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ABSTRACT. The aim of the research was to observe the technological
processes of accelerated biothermal composting of manure-compost
mixture and to determine the dynamics of its temperature regime. Because
of experimental research of conditions of biothermal processes of
composting of manure-compost mix the mathematical laws describing
dynamics of change of a temperature field in the composting pad of a
different configuration for various mechanized conditions are received. It
is established that mechanized composting of raw materials provides
growth of internal temperatures to the maximum temperature of 65-71 °C
(at height of the composting pad of 1.5 m) for 2—-3 days after laying of the
composting pad. In 15-17 days, the temperature is up to 50 °C, which does
not correspond to the thermophilic mode of bacterial activity and the
processes gradually pass into the mesophilic mode — up to 40 °C. As a
result of experimental studies of biothermal processes of composting
manure, it was found that during the fermentation of raw materials in the
composting pad without treatment (36 days) the weight of the composting
pad (at the composting pad height of 1.5 m) decreased by 20% (raw
material moisture decreased by 5%). In the composting pad with
mechanical treatment and addition of water, the weight of the composting
pad varied from the amount of water introduced, which led to an increase
in the moisture content of the raw material. There was a significant
decrease in organic matter from 47-50 to 32-35% in the raw material

DOI: 10.15159/jas.21.30

against 50-52 to 40-41%.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Global trends in agricultural production indicate
significant changes in the technological use of organic
raw materials of crop and livestock (straw, manure,
droppings) for organic fertilizers. The main challenges:
increasing social requirements for the ecological state
of the environment (odours, pollution of water bodies,
soils), restoring soil fertility, production of raw
materials for organic products. One way to solve the
problem is to use better organic fertilizers — compost —
a mixture of animal manure or poultry droppings with
plant biomass, which is produced in a shorter time of
aerobic fermentation (Samarin et al., 2020).

The purpose of accelerated composting is to control
the processes of fermentation-decomposition of orga-
nic matter, reducing the loss of nutrients by maintaining
rational living conditions of microorganisms, which

reduces the time of the readiness of the product. The
positive result of the measures is the reduction of
environmental risks, improvement of the environment,
resource conservation using non-commodity crops and
processing, reduction of storage and accumulation of
manure and droppings, improving the quality of
fertilizers (Malik et al., 2020).

Today, many organic waste composting systems are
known, they have found their use in various industries
for processing and further use as organic fertilizers
(Huzaifah et al., 2001; Rajkhowa et al., 2019).
Ecological and agrotechnical precautions on the release
of unpleasant and greenhouse gases, phytotoxicity of
components (presence of harmful substances and
toxins), increase in nutrients, weed seed disposal,
reduction of cultivation time, reduction of areas under
sites, cost of structures and equipment, environmental
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factors environments (temperature, precipitation, wind,
etc.) at the present stage have led to the development of
various composting methods, which differ in shape and
size, degree of perfection, use of additional compo-
nents, etc. (Diacono et al., 2019).

Methods of composting agricultural waste can be
broadly divided into three main types, based on
methods of aeration of compost materials, mechanical
mixing and shovelling (Aliev et al., 2018; Shevchenko
et al., 2021), as well as control over the release of
odours and harmful gases (Sayara et al., 2020).

Analysis of the state of research of bioenergetic
fermentation processes of compostable raw materials
allowed us to conclude that the simultaneous solution
of several theoretical issues regarding changes in heat
and mass balances as a function of time, and in some
cases (from the point of view of practical application
main states of idea) environment, shape, structure and
total mass of compost material are an integral basis in
the construction of most models of composting proces-
ses (Seki, 2000). In theoretical studies, most scientists
use the following generalized formula for heat balance
(Mason, 2006):

E =3XEy, £ 2Erans — LEout 1)

where

E — the accumulated energy of the compost system, MJ;
Y Ein — total energy at the entrance to the system, MJ;
> Ewans — total energy of biochemical transformations, MJ;
YEot — total energy at the output of the system (lost
energy), MJ.

That is, the dynamics of the composting process
depends on and changes under the influence of its input
and output parameters, as well as several parameters
that characterize the biochemical transformations
(endogenous and exogenous) of organic matter in
compost materials. Many model developers relied on
deterministic approaches, i.e., those that precluded the
possibility of accidental influence on the studied
parameters. However, some stochastic blocks are
reflected in at least two of the analyzed models that
have emerged in recent years (Scholwin, Bidlingmaier,
2003; Edsel, Grant, 2006).

The research (Hamelers, 2004) considers the main
elements of process modelling (relative to the smallest
structural component of the mixture — a single compost
particle), based on the possibilities and different
perspectives on the application of models.

Model developers consider a composting system at
the macro level, in which attention to its analytical
justification was based on the bioreactor (mainly for
closed composting systems). However, several authors
(Kaiser, 1996; Stombaugh, Nokes, 1996; Ndegwa et
al., 2000; Seki, 2000; Higgins et al., 2001) have
considered modelling problems based directly on the
microbiological point of view of the composting
process.

In some cases, the simulation was applied directly to
processes occurring in the horizontal layers of the
substrate (Stani, 2012; Seng et al., 2016; Zhao et al.,
2017; Soka¢ et al., 2021). Depending on the techno-
logical approaches to waste composting, the processes
that take place in rectangular or triangular compost
piles (Kim et al., 2000; Petric, 2008), or concerned only
individual areas of the compost substrate with uniform
temperature fields (Bari et al., 2000; Robinzon et al.,
2000; Straatsma et al., 2000; Agnew, Leonard, 2003;
Mironov, 2006).

The thermal balance of components in composting
models was based on the rationalization of thermal
energy consumption for heating the structural elements
of the system, taking into account the input and output
heat fluxes (thermal energy of incoming air and its
water vapour, as well as any additional inputs of water
vapour), losses due to heat transfer and convection
losses, incoming heat fluxes and losses due to radiation,
latent heat due to water evaporation and thermal energy
of biological and chemical origin.

The heat released because of microbiological proces-
ses and latent heat of water evaporation were conside-
red as the most influential parameters in the heat
balance of full-scale composting systems (Weppen,
2001) and were taken into account in almost all develo-
ped models. Regression models of specific heat release
were obtained from research (Kuznetsov, 2001). Simp-
lified models for determining the specific heat of
biothermal processes based on the a priori established
depth of decomposition of organic matter and specific
heat release based on chemical oxygen demand (HSC)
have also been proposed. The proposed model (Golub,
2007; Golub et al., 2017a) predicted a functional
relationship between temperature and the sum of heat
fluxes overtime under the conditions of heating the
substrate with water vapour and heat productivity of
biochemical reactions based on glucose decomposition
rather than decomposition of available organic matter
in general. In most cases, the latent heat of water
evaporation was considered in the physical equations of
gas motion due to the enthalpy of exhaust gases satu-
rated with water vapour.

Heat loss parameters due to convection, heat transfer
and radiation can be calculated using well-known
dependencies and information on heat transfer proces-
ses or by heat transfer parameters determined experi-
mentally (Weppen, 2001).

Many of the authors-developers of the models
considered "mc" as a constant value (Bari et al., 2000;
Robinzon et al., 2000; Straatsma et al., 2000), which
allowed to obtain the equation as follows:

dT d(BVS)
mc——=GH; +U i

it H.—GH, —A(T—T,), (2)

from which the expression for determining the rate of
temperature change is as follows:

Agraarteadus | Journal of Agricultural Science 2 @ XXXII @ 2021 169-181
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d(BVS
ar _ GH,+U (dt )HC—GHO—A(T—Ta) 3)
dt mc ’
where

T — the temperature, K;

H — entropy, J K'%;

t—time, s;

B, V, S — geometric sizes, m;

m — mass Kg;

¢ — specific heat, J (kg-K)™;

G — empirical coefficients, K s72;

U — empirical coefficients, K m™3;
A — empirical coefficients, J (s-K) ™.

The presented models are theoretical and cannot fully
characterize the process of bioconversion of manure-
compost mixture during solid-phase composting.
Therefore, the research aims to observe the techno-
logical processes of accelerated biothermal composting
of manure-compost mixture and to determine the
dynamics of its temperature regime.

Material and Methods

The program of experimental research provided:

— substantiation on results of research of techno-
logical and mode parameters and the basic provi-
sions of management of processes of biothermal
composting of manure-compost mix in full-scale
composting pad,;

— research of regularities of dynamics of a tempera-
ture mode in a full-size composting pad with their
various geometrical parameters;

— study of the influence of the periodicity of mecha-
nical aeration of manure-compost mixture in full-
scale composting pads on the course of the
composting process.

A closed hangar with a concrete surface, size 90 x
18 m, was used as a platform. Fresh (unloaded from the
premises) litter based on sunflower husk is unloaded in
tight piles onto the prepared site using a modified PRT-
10 organic fertilizer spreader. Further research was
conducted on four full-scale composting pads:

R =
B eSS
g !\““"2‘-«——,—9’. E

<y

without additional hydration

e composting pad Nel — composting pad 1.5 m high
without further mechanical aeration and additio-
nal humidification;

e composting pad Ne2 — composting pad height of
1.0 m without further mechanical aeration and
additional humidification;

e composting pad Ne3 — composting pad 1.5 m high
with subsequent mechanical aerations and with
additional humidification;

e composting pad Ne4 — composting pad 1.0 m high
with subsequent mechanical aerations and with
additional humidification.

Directly the process of formation of full-scale com-
posting pads with the use of the modified spreader of
organic fertilizers PRT-10 is presented in Figure 1.
Further planned mechanical aeration and formation of
composting pads were performed using a bucket loader
T-156 and a modified spreader of organic fertilizers
PRT-10.

Humidification is performed to bring the compost
mixture to the technologically necessary humidity. The
technical means of water delivery was a specialized car
based on GAZ-53 with a capacity of 4 m®. The amount
of water (effluent) M,, .., was required to bring the
manure-compost mixture to the technologically speci-
fied humidity M,,;vture and was calculated by the
formula:

Wmixture B Wmanure
Mwater Mmanure 100 _ Wmixture (4)
where
M,,qcer — the mass of water (sewage) that must be
added to the manure-compost mixture, kg;
M anure — the weight of manure, kg;
Winanure — humidity of manure, %;
Wixture — humidity of manure-compost mixture, %.

Moisturizing water is supplied during mechanical
aeration by spraying.

During research composting pads 3 and 4 were
mechanical aerating with time intervals that are
presented in Figure 2.

with additional hydration

Figure 1. The process of forming full-scale composting pads using a modified spreader of organic fertilizers PRT-10
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mechanical aeration mechanical aeration

addm;lg water i addu}g water

19 days

mechanical aeration

addmlg water 10 days |

29.04.2020 05.05.2020

24.05.2020 0306.202’0

Figure 2. Time intervals of technological operations in the process of accelerated biothermal composting

During research the following parameters of
technological process of the accelerated biothermal
composting of litter manure on the basis of sunflower
husk were defined:

e geometrical sizes of composting pads and their

vertical subsidence;

o bulk density, weight, humidity;

o dynamics of temperatures in the cross section of
the composting pads;

o the temperature field of the composting pads and
the homogeneity of the distribution of the
components of the manure-compost mixture in
the composting pads.

All measurements were performed upon completion
of the technological operation according to the set time
interval in three repetitions.

Measurement of the geometric sizes of the compos-
ting pads and their vertical subsidence was performed
using a construction tape measure (50 m) and a ruler
(1.5 m) with an absolute measurement error of 1 cm.
The height, width and length of the formed composting
pads were determined. The vertical subsidence of the
sides was measured by installing a laboratory bar in
three places along their length, followed by fixing the
position of the upper point of the sides.

The bulk density was determined by determining the
ratio of the net weight of the manure-compost mixture
poured into the tank to the volume of the specified tank
(the volume of the tank was specified by the
manufacturers 0.01 m®). The mass was determined by
electronic scales with an absolute measurement error of
0.001 kg.

Calculations are carried out according to the formula:

V=5 (5)

where

y— is the bulk density, kg-m3-;

m; — a mass of the bulk sample, kg;

Vi — the volume occupied by the sample of the
material in bulk, mé,

Measurement of the mass of manure-compost mix-
ture in the composting pad was performed using
SMART Life REXANT (Lin'an CF Co., Ltd, Hang-
zhou, Zhejiang, China) scales with an absolute mea-
surement error of 0.1 kg.

Humidity measurement of manure-compost mixture
was performed using a calibrated moisture meter VLK-
01 (TOV NVF Standard-M, Zaporozhye, Ukraine).
Calibration of the moisture meter was performed in the
laboratory of the State Institution “State Soil Protec-
tion" (Dnipropetrovsk branch) by comparing with the
results of chemical analysis according to standard
methods according to GOST 26713-85, based on
determining moisture loss from the mass of compost by
drying it to constant weight. The absolute measurement
error of the VLK-01 moisture meter for the manure-
compost mixture was 0.2%.

The most important criterion for evaluating the
effectiveness of the composting process is the control
and maintenance of temperature. The dynamics of
temperatures in the sides was studied using a personal
computer to which an electronic thermometer TM-
32/H-5T (TOV UKRRELE, Dnipro, Ukraine) with a
system of temperature probes based on temperature
sensors DS18B20 ("Dallas Manufacturing Co", Dallas,
USA) was connected (Fig. 3). The absolute measure-
ment error of the thermometer TM-32/H-5T is 0.1 °C.
Temperature monitoring using the TM-32/H-5T elec-
tronic thermometer was performed every 10 minutes,
and the data were recorded on a personal computer in
the appropriate database file.

1 2 3 4 5

6

Figure 3. Measuring instruments and equipment (1 — moisture meter VLK-01; 2 — construction roulette; 3 — electronic manual
scales; 4 — personal computer; 5 — electronic thermometer TM-32/H-5T; 6 — DS18B20 temperature sensors)
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The scheme of arrangement of temperature probes in
composting pads 1.5 m and 1.0 m high is presented in
Figure 4.

h ”:70_2 m

1,S5m 1,0m

Figure 4. The layout of temperature probes

The temperature field of the surface or section of the
sides was determined using a thermal imager Testo-875
(Testo SE & Co. KgaA, Lenzkirch, Germany), which
allows the analysis of temperature fields with an
absolute measurement error of 0.01 °C. Using the
additional Testo IRSoft v. 4.1 software (Testo SE & Co.
KgaA, Lenzkirch, Germany), the maximum, minimum
and average values of the temperature field; build
histograms and graphs of temperature distribution over
a certain area and line of the temperature field was
determined. The general view of the specified thermal

imager and the corresponding software is presented in
Figure 5.

The least Significant Difference (LSD) indicator was
used for statistical evaluation of research results. LSD
is a critical value that is expressed in absolute numbers
and shows the limit of random deviations between the
compared averages, which corresponds to a reliable
interval for the absolute difference of the sample
arithmetic means. If it was less than the LSD, then the
samples do not differ, and if more, they are statistically
different. Determine the LSD by the formula (Kiselyov
etal., 2017):

LSDac(v) =ty Sa, (6)

where

Sq — standard error of the difference between the
arithmetic means;

ta) — theoretical (critical) value of Student's criterion
for the level of significance o and degrees of freedom
of error.

IO PANIHO® OBECTIEwH e 16510 1RSOT - o KW
e

TTTT

Figure 5. General view of the Testo-875 thermal imager (a), Testo IRSoft software (b) and the temperature measurement process (c)

Results

During the study, four composting pads (cross-
section — triangle) were formed, the geometric sizes of
which were:
e composting pad Nel — height 1.4-1.5 m, length
5.7-6.3 m, width 3.8-4.4 m;

e composting pad Ne2 — height 0.9-1.0 m, length
8.7-9.0 m, width 3.1-3.6 m;

e composting pad Ne3 — height 1.4-1.5 m, length
5.8-6.1 m, width 3.3-4.1 m;

e composting pad Ne4 — height 0.9-1.0 m, length
6.8-7.1 m, width 3.5-3.8 m.

