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ABSTRACT 
Due to the sharp drying of the soil in autumn period, the problem of preserving crops and increasing the yield of 
winter cereals, under the conditions of climate aridization, is especially urgent. One of the ways to solve it is to 
improve the technology of seeds preparation, with the possibility of their sowing in optimal terms. The method of 
seeds saturation with water or solutions of dressing and stimulating preparations,and further coating with a thin 
moisture-proof film in the counter vapor flow of the coating material, for example wax or paraffin, before 
sowing,were proposed in the work. The possibility of seeds sowing in the established agrotechnical terms and the 
increase in yields were shown. 
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1. INTRODUCTION 
The topicality of this work is caused by the fact, 
that the effectiveness of winter cereals growing 
in many regions,as in Russia, as in foreign 
countries, in recent years increasingly depends 
on the conditions of the external environment: 
soil moistening and weather in the established 
agrotechnical terms of sowing [1]. Often and 
according to the long term forecasts, sowing of 
seeds is accompanied by hot dry weather and 
lack of soil moisture. The modern moisture-
saving technologies of seeds sowing, using in 
arid conditions, do not guarantee the 
germination of seeds and their sufficient 
development up to winter frosts. 
The well-known technology of seeds preparation 
for autumn sowing provides for their selection in 
the process of sorting, their dressing and sowing 
in humid soil, to the depth of the optimum 
embedding [1, 2]. However, in the conditions of 
climate aridization, sowing is often carried out 
in dry soil, with the hope of rainfall in the near 
future. The absence of rainfall slows down the 
emerging of seedlings, which, like the seedlings 

of seeds, sown after the optimal timing, are 
impaired in winter, thinned, they often die and 
are resownin spring, and that reduces their yield. 
According to the statistical data, in each grain-
sowing region of the south of the Russian 
Federation (Rostov and Volgograd regions, 
Krasnodar and Stavropol Territories), about two 
million hectares of winter crops are planted 
annually, and due to the sowing in dry soil, no 
less than 200,000 hectares of crops are 
completely killed. They are resown by spring 
crops. The wastes from the seed costs, labor 
costs, depreciation and repair costs, additional 
cultivation of land and loss of yield, are more 
than two billion rubles. In general, the country's 
wastes for these reasons can be estimated at tens 
of billions of rubles. 
In many countries of the world, the method of 
high damping of seeds before sowing, or 
priming of seeds before their imbibition, is 
widespread [3, 4]. However, the effectiveness of 
this method is reduced by the fact, that the third 
part of moisture is lost in dry soil after sowing 
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of seeds. And due to this, given method does not 
solve the problem. 
The aim of the study is to increase the yield of 
cereals by damping the seeds before the autumn 
sowing, to the moisture content, sufficient for 
their germination, and to protect this moisture in 
them from losses in the dried soil, by the outer 
coating with a film, made of low-melting 
materials. 
The research tasks included the issues of 
developing an improved method for seed 
preparation for sowing; determining the set and 
the sequence of technological operations; 
justifying the parameters and operating modes 
of machines and equipment, used for this 
purpose. 
 
2. METHODS OF THE RESEARCH 
Considering that the main role is played by the 
provision of moisture in increasing the 
germination and productivity of winter cereals 
[4, 11], in addition to conducting theoretical 
studies, the following methods are used in the 
work: investigation of technological operations; 
hydraulics, hydrodynamics and thermodynamics 
in the process of grain damping before sowing; 
theoretical mechanics and gas dynamics in the 
determining of physical and mechanical 
properties of contacting materials and applying 
of protective coatings to the seeds; standard 
methods and techniques for measuring time 
processes, masses and costs. The quantitative 
and qualitative indicators of the proposed 
technological and constructive solutions were 
estimated by experimental crops. The results of 
the study were processed, using standard 
techniques and known applied computer 
programs. 
 
3. RESULTS OF THE RESEARCH 
The main operations of technological process of 
seed preparation for autumn sowing were the 
following: irrigation of seeds with solutions of 
dressing and stimulating preparations, with the 
addition of microelements as fertilizers; external 
drying and coating with a moisture-proof film 
[5, 6]. 
The main operation for sowing preparation is the 
damping of seeds, taking into account the fact, 

