dan et al., 2019].

Thus, science and practice have developed a 
new approach to environmentally safe manage-
ment of bottom ash for fertilizing the soil and for 
the pre-sowing treatment of the seeds of crops.

CONCLUSION

The suggested method involves pre-sowing 
treatment of the seeds of oil flax with the prepara-
tion made of bottom ash and technical carbon in 
the weight ratio of 2:1. 

The use of 5% concentration increased the 
laboratory germination to 97% (in the reference – 
88%), the length of mesocotyl to 80 mm and roots 
to 79 mm (in the reference, these values reached 
55 mm and 46 mm, respectively), and the weight 
of germinated oil flax seeds to 1.6 g (in the refer-
ence – 0.6 g); as a consequence, the seeding rate 
was reduced, and the sprouts were even.

The pre-sowing treatment of oil flax seeds 
with the preparation made of bottom ash and 
technical carbon is agrobiologically effective for 
increasing the oil flax seeds germination vigor 
by 10.2%, is environmentally attractive in terms 
of disposal of bottom ash and technical carbon, 
economically expedient given the use of inex-
pensive local secondary raw materials, and is 
readily available.

The results have shown that the introduction 
of the preparation made of bottom ash and techni-
cal carbon for pre-sowing treatment of seeds and 
for fertilizing black soils under the crops of flax 
is environmentally safe and does not contribute to 
excessive content of heavy metals; the content of 
lead in the soil was 0.52–1.7 mg/kg (the allowed 
rate was 32 mg/kg); cadmium was not detected, 
the content of zinc was 0.00–1.4 mg/kg (with the 
allowed rate not established), and the content of 
copper was 0.00–0.074 mg/kg (with the allowed 
rate not established). 
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