Considering the time intervals of technological opera-
tions during the process of accelerated biothermal
composting of full-scale composting pads, measure-
ments of their vertical subsidence were carried out. The
histogram of the above dependence is presented in
Figure 6. As can be seen from the histogram, the
greatest value of subsidence of the composting pad was
observed in the first 7 days, which was due to the more
intense process of biothermal composting. In the future,
the absolute value of vertical subsidence decreases by
25-30%. LSDg for the value of the vertical subsidence
of the full sides was 4.3 mm, which is lower than the
difference observed in the dynamics.
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By the time intervals of technological operations in
the process of accelerated biothermal composting of
full-scale composting pads were measured changes in
their mass, taking into account the addition of water.
The histogram of change of weight of full-size compos-
ting pads is presented in Figure 7. For values of weight
of composting pads LSDgs makes 56 kg. This figure is
lower than the difference observed in the dynamics,
which confirms the adequacy of the results.

The bulk density changed according to the graph in
Figure 8, which shows its reduction during biothermal
composting. This decrease is due to the evaporation of
moisture and the chemical reaction with the release of
gaseous substances. LSDgs for the volume volumetric
mass of full-scale composting pads was 21.3 kg-m3 2,

200

which is lower than the difference observed in the
dynamics.

During the observation period on the composting
pads without treatment (36 days) the weight of the
composting pad Nel (H = 1.5 m) decreased by 22%
(moisture content of raw materials decreased by 6%),
and composting pad Ne2 by 26% (moisture content of
raw materials by 5%). In liquids with the addition of
liquid — water, the weight of the composting pad Ne3
and the composting pad Ned4 varied depending on the
amount of introduced water, which led to an increase in
the moisture content of the raw material. For the values
of moisture content in full-sized composting pads
LSDgs is 2.1%. Since this figure is lower than the
difference observed in the dynamics, the adequacy of
the results is confirmed.

180 -
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80 -
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Vertical subsidence of
a composting pad, mm
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- m03.06 2020

024.05.2020
006.05.2020
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Composting pad

Figure 6. The dynamics of changes in the absolute value of the vertical subsidence of the full-scale composting pads
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Figure 7. Changes in the mass of full-scale composting pads
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Figure 8. Changes in the volumetric mass of full-scale composting pads
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Indicators of moisture content when considering
changes over time relative to untreated compost has
significant variations in the respective composting pads at
the height of the composting pads of 1.5 m and 1.0 m
(Fig. 9). It should be noted that there is a characteristic
increase in moisture content and a further decline with the
resumption of the rise (i.e., there is an oscillating
relationship).

The corresponding tendency is present also with the
processed raw materials with that difference concer-
ning discrepancy of fluctuations, which are a result of
the addition of liquid — water to these composts. It
should also be noted that the levels at which the values
of moisture content for 36 days in untreated and treated
materials are quite close to each other. The presence of
fluctuations in moisture content should be considered
because of the process of mineralization of organic
matter: burning of carbon and oxidation of hydrogen
with subsequent evaporation of moisture.

70

As a result of research, the dynamics of change of
temperature in each point of a full-scale composting
pad according to the developed technique (Figs. 10-13)
is received. For the presented results of research LSDg s
for temperature makes 0,51 °C, that is sufficient for the
statement of adequacy of the received data.

Mechanical shovelling of raw materials — aeration
provides growth of internal temperatures (7 points of
measurement on the height of the composting pad
H = 1.5 m) to the maximum temperature of 65-71 °C
and 50-58 °C at height of the composting pad of
H = 1.0 on 2-3 the day after laying the composting pad.
In 15-17 days, the temperature is up to 50 °C, which
does not correspond to the thermophilic mode of
bacterial activity and the processes gradually pass into
the mesophilic mode —up to 40 °C.

By the end of the observation period (up to 36 days),
the internal temperature in the composting pad Nel
(H =1.5m), according to Figure 10, was 3945 °C, and
in the lower layers up to 30 °C.

%

Composting pad
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0 t t
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Figure 9. Dynamics of moisture content in full-sized composting pads

Composting pad Ne1 (without mechanical aeration, without added water, height of the collar — 1.5 m
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Figure 10. Dynamics of the temperature field of the composting pad Ne1

In the composting pad Ne2 (H = 1.0 m), according to
Figure 11, the temperature was 5-8 °C lower in the
corresponding periods. The change in ambient tem-
perature during the day from 10 to 25 °C, during the
observation period there were no significant fluctua-
tions in the internal temperature.

In the composting pad, Ne3 (fig. 12) with mechanical
shovelling and the addition of liquid — water, the
temperature rose to 61-65 °C (H = 1.5 m) for 2-3 days
at all seven measuring points, decreased by 3-5 °C and
remained stable during the observation. Shovelling of

raw materials without the addition of liquid for 20 days
showed an increase in temperature to 70-72 °C with a
gradual attenuation of thermal processes for 10 days
and a decrease in temperature to 50 °C.

In the composting pad, Ne4 (at H = 1.0 m) and similar
treatments as in the composting pad Ne3, thermal
processes are 5-10 °C lower (Fig. 13). During aeration,
the temperature of the raw material decreases to 38—
44 °C, the effect of fluctuations in external temperature
(10-25 °C) on the change in internal temperatures was
statistically insignificant.
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Composting pad Ne2 (without mechanical aeration, without added water, height of the collar — 1.0 m
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Figure 11. Dynamics of the temperature field of the composting pad Ne2
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Figure 12. Dynamics of the temperature field of the composting pad Ne3

Composting pad Ne4 (without mechanical aeration, height of the collar — 1.0 m
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Figure 13. Dynamics of the temperature field of the composting pad Ne4

The results of monitoring the static temperature field
of the surface of the sides with a thermal imager and a
pyrometer are presented in Figs. 14-17. As can be seen
from Figure 14, for the composting pad Nel there is a
temperature range from 19.6 to 23.5°C, which is
practically determined by the ambient temperature,
while the average value is 21.5 °C.

For composting pad Ne2 (Fig. 15) the temperature on the
outer surface varies from 18.3 to 21.1 °C, which coincides
with the ambient temperature. The average temperature is
19.9 °C, and its standard deviation is 1.2 °C.

The outer surface of the composting pad Ne3 (Fig. 16)
is 19.0-22.3 °C. The mean value is 20.8 °C, and its
standard deviation is 1.3 °C.

The composting pad Ne4 (Fig. 17) is quite homo-
geneous in terms of surface temperature, which is

confirmed by the small value of the standard deviation
—0.9 °C. The average temperature is 20.9 °C.

Longitudinal and transverse sections of the compos-
ting pads Ne3 and Ned (Figs. 18-19) and the deter-
mination of temperatures using the above equipment
indicate uniform heating of the sides within the above
temperatures.

In this case, for the composting pad Ne3 at the cross
section, the minimum and maximum temperature values
are 22.7 °C and 59.4 °C, respectively, and the average
value is 40.8 °C. Analysis of Figure 17 shows that in the
center of the collar is a warmer mixture than outside. The
standard deviation of the temperature is 8.2 °C.

A similar situation is observed for the composting pad
Ne4: the minimum and maximum values of tempera-
tures are 23.7 °C and 52.9 °C, respectively, and the
mean value is 40.6 °C, the standard deviation is 9.1 °C.
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Figure 14. Static temperature field of the surface of the composting pad Ne1 (composting pad height of 1.5 m without further
mechanical aeration and additional humidification)
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Figure 15. Static temperature field of the surface of the composting pad Ne2 (composting pad height of 1.0 m without further
mechanical aeration and additional humidification)
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Figure 16. Static temperature field of the surface of the composting pad Ne3 (composting pad 1.5 m high with subsequent
mechanical aeration and with additional humidification)
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Figure 17. Static temperature field of the surface of the composting pad Ne4 (composting pad 1.5 m high with subsequent
mechanical aeration and with additional humidification)
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Figure 18. Static temperature field of the cross-section of the composting pad Ne3 (composting pad 1.5 m high with subsequent

mechanical aerations and with additional humidification)

529°C
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Figure 19. Static temperature field of the longitudinal section of the composting pad Ne4 (composting pad 1.5 m high with
subsequent mechanical aeration and with additional humidification)

Discussion

As a result of the analysis of previously published
sources research (Huzaifah et al., 2001; Mironov, 2006;
Zhao et al., 2017; Diacono et al., 2019; Rajkhowa et
al., 2019; Malik et al., 2020; Samarin et al., 2020;
Sayara et al., 2020) it was established that reduction of
the negative influence of organic biomass of plant
growing and animal husbandry at their accumulation on
an ecological condition of environment can be reached
at the expense of compost production by the accelerated
fermentation technology, which is disinfected from
harmful microflora and have an increased concentra-
tion of nutrients compared to the original. It was found
that a multi-stage composting system with mechanized
operations of mixing components, shovelling compost
mixtures and simultaneous aeration is the most effec-
tive because the decomposition of the organic compo-
nent of the compost mixture and water evaporation due
to released heat energy leads to changes in relative
water content (40-70%), ash (20-40%) and organic
matter (10-40%) in the finished compost. This signifi-
cantly improves its agronomic properties: the level of
dry matter content increases to 40% (400 kg-t*) and the
specific content of nutrients.

The state of theoretical research of bioenergetic
processes of fermentation of compostable raw materials
based on analytical dependences on the release of
biological energy and use and preservation of the saved
energy, which was applied in models of decomposition
of organic matter (Bari et al., 2000; Robinzon et al.,
2000; Straatsma et al., 2000), is generalized.

The relative weight loss (due to carbon oxidation) in
the storage of nutrients improves the logistics
component and productivity of machine-tractor units

when applying organic fertilizers. There is a significant
decrease in organic matter from 47-50 to 32-35% in
the raw material against 50-52 to 40-41%.

It is established that mechanical shovelling of raw
materials — aeration provides growth of internal tem-
peratures (7 measuring points on the height of the
composting pad H = 1.5 m) to the maximum tempera-
ture of 6571 and 50-58 °C at height of the composting
pad H= 1.0 m on 2-3 days after laying the composting
pad. In 15-17 days, the temperature is up to 50 °C,
which does not correspond to the thermophilic mode of
bacterial activity and the processes gradually pass into
the mesophilic mode — up to 40 °C. Comparing the
obtained regularities with the research data (Weppen,
2001), similar stages of biothermal composting regimes
of manure-compost mixture are traced. However, our
studies are more accurate and show, in addition to the
dynamics of temperature change, its distribution in the
composting pad. That is, we have determined the
dynamics of changes in the temperature field of the
composting pad as a whole.

It was found that by the end of the observation period
(up to 36 days) the internal temperature in the
composting pad Nel (H = 1.5 m) was 3945 °C, and in
the lower layers up to 30 °C, in the composting pad Ne2
(H = 1.0 m) in the corresponding periods the tempe-
rature was 5-8 °C less. Due to the changes in ambient
temperature during the day from 10 to 25 °C during the
observation period, no significant fluctuations in inter-
nal temperature occurred. In the composting pad Ne3
with mechanical shovelling and addition of liquid —
water, the temperature rose to 6165 °C (H= 1.5 m) for
2-3 days at all 7 measurement points, then decreased
by 3-5 °C and remained stable during observation.
Shovelling of raw materials without the addition of
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liquid for 20 days showed an increase in temperature to
70-72 °C with a gradual attenuation of thermal proces-
ses for 10 days and a decrease in temperature to 50 °C.
In the composting pad Ne4 (at H = 1.0 m) and similar
treatments as in the composting pad Ne3, thermal
processes are 5-10 °C lower. During aeration, the
temperature of the raw material decreases to 38—44 °C.
The influence of external temperature fluctuations (10—
25 °C) on the change of internal temperatures is
statistically insignificant. Comparing the revealed
experimental dependences of temperature dynamics
with theoretical models (Golub, 2007; Golub et al.,
2017Db) it is possible to assert their adequacy due to the
similar nature of the regularities. However, the
proposed theoretical models need to be clarified
through the introduction of appropriate empirical
coefficients.

As a result of experimental studies of biothermal
processes of manure composting, it was found that
during the observation period on the composting pads
without treatment (36 days) the weight of the compos-
ting pad Nel (H = 1.5 m) decreased by 20% (moisture
content decreased by 5%), and the composting pad Ne
2 on — 15% (humidity of raw materials on 5%). In
liquids with the addition of liquid — water, the weight
of the composting pad Ne3 and the composting pad Ne4
varied depending on the amount of introduced water,
which led to an increase in the moisture content of the
raw material. The change in the mass of the composting
pad confirms the model proposed (Bari et al., 2000;
Robinson et al., 2000; Straatsma et al., 2000). From this
we can conclude that the mass of the composting pad
during the biothermal process, logarithmically changes
with temperature.

Conclusion

Because of experimental research of conditions of
biothermal processes of composting of manure-com-
post mix the mathematical laws describing dynamics of
change of a temperature field in the composting pad of
a different configuration for various mechanized condi-
tions are received. It was established that mechanized
composting of raw materials provides growth of inter-
nal temperatures to the maximum temperature of 65—
71 °C (at height of the composting pad of 1.5 m) for 2—
3 days after laying of the composting pad. In 15-17
days, the temperature is up to 50 °C, which does not
correspond to the thermophilic mode of bacterial acti-
vity and the processes gradually pass into the meso-
philic mode — up to 40 °C. As a result of experimental
studies of biothermal processes of composting manure,
it was found that during the fermentation of raw
materials in the composting pad without treatment (36
days) the weight of the composting pad (at the
composting pad height of 1.5 m) decreased by 20%
(raw material moisture decreased by 5%). In the
composting pad with mechanical treatment and addi-
tion of water, the weight of the composting pad varied
from the amount of water introduced, which led to an
increase in the moisture content of the raw material.

There was a significant decrease in organic matter from
47-50 to 32-35% in the raw material against 50-52 to
40-41%. At the same time, the structure of the treated
compost has changed significantly: small and dusty
parts under the action of moisture, temperatures have
turned into an aggregate medium of particles from 5 to
10 mm with a significant reduction in the number of
lumps and layers.
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ABSTRACT. On two container-grown species, johnsongrass and velvet-
leaf, nicosulfuron was sprayed with the Anti-Drift Single, Dual, and
Triplet Flat-Fan nozzles (AD/S, AD/D, AD/T nozzles, respectively) at
05:00 to 21:00, with a two-hour interval. At 5:00 to 11:00, nicosulfuron
activity on both species was greatest with the AD/T followed by the AD/D
and finally, the AD/S nozzle. At 15:00 to 19:00, however, nicosulfuron
activity on johnsongrass was greatest with the AD/D, followed by the
AD/T and finally, the AD/S nozzle, and nicosulfuron activity on velvetleaf
was greatest with the AD/D followed by the AD/S and the AD/T nozzle
had the lowest control. Nicosulfuron applied with the AD/T nozzle in the
early morning caused the highest desiccation (70%) in both species. The
best time to apply nicosulfuron was in the early morning. However,
velvetleaf undergoes foliar nyctinasty depending on daylight, which made
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effective control achieved by only the AD/D and AD/T nozzles.
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Introduction

Nicosulfuron is a postemergence herbicide that is
used in corn (Zea mays L.) to control many mono-
cotyledonous weeds, e.g. johnsongrass (Sorghum hale-
pense) which is a perennial plant, and dicotyledonous
weeds, e.g. velvetleaf (Abutilon theophrasti) which is
an annual plant, (Dobbels, Kapusta, 1993). It belongs
to the enzyme acetolactate synthase (ALS)-inhibiting
herbicide group (B/2). In the chloroplast, ALS biosyn-
thesizes some essential amino acids (isoleucine,
leucine, and valine). If ALS is inactivated, cell division
stops; and eventually, plant death occurs (Cobb, Reade,
2010).

The slow degradation of nicosulfuron causes carry-
over effects on succeeding crops, e.g., cabbage, onion
(Greenland, 2003), and potato (Novo, Miranda-Filho,

2006). On the other hand, it can exert the extreme
selection pressure against the susceptible biotypes,
causing the evolution of nicosulfuron resistance in 26
different weed species worldwide. In the meantime,
nicosulfuron resistance has been reported in johnson-
grass but not in velvetleaf (Heap, 2020). If nicosulfuron
is used rationally, the spray droplets can be delivered
the target effectively. Herbicide rational application has
three essential elements: herbicide selectivity, approp-
riately timed application, and application accuracy
(Aliverdi, Karami, 2020).