that the factors, ensuring the seeds with heat and 
air after sowing, are often optimal [7]. Seed 
grain is a colloidal capillary-porous body with a 
large number of air-filled small channels and 
cracks. If the content of dry substance in it is 
denoted as G0, it will be: 
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where G1and а1 are the weight of the seed grain 
before damping (kg) and the content of dry 
matter in it,%. 
Then, before damping, it has the following 
amount of moisture W1: 
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where1 –is a humidity of seed before 
damping,%. 
The required amount of liquid for damping of 
one kilogram of seeds to a humidity of 2will be 
the following: 
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whereW - is the required amount of liquid for 
damping of seeds, kg; 
k - is the coefficient,taking into account the loss 
of liquid by evaporation and for the wetting of 
the humidifier parts. 
It is known, that when the grain is damped, most 
of the moisture is absorbed, due to the diffusion 
or moisture gradient u[8, 9], and a smaller part 
- due to the temperature gradient . We have 
shown the possibility of intensifying the process 
of damping the grain, by means of the gradient 
of pressure p,using the prevacuuming before 
damping [6, 8]. 
With a sufficient amount of moisture in the soil, 
in normal conditions, swelling of seeds before 
their germination occurs on the second or third 
day, depending on the temperature. With the 
preliminary damping of seeds, using above three 
gradients, this process is accelerated (Figure 1) 
and can be shortened to one day. Conditionally, 
the time interval before swelling of seeds, under 
the conditions of their vacuumingbefore 
damping, can be divided into three periods. At 



The Sowing of Grain Crops in Dry Conditions 
 

Krasnov I.N., et al.                                                                                                                      959 

the first stage, the absorption of liquid is 
occurred mainly due to the diffusion and 
hydration forces, that is explained by the 
presence in the grain of a large number of 
hydrophilic groups, attracting water molecules. 
The intensity of liquid absorption by the seed at 
this stage is high, accelerated. It comes mainly 
to the germ of the seed. 
The second stage is characterized by the 
intensification of hydrolysis of complex reserve 
substances and grain combinations into simpler 
ones, by increasing the swelling forces. Water is 
drawn into the grain slowly, but still by means 
of osmosis. It comes mainly into the endosperm 
and activates the synthesis of protein-enzymes. 
 

 
 

В зародыш To the germ of the seed 
В эндосперм To the endosperm 
Диффузией By diffusion 
За счет осмоса 
(набухание) 

By means of the 
osmosis (swelling) 

Figure (1).–The dependence of the moisture content 
of seeds on the duration of damping, using the 
proposed technology with vacuuming: 
 1 - for wheat; 2 - for millet 
 
The third period is the final stage of damping the 
seeds and activation of the processes of seed bud 
germination. 
The damping of seeds of other crops occurs 
similarly, for example, millet seeds are 
presented by the curve 2 in Figure 1. 
It was determined, that the damping of seeds 
was accompanied by a significant change in 

their physical and mechanical properties [9] and 
in their sizes (Figure 2): their nominal diameter 
had increased linearly, the coefficient of internal 
friction had increased by 8-9%, and the bulk 
mass had decreases by 4-5 %. 

 
Теор. Theor. 
Эксперим. Experim. 

 
Figure (2).–The dependence of the nominal diameter 
d of wheat seedand the water consumption Wfor 
damping of 100 kg of seeds,on the degree of 
saturation the seeds with moisture . 
 
The water consumption for damping the grain 
depends on its required humidity, and increases 
linearly with its increase. This increase is close 
to the theoretical dependence (3), thatindicates 
the possibility of determining the amount of 
water, necessary for seeds damping, by 
calculation. 
The operation of external drying, next to the 
damping, is not complicated and can be carried 
out at serial plants for grain sorting, by blowing 
with atmospheric air. 
The most difficult is the application of a 
waterproof film to moistened seeds of cereal 
crops. Wax or low-melting paraffin, often used 
for long-term storage of vegetables and fruits, 
can be used for this purpose [10, 11]. The 
application of film to the surface of vegetables 
and fruits is done by their immersion into a melt, 
or by spraying, that is not desirable for seeds, 
not only due to high consumption of the coating 
material, but also because of the possibility of 
damage of their germs by the elevated 
temperatures. In addition, they have a complex 
design; they are practically impossible to use for 
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seed treatment. Therefore, it is necessary to treat 
the seeds, for example, with a vapor flow of wax 
or paraffin, thatcan ensure their covering with 
thinner moisture-proof films, including 
microfilms. 
The drawing of the proposed device for this 
purpose is presented in Figure 3. It contains a 
loading point 1, with a branch pipe 3, for 
supplying the seeds after their external drying, 
tank 11, with a heater of the seed coating 
material 10, a hopper 14, and a dispenser of this 
material 13, fan 6, driven by electric motor 7, as 
well as pipelines 5 and 8. 

