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ABSTRACT

During the experimental studies of drying grain crops with high moisture content in a low-pressure
environment, the influence of residual pressure in a peri-seed environment and seed heating temperature
on drying exposure and laboratory germination have been investigated. These experimental studies have
been carried out by means of the experimental facility and its attachments that make it possible to provide
residual pressure within the range of 10 — 80 kPa and seed heating temperature of +20 — +40 °C.

Having processed the experimental data, regression equations of drying exposure and laboratory
germination of grain crops with high moisture content by the example of corn seeds have been derived.
The characteristic curves plotted based on the regression equations show that the minimum drying
exposure and, simultaneously, the maximum laboratory germination can be achieved by applying residual
pressure of 45 kPa and seed heating temperature of no more than +30 °C.

PE3IOME

[1i0 4ac nposedeHHs eKkcriepuMeHmarsbHUX OO0CMIOXeHb CYWIiHHS HAaciHHS 3€pHOBUX Kyrbmyp i3
BUCOKOK 8oriozicmio 8 cepedosuwyi HU3bKO20 MUCKY OO0C/iOXyeascs 6rug 3anuuKoeo20 MmUCKY
HaBKOJIOHAaCiHHEBO20 cepedosulia, memnepamypu Hazgpiey HaCiHHS Ha €eKCro3uuito CywiHHS ma
nabopamopHy  cxoxicmb.  [aHi  ekcnepumeHmarneHi  0ocnidxeHHs  b6ynu  peanizogaHi  Ha
eKkcriepuMeHmarbHil ycmaHosyi ma npucmocyeaHHsix 0o Hei, ki O0anu moxnusicmb 3abe3nedumu
3anuwkosuli muck y dianasori 10 — 80 klla, memnepamypy Hazpigy HaciHHs +20 — +40 °C.

lMicnsi 0bpobrieHHs ekcriepuMeHmarnbHUx OGaHux 6ynu nobydoeaHi pieHSAHHSI peapecii ekcro3uuyii
CyWiHHS ma nabopamopHOI CX0X0cmi HaCiHHS 3epHO8UX Kynbmyp 6UCOKOI 80/1020CMi, 8 SKOCMI 5IKO20
suKopucmoeyeasocsi HaciHHs KyKypydsu. [pacbiyHi 3anexHocmi, nobydoeaHi Ha OCHO8I pieHsIHb peepecii,
rnokasyroms, W0 HalMeHWoi eKcrno3uyii CywiHHs ma, OOHoYacHO, 8UCOKOI r1abopamopHOi cxoxocmi
MOXueo docsiamu, 3acmoco8yoYU 3anuwikosull muck Ha pieHi 45 kla, memnepamypy Haegpigy HaciHHS,
wo He nepesuuye +30 °C.

INTRODUCTION

In order to dry seeds with high moisture content, convection drying in a fixed, slow-moving and
pseudo-fluidized bed is currently used in seed farming and breeding. It is implemented in chamber,
conveyer, hopper and column dryers.

In order to stimulate moisture transfer in a seed, heating, which is provided by an air flow at the
temperature of no more than 65°C, is used. The upper temperature value is determined by the fact that at
this temperature level there is intensive exudation of moisture, but seed proteins are not denaturized.
There are mild temperature conditions developed for various crops, which are necessary to follow during
seed drying in different convection dryers, in order to reduce the risk of thermal damage.

In spite of the developed measures for reducing thermal damage of seeds during drying, dried seeds
have lower germinating ability and germinating power and even less germination compared to the undried
ones. It can be explained by the difference in the properties of individual seeds and non-linear behaviour of
the temperature conductivity of a seed bed, which results in overheating and under-drying of individual
seeds. In order to improve sowing qualities of seeds, it is necessary to decrease their thermal damage
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after drying by means of reducing the influence or avoiding a temperature field as well as increasing the
uniformity of seed drying.

Investigations (Kotov B.l. et al., 2018; Kuznetsov Y.A. et al., 2018) show that drying without seed
damage is possible, if seed heating temperature of most grain crops does not exceed 40 — 45°C. At the
same time, the change in moisture content does not exceed 5 — 6% in one technological cycle, since, if
drying rate is higher, cracks can appear in a seed (Zahoranova A. et al., 2016). In addition, it has been
determined that if there is an increase in the initial moisture content of a seed, there is a decrease in the
maximum acceptable temperature of seed heating (Gorobets V.G. et al. 2018; Gorobets V.G. et al. 2018).
In order to prevent seed damage during drying, the author (Kuznetsov Y.A. et al. 2017) suggests using
mild drying temperature conditions. However, mild temperature conditions may result in under-drying of
seeds. In addition, the existing heat generators do not always provide the required stable temperature
conditions (Dobrin D. et al. 2015).