Previous study reported that nicosulfuron activity to
control barnyard grass (Echinochloa crus-galli)
depends on the application time of day (Stewart et al.,
2009). They said that nicosulfuron was more effective
when it has been applied in the early morning than other
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times of day. The dependence of herbicide activity on
the time of day has been termed as the application time
of day effect evidencing in two other ALS herbicides
included imazapic and imazethapyr (Stopps et al.,
2013; Carter, Prostko, 2019). In general, the review of
this literature revealed that the highest activity of
contact herbicides is achieved when they have been
used in the nighttime, especially after sunset. The
greatest activity of systemic herbicides is achieved
when they have been used in the daytime. Moreover,
the review of this literature revealed that all herbicides
mentioned above had been sprayed by a single flat-fan
nozzle. In addition, there are two other designs in the
market, including dual and triplet flat-fan nozzles. In
previous study conducted at a specific time of day, the
highest control of weed was achieved when clodinafop-
propargyl has applied with AD/D nozzle as compared
to AD/S nozzles (Aliverdi, Karami, 2020) but in
another study, the highest control of weed was achieved
when cycloxydim has applied with triplet flat fan
nozzles compared to dual flat fan nozzles (Aliverdi,
Karami, 2020). The triplet flat fan nozzle has recently
released by the MagnoJet company in Brazil since 2014
and is newer than the single and dual flat-fan nozzles.

This experiment aims to specify the best time(s) of
day for applying nicosulfuron using the AD/S, AD/D,
and AD/T nozzles. Two weeds species, one broadleaf
species — velvetleaf and one grass species — johnson-
grass, which differs in their leaf angle at different times
of day, were used in this study.

Materials and Methods

The seeds of johnsongrass and velvetleaf were
collected from Hamedan and Gorgan fields, Iran, in the
summer of 2018, respectively. They were stored in the
laboratory until the beginning of the study conducting
in the Bu-Ali Sina University, Hamadan, Iran from
May to August 2019.

To break dormancy, johnsongrass seeds were immer-
sed in concentrated sulfuric acid for 3 min (Parsa et al.,
2013), and velvetleaf seeds were immersed for 1 hour
in 60 °C water (Ravli¢ et al., 2015). Then, they were
washed with cold water. Approximately 10 treated
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seeds of each weed species were planted at 0.5 cm soil
depth in 2 L containers containing clay loam soil with
0.7% organic matter and 7.2 pH. The containers were
placed in outdoor conditions. The soil surface of
containers was kept continuously moist for up to a
week. After the emergence of seedlings, they were
thinned to maintain 4 seedlings container! and
irrigated equally every two days with tap water.

For each weed species, a two-factor experiment (3 x
9) was conducted as a completely randomized design.
For each treatment, there were four replications. With a
one-day interval, the experiment was repeated at all
stages. The 1st run was planted on 30 May 2019,
sprayed on 11 July 2019, and harvested on 2 August
2019. The 2nd run was done with one-day interval after
the first experimental ones. The 1st factor was the
nozzle outlet design including the AD/S, AD/D, and
AD/T nozzles, all types were 11002VK; and the 2nd
factor was application time of day including 05:00,
07:00, 09:00, 11:00, 13:00, 15:00, 17:00, 19:00, and
21:00. Sunrise and sunset occurred at 06:10 and 20:32,
respectively.

For each weed species, four unsprayed containers
(untreated control) were considered for comparison
purposes. In the four-leaf stage, both weed species were
treated with the recommended dose of nicosulfuron,
80 g a.i. ha? (Cruz®, SC 4%, Alborz Behsam, Iran),
using an a compressed-air sprayer (Solo 461 model,
Germany) calibrated to deliver 210 L ha™ at 300 kPa.
Before applying the herbicide at different times of day,
the angle of the fourth leaf of the plants inside the
containers to the ground was measured, then averaged,
and showed in Fig. 1. The leaf angle of 0° means it has
horizontal status, the leaf angle less than 0° means it is
oriented downward, the leaf angle more than 0° means
it is oriented upward, and the leaf angle of 90° or —90°
means it is parallel to the stem. Moreover, air properties
at the application times were measured and showed in
Figure 1. According to the nozzles manual (MagnoJet,
2020), the size of the droplets at 300 kPa for the AD/S
and AD/D nozzles ranged from 236 to 340 um and for
the AD/T nozzle ranged 106-235 pm. In the AD/D and
AD/T nozzles, the angle between the two flat fans is
40°.
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Figure 1. The fourth leaf angle of johnsongrass and velvetleaf (top), air temperature and relative humidity (down) at different times

of day. Data are means of two continuous days
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Twenty days after spraying, the plant biomass were
removed at the soil surface. The fresh weight (FW) and
dry weight (DW) of each experimental unit (container)
were obtained and divided by 4 (number plant con-
tainer %). Finally, the ratio of FW/DW was used in
statistical analysis. The ratio of FW/DW has a starting
range from one and up and shows the intensity of
dehydration in tissues due to herbicide action. A
FW/DW ratio close to one means dehydration comple-
tely (Rytwo, Tropp, 2001). The data had a normal
distribution confirming the Shapiro-Wilk test more
than 0.90. Then, the data were subjected to analysis of
variance (ANOVA) using SAS software. No significant
run-by-treatment interactions occurred. Hence, the data
were pooled to give eight replications, then re-
analyzed. For mean separations, Duncan's multiple
range test was used at a 0.05 probability level.

Results

The ratio of FW/DW for johnsongrass and velvetleaf
non-treated with nicosulfuron (control) were 7.3 and
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6.8, respectively. All of the herbicide treatments
reduced the ratio of FW/DW in both weed species.
Hereafter, this reduction was expressed as a dehydra-
tion percentage. ANOVA showed that nozzle outlet
design and application time of day significantly affec-
ted the ratio of FW/DW for johnsongrass and velvet-
leaf. The two-way interaction was also significant in
both weed species. In johnsongrass, the lowest activity
of nicosulfuron was observed when it was applied with
the AD/S nozzle from 13:00 to 19:00 (49.5 to 53.6%
dehydration). While, the highest activity of nicosulfu-
ron was achieved when it was applied with the AD/T
nozzle at 5:00 (73.6% dehydration) and 7:00 (72.3%
dehydration) (Fig. 2). In velvetleaf, the lowest activity
of nicosulfuron was observed when it was applied with
the AD/S nozzle at 19:00 (43.5% dehydration) and
21:00 (42.2% dehydration). While, the highest activity
of nicosulfuron was achieved when it was applied with
the AD/T nozzle from 5:00 to 9:00 (69.1 to 72.1%
dehydration) (Fig. 2).
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Figure 2. Fresh weight: dry weight ratio of johnsongrass (top) and velvetleaf (down) treated with nicosulfuron, which have sprayed
with the anti-drift single (m), dual (@), and triplet flat-fan nozzles (A ) at different times of day. The means followed by same letter
are not significantly different according to Duncan's multiple range test at the 5% probability level. Data are means of eight

replicates from two runs.

At all application times of day, the use of AD/D
nozzle significantly caused more dehydration in
johnsongrass than the AD/S nozzle. Two non-vertical
sprays created by the AD/D nozzle (one with 40°
forward and another with 40° backward to the direction
of nozzle trajectory) can increase the possibility of the
deposition of droplets on the front and back side of
monocotyledonous plants, resulting in improved
activity of nicosulfuron. This finding also supports
previous study (Jensen, 2012). At 5:00 and 9:00, the
activity of nicosulfuron with the AD/T nozzle was
higher than that with the AD/D nozzle. Conversely, at
13:00, the activity of nicosulfuron with the AD/D
nozzle was higher than that with the AD/T nozzle.

Similar to the trend observed for johnsongrass, the
trend of changes in the FW/DW ratio for velvetleaf over
different application times of day showed that in the
AD/D and AD/T nozzles, the FW/DW ratio in the early
morning applications (5:00 to 9:00) are lower than in
the afternoon applications (13:00 to 19:00). However,

the trend of these changes in the AD/S nozzle differed
from those in the AD/D and AD/T nozzles (Fig. 2) and
it was correlated negatively with the trend of changes
in the leaf angle of velvetleaf over different times of
day (Fig. 1). When nicosulfuron was applied with the
AD/S, AD/D, and AD/T nozzles at 5:00, the intensity
of dehydration in tissues of velvetleaf was 47.7, 66.2,
and 72.1%, respectively.

Discussion

In general, the trend of changes in the FW/DW ratio
of johnsongrass over different times of day showed that
in each nozzle outlet design, the FW/DW ratio in the
early morning applications (5:00 to 9:00) are lower than
in the afternoon applications (13:00 to 19:00). These
results indicate that with each nozzle outlet design, the
best time(s) to apply nicosulfuron was in the early
morning. In contrast, the worst time(s) to apply
nicosulfuron was in the afternoon. This result might be
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related to differences in air properties at application
times of day (Fig. 1). Stewart et al. (2009), who used
nicosulfuron in Ontario, Canada to control barnyard
grass with a single flat fan nozzle at different times of
day, also identified in the early morning applications as
the highest nicosulfuron activity. They stated that the
spray droplets dry faster in the noon and afternoon
applications due to high air temperatures and low
relative humidity, leading to faster crystallization of the
active ingredient of herbicide, resulting in decreased
absorption and activity of nicosulfuron. Other studies
have shown that the absorption of paraquat, fomesafen,
and glufosinate (Preston et al., 2005; Cieslik et al.,
2014; Ramsey et al., 2002) has decreased with increa-
sing air temperature and decreasing air relative humi-
dity. Decreased herbicide absorption is due to the faster
crystallization of the active ingredient of the herbicides.
However, the afternoon applications of atrazine, imaze-
thapyr, and glyphosate (Stopps et al., 2013; Mohr et al.,
2007) were the best time of day. Moreover, the noon
applications of bromoxynil and 2,4-D (Stewart et al.,
2009; Montgomery et al., 2017) were the best time of
day.

At all times of nicosulfuron application of day, the
use of AD/D nozzle significantly caused more dehydra-
tion in johnsongrass than the AD/S nozzle. The leaves
of monocotyledonous weeds, such as johnsongrass, are
relatively upright (perpendicular to the ground)
throughout the day (Fig. 1). On the other hand, with the
AD/S nozzle, the spray droplets fall perpendicularly.
Therefore, the spray droplets mainly hit the leaf surface
obliquely. As a result, they are more likely to bounce
off from the leaf surface to the ground and be endo-
drifted. In a previous study, improved activity of some

graminicides by changing the spray angle of a single
flat fan nozzle from vertical to non-vertical has been
reported (Jensen, 2012). In the current study, two non-
vertical sprays created by the AD/D nozzle (one with
40° forward and another with 40° backward to the
direction of nozzle trajectory) can increase the possi-
bility of the deposition of spray droplets on the leaves
of monocotyledonous weeds, resulting in improved
activity of nicosulfuron. The higher performance of
AD/D nozzle than AD/S nozzle (Aliverdi, Karami,
2020) has already reported.

In the early morning and morning applications, the
activity of nicosulfuron with the AD/T nozzle was
higher than that with the AD/D nozzle. Conversely, in
the afternoon applications, the activity of nicosulfuron
with the AD/D nozzle was higher than that with the
AD/T nozzle. This finding might be related to differen-
ces in the spray droplet size produced by these types of
nozzles. The AD/T nozzle has finer spray droplets than
the AD/D nozzle (MagnoJet, 2020). The smaller the
size of the spray droplets, the more their retention on
the target (Ferguson et al., 2018). Therefore, it can be
inferred from the results that in afternoon applications
under the higher air temperature and the lower relative
humidity conditions, the finer spray droplets produced
by AD/T nozzle, although they deposit in a greater
volume on the target, can evaporate faster, resulting in
decreased activity of nicosulfuron in the afternoon
applications. With decreasing the leaf angle of
velvetleaf, the FW/DW ratio of velvetleaf increased. In
other words, the more the leaf is oriented downward,
the lower the leaf is dehydrated. Unlike johnsongrass,
velvetleaf showed a strong leaf nyctinasty depending
on daylight (Fig. 3).

Figure 3. Foliar nyctinasty in velvetleaf depending on daylight. Sunrise at 06:10
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In previous studies in which herbicides have been
sprayed with a single flat fan nozzle causing a
perpendicular movement of spray droplets to the
ground, the researchers have found that the leaf
nyctinasty in weeds decreases the deposition of spray
droplets on the leaf surface, resulting in decreased
activity of herbicide (Sellers et al., 2003). For example,
the leaf angle of velvetleaf at 14:00, 17:00, 18:30,
19:15, and 20:00 in the study of Mohr et al. (2007) was
-10, -10, -30, -60 and -80° respectively. They
reported that with reducing the leaf angle of velvetleaf,
the activity of glyphosate decreased steadily.

It seems that the leaf nyctinasty in velvetleaf makes it
irrational to apply nicosulfuron with the AD/S nozzle
before sunrise, given the lowest air temperature and the
highest relative humidity. However, the current study
results show that nicosulfuron application before
sunrise is rational if the AD/D and AD/T nozzles are
used. Already, we have observed a similar result with
trifloxysulfuron against velvetleaf (Aliverdi, Ahmad-
vand, 2021). As mentioned above, the difference
between the performance of the AD/D and AD/T
nozzles should be related to the difference in the size of
spray droplets produced by them. However, the role of
the increased spray pattern of the AD/T nozzle as
compared to the AD/D nozzle should not be ignored.
The AD/T nozzle creates one vertical spray and two
non-vertical sprays (one with 40° forward and another
with 40° backward to the direction of nozzle
trajectory), while the AD/D nozzle does not create
vertical spray. Aliverdi and Karami (2020) have
reported that the performance of a triplet flat fan nozzle
was better that of AD/D nozzle.

Conclusion

In conclusion, the best time of day for applying
nicosulfuron to control johnsongrass and velvetleaf was
in the early morning. However, given velvetleaf
undergo leaf nyctinasty depending on daylight, the
early morning applications only when it is rational that
the AD/D nozzle or preferably the AD/T nozzle were
used. The performance of the AD/S, AD/D, and AD/T
nozzles depends on the application time of nicosulfuron
of day. So, when nicosulfuron was used at 5:00 to
11:00, a performance of the AD/T > AD/D > AD/S
nozzles could be observed. It seems that high air
temperature and low relative humidity cause reduced
activity of nicosulfuron. In those weather conditions, a
method causing the spray droplets to become smaller
(for example, increasing the number of flat fans in a
nozzle and decreasing the nozzle flow rate) will cause
the spray droplets to evaporate faster, resulting in less
activity of nicosulfuron.
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ABSTRACT. A field experiment was carried out within the randomized
complete block design in the agricultural season 2020-2021. The
experiment included two factors, the first factor was solid chelated iron
(So, S1, and S; at concentrations 0, 100, and 200 ppm, respectively), which
was added to the soil. The second factor was liquid chelated iron (Lo, Ly,
and L, at concentrations 0, 2, and 4 ml L respectively), which was
spraying on the plants. The results showed that the stem diameter, number
of pods, and total yield were significantly affected by adding the 100 ppm
iron solid chelated treatment (18.36 mm, 25.74 pod plant™, 5.01 Mg ha!
respectively). While 200 ppm treatment had the highest plant height
(30.10 cm, yield (771.35 g plant™?), seeds (6.18 per pod). The treatment of
4 ml L liquid chelated iron treatment had the highest plant height
(128.55 cm), biggest stem diameter (18.63 mm), highest pods per plant
(25.45), yield (755.98 g plant™), total yield (4.80 Mg ha™?), pod length
(24.87 cm), pod weight (28.14 g) and the number of seeds per pod (7.88).
The use of the interaction between solid and liquid chelated iron improves

the vegetative growth and yield of broad beans.

Keywords: Vicia faba, chelated
iron, foliar nutrition.
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Introduction

The broad bean Vicia faba L. is one of the basic
winter crops, and it is one of the annual plants that
belong to the legume family and constitutes an
important part of the nutrition of people, especially
those with limited income (Farhan, 2012). It also has
many uses as it is grown as a green crop to consume its
pods or to obtain its dry seeds that are used as human
food or green feed crop to animals. It is important for
improving the fertility of soil through its fixing of
nitrogen in the soil. Therefore, it is used within
agricultural rotations, and they work on the activity of
Rhizobia bacteria. Further, its dry seeds contain
carbohydrates 58.41% protein 21.39%, each 100 g dry
weight seed 1.6 mg of iron and 90 mg calcium, 3.6 mg
vitamin C 100 mg. (Chafiand et al., 2009). It occupies
an area of 2.577.201 hectares with a word production
of 5.431.503 t (Anonymous, 2021). Foliar nutrition,
which is the process of providing plants with the

necessary nutrients by spraying nutrients on the
vegetative system, which can absorb elements through
stomata openings that are found on the upper and lower
surfaces of the leaf. The foliar fertilization is one of the
most important and easiest ways to deliver nutrients to
the leaf stomata. It is a supplement with organic
fertilizers in the soil and not a substitute for it
(Rajasekar et al., 2017; Rachid et al., 2020).