Бункер Hopper 
 
Figure (3). - The diagram of the device for applying 
waterproof film to seeds, in the technology of their 
preparation for autumn sowing: 
1 - body of the loading point for grain; 2 - block 
of vaporizers; 3 –branch pipe; 4 - nozzles of 
vaporizers; 5 and 8 - pipelines;6 - axial fan; 7 - 
electric motor; 9 - bubbler;10 - heater; 11 - tank; 
12 – heat insulator; 13 - dispenser; 14 –hopper 
The device works as follows. Before the 
treatment of seeds, a certain portion of the 
moisture-proof coating material is loaded from 
the hopper 14 to the tank 11, using the dispenser 
13. The heater 10 is turned on, and after the 
melting of material, a fan 6 is also turned on for 
air feeding to the bubbler 9 of the tank 11. The 

air is saturated with the vapors of coating 
material at the outlet of the tank. 
Further, the seeds are fed into the branch pipe 3. 
The flow of seeds moves in the body, falling 
towards the vapor flow of paraffin and is 
covered with a moisture-proof film. The air with 
the rest of coating material vaporsis returned to 
the bubbler 9,through the pipeline 8, using the 
fan 6, for subsequent saturation with paraffin 
vapors. 
The grain, fed into the spout, acquires the 
following velocity to the place, where the vapor 
sprayer is installed (Figure 4): 

,gTv 1з                                         (4) 

whereg is the gravity acceleration, m/  
      T1–is the duration of grain falling from the 
height h in Figures 3 and 4. 

It is known, that .
g
h2T1                       (5) 

The duration of seed fall is limited by the 
exposure time of heating temperature of the 
moisture-proof coating vapors: during this time, 
the temperature of seed bud heating should not 
exceed the temperature, at which its death is 
possible due to overheating. According to 
biologists, it is 55°C [12]. 
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Figure (4).–The diagram of flows of seedsand 
waterproof coating material vapors 
 
The impact velocity of vapors in the flow 
(Figure 4) depends on the capacity of the fan 
and the cross-sectional area of the spout S: 

,
ab3600

Qv


 m/c             (6)    

where Q is the capacity of the fan, /h; 
aand b- are the length and width of the sides of 
cross-sectional area of rectangular spout, m. 
Heat transfer from the vapor to the seed of grain 
proceeds through the shell plates, as shown in 
Figure 5. 

 
 

Зерно Grain 
 
Figure (5). - The diagram of heat transfer to the 
grainin spout: 
  are the coefficients of heat transfer 
from vapor to the shell of the grain and from the 
shell to the core;  
  λ - is the thermal conductivity of the shell 
material,  
  δ - is the thickness of the grain shell. 
Given that the temperature of the vapor is: 

melv ttt 2 ,                     (7) 

wheretvandtmel– the increase in the vapor 
temperature of the coating material after 
melting, and the melting point of this material, 

С, then the amount of heat, transferred to the 
grain, should be no more than [13]: 

),tt(GcQ 12                     (8) 
whereG- is the mass of the grain; kg; 
         c- isits heat capacity; kcal/kg deg.; 
        t1–is a permissible temperature of seed 
heating, С. 
This same heat is transferred through the shell 
into the grain during the time T: 

,TtFkQ av                                (9) 
whereF- is the surface area of the grain; 
       T- is the duration of its heating in the grain 
spout; 
        k - is the overall coefficient of heat transfer 
to the grain; 
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in andfin– are the initial and final temperature 
differences, ;ttvin  .1ttmelfin   

Equating (8) to (9), we obtain the ratio of 
heating time of the grains to the permissible 
temperature during the time of its surface 
coating: 
 

 .                                               (12) 
According to the calculations, the permissible 
time of exposure of damped grains with a 
nominal diameter dn= 4 mm in paraffin vapors is 
not more than 0.306 s, so the distance hbefore 
the setting of vapors of the moisture-proof 
coating into the grain spout should be no more 
than: 

46,0
2

81,9306,0
2

gTh
2

1 





 m 

The velocity of grain in this section will be 3 
m/s. The velocity of the counter-flow of the 
coating vapors should be not less than the 
velocity of grain in the considered section of the 
spout, and it is determinedby the capacity of the 
fan. 
According to the experimental data, the paraffin 
consumption for the waterproof coating of one 
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ton of seeds, using the proposed facility,  is qvw 
= 20 ... 25 g. With the capacity of the grain 
hopper Q = 30 tons, the total consumption of 
paraffin will not exceed one kilogram. 
Experiments on productive plots (Figure 6) 
showed even sprouts till the beginning of 
precipitation and good wintering of sprouts. 
 

 

 
Figure (6). - Photos of experimental winter wheat 
cropsin arid conditions 
Their yields were higher by 21%, compared to 
traditional sowing, without damping of seeds, 
according to the proposed technology. 
 
4. CONCLUSION 
1. In arid conditions, it is advisable to damp the 
seeds of cereal crops before the sowing to 
sufficient level of moisture for their seedling, 
followed by the coating of a moisture-proof film 
on their surface. 
2. It is recommended to coat the moisture-
protective film in the counter-flow of the coating 
material vapors in the process of seeds flow. 
3. The duration of seeds treatment in the coating 
material vapors should not exceed the time of 
heating of the grain germs to the temperature of 
its damage and death, determined by the 
dependences, proposed in the article. 

4. The treatment of seeds before sowing, using 
the proposed technology, ensures their good 
germination in arid conditions, resistance to 
frost and increased yield by 20 and more 
percent. 
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