One of the advanced methods of drying seeds is drying in a low-pressure environment (Kotov B. et
al. 2015). In this case, seed drying is even more and heating temperature is lower, compared to the one
used in a convection method (Kroulik M. et al. 2016).

Research (Paziuk, V.M. et al. 2018; Bogaert L. et al. 2018) shows that intensive moist removal can
be provided during continued seed heating to the temperature, which is close to the permissible one. Other
researchers suggest using a vacuum-pulse method, in order to improve drying rate (Lukaszuk J. et al.
2008). However, the use of these methods may result in seed thermal damage (Rekas A. et al. 2017).

Scientific papers (Gorji A. et al. 2010) present the idea that intensive moist removal in a low-
pressure medium is possible during cyclic heating, vacuum treatment and blowing under air-pressure
through a heat-exchange apparatus (Gorobets V.G. et al. 2018). However, these papers do not consider
the influence of operating conditions on the sowing qualities of seeds.

Most of the above-mentioned papers do not consider the influence of the operating conditions of
drying in a low-pressure environment both on the sowing qualities of seeds and on their drying exposure
simultaneously. That is why, it is necessary to substantiate the parameters, which provide drying in a low-
pressure environment with minimum exposure and maximum germinating ability after drying.

MATERIALS AND METHODS

In order to investigate the mutual influence of operating conditions and optimize the number of
experiments, a multi-factor experiment procedure (Paziuk, V.M. et al. 2018; Bogaert L. et al. 2018) was
used. The planning matrix of the experiments was conducted according to D-optimal second-order plans
(Lukaszuk J. et al. 2008), based on the theory of joint efficient estimates, which was developed by an
American statistician J. Kiefer. At the same time, Box-Behnken design (B—-B3) was used for a three-factor
experiment.

Drying exposure was determined by measuring the time, during which moisture content of the pre-
moistened seed was changed by 6%. Such a change in moisture content was registered by periodic
weighing of the seed mass that was used in the experiments. The level of thermal damage was evaluated
based on laboratory germination, which was determined according to State Standards of Ukraine 4138-
2002.

Regression coefficients, their relevance, adequacy, reproducibility and the homogeneity of the
regression equations were determined by means of Wolfram Mathematica 13 software. Graphical
interpretation of the regression equations was realized in MathCad 13 software environment.

In order to substantiate drying conditions of seeds in a low-pressure environment with minimum
exposure and maximum generating ability after drying, a simple laboratory-scale plant, which is a
cylindrical vessel, where residual pressure up to 2 kPa (Fig. 1) can be created inside, was developed. The
heating of seeds was performed by means of Rotex RAS15-H infra-red heater with off system of protection
from falling outside a drying chamber. Rotex RAS15-H infra-red heater was arranged above a plastic
vessel and seed batching lasted for 5 minutes. During seed batch heating by the heater, it was thoroughly
mixed to level the temperature. The temperature of seed heating was regulated by the level of infra-red
heater arrangement above a seed batch.

Since the seeds of every grain crop have their own individual drying characteristics, the
determination of the common patterns of their drying in a low-pressure environment requires a great
number of experimental studies. In order to decrease the number of experimental tests, it was decided to
use a batch of the variety of corn seeds called Liubava 279 MV weighting 715 g and having 20% initial
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moisture content as an example, since, to some approximation, its characteristics can be considered as
ones which are typical of the seeds of most grain crops that need drying.
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Fig. 1 - Laboratory-scale plant design (a) and its general view (b)
1 — a drying chamber; 2 — corn seeds; 3 — a rotary vane-type vacuum low-pressure pump; 4 — a vacuum pressure tap;
5 — a tap for releasing vacuum; 6 — a vacuum meter; 7 — a lid with a seal; 8 — a locking mechanism; 9 — a power unit

The following independent factors, which are the main operating parameters of seed drying in a low-
pressure environment, were chosen: p — residual pressure in a drying chamber, kPa; t — seed heating
temperature, °C.

Their values and variability interval are represented in Table 1.

Table 1
Values and coding of independent factors levels during experimental investigation of the operating
conditions of drying moist seeds in low-pressure environment

Independent factors
Variability level Residual pressure, Seed heating temperature,
p kPa t, °C
Low (-1) 10 20
Medium (0) 45 30
High (+1) 80 40
Variability interval 35 10

As mentioned above, a plastic vessel with a batch of corn seeds was heated at regular intervals to
the required temperature during 5 min and then it was put into a drying chamber, where it was exposed to
low air pressure for 10 min. At the end of each period, sample mass was measured and the amount of the
evaporated moisture was determined. The measurement of sample mass and the amount of the
evaporated moisture was conducted until the change in moisture content of corn seeds reached 6 %.