Recent experiments have shown that foliar nutrition is
efficient and effective compared to soil fertilizing and
that it is not an alternative but rather a supplement to it,
in addition to the speed of nutrients reaching the tissues
of the leaf, taking into account the importance of nutri-
tion from the soil through the roots (Bader et al., 2020).
Iron (Fe) deficiency chlorosis is a widespread problem
for soybean grown on alkaline, calcareous soils (Hansen
et al., 2003). Chelated compounds are derived from the
word Chelate which is derived from the Greek word
claw. In chemistry, 'Chelate’ means the cyclic structure
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resulting from the ion link to two sets or more of electron
donors to form a single element molecule. Usually, ferric
occupies the first rank in the sequence of elements with
the ability to form chelate compounds while ferrous
occupies the third rank after the zinc. Chelate com-
pounds can be added to plant either by soil or by spraying
since it is easy to absorb, transfer and decompose and
does not cause damage if added in appropriate concent-
rations for the plant (Al-Nuaimi, 1987).

Iron is of great importance in the construction of
chlorophyll and the oxidation and reduction processes
within the plant tissue, including respiratory enzymes.
In addition to its entry into the synthesis of cytochromes
and ferredoxin, which are important in the process of
carbon metabolism. It is important in the formation of
plant proteins and vital processes in the plant by being
active for enzymes related to the process of respiration
and electron transfer. It is included in the composition
of chloroplasts and many enzymes (Barker, Stratton,
2015). It provides a larger surface area for the various
metabolic reactions in the plant, which increases the
rate of carbonization and thus encourages the demand
for mineral elements from the soil, and this leads to the
production of more dry matter, as well as keeps the
plant from biotic and abiotic stresses (Singh et al.,
2017). Whereas, Faisal et al. (2012) observed that the
spraying of chelated iron with iron concentrations 0,
150, and 300 mg Fe L! on the bean plant led to a
significant increase in the average plant height, number
of leaves, number of pods, pod length, the weight of
100 seeds, and yield per plant.

The research aimed to study

1. The effect of adding solid chelated iron and
determining the best concentration;

2. The effect of adding liquid chelated iron and
determining the best concentration.

3. The effect of the interaction between solid and
liquid chelated iron and determining the best
interaction between them.

Material and Methods

A field factorial experiment was carried out within
the randomized complete block design in the agri-
cultural season 2020/2021 at the Haruniya area, kilo 21
— Mugdadiyah — Diyala governorate — Iraqg, (latitude
34°53'33" N, longitude 56°04'45" E, altitude 31 m) to
study the effect of adding chelated iron, solid and
liquid, on the growth and yield of the plant. The field
designated for the experiment was prepared by
ploughing it horizontally, levelling and ploughing it
again vertically, then levelling and smoothing it and it
was divided into three blocks, each block had 9
experimental units, 27 experimental units with dimen-
sions of 3x2 m for each experimental unit. The distance
was 1 m between one experimental unit and another and
2 m between each block. Irrigation pipes were laid with
a 1.3 m distance between one pipe and another inside
the experimental unit. The seedlings were planted on

one side of the line, with a distance of 40 cm between
one plant and another.

The study factors

The experiment included two factors, the first factor
was solid chelated iron signed as So, S;, and S, at
concentrations 0, 100, and 200 ppm, respectively added
to the soil. The second factor was liquid chelated iron
signed as Lo, Ly, and L, with concentrations 0, 2, and 4
ml L2, respectively which was sequentially sprayed on
the plants. Take 6.66 g of chelated iron is weighed with
a sensitive scale and dissolved in 1000 ml of distilled
water, then the resulting extract was placed in an
ultrasonic device for half an hour at a temperature of
40 °C, then the required concentration was prepared to
be added by spraying on the foliage. From the dilution
equation, the concentration is prepared in a 2000 ml
hand sprayer with 2 cm® of diffuser T, to give the
concentration of 100 ppm as the first concentration, and
in the same way, the second concentration was prepared
and sprayed on all sides of the leaf until complete
wetness and the time for the addition was in the early
morning to avoid evaporation with high temperature.

The solid iron chelated prepare according to the
equation:

CiNi= C2N»
1000 x N7z =100 x 2000 Q)

200000
1™ 1000

where
C — concentration,
N — normality.

The process of planting has been done on 01/10/2019
and the harvest on 01/5/2020. Ten samples were taken
randomly from the soil with a similar sample of the
field to be analyzed before planting, with a depth of 0—
30 cm, air-dried, ground with a wooden hammer, sifted
with a sieve (2 mm). The sample was preserved in
different and known places until analysis. The soil of
the study field was classified as a silty loam texture
(Table 1). The results were analyzed using the
statistical program (SAS). The significant differences
between the means were tested according to the
(Duncan) polynomial test at the level of probability of
0.05 (Al-Rawi, 2000).

Studied properties

Plant height (cm) was measured from the surface of
the soil to the top of the plant using a tape measure.
Stem diameter (mm) was measured by (dwarf) the five
stems of the plant were collected and the mean was
counted. The number of seeds in a pod (seeds per pod)
was calculated for: five random pods were selected,
then the average was calculated. The number of pods in
the plant (resonance per plant): the number of pods in
each treatment was calculated, and the average was
calculated. Yield per plant (g) was got by weighing all
of the pods of treatment then dividing by the number of
plants in treatment.
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Table 1. The results of the analysis of the chemical and
physical characteristics of the study soil before planting

Table 3. The effect of adding solid and liquid chelated iron to
stem diameter (mm) on growth and yield of broad bean

Properties Value Unit Factors Lo Ly L, Average
EC 11 1.92 dsm So 17.06 £1.41 17.30+4.79 18.91+1.03 17.76 £2.69
pH 11 7.57 ab ab A AB
o.M 1.96 % S: 16.50 £1.47 19.12+1.63 19.46+3.80 18.36 +£2.60
Nitrogen 45.18 ab a a A
Phosphorous 12.24 ma ka L S, 1441 +2.67 16.74+149 17.51+203 16.22+2.30
Potassium 192.92 g kg b ab ab B
Iron 3.47 Average 15.99+207 17.72+2.85 18.63+2.38
Bulk density 1.4 Mega g m®* B AB A
Soil content Lowercase letters refer to the significant difference between the
Clay 524 treatments; capital letters refer to the difference in main factors; the
Silt 8.8 % coefficients with similar letters do not differ significantly from each
Sand 38.8 other at the 0.05 probability level according to Duncan's polynomial
Soil texture Silty loam test.S — solid chelated iron; L — liquid chelated iron
Results Table 4. The effect of adding solid and liquid chelated iron on

Plant height (cm)

The results in Table 2 show that adding solid chelated
iron S, affected significantly plant height (130.10 cm),
compared with control treatment Sp (119.18 cm). The
application of liquid chelated iron L, has produced a
plant with a height of 128.55 cm, compared with other
treatments. The interaction treatment of solid S, and
liquid chelated iron L, was produced the highest plants
(136.32 cm), compared with other treatments.

Table 2. The effect of adding solid and liquid chelated iron on
plant height (cm) on growth and yield of broad bean

Factors Lo Ly L, Average
So 117.21+£7.01 119.88+7.52 122,51 +2.50 119.18 +7.52
cde cd bc B
S: 113.21+3.02 11558 £8.70 126.81 £3.01 118.53 +7.94
e de b B
S, 119.18 +7.52 134.81 + 10.51136.32 + 10.06 130.10 + 11.60
cd a a A
Average 116.53 +£5.96 123.42 +11.70 128.55 +8.16
C B A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test. S —solid chelated iron; L — liquid chelated iron

Diameter of the stem (mm)

The results of Table 3 show that there was a signifi-
cant difference in stem diameter when solid chelated
iron S; (18.36 mm) was added. The concerning of the
adding of liquid chelated iron, the L, was revealed
highest increase (18.63 mm), compared with other
treatments. As for the interaction between the two fac-
tors, the treatment S;L, had the highest stem diameter
(19.46 mm), compared with the control treatment.

Number of pods per plant (pod plant™)

The results of Table 4 show that there is a significant
difference when adding solid chelated iron as treatment S,
which resulted in 25.74 pod plant™, compared with the
control treatment. As for the addition of liquid chelated
iron, the L, treatment recorded 25.45 plant pods,
compared with the control treatment. As for the interaction
between the two factors, the highest value was scored at
treatment S;L, as it give 27.74 pods plant, compared
with the control treatment.

the number of pods per plant (a pod of a plant) on the growth
and yield of broad bean

Factors Lo L, L, Average
So 20.64£3.96 25.70+2.62 26.04+6.12 24.13+4.68
cd a a A
S 23.76 £8.55 25.71+3.42 27.74+1.40 25.74+4.96
abc a a A
S, 18.94 £ 6.61 20.50 £ 22.56 £3.14 20.67 £4.35
d 3.49cd bed B
Average 21.11+6.13 23.9+3.807 25.45%4.19
B A A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test.S — solid chelated iron; L — liquid chelated iron

Yield per plant (g)

The results of Table (5) show that there is a signi-
ficant difference when adding iron solid chelated at the
S, treatment as it recorded 771.35 g plant™.

Table 5. The effect of adding solid and liquid chelated iron to
the yield of one plant (g) on the growth and yield of broad bean

Factors Lo Ly L, Average
So 343.35 545.38 717.05 538.26
+146.82e  +154.58cde +178.70abc +213.72B
S 436.51 467.79 653.94 519.42
+ 95.34de +90.79de  +14.26bcd +121.43B
S, 632.90 784.22 896.9 771.35
+88.47bcd +£349.7lab  +239.634a  + 245.05A
Average 470.92 602.13 755.98
+161.26C  +24221B  +185.24A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test. S — solid chelated iron; L — liquid chelated iron

As for the addition of liquid iron chelate. The L;
treatment outperformed with result 755.98 g plant. As
for the interaction between the factors, it was the
highest value with treatment S,L, (896.94 g plant™) but
the lowest value was at the treatment of SgLo as it
reached 343.35 g plant ™.

Total yield (Mg ha™)

The results in Table 6 show that the addition of iron
solid chelated (S,) significantly affected the total yield
(5.01 Mg hal), in comparison with the control treat-
ment SO as it gives 3.53 Mg ha*. The treatment of (L)
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iron liquid chelated produced the most total yield
4.80 Mg ha. The interaction of the kind of Fe chelate
SiL, produced the most total yield (5.45 Mg ha™),
compared with other treatments. Whereas the lowest
value was at the interaction Syl as it gives 2.45 Mg ha %,

Table 6. The effect of adding solid and liquid chelated iron on
the total yield (Mg ha™*) on the growth and yield of broad bean

Factors Lo Ly L, Average
So 245+105 395+151 418+104 353+1.33
d c bc B
S: 459+ 498 +153ab 545+ 169A 5.01+1.68
2.35abc A
S, 3.73+£2.00 383+176 476+134 410+159
c c abc B
Average 359187 425+149 480+1.34
B A A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test.S — solid chelated iron; L — liquid chelated iron

Pod length (cm)

The results of Table (7) show that there is no
significant difference when adding solid chelated iron.
As for adding liquid chelated iron, the treatment L,
outperformed as it give 24.87 cm to the control sample
treatment Lo as it had 22.17 cm. As for the interaction
between the two factors, the highest value was in the
treatment S,L; as it give 26.39 cm and the lowest value
was at the treatment Solo as it give 21.85 cm.

Table 7. The effect of adding solid and liquid chelated iron to
pod length (cm) on growth and yield of broad bean

Factors Lo Ly L, Average

So 21.85+1.88 22.81+153 24.11+568 22.89+3.22
b b ab A

S1 2278+ 154 23324225 2421+3.95 23.44+3.20
b ab ab A

S, 21.88+2.21 2259+221 26.39+269 23.62+294
b b a A

Average 22.17+1.70 22.91+270 24.87+3.88
B B A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test. S — solid chelated iron; L — liquid chelated iron

Pod weight (g)

The results of Table (8) show that there is no
significant difference when adding solid chelated iron.
As for adding liquid chelated iron, the treatment L,
outperformed as it give 28.14 g to the control sample
treatment Lo as it amounted to 23.41 g. As for the
interaction between the two factors, the highest value
was in the treatment as it amounted to 29.32 g and the
lowest value was at the treatment SolLo as it reached
19.20 g.

The number of seeds in the pod (seeds pod?)

The results of Table 9 show that there is a significant
difference when adding solid chelated iron to the
treatment S, As it gives 6.18 seeds pod! in comparison
to the control treatment as it gives 5.85 seeds pod*. As
for the addition of liquid chelated iron, the treatment L,

outperformed as it reached 7.88 seeds pod™ to the
control sample treatment Lo as it gives 4.68 seeds pods
as for the interaction between the two factors, the
highest value was at the treatment S,L; as it gives 8.25
seeds pod* while the lowest value was at the treatment
Solo as it gives 3.91 seeds pods.

Table 8. The effect of adding solid and liquid chelated iron to
pod weight (g) on growth and yield of broad bean

Factors Lo Ly L, Average

So 19.20+8.98 22.67 £5.30 25.82+2.02 22.50 *6.07
b ab ab A

S 2423 +3.27 28.42+581 29.32+396 27.25+4.59
ab a a A

S, 27.27+526 28.28+4.22 29.26 +1.21 28.25+3.54
a a a A

Average 23.41+6.52 26.46 +£5.29 28.14+2.88
B AB A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test. S —solid chelated iron; L — liquid chelated iron

Table 9. The effect of adding iron chelated steel and liquid in
the number of seeds in the pod (pod seed™) on the growth and
yield of broad bean

Factors Lo L, L, Average
So 391+031 6.67+020 7.65+0.64 5.85%0.39
d b a A
S 531+1.07 436+049 7.73+0.66 5.80+0.69
bc cd a A
S 482+116 547+0.27 825+0.34 6.18+0.65
bed bc a A
Average 4.68+0.83 528+0.32 7.88%0.53
B B A

Lowercase letters refer to the significant difference between the
treatments; capital letters refer to the difference in main factors; the
coefficients with similar letters do not differ significantly from each
other at the 0.05 probability level according to Duncan's polynomial
test.S — solid chelated iron; L — liquid chelated iron

Discussion

The results of the Tables (2, 3, 4, 5, 6, 7, 8, and 9)
show that there are significant differences when adding
chelated iron, solid and liquid, in some variables of
vegetative growth of plants (plant height, leaf area, and
stem diameter). The reason for these results is the role
of iron. The activation of the meristematic cell division
and elongation of the internodes because it is res-
ponsible for the formation of cytochrome, ferredoxin,
and chlorophyll in the chloroplasts which is important
for the photosynthesis process, which is reflected in the
height of the plant. This result is consistent with studies
by Focus (2003) and Miller et al. (1995).

Iron is an essential element in chlorophyll, about 29—
35% of the total amount of iron is found in green leaves,
and it has an important role in contributing to the
building of enzymes and compounds that make up the
chlorophyll molecule (Barker, Stratton, 2015). It is
believed that the increase in the diameter of the stem is
because iron activates several enzymes, including
Peptidase, Proteinase, Aconitase and Aminolevulinate
dehydrate which works to accumulate photosynthetic
products and thus lead to an increase in the diameter of
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the stem. This is consistent with Gheith et al. (1989),
Al-Emadi (1991) and Al-Saadi (2021). It is clear from
the results of the same tables above that there is a
significant difference when adding solid and liquid
chelated iron to some of the characteristics of the yield
(vield of one plant, total yield, and the number of pods
per plant, length, and weight of the pod). The reason is
due to the role of iron in increasing the rate of
photosynthesis and as a result, encouraging the demand
for minerals and producing more dry matter in the plant
as well as preserving the plant from various biotic and
abiotic stresses. This is consistent with Singh et al.
(2017). It is also believed that the increase in the yield
of the broad bean when adding chelated iron is
attributed to the role of chelated iron in activating some
enzymes in the plant that have a role in the formation
of basic compounds in the plant and the appropriate
concentrations of nutrients used and the efficiency of
plant for absorption, according to Cheith et al. (1989).

It is also believed that adding chelated iron leads to
an increase in the qualities of the plant when spraying
chelated iron. This may be attributed to its role in
influencing the increase of hormones plant which are
auxin and gibberellins which leads to an increase in the
process of cell division and growth. Iron also has a role
in building proteins in addition to its role as a catalyst
in the formation of chlorophyll. It is also involved in
the synthesis of cytochrome proteins important in the
processes of carbon metabolism and respiration, and
the formation of an important protein in the process of
carbon metabolism, and this agrees with Muhammad
and Yunus 1991.

It is also believed that iron is included in the synthesis
of oxidation and reduction enzymes, such as cytochro-
me, cytochrome oxidase, and bio-oxidase, as well as its
contribution to building chlorophyll in plants and then
increasing the plant's activities in absorbing nutrients
and increasing the processes of respiration and photo-
synthesis. As well as encouraging the growth of meris-
tematic tissues and then cell division and elongation,
which increases the height of the plant, this is consistent
with the results of Alwan et al. (2004).

These results are attributed to the role of iron, which
contributes to the vital activities inside the plant body,
such as building chlorophyll and stimulating the
activity of enzymes, especially those related to
photosynthesis and respiration. The reason may be due
to the role of iron in increasing the efficiency of
important compounds that help in cell division and
increase their growth, which was reflected in the
characteristics of vegetative growth and total yield of
the plant. These results were in agreement with Bozorgi
et al. (2012) and Sure et al. (2012). The increase in leaf
area is attributed to the physiological functions of iron
in its participation in increasing the activity of
respiratory and enzyme cells and photosynthesis
processes, as well as its role in the formation of
chlorophyll and proteins of cell walls (Abu Dahi, Al-
Younis, 1988). These results are in agreement with Al-

Mohammadi (2005), Al-Taher (2005) and Al-Khazraji
(2011).

The reason for the increase in the yield may be due to
the role of iron in increasing the process of cell division
and elongation and increasing the process of carbon
metabolism, and consequently, the plant height and
stem diameter increased and increased The leaf area,
which by increasing it, increases the carbonic
representation as a result of the availability of energy
needed to absorb water and nutrients, and then an
increase in the length and weight of the pods, which all
contribute to the yield. These results agreed with
Boehme et al. (2005) and Sarheed (2013).

The chelated iron led to an increase in the vegetative
growth characteristics and yield. The reason for this is
the effect of iron in many vital processes in the plant. It
is an essential element in building chlorophyll and iron-
containing proteins which are important in the electron
transfer reactions in the photosynthesis process that
leads to an increase in the efficiency of photosynthesis,
which is reflected in an increase in plant growth rates
and this is consistent with Shalash et al. (2012) and
Ahmed (2016). It is also believed that the role of iron
in many of the vital activities of the plant, either
through its direct participation as a component of plant
materials, and this leads to an increase in the number
and size of cells, and this will prompt an increase in
growth rates, which was reflected on the increase in
stem diameter rates and this is consistent with Abu
Khumra, Abbas (2010). It is also believed that iron-
works organize the function of plant hormones that
encourage the growth of reproductive organs and
increase the number of flower facilities and increase
their fertilization, which is reflected in the increase in
the number of grains, and this is consistent with
Eskandri (2011).

Conclusions

1. When adding solid chelated iron, the two treat-
ments S; and S; had the best results in most
studied variables.

2. Adding liguid chelated iron to the treatment L,
gives the best results in most studied variables.

3. As for the interaction between the two factors, the
two treatments S,L, and S;L, had the best results
in most of the studied variables.

Recommendations

1. The researcher recommends adding solid chelated
iron at a concentration of (200 and 100 ppm)
because it gives the best results in most of the
studied variables.

2. Itis recommended to add liquid chelated iron at a
concentration of 4.2 ml L because it gives the
best results in most of the studied variables.

3. As for the interaction between the two factors, it
is recommended to add the same concentrations
determined above because they give the best
results in most of the studied variables.
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ABSTRACT. The intense pressure on the poultry sector to promote safe
chicken meat and egg has sparked interest in the use of natural and consu-
mer-accepted phytogenic feed additives. The majority of literature on the
benefits of turmeric (Curcuma longa) and Negro pepper (Xylopia aethio-
pica) is focused on layers and there is no evidence of turmeric and Negro
pepper interactive effects. Therefore, this study was conducted to evaluate
the effect of turmeric and Negro pepper mixture on serum biochemical and
haematological constituents of broiler chicks fed for 48 days. A total of 96
one-day-old Arbor acres chicks of mixed sexes were used for the experi-
ment. The birds were randomly assigned to four treatment groups and repli-
cated three times in a completely randomized design. The milled turmeric
and Negro pepper were mixed in the ratio of 50:50 (50%) and used in the
formulation of turmeric and Negro pepper mixture (TNPM) diets. The four
experimental diets were formulated to contain 0.00, 0.50, 1.00, and 1.50%
dietary levels of inclusion of TNPM at the starter phase and 0.00, 1.50, 3.00,
and 4.50% inclusion levels at the finishing phase respectively. Blood
samples were collected from the brachial wing vein on the 24" and 48" days
of the experiment and were evaluated for serum biochemical and haematolo-
gical constituents. At the starter phase, red blood cells (RBC) was signifi-
cantly (P <0.05) improved at a 1.50% dietary level of TNPM. Haemoglobin
(Hb) was better (P <0.05) in 0.50 and 1.50% inclusion levels. Mean cell
haemoglobin concentration (MCHC) and White blood cells were enhanced
(P <0.05) among the treatment groups compared to the control. Total pro-
tein, albumin, uric acid and cholesterol concentrations were reduced signi-
ficantly (P <0.05) in 1.50% inclusion. Alkaline phosphatase value was
significantly (P <0.05) lower in birds fed 1.00% TNPM. At the finishing
phase, packed cell volume was significantly (P <0.05) higher in 1.50 and
3.00%. RBC was significantly (P <0.05) higher in birds fed 1.50 and 4.50%
TNPM. Hb and mean cell volume values were significantly (P <0.05) higher
in 1.50% when compared to 0.00%. MCHC was better (P <0.05) among
birds fed 1.50% in comparison with those fed 0.00 and 4.50%. WBC was
generally improved (P <0.05) among the treatment groups. Total protein and
cholesterol values were higher (P <0.05) in the control. Albumin was higher
(P <0.05) in 0.00 and 1.50%. Globulin produced a significantly (P <0.05)
lower value in 1.50%. Aspartate aminotransferase produced significantly
(P <0.05) higher value in T». It was concluded that up to 1.50 and 4.50% of
TNPM could be included in starting and finishing broiler diets without any
detrimental effect on serum biochemical and haematological constituents.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.
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Introduction

Phytogenic products have been used for many deca-
des as spices, herbs, in ethnoveterinary interventions,
and products derived thereof, but their use in the feed
industry is gaining ground in recent times. Following
the European Union ban on antibiotic growth promo-
ters in the animal feed industry in 2006 (Castanon,
2007) phytogenic plant parts have gained much interest
as feed additives. Sequel to the ban in Europe, growing
pressure on livestock and poultry farmers in other parts
of the world to produce safe food for human consump-
tion, alternative ingredients and methods for the promo-
tion of animal growth and the prevention of diseases
were explored, with increased attention being paid to
phytogenic and herbal products as they have gained
greater market acceptance as natural additives. Jin
(2010) characterized phytogenic feed additives to have
natural properties, multiple functions, side effect reduc-
tion, nonresistance and leaving no residues in livestock
production. These may have enhanced their wide
acceptability as a new alternative to age-long synthetic
antibiotics and growth promoters for poultry and live-
stock. Among the phytogenic products commonly used
in Nigeria are turmeric (Curcuma longa), Negro pepper
(Xylopia aethiopica), ginger (Zingiber officinale),
garlic (Allium sativum), Moringa (Moringa oleifera),
soursop (Annona muricata), Pawpaw (Carica papaya),
Never die (Bryophyllum pinnatum), African peach
(Nauclea latifolia), Gmelina (Gmelina arborea) etc.

Turmeric (Curcuma longa), belongs to the family
Zingiberaceae and is of Indian origin, but is highly
cultivated in East and West Africa. Turmeric is known
with diverse names in Nigeria such as Ukpo by Igbos,
Akika by Yorubas, Kafi-nama-zaki by Hausas and
Utantan by Edos. Turmeric is a perennial herbaceous
plant that is planted majorly because of its tuberous
rhizomes or underground stems. Turmeric serves as a
major source of curcumin, turmerone, germacrone,
atlantone and zingliberene. The antioxidant, anti-
inflammatory, anticarcinogenic, anti-viral, anti-bacte-
rial, anti-fungal, anti-protozoal, nematocidal and insec-
ticidal, antivenom, anti-HIV, anti-tumour, anti-allergic
and immunological activating properties of the rhizome
have been reported (Ali et al., 2016). Beta-carotene,
ascorbic acid (vitamin C), calcium, flavonoids, fibre,
iron, niacin, potassium, zinc and other nutrients, and
over 300 naturally occurring components are present in
turmeric.

Negro pepper (Xylopia aethiopica) belongs to the
family Annonaceae and is of African origin. Negro
pepper is commonly known as Uda by Ighos, as Eeru
Alamo by Yoruba and as Chimba by Hausas speaking
parts of Nigeria. Negro pepper is an evergreen, aro-
matic tree that can grow up to 15-30 m high and about
60-70 cm in diameter, which thrives in lowland
rainforest and moist fringe forests in the savanna zones
of Africa. Every part of Xylopia aethiopica such as the

bark, seeds, stem, fruit and leaves are of great impor-
tance in medicine for therapeutic purposes (lkrang,
Anyanwu, 2019). Xylopia aethiopica is known for its
high-quality wood, food spices, medicinal and pharma-
ceutical properties. The dried seeds of Xylopia aethio-
pica have been reported (Jirovetz et al., 1997; Erhirhie,
Moke, 2014) to have antioxidant, anti-inflammatory,
anti-carcinogenic, insecticidal, anti-microbial, anti-
malaria, anti-respiratory, natural contraceptive, pain
relief, treatment of cough, cold, flu and gastric ulcer,
promotes weight loss and preservative properties. It
contains copper, zinc, protein, camphene, manganese,
alkaloids, diter penic, limonene, folic acid, flavonoid,
vitamins: A, B1, B2, C and E. The plant contains
annonacin, which is an alkaloid resembling morphine
in action (Alagawany et al., 2015). The fruit contains
volatile aromatic oil, fixed oil and rutin. However, there
is a paucity of information on the effect of Curcuma
longa and Xylopia aethiopica mixture on broilers. This
study, therefore, aimed to determine the effect of diets
with turmeric and Negro pepper mixture on the blood
profile of broiler chickens. We hence assume that
inclusion of 0.00 to 1.5% and 0.00 to 4.50% of Curcu-
ma longa and Xylopia aethiopica mixture in starting
and finishing broilers respectively will have a positive
effect on the blood profile of broiler, due to their high
phytobiotic properties.

Material and Methods

The experiment was carried out at the Poultry Unit,
Federal College of Agriculture, Ishiagu, Ebonyi State,
Nigeria. The College is situated at a latitude of 5.56° N
and longitude of 7.31° E, with an average rainfall of
1653 mm and a prevailing temperature of 28.50 °C and
relative humidity of about 80% (FCAI, Meteorological
Centre Data, 2017).

Fresh turmeric (Curcuma longa) tubers were sourced
from the National Root Crop Research Institute
(NRCRI), Umudike, Ikwuano Local Government Area
of Abia State, Nigeria. The turmeric tubers were
washed properly and sundried to about 15% moisture,
while the ripped Negro pepper (Xylopia aethiopica)
fruits were procured from Akwete market Enugu,
Enugu State, Nigeria and were also washed properly
and air-dried to about 15% moisture. These materials
were subsequently milled into flour differently using
the harmer mill. The milled turmeric and Negro pepper
were mixed in the ratio 50:50 each to have turmeric and
Negro pepper mixture (TNPM). The 50:50 mixing ratio
was based on the equal addition of the phytobiotics.
Four experimental diets were formulated to contain
0.00, 0.50, 1.00, and 1.50 levels of TNPM at the starter
phase and 0.00, 1.50, 3.00, and 4.50 levels at the
finishing phase respectively. The experimental diets
were formulated according to the standards of NRC.
The compositions of the experimental diets are given in
Table 1 and Table 2.
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Table 1. Composition of the experimental diets for starting broilers

Table 2. Composition of the experimental diets for finishing broilers

Ingredient Diet composition, % Ingredient Diet composition, %
Maize 50.00 Maize 50.00

Soya bean meal 16.00 Soya bean meal 16.00

Groundnut cake 20.00 Groundnut cake 12.00

Wheat offal 8.00 7.50 7.00 6.50 Wheat offal 16.00 1450 13.00 11.50
Negro pepper/turmeric mix 0.00 0.50 1.00 1.50 Negro pepper/turmeric mix 0.00 1.50 3.00 4.50
Fish meal 2.00 Fish meal 2.00

Limestone 1.50 Limestone 1.50

Bone meal 1.50 Bone meal 1.50

Salt 0.25 Salt 0.25

Premix 0.25 Premix 0.25

Methionine 0.25 Methionine 0.25

Lysine 0.25 Lysine 0.25

Total 100 Total 100

96 one-day-old Arbor Acres broiler chicks of mixed
sexes were sourced from Chi Farms® in Ibadan, Oyo
State, Nigeria. They were randomly assigned to four (4)
experimental treatment groups, each replicated three
times with eight (8) birds constituting a replicate. The
experimental birds were managed following the
permission and stipulated guidelines of the Federal
College of Agriculture, Ishiagu (FCAI) Animal Ethics
Committee. The birds were assigned to the four
experimental diets in a Completely Randomized
Experimental Design (CRD) and fed the experimental
diets in two phases respectively for 24 days to have a
total of 48-day feeding trials. The experimental diets
were introduced from the beginning of the study (one
day old). Each replicate group was housed in a poultry
pen that was demarcated and covered with a wire net.
Pen concrete floors were covered with wood shavings
as litter material. Before the arrival of the one-day-old
chicks, the brooding house was washed and disinfected
and allowed to dry. The brooder house was pre-heated
for 6-12 hrs to enable it to reach the normal
temperature (32 °C) required by day-old chicks. Fresh
feed and water were provided ad libitum in the
mornings on daily basis. Heat and light were provided
for the first 14 days using stoves and electric bulbs. The
birds were vaccinated against infectious bursal
(Gumboro) disease at days 10 and 24 respectively,
while the NDV — Lasota vaccine was given on days 1,
14 and 28 to protect against New Castle Disease.

Blood samples (5 ml) were drawn from one bird per
replicate on the 24" (24 days old) and 48™ day (48 days
old) of the experiment. The birds were bled through the
brachial wing vein. The samples were respectively
collected in two parts for biochemical and haemato-
logical studies: 2.5 ml was collected into the labelled
sterile universal bottle containing 1.0 mg ml ethyldia-
mine tetraacetic acid for haematological analysis and
another 2.5 ml was also collected into the anti-coagu-
lant free bottle for biochemical analyses. The blood was
allowed to clot at room temperature and serum separa-
ted by centrifuging within three hours of collection.
Serum biochemistry and haematological parameters
were measured using Beckman Coulter Ac-T10 Labo-
ratory Haematology Blood Analyzer and Bayer DCA
2000+ HbAlc analyzer, respectively. Mean cells
haemoglobin (MCH), mean cell volume (MCV) and

mean cell haemoglobin concentrations (MCHC) were
calculated.

Chemical analyses (dry matter, crude protein, crude
fibre, ash, and ether extract) of experimental diets and
that of the test ingredients were carried out according
to the methods of AOAC (2000). The nitrogen-free
extract was derived by subtracting the sum of other
components (crude protein, ether extract, ash, crude
fibre) from 100 on a dry matter basis. Metabolizable
energy was calculated using the formula:

ME = (3.5 X CP) + (8.5 X CF) + (3.5 x NFE) x 10, (1)

where

ME — metabolizable energy, kcal kg?;
CP — crude protein, %;

CF — crude fat, %;

NFE — nitrogen-free extract, %.

Data obtained were analysed using analysis of
variance (ANOVA) as described by SAS (2008). Signi-
ficant means were separated using the Duncan Multiple
New Range Test.