RESULTS

Implementation of a D-optimal plan, according to the data presented in Table 1, resulted in the
derivation of the regression equations of drying exposure and seed germinating ability. Having conducted
the analysis for regression coefficients, their adequacy, reproducibility and correspondence to a certain
dependence, the regression equations acquire the following form.

Regression equation of drying exposure, Tey:

7, =608.151+1.06- p—13.73t. 1)

Regression equation of laboratory germination of seeds:
ngr =81.37+0.12- p+0.972-t—0.028-t2. 2
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In the equations (1) and (2): p - residual pressure in a drying chamber, kPa; t — heating temperature
of a seed batch, °C.

The analysis of the regression equations (1) and (2) shows that drying exposure is greatly affected
by heating temperature t and laboratory germination is influenced both by seed heating temperature t and
residual pressure in a drying chamber p.

Based on the equation (1), drying exposure te, was plotted versus residual pressure p without
airflow. (Fig. 2).
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Fig. 2 - Drying exposure-vs-residual pressure characteristic curves at various temperature without airflow:
1-40°C,2-30°C,3-20°C

Fig. 3 presents the comparison of laboratory germination-vs-temperature curves at vacuum and
convectional drying. According to the characteristic curves presented in Fig. 3, drying exposure te linearly
depends on residual pressure p. The decrease in residual pressure p results in the linear decrease of drying
exposure 1. If seed heating temperature t is reduced, drying exposure 1., increases. These characteristic
curves show that the minimum drying exposure (69.6 min) can be achieved at the lowest level of residual
pressure p = 10 kPa and the seed heating temperature of t = 40°C. The significant influence of seed heating
temperature t on drying exposure 1, can be explained by the fact that, during seed drying in a low-pressure
environment, it is cooled down due to the evaporation of seed surface moisture with simultaneous decrease of
moisture diffusion rate. That is why, seed heating reduces exposure.

In addition, seed heating temperature t is a significant factor that influences laboratory germination and
therefore, it affects the level of thermal damage of seeds (equation (2). It is shown in Fig. 3. The dependence
of laboratory germination at convectional drying was plotted based on the data (Kyrpa M.Ya. et al., 2015).
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Fig. 3 - Laboratory germination-vs-seed heating temperature curves
at various residual pressure and convectional drying
1— 10 kPa, 2 — 45 kPa, 3 — 80 kPa; 4 — convectional drying
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According to the curves presented in Fig. 3, at the same seed heating temperature, vacuum drying
makes it possible to dry seeds providing better laboratory germination. It can be explained by the fact that,
if drying is performed in a low-pressure environment, the heat supplied to seeds is spent on water
evaporation and to only a small extend it is spent on heating seed cells, which reduces thermal influence
on seeds.

The increase of seed heating temperature t and the decrease of residual pressure p result in the
reduction of seed laboratory germination Kgerm. This is due to the fact that there is an increase of possible
degradation of seed protein structures, if seed heating temperature t increases.

The increase of seed heating temperature t and the decrease of residual pressure p result in the
reduction of laboratory germination of seeds Kgerm and simultaneous decrease in drying exposure Tex. In
order to find rational values of the operating conditions of drying in a low-pressure environment, drying
exposure and laboratory germination-vs-seed heating temperature curves at different residual pressure
were plotted in one of the graphs (Fig. 4). Their cross point defines the minimum value of drying exposure
and the maximum value of the laboratory germination of seeds.
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Fig. 4 - Laboratory germination and drying exposure-vs-seed heating temperature curves
at various residual pressure:
1-10kPa, 2—- 45 kPa, 3— 80 kPa

According to the curves presented in Fig. 4, the minimum drying exposure with the lowest level of
thermal damage, which is expressed as laboratory germination, can be achieved at seed heating
temperature of no more than 30°C and at residual pressure being equal to 45 kPa.

In case of corn seeds with initial moisture content of 20%, the minimum drying exposure is equal to
240 min and laboratory germination is 91.8%. It means that intensive drying in a low-pressure environment
can be conducted at the temperature levels, which are 10 — 15°C lower than those used during convection
drying, ensuring germinating conditions.

CONCLUSIONS

Experimental research on drying the seeds of grain crops by the example of corn seeds in a low-
pressure environment has been conducted. As a result of the conducted experimental investigations,
regression equations have been obtained based on which drying exposure-vs-seed laboratory germination
curves have been plotted. It has been determined that drying in a low-pressure environment makes it
possible to provide high laboratory germination due to the fact that the heat, which is supplied to seeds, is
spent on water evaporation mostly and to only a small extend it is spent on heating seed cells. Laboratory
germination of 92-95% can be achieved at drying exposure of 200-240 m, at pressure in a peri-seed
environment of 30—45 kPa and seed heating temperature of +25—+30 °C during drying.
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