Results and Discussion

The chemical compositions of the experimental diets
for broiler starter, turmeric and Negro pepper meals are
presented in Table 3. The dry matter (DM) range of
92.15-93.08% obtained in this study for starting
broilers compared well with 91.81-92.62 9% reported
by Jiwuba et al. (2016b) for broiler starters. The crude
protein (CP) range of 22.12-23.39 reported in this
study is higher than 20.70-21.90%, reported by Jiwuba
et al. (2016b).The values reported in this study
nevertheless fall within the recommended values of 21—
24% reported by Livestocking (2020) for broiler
starters and compared well with 23% recommended by
NRC (1994) for broilers within the age of 0-3 weeks.
The crude fibre (CF) range of 3.32-3.47% reported in
this study failed to follow a particular trend but is lower
than 9.0-0.3% reported by Abu et al. (2015), but
compared well with 3.04-3.63% reported by Jiwuba et
al. (2017). The energy value of 2940.70-3060.35 kcal
kg reported in this study is comparable with 2959.90—
3106.45 kcal kg reported by Jiwuba et al. (2016a) for
starter broilers and in agreement with the recommended
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values of 2900-3100 kcal kg™
Livestocking (2020) for broiler starter.

The turmeric meal showed a high DM value of
92.56% reported in this study and compared with
91.00% reported by lkpeama et al. (2014). The high
DM reported for turmeric in this present study may
indicate a high amount of nutrient availability to the
animal since DM is an indicator of the amount of
nutrients that are available to the animal in a feed
sample. The CP value of 9.76% obtained in this present
study is higher than 1.83 and 5.8% reported by
Asagwara et al. (2018) and Attiaa et al. (2017) respec-
tively but compared well with 9.40% reported by
Ikpeama et al. (2014) for the same phytobiotic rhizome
meal. This result may imply that turmeric can be substi-
tuted for maize in terms of crude protein and hence
makes it an important feedstuff due to its relatively
appreciable CP value as well as its ethnoveterinary pro-
perties. However, the high tannin content of turmeric
which hinders protein digestion and utilization and the
relative higher cost of turmeric rhizome may still
constitute a problem. The CF value of 4.22% is higher
than 1.95% but compared with 3.5 and 4.60% reported
by Attiaa et al. (2017) and Ikpeama et al. (2014) respec-
tively for turmeric meal. The percentage of fibre repor-
ted in this study make it well suited for broiler feeding
since it is below 7% as recommended as ideal for broi-
lers (Salah, 2012) and also compared favourably with
3.0-4.0% CF, depending on the age of the bird as repor-
ted by Swennen et al. (2010). The 6.45% ether extract
(EE) reported may be attributed to a high level of
curcumin, fat-soluble vitamins (A, D, E, K) and fat,
hence EE, is the amount of fat and fat-soluble compo-
nents in a feed. Furthermore, it includes plant pigments
(chlorophyll, xanthophylls, carotene) and is fat-soluble,
but it does not tell us how much of each vitamin or fatty
acid is present. The result of the present study compa-
red well with 6.85% reported by Ikpeama et al. (2014),
but higher than 4.7% reported by Attiaa et al. (2017).
Ash value of 6.45% observed in this study was higher
than 2.85, 3.04 and 4.2% reported by Ikpeama et al.
(2014), Asagwara et al. (2018) and Attiaa et al. (2017)
respectively for Turmeric meal (TM). The differences
in ash values may be attributed to varieties, soil
mineral/nutrient and maturity/date of harvesting. The
high ash value is an indication of a large amount of
minerals. Minerals function to enhance growth, deve-
lopment, bone development, nerve impulse transmis-
sion, hormone synthesis, immunity and general well-
being of the animals. The NFE value of 69.30% repor-
ted in this study entails the ability of TM to provide
readily available energy since NFE is considered to
provide an estimation of water-soluble polysaccharides
in the form of sugars or starch. The value reported in
this present study is lower than 71.5% reported by
Attiaa et al. (2017) for TM. The Metabolizable energy
value of 3315.35 kcal kg reported in this study further
indicated the potentials of TM in providing the required
energy for broilers.

reported by

The 91.78% DM reported in this present study
compared with 93.83% reported by Muhammad et al.
(2016) for Negro pepper meal (NPM). This high DM
entails high nutrient availability to the animals fed the
supposed diet. The 9.99% CP reported in this study for
NPM is lower than 10.59% reported by Muhammad et
al. (2016) but higher than 8.33% reported by
Ndelekwute and Enyenihi (2018). The 18.66% CF is
lower than 9.23% reported by Ndelekwute and
Enyenihi (2018) but higher than 3.33% reported by
Muhammad et al. (2016) for NPM. The differences
may be attributed to level of maturity before harvesting
and possible variety differences. However, the CF of
NPM reported in this study is above 3.0-4.0% CF
reported by Swennen et al. (2010) but below 7% CF
recommended by Salah (2012) but falls within 5 and
8% CF recommended for starter and finisher broilers
respectively by Livestocking (2020). This may still
indicate the relevance of NPM in broiler feeding. The
5.45% EE reported in this study reveals high level of
fat and fat-soluble components of NPM. The result of
this study is compared to 32.96 and 12.17% reported by
Ndelekwute and Enyenihi (2018) and Muhammad et al.
(2016) respectively for same phytogenic feed additive.
The ash value (6.33%) is higher than 3.83% reported by
Muhammad et al. (2016) but compared well with
6.05% reported by Ndelekwute and Enyenihi (2018) for
same product. The high metabolizable energy of
2610.15 kcal kg reported in this this study reveals that
it can as well be used as energy source in broiler feeding.

The chemical composition of the experimental diets
for broiler finishers is presented in Table 4. The nutrient
values reported in this present study for broiler finisher
is in agreement with the recommendations of NRC
(1994) and Livestocking (2020).

Table 3. Chemical composition of the experimental diets for
broiler starter, turmeric and Negro pepper mixtures and meals

Nutrient. % Dietary levels, %

0.00* 0.50* 1.00* 150* TM NPM
Dry matter 92.15 93.08 9244 9299 9256 91.78
Crudeprotein  23.39 2239 2225 2212 9.76 9.99

Crude fibre 3.33 3.32 343 3.47 4,22 6.66
Ether extract 3.45 3.65 3.44 3.01 6.45 5.45
Ash 6.31 8.69 8.33 8.81 2.83 6.33
NFE 55.67 55.03 5499 5459 69.30 53.35
ME, kcal kg™ 3060.35 3019.95 2995.80 2940.70 3315.35 2610.15

* Turmeric and Negro pepper mixture 50:50 ratio; TRM — turmeric
rhizome meal; NPM — Negro pepper meal; NFE — nitrogen-free
extract; ME — metabolizable energy

Table 4. Chemical composition of experimental diets for broiler
finisher

Nutrient. % Dietary levels, %

0.00* 1.50* 3.00* 4.50*
Dry matter 93.49 92.96 93.24 9221
Crude protein 20.39 20.21 20.38 20.27
Crude fibre 3.76 3.82 4.03 3.32
Ether extract 4.02 3.65 3.44 4.01
Ash 4.31 6.34 6.77 7.34
NFE 61.01 58.94 58.62 57.27
ME, kcal kg 3190.70  3080.50 3057.40  3054.75

* Turmeric and Negro pepper mixture 50:50 ratio; NFE — nitrogen-
free extract; ME — metabolizable energy
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The effect of turmeric and Negro pepper mixture
containing diets on haematological indices of broiler
starter is presented in Table 5. Packed cell volume
(PCV), Mean cell volume (MCV) and Mean cell
haemoglobin (MCH) showed no significant (P >0.05)
difference across the groups. Red blood cell (RBC),
haemoglobin, mean cell haemoglobin concentration
(MCHC) and white blood cells (WBC) differed signifi-
cantly (P <0.5). The haemoglobin of the broiler starter
ranged from 11.13-12.88 g dI* for 1.00 and 0.50, res-
pectively. The haemoglobin values of the starter birds
fed TNPM in their diets were within the normal physio-
logical range of 7.5-13.1 g dI™* for broilers (Mitruka,
Rawnsley, 1977), an indication that the diets supported
high oxygen-carrying capacity of blood in the birds.
The result of the present study is in agreement with
8.65-11.80 g dI* for broiler starters fed turmeric
(Curcuma longa) powder and cayenne pepper (Capsi-
cum frutescens) reported by Adegoke et al. (2018) and
10.24-11.31 g dI-* for broiler chickens fed diets contai-
ning ginger and black pepper reported by Aikpitanyi
and Egweh (2020). The RBC range of 2.27-
3.81x10%2 L reported in this study for broiler starter
birds fell within the values of 1.5-3.9x10*? L reported
for apparently healthy broilers by Mitruka and
Rawnsley (1977). This may indicate that the utilization
of the experimental diets ensured effective transport of
haemoglobin through the red blood cells of the broilers.
This further gave a clear indication of adequate oxygen
transportation within the tissues of the birds for oxida-
tion of digested feeds. The significant (P <0.05) effect
obtained in this study for starter broilers fed turmeric
and Negro pepper mixture agreed with the results of
Adegoke et al. (2018) and Aikpitanyi and Egweh
(2020) for broiler starter birds fed turmeric (Curcuma
longa) powder and cayenne pepper (Capsicum frute-
scens) and broiler chickens fed diets containing ginger
and black pepper respectively. The mean cell haemo-
globin concentration (MCHC) values of 26.38-33.04%
reported in this study were within the normal range of
25.3-32.5% reported by Mitruka and Rawnsley (1977).
The normal physiological range for the MCHC repor-
ted in this study gave a clear indication that the birds

were not anaemic. The range of values (9.72—
12.74x10° L) reported in this present study for WBC
are within 9.7-31.0x10° L reported normal physiolo-
gical range for apparently healthy birds by Mitruka and
Rawnsley (1977). This indicated that there were no
microbial infections or presence of foreign bodies or
parasites in the circulatory system of the experimental
birds which further indicates that the feeding of turme-
ric and Negro pepper mixture in the diets of broilers do
not affect the immune system negatively. This corrobo-
rates the finding of Adegoke et al. (2018) and
Aikpitanyi and Egweh (2020) for broiler starter birds
fed turmeric (Curcuma longa) powder and cayenne
pepper (Capsicum frutescens) and broiler chickens fed
diets containing ginger and black pepper respectively.
Jiwuba et al. (2017) noted that the white blood cell
function is to fight infections, defend the body through
phagocytosis against invasion by foreign organisms
and produce or transport antibodies in the immune
response. The normal physiological values of WBC
obtained in this study may suggest a well-developed
immune system of the broilers at the starter phase. The
highest WBC values recorded for birds fed 1.00 and
1.50% turmeric and Negro pepper mixture groups
possibly suggests that Negro pepper and turmeric at this
level facilitated immunity of the birds. Earlier studies
on the antimicrobial activity of X. aethiopica have been
reported. Mono- and sesqui-terpene hydrocarbons from
X. aethiopica have been shown to have antimicrobial
properties against a wide range of Gram-positive and
Gram-negative bacteria, and Candida albicans
(Tatsadjieu et al., 2003; Asekun, Adeniyi, 2004).
Turmeric, however, has been reported to promote brain
health, courtesy of its potent antioxidant and anti-
inflammatory properties (Adegoke et al., 2018).
Curcumin has been reported to (Subash et al., 2011)
affect signalling molecules and has been demonstrated
to influence about 700 genes. Akram et al. (2010) desc-
ribed curcumin exertion on anti-inflammatory activity
by inhibiting several different molecules that play an
important role in inflammation.

Table 5. Effect of turmeric and Negro pepper mixture containing diets on haematological indices of broiler starter

Parameters Dietary levels, % SEM
0.00* 0.50* 1.00* 1.50*
Packed cell volume, % 35.67 38.10 37.28 38.78 261
Red blood cell, x10*? Lt 2.66° 2.27° 2.32 3.81° 0.28
Haemoglobin, g dI-* 11.17° 12.882 11.13° 12.30° 0.79
Mean cell volume, f 104.61 106.40 104.70 105.16 13.55
Mean cell haemoglobin, pg 28.61 28.29 29.55 30.17 241
Mean cell haemoglobin concentration, % 26.38° 33.04% 32.58% 32.58% 4.65
White blood cells, x10° L 9.72¢ 11.11° 12.07* 12.74° 1.20

*“means on the same row with different subscript are significantly different (P <0.05); * turmeric and Negro pepper mixture 50:50 ratio

The effect of turmeric and Negro pepper mixture
containing-diets on serum biochemistry of broiler starter
is presented in Table 6. Total protein, albumin, uric acid,
cholesterol and alkaline phosphatase (ALP) showed
significant differences across the treatments. 1.50%
showed significantly (P <0.05) lower total protein value.

The lower total protein in 1.50% may indicate poor
absorption of dietary protein. The values are perhaps in
agreement with 2.38-5.22 g dI* recorded by Meluzzi et
al. (1992) for apparently healthy broilers. Albumin was
significantly improved (P <0.05) at 0.00 and 1.50% A
range of 1.18 to 2.69 g dI-* recorded in this present study
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is in agreement with 1.17 to 2.74 g dI™* reported by
Meluzzi et al. (1992) for apparently healthy broilers. The
importance of albumin in blood clotting and transporting
of insoluble substances in the blood was enumerated by
Fischbach and Dunning (2009).

Table 6. Effect of turmeric and Negro pepper mixture
containing diets on serum chemistry of broiler starter chickens

Parameters Dietary levels, % SEM
0.00* 0.50* 1.00* 1.50*
Total protein, gdI* 453  4.17® 3.66° 3.05° 021
Albumin, g dI* 2697 256® 211° 1.18° 0.37
Globulin, g dI* 1.84 1.61 1.55 1.87 0.45
Urea, mg dI* 9.52*  6.83* 476> 231° 274
Creatinine, mmol L™ 48.98 49.07 47.65 48.87 1.15
Cholesterol, mg dI'* 153.3* 144.3® 1245 117.36° 3.84
AST, UL? 123.09 12094 121.85 122.54 3.63
ALT,UL™ 26.84 2837 28.04 2951 0.98
ALP, UL™? 48.18%" 49.72° 47.29° 47.65° 114

& means on the same row with different subscript are significantly
different (P <0.05); AST - aspartate aminotransferase; ALP —
alkaline phosphatase; ALT — alanine aminotransferase; * turmeric
and Negro pepper mixture 50:50 ratio

No significant difference (P >0.05) was observed for
globulin but the highest value was recorded for 1.50%
(1.87 g dI'Y). This implies that the immunity of the broi-
lers was not compromised and the values were nume-
rically improved at 1.50%. From this study, broilers fed
a 0.00% diet had better total protein and albumin than
the other dietary groups at the chick phase, this is in
agreement with the findings of Adegoke et al. (2018)
but disagrees with the findings of Aikpitanyi and
Egweh (2020). The serum uric acid concentration
differed significantly (P <0.05) and fell within the
physiological value of 1.9-12.5 mg dI* reported by
Clinical Diagnostic Division (1990). Serum uric acid is
the main end-product of protein metabolism in poultry
and Eggum (1970) associated high blood urea
concentration with poor protein quality in the animal.
The significant lower uric acid value reported for the
treatment groups (0.50, 1.00 and 1.50%) may suggest
better utilization of protein and amino acid digestibility.
The cholesterol values were significantly different
(P <0.05), and decreased linearly with incremental
levels of TNPM in the diets. The findings of this study
reveal that the TNPM caused a significant reduction in
the levels of serum cholesterol, which is in agreement
with the reports of Aikpitanyi and Egweh (2020). The
significant reduction in serum cholesterol concentra-
tion of broilers fed TNPM diets may suggest a general
decline in lipid mobilization. In addition, the progres-
sive lower cholesterol values reported in this study with
incremental levels of TNPM indicated the ability of the
test ingredients in reducing heart-related diseases
associated with high cholesterol in the blood. The
activities of the liver enzymes; aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), and alanine
aminotransferase (ALT) in the blood are bio-indicators
of liver function and damage (Yildirim et al., 2011).
Lumeij (2008) attributed an increase in the concentra-
tion of liver enzymes to liver or muscle damage,
resulting from the body’s response to stress. The non-
significant effect reported in this study for AST and

ALT and the significantly (P <0.05) lower concentra-
tion of ALP for 1.00 and 1.50% may indicate better liver
function among the birds.

The effect of turmeric and Negro pepper mixture
containing diets on haematological indices of finishing
broilers is presented in Table 7. Birds fed 1.50 and
3.00% had higher (P <0.05) packed cell volume values
in comparison with those fed 0.00 and 4.5% turmeric
and Negro pepper mixture. The packed cell volume
concentration (31.86 to 38.00%) obtained in this study
however was within the normal physiological range of
25-41% reported by Mitruka and Rawnsley (1977).
The result of this present study is similar to the findings
of Shivappa-Nayaka et al. (2013) who reported that the
inclusion of turmeric and combination with neem and
vitamin E in the diet of broilers had a significant effect
on PCV values. PCV is the quickest and reliable indi-
rect way of evaluating values of red blood cells in a
circulating medium and is often used as a modest scree-
ning test for anaemia. Birds fed 0.00 and 3.00% turme-
ric and Negro pepper mixture recorded similar
(P >0.05) RBC concentration values while birds fed
1.50 and 4.5% were (P >0.05) similar, but higher
(P <0.05) than those fed 0.00 and 3.00% turmeric and
Negro pepper mixture. The significant effect recorded
in this study for RBC for finisher broilers fed phyto-
genic mixture agreed with the findings of Adegoke et
al. (2018). The RBC values (3.00-3.96x10® mm31)
obtained in this study were slightly higher than the nor-
mal physiological range of 1.5-3.9 reported by Mitruka
and Rawnsley (1977). Haemoglobin was highest
(P <0.05) in birds fed 1.50% when compared with the
control diet. The Hb values (11.88-13.02 g dI!) obtai-
ned in this study however were within the normal
physiological range of 7.5-13.1 g dI! reported by
Mitruka and Rawnsley (1977). The result of this
present study is similar to the findings of Shivappa-
Nayaka et al. (2013) who reported that the inclusion of
turmeric and combination with neem and vitamin E in
the diet of broilers had a significant effect on Hb values.
The increase in the PCV, Hb and RBC of broiler
finisher fed turmeric and Negro pepper mixture indi-
cates an improvement in the health status. This can be
attributed to the antioxidant capacities of turmeric and
Negro pepper. Red blood cell is formed in the long
bones of the body, and sufficient production is depen-
dent on the amount of iron absorbed from food diges-
ted. Furthermore, Reece (2009) disclosed the key cons-
tituent of erythrocytes as haemoglobin, as it forms
about one-third red blood cell content, which, accor-
ding to Sugiharto et al. (2011) generated increased
haemoglobin concentration by possibly signalling pro-
duction of haemoglobin. 1.5% had the highest value for
these parameters (PCV, RBC and Hb) which may be in
consonance with the adaptation of chickens to antioxi-
dants fed, as well as proper absorption of iron from feed
at the finisher phase may explain high values for
circulating red blood cells among the treatment group
mentioned above. The mean corpuscular haemoglobin
(27.40-32.69 pg) and mean corpuscular haemoglobin
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concentration (28.60-31.78%) values reported in the
finisher phase of the present study were within the
physiological range of 25.3-33.4 pg and 25.3-32.5%
respectively for broiler birds. The within normal phy-
siological range for the MCH and MCHC reported in
this study gave a clear indication that the birds were not
anaemic, hence, the diets were nourishing and suppor-
ted erythropoiesis among the experimental birds. The

WBC aids to protect the body from pathogens; turmeric
and Negro pepper build up immunity (Ali et al., 2016).
The turmeric and Negro pepper mixture containing
diets increased the WBC of the birds in the current
study. This is similar to an earlier report that
supplementation of a mixture of phytogenic materials
increases WBC concentration in broilers (Adegoke et
al., 2018; Aikpitanyi, Egweh, 2020).

Table 7. Effect of turmeric and Negro pepper mixture containing diets on haematological indices of finishing broilers

Parameters Dietary levels SEM
0.00* 1.50* 3.00* 4.50*
Packed cell volume, % 31.86° 38.00° 37.87° 32.59P 1.54
Red blood cell, x10° mm?® % 3.00° 3.96° 3.20° 3.75° 0.15
Haemoglobin, g dI-* 11.88° 13.022 12.06%® 12.30%® 0.53
Mean cell volume, f 109.16 107.52 104.01 104.21 2.28
Mean cell haemoglobin, pg 27.40° 32.69? 30.64° 31.10% 0.76
Mean cell haemoglobin concentration, % 28.60° 31.78° 29.48%® 30.65° 0.54
White blood cells, x10° L 10.59° 14.41° 16.47% 18.35% 1.13

#“means on the same row with different subscript are significantly different (P <0.05); * turmeric and Negro pepper mixture 50:50 ratio

The effect of turmeric and Negro pepper mixture con-
taining diets on serum chemistry of finishing broiler is
presented in Table 8. The total serum protein, albumin,
globulin, cholesterol and aspartate transaminase (AST)
were significantly (P <0.05) influenced by the experi-
mental diets. It was found that the 0.00% group had a
significant (P <0.05) increase in total protein in compa-
rison to the other groups. Total serum protein is made
up of albumin and globulin. The within normal physio-
logical range of 3.0-4.9 mg dI* reported by Clinical
Diagnostic Division (1990) for apparently healthy birds
is an indication that the turmeric and Negro pepper
mixture supported good protein digestibility, as high
protein in blood is an indicator of protein adequacy.
According to Melillo (2013), serum albumin aids in the
movement of molecules and the maintenance of blood
pressure. A high albumin concentration usually indica-
tes dehydration, whereas a low concentration indicates
poor liver function owing to malnutrition or infection.
The results of this investigation, which ranged from
2.03 to 2.62 g dI, were similar to those published by
Meluzzi et al. (1992) for apparently healthy broilers,
which ranged from 1.17 to 2.74 g dIX. The fact that
albumin concentrations are within normal physiologi-
cal ranges suggests that the liver and other extrahepatic
organs involved in protein synthesis are in good condi-
tion. Serum albumin and globulin depend on the
availability of dietary protein. Globulin values of 1.40
to 1.81 mg dI fell within the reference range of 0.5 to
1.8 mg dI* reported by Thrall (2007) for Gallus gallus
species. Since the liver is the site of serum protein
production, this could indicate a stronger immune sys-
tem and better hepatic function. The cholesterol of
finishing broilers fed turmeric and Negro pepper mix-
ture containing diets showed a significant decrease with
increasing levels of the phytogenic feed additives.
However, the cholesterol was within the reported range
of 52.00-148.00 mg dI* by Mitruka and Rawnsley,
(1977). This suggests that turmeric and Negro pepper
in the treatment diets may promote liver and vascular
function by increasing cholesterol transfer to the liver.

Ademola et al. (2009) found that having an ideal
cholesterol level is beneficial to the welfare of animals.
The liver enzymes are vital in determining the liver's
healthy functioning (Jiwuba et al., 2017). The damaged
or diseased liver may cause a rise in the levels of these
enzymes. The decreasing AST concentration with
increasing levels of inclusion indicates that the liver of
birds fed phytogenic feed additives were functioning
efficiently. The AST levels obtained in this experiment,
however, are within the normal range of 70-220 U L™
reported by Meluzzi et al. (1992).

Table 8. Effect of turmeric and Negro pepper mixture containing
diets on the serum biochemistry of finishing broiler chickens

Parameters Dietary levels SEM
0.00 1.50 3.00 4.50
Total protein, mg dI™*  4.49°  4.02° 3.90° 3.87° 0.89
Albumin, mg dI™* 2618 262¢ 203" 206" 0.66
Globulin, mg dI* 1.88° 1.40° 1.87° 1.81*° 0.40
Uric acid, mmol L™ 2047 20.61 20.39 20.10 0.13
Creatinine, mmol L 49.81 50.39 49.19 51.11 0.01
Cholesterol, mg dI*  124.92% 93.53° 88.56* 85.18° 6.01
AST,UL? 48.77° 51.37° 47.55™ 46.59° 0.70
ALT, UL 6140 6294 6145 66.46 1.10
ALP,UL! 7858 7725 7839 77.83 1.03

*¢means on the same row with different subscript are significantly
different (P <0.05); Aspartate aminotransferase (AST); Alkaline
phosphatase (ALP); Alanine aminotransferase (ALT)

Conclusion

Blood can be used to determine the response of chic-
kens to hazardous substances as well as organ function.
It is well known that birds with a healthy (normal)
blood composition are more likely to perform well. The
results showed that inclusion of turmeric and Negro
pepper up to 1.5 and 4.5% levels at starting and fini-
shing phases respectively produced no deleterious
effect on haematology and serum constituents of the
broilers. In conclusion, the research shows that all
dietary additives can have a favourable impact on blood
profile at demonstrated levels of inclusion.
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ABSTRACT. Analysis of researches on the study of the material particle
movement on the vibrating surface of the container machine intended for
seed drying in the infrared field is carried out. Comparison of traditional
devices for dehydration of raw materials with energy supply of infrared
irradiation is performed. It is shown that current tendencies of the
development of heat and mass transfer equipment are connected with the
use of electromagnetic generators of infrared energy. The purpose of the
work is to study the process of movement of sunflower seeds on a vibrating
tray dryer. To achieve this goal, a dynamic scheme of the vibrating tray
has been proposed and theoretical and experimental studies of the process
of grain movement have been carried out. It has been established that when
the speed of drive electric motors increases from 950 to 970 rotations per
minute, the speed of vibro-transportation increases as well, but when
reaching a certain value of speed, under a further increase in speed, the
speed of vibro-transportation decreases. Experimental studies have
allowed to specify the design parameters of vibrating trays and select
rational parameters of the technological process of drying, namely the
oscillation frequency of the vibrating tray, which is f = 100 s™.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Nindo et al. (1995) stated that although infrared

Analysis of recent research and publications

Zare et al. (2014) studied the kinetics of paddy drying
using a hot air-infrared dryer. They used three levels of
inlet air temperature (30, 40 and 50 °C), three levels of
air velocities (0.01, 0.015 and 0.020 m s?) and three
levels of infrared radiation intensity (2000, 4000 and
6000 W m?-1). They reported that the application of
low-intensity infrared radiation with lower values of
inlet air temperature and moderate values of inlet air
velocity can effectively improve the final quality of
paddy in terms of bending stress and percentage of
cracked kernels.

heating is a rapid drying method, it is suitable for
surface heating applications. When the increase in the
grain bed depth is desired, the layer close to the infrared
source dries more quickly compared to the deeper
layers. One of the methods for faster and uniform
drying of grains is the use of vibration.

Finzer et al. (2003) studied the drying of coffee
berries in a hot air vibration dryer. They reported that
vibration can improve product quality. In addition, the
combination of hot air vibration reduces the time of
drying.

In their article, Das et al. (2009) reported that both
heating and drying of high moisture paddy using
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vibrating platform coupled with infrared heating source
dryer give uniform and quick-drying by exposing every
grain uniformly to the IR source. A laboratory appara-
tus capable of modulating both frequency and ampli-
tude of vibration has been developed to study vibration
aided drying characteristics of high moisture paddy.
The effective moisture diffusivity of the grain during
drying under this model has been evaluated. The drying
characteristics of high moisture paddy have been
studied under different vibrating conditions for five
levels of radiation intensity (1509, 2520, 3510, 4520
and 5514 Wm?-%) and four levels of grain bed depths
(single kernel thickness of 3, 6, 12 and 25 mm). The
optimum frequency and amplitude of the vibrations are
in the range of 20-22 Hz and 8-9 mm for all the three-
grain bed depths of paddy (25, 12 and 6 mm) for
obtaining nearly complete and uniform mixing (mixing
index ffi 1.0).

Some of the authors as Tripathy, Kumar (2008);
Coradi et al. (2016) focused on the mathematical
modelling of various drying processes and process
identification. Using a proper model, it is possible to
predict the final moisture content in a product, and
therefore models are often used as tools to estimate the
optimal heating or cooling time to optimize product
quality.

Drying behaviour of corn and modes of drying bed
(fixed and vibratory) were investigated on grain
moisture variation during the drying process by
Nourmohamadi-Moghadami et al. (2017). Corn kernels
were dehydrated from the initial moisture content of
245+0.5% (w.b) to the final moisture content of
14 £ 0.2%. The thin layer drying characteristics were
experimentally investigated and appropriate mathema-
tical drying models were correlated with temperature
and radiation intensity. Among models fitted to experi-
mental data, the Page model was found to be the best
model for describing the drying behaviour of corn in
thin layer drying form. The effective moisture diffusi-
vity ranged from 0.6170 x 10 m? s for the vibratory
bed mode.

Bulgakov et al. (2018) proposed technologies of
targeted energy supply for intensification of heat-and-
mass transfer when drying rapeseed and other food raw
materials. Bandura et al. (2019) describe the technolo-
gical features of drying sunflower seeds using infrared
energy supply and substantiates the prospects of vibra-
tion monolayer drying sunflower seeds. Specific
energy costs in the process of infrared drying of the
product are determined. An infrared dryer design has
been developed, which ensures uniform drying of
sunflower seeds by the principle of vibration fluidiza-
tion. Vibrators installed on both sides of the machine
provide the necessary vibration parameters of the
working body of the vibrating dryer. Even when the
product is fed to the working body of the vibrating
dryer, a uniform, completely distributed flow of raw
materials is created through vibration. This saves space
and increases the efficiency and quality of drying.

Formulation of the problem

Traditionally, convective drying technologies are
widely used in the food and processing industry and
implemented in dryers of various designs, including
mine, band, drum-type ones, in which heat is transfer-
red to raw materials utilizing a drying agent, through
the outer shell of the product to inner layers. Analysis
of the most widespread technologies of convective
drying reveals that drying equipment does not meet
modern requirements by the energy consumption,
ecological regulations, and safety of grain goods.
Reduction of energy costs for drying oilseeds as the
most energy-intensive process in its production is
considered to be the most important task in the develop-
ment of new drying technologies and designs of dryers
as well as the improvement of existing ones. Any
modernization of the dryer can be considered quite
effective if the reduction of specific energy costs is
achieved under compulsory maintenance of the product
quality.

Traditional approaches to drying technologies have
faced several insurmountable contradictions. On the
one hand, to intensify the processes of heat-and-mass
transfer, it is necessary to increase the speed (i.e.
consumption) of the drying agent. On the other hand,
the higher the coolant consumption is, the more heat
energy is lost with the emissions of the installation. The
way out for resolving this contradiction is surely based
on changes in the principles of energy supply to grain.
The proposed idea, which is defended in this paper, is
based on two provisions. Firstly, it is necessary to
remove from the air the task of the coolant and leave
only the task of the diffusion medium, which provides
an effective "reception” of moisture from the product.
Secondly, it is necessary to organize the process of
grain rotation to dry it evenly. This process can provide
a combination of infrared energy supply and the use of
vibration. However, if the drying processes in the
infrared field have been sufficiently researched, the
vibration processes, namely the dynamic process of
grain movement, have been studied much less.

The purpose of the work is to study the movement of
sunflower seeds on the vibrating tray dryer and rational
parameters of the technological process of drying.

Material and Methods

In the vibrating dryer, the technological processing of
grain is carried out in the course of its movement on the
working body of the machine. In this regard, the
decisive influence on the efficiency of the process of
technological processing of the product is made by the
observance of necessary modes (speed) of vibratory
movement and heat transfer to the processed product.
When determining effective modes of transport and
technological machines, it is of great interest to
establish the dependence of the transportation speed,
energy consumption of the process, the degree of speed
transfer to the processed product, its mixing intensity,
the combination of vibration boiling conditions, etc. on
the parameters of oscillation modes(shape of the
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trajectory, frequencies, amplitudes, phase shift angle
between harmonic components of double-component
oscillations, the vibration angle and the angle of the
working body). The study of the influence of charac-
teristics of the environment, degree of filling of the
working body and operating conditions on the listed
parameters of the process of vibration transport and
technological processing is equally important.

The developed vibrating dryer and the schematic
diagram of the machine are shown in Figures 1 and 5,
respectively.

The machine consists of a closed housing 1, on the
platforms 2 of which using elastic elements 3 thermal 4
and grate 5 trays are installed. The working path of
thermal tray 4 is made of heat-resistant sheet steel. The
working path of the grate tray is formed by longitudinal
vertical strips 7 welded to the brackets 8, so that there
is a longitudinal gap ¢ = 1.5-2.0 mm between them. In
the middle of each tray, vibratory drives containing two
centrifugal vibrators installed on the sides of the tray
are mounted.

Figure 1. Photo of the experimental vibrating tray infrared dryer

Each centrifugal vibro-exciter comprises a shaft with
unbalanced loads 9, which is connected through elastic
coupling 10 with the asynchronous drive electric motor
11. Moreover, in each vibratory drive, electric motors
11 are connected in such a way that when connected to
the network, their rotors rotate towards each other.
Shafts with unbalanced loads 9 are mounted on
bearings parallel to each other at an angle § to the
planes of the working paths of the trays. Above the
surfaces of thermal trays 4, there are fixed heat
generators 12 (IR emitters). At the top and sides,
thermal tray 4 is closed by thermal insulation 13. Above
the beginning of the thermal tray 4, the feeding throat
14 is fixed, and at the end of the impeller 15, at the
beginning of the grate tray 5 there is fan discharge pipe
16, and above the receiving hopper 6, there are outlet
pipes 17 with adjusting gates 18. At the end of the grate
tray 5, there is a receiving hopper 6.

The machine works this way, when the drive electric
motors 11 are switched on, their rotors start to rotate
towards each other in each vibratory drive, which leads
to dynamic synchronization of their rotation, as a result

of which translational oscillations of trays 4 and 5 at an
angle g to the planes of their working paths are
generated. Bulk products are fed through the feeding
throat 14 on the tray surface, where under the action of
oscillations they are distributed in a monolayer. Under
the action of oscillations of the trays between their
surface and the particles of bulk products, there arises
an asymmetry of friction forces, which leads to the
directional movement of particles of bulk products
(vibro-transportation) along the surface of the trays.
The points on the surface of the trays oscillate relative
to some centre without directional movement as a
whole for a period of one oscillation. By changing static
moments of the unbalanced loads 9 relative to the axis
of rotation, the mode of vibro-transportation is estab-
lished with the continuous tossing of particles of bulk
products during their movement along with the trays.
The continuous tossing of product particles leads to
their chaotic rotation when moving along the thermal
trays 4, above which are heat generators 12 can be
found and this contributes to their uniform irradiation
on all sides with infrared rays, which leads to intensive,
rapid and uniform heating of bulk granules.

14 13

Figure 2. Scheme of laboratory vibrating dryer:

1 —housing; 2 — platform; 3 — elastic elements; 4 — thermal tray;
5 — grate tray; 6 — receiving hopper; 7 — longitudinal vertical
strips; 8 — bracket; 9 — unbalanced load; 10 — elastic coupling;
11— electric motor; 12 — heat generators; 13 — thermal
insulation; 14 — feeding throat; 15 — impeller; 16 — fan; 17 —
outlet pipes; 18 — adjusting gate

Having passed the thermal tray, the heated bulk
products are fed through the drum impeller 15 to the
grate tray 5, where it is blown by atmospheric air from
the fan 16. At the same time, continuous chaotic tossing
and turning of product particles also improve the
uniformity of their blowing with the air, which leads to
an imbalance in the moisture content in product
particles, when the water vapour pressure in them
becomes greater than the partial vapour pressure of
water in the air, as a result of which moisture begins to
evaporate intensively (Bandura et al., 2019). Having
passed the grate tray 5, the processed products are fed
into the receiving hopper 19. The drum impeller 15
prevents access of cold air flow from fan 16 into the
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high-temperature chamber above the thermal tray 4 and
at the same time allows the product to flow from the
thermal tray 4 to the grate tray5. The intensity of
airflows is regulated by gate 18. The speed of vibro-
transportation of bulk products, and therefore its time
on the surface of the trays is regulated by changing the
static moments of unbalanced loads 9 relative to their
axis of rotation, or angle f. Since the infrared radiation
of the heat generator 12 allows to create a very intense
heat flow, which promotes rapid heating of product
particles, and the process of moisture evaporation from
them requires a longer time, the speed of vibro-trans-
portation on the grate 5 is set higher and it is made with
wider working paths.

Results and Discussion

An experimental-industrial sample of a vibration
machine (Bandura et al., 2019) for drying sunflower
seeds allows a wide range of drying temperature control
(from 20 to 180 °C), air velocity varies within 0.5—
2.5 mm s, oscillation amplitude of the working body
of the vibration dryer, i.e. vibrating tray (0.5-6.0 mm).

The dynamic scheme of the vibration tray is shown in
Figure 3. The working body (tray) is considered to be a
rigid solid body, which is mounted on a fixed base
through sufficiently soft elastic elements with rigidity k
and resistance coefficient b. Two unbalanced vibrators
are mounted on the tray, symmetrically to the vertical
axis, at the distance | from each other. The axes of
rotation of vibrators are in the plane that passes through
the centre of the mass of the vibrating tray. Vibrators
are equipped with drive electric motors that rotate
towards each other. The generalized coordinates of the
system are as follows: x, y and ¢, which correspond to
the horizontal, vertical and angular movement of the
tray. Chubyk, Yaroshenko (2011) in their work showed
the differential equation of motion of the vibrating tray
under uniform rotation of vibrators will be as follows:

Md25+bds+k =F,-si t 1
T T s = Fy-sin(w - t)

where M — the reduced mass of the vibrating tray;

s — movement of the vibrating tray;

b =—£; (f — friction forces, air resistance);

k — rigidity of the elastic system of the vibrating tray;
Fo— cyclic coercive force.

The cyclic centrifugal coercive force that occurs
during the rotation of imbalances, the location of which
on the drive shaft is shown in Figure 4, will be equal to:

F = munb e a)z, (2)
where m — the mass of the unbalanced load of vibrators;

e — eccentricity of an unbalanced load of vibrators;
® —angular velocity of the drive shaft rotation.

I 3 i
[ < 2/,/ -0 M X
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Figure 3. Calculation scheme of the unbalanced vibro-exciter
of oscillationsof the vibration tray:1 — working body; 2 — spring;
3 — support frame; 4 — unbalanced load

Figure 4.The layout of imbalances on the drive shaft

Analyzing the initial Equation (1), it can be concluded
that if the circular frequency w of the external coercive
forceFo is small compared to the natural frequency woof
the vibrating tray, then in the left part of the Equation
(1), according to Timoshenko et al. (1985), a substan-
tial role is played only by the member & - s = Fp -
sin(w - t). Therefore, under w<wothe external force is
mainly spent on overcoming the elastic forces in the
mechanical system, and the amplitude of the displace-

ment (s, = %) coincides with the phase with the exter-

nal force.

If the frequency w of the external coercive forceFy is
large compared to the natural oscillation frequencywo
of the vibrating tray, then in the left part of Equation
(1), according to Timoshenko et al. (1985), an impor-

2
tant role is played only by the term (M %), therefore,
d2

Md—ti =~ Fy - sin(w - t),i.e. under w>w, the external

force is mainly spent to give acceleration to the vibra-
ting tray. The amplitude of the acceleration A, = fo

coincides by the phase with the external force, and the

displacement has the opposite phase. In the field of
2
resonance, when w=womembers (M %), and (k - s) are

approximately the same by their meaning but opposite
to the sign. Since the oscillations of the vibrating tray
occur according to the law s =S - sin (w - #), then:
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d2
M—S=—M-ou2 - S sin(w - t),
dt? (3)

k-s=k-S- sin(w-t)

k d2
Hence, = w§; w=o, therefore: (M d—tj) ~ ks.

Both of these terms compensate each other in Equa-
tion (1) and as a consequence:

ds
bdt F, - sin(w - t). 4

Based on Equation (4) and considering the research
conducted by Timoshenko et al. (1985), it can be con-
cluded that in the field of resonance (w=wo) the elastic
system itself, overcoming external forces, gives neces-
sary acceleration to the mass m; the role of the external

force is reduced to overcoming the forces of friction,
and the amplitude of the velocity (V.0 = %) coincides

by its phase with the external force. Moreover, the
external force Foperforms the most useful work because
the direction of the vibrating tray constantly coincides
with the direction of external coercive force. And vice
versa, when w is substantially different fromwo, the
direction of movement of the vibrating tray coincides
with coercive force during some part of the period, and
during the second part of the period, it is opposite to it.
Therefore, from the energy point of view, the
phenomenon of resonance is caused by the fact that
when the frequenciesw~wgcoincide, the most favou-
rable conditions are provided for the entry of energy
into the system from an external source.

According to Timoshenko et al. (1985) and Povidailo
(2004), the solution of a differential Equation (1) can
be expressed as the following:

SM) =S sin@-t—e), (5)
Where \/(_M'w2+k2)+(b'w)2 M'\/(a)g—a)z)2+4'0(2'a)2 wg w? 2 w? ,
= 2.2
(1 (u%) ty w3
F k
where g = M,wg =
w
— arct < bw )_ " 2rw-a) " Ve
€ = arctan | ——5——-) = arctan -’ = arctan )

The concept of dynamic coefficient of the gain coeffi-
cient is introduced for resonant machines designed by
Timoshenko et al. (1985); Povidailo (2004). This
coefficient characterizes the dynamic properties of
resonant machines throughout the amplitude-frequency
response and can be expressed as follows:

1 1
# = = 1
1- 22)2 + y2 . ZZ
w2\2 , w2 \/( 6
\/(1- w_%) + yer (u_(z) ( )
Wherez = @ _ the adjustment coefficient (Povidailo,

w, 2004).

Vibrating trays are devices for the continuous supply
of bulk (grain) material. The vibrating tray is usually
inclined at an angle « to the horizon (Fig. 5) and
receives a reciprocating movement with small ampli-
tude and significant frequency in the direction at an
angle S to the working surface of the tray.

If the translational movement of the tray is slow and
the reverse one is fast, then the particle of bulk material
lying on the tray will move only translationally. Since
the movement of the particle occurs under the action of
friction, which cannot be greater than Gf, then the
maximum acceleration of the particle W, (so-called

critical) will determine the nature of the particle move-
ment. If the acceleration of the tray is greater than the
critical one, then the particle will slip on the tray in the
direction that is opposite to the movement of the tray.

Figure 5. Scheme of action of forces on a particle of bulk
material, which is placed on a vibrating tray

If the forward movement of the particle requires an
oscillating motion (Povidailo, 2004), with different
accelerations in the forward and reverse directions, then
in the case of the forward movement of the tray, the
acceleration will be lessW,,, i.e.Wtfr < W_.and the
particle will move together with the tray without
slipping, in the case of the tray movement back under
WL > W,,, the particle will slide forward on the tray.
Critical acceleration, the excess of which will create a
sliding particle relative to the tray "back — down", is
equal to:
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WH = g(f cos a-sin a), @)

According to Povidailo (2004), the critical accelera-
tion, the excess of which will create sliding of the
particle relative to the tray "forward — up", is equal to:

WL = g(f cos a-sin a), (8)

where g — acceleration of gravity;
f — coefficient of friction of the particle on the tray.

When the tray moves up, the force of inertia of the
particle will act opposite to the direction of movement
and press the particle to the tray, increasing the friction
force under the action of which the particle moves.
When the tray moves down, the force of inertia will
reduce the pressure of the particle on the tray and
thereby reduce the friction force, creating conditions
for forwarding sliding of the particle on the tray.
Depending on the tray acceleration and angles fando,
there may be different modes of particle movement,
both detachable, when the material particle — part of
each cycle — flies without touching the tray surface, and
continuous, when the particle is constantly in contact
with the tray surface.

In our opinion, detachable modes are the most
effective modes of operation of the vibrating tray,
which enable to obtain high speeds of movement under
high efficiency and maintenance of high stability of the
particle movement. The main conditions that determine
the particle movement are the angles of the tray and
direction of vibration, speed and acceleration of the
tray, as well as the coefficient of sliding friction
fbetween the particle and the tray.

To describe the oscillatory movement of the vibrating
tray, it is possible to accept two coordinate systems, i.e.
axes of coordinates: the first one is XO¥ — motionless
(on a bed of the bunker), connected with a motionless
bed, the second one is X101 V1 — relative, and connected
with a mobile tray (Fig. 5). When considering the
movement of the particle of bulk material on a tray
inclined at an angle ato the horizon, which performs

%, = g(f cos a — sina)

While the equation of absolute motion (i.e. relative to
a fixed coordinate system) will be as follows:

A
%, = g(f cos a—sin a) + T"fU‘zcos @, (16)

-
“w
where (9 =0, C =0)

According to Bandura et al. (2019), since the tray
performs harmonic oscillations, the particle slides
relative to the tray and moves with the acceleration
determined by the formula (16). The speed of the

A
(fcosa—sina)+7ansin<p+C' (17)

A A
+( nf—i>w2c05(p.

harmonic oscillations at an angle 4 (under > a), the
equation of the tray movement in the coordinate system
XOV is as follows:

Xy = %wz Ccos @, ©))
Xpp = %w sin ¢, (10)
Yer = %a)z cos @, (11)
Ver = % w sin @, (12)

where Ay — amplitude of tray oscillations in the
direction in parallel to its working surface;

An — amplitude of oscillations in the direction
perpendicular to the working surface of the tray;

w— angular frequency of the tray oscillations;

¢ = w t —phase angle of oscillations;

t —time.

Differential equation of motion of the particle of bulk
material and the initial period relative to the tray in the
coordinate system X101 ¥iconnected with the tray is as
follows:

A
m&' = —mgsina — m%w2 cosp+F, (13)
A
my’:—mgcosa—m%wzcos<p+N . (14)

Where m — the mass of bulk material;
g — acceleration of gravity;

N — normal reaction;

F— force of friction.

The process of movement of the particle of bulk
material in the modes with its separation from the tray
in the general case can be considered in five stages. At
the first stage (acceleration stage), the particle of bulk
material is in the plane of the tray (§' = 0). The equation
of the particle movement at the first stage is as follows:

> > (15)
particle increases along the curve expressed by Equa-
tion (17) until the speeds of the particle and the tray are
equalized. At this point there comes the second stage,
which is called the stage of the first braking. The
particle begins to move with deceleration on the tray,
which slows down, but faster than it.

The equation of the particle movement at the stage of
braking is as follows:

. . An 2
%p, == g(f cos a + sin a) —7f cos ¢, (18)

A
Xp, =—% (f cos a — sin a)<p—7nfa) sin ¢, (19)
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In the second quarter of the period of movement,
acceleration of the tray will be negative and the force
of inertia of the particle (Fig. 5) will be directed
upwards, and at the moment when the normal reaction
N becomes zero, the particle will separate from the tray.

The phase angle at which the separation of the particle
from the tray begins is equal to:

2 gcos a)

e (20)
n

Qo = arccos (—

The mode of the particle movement, during its
separation and its falling on the tray, depends on the
magnitude of the amplitude of the normal acceleration

2
of the tray A”Z‘“ , which is convenient to be set by a

generalized dimensionless parameter:

A, w?
¢= 2gcosa’ 21)
¢ = arccos <— %) (22)

From the moment the particle is separated from the
tray, the third stage of the movement, i.e. a microflow
of the particle in the air with the speed of separation,
begins. Absolute acceleration of the particle along X
axis, if the air resistance is neglected, will be as follows:

X = gsina,

(23)

. P .
X =-g_sina. (24)
After the microflow, the duration of which depends
on the mode of the tray operation, which is determined
by the value of parameter &, the particle falls on the tray
and the fourth stage of its movement, i.e. the stage of
the second braking, begins. The phase angle of contact
of the particle with the tray can be determined by the
following formula:

Oy = Qo ++JE2-1+/E2 + 28 cospe + 1. (25)

Under efficient modes of the vibrating tray operation,
the speed of the particle at the time of meeting with the
tray (provided that the impact of the particle on the tray
is not elastic) will be greater than the speed of the latter,
so during the fourth stage, the particle will move with
negative acceleration, as determined by the equations
23 and 24, until the velocities of the particle and tray
equalize.

Then there begins a cycle, in which the particle will
slip on the tray and its speed will increase, when the
speeds of the particle and the tray get equalized, there
will begin three other stages, movement of the next
period. As a result of the first oscillation, the particle
acquires a certain speed, the second oscillation leads to
the particle acceleration to a slightly higher speed.
During the next few oscillations, the increase in the

speed of the particle will continue until the mode of
steady motion begins.

The latter will begin when the increase in the speed
of the particle during acceleration will be equal to the
sum of the speed drops during decelerations. The speed
of the particle in the steady mode of operation will vary
and range from v,,, 4 t0 v, Under certain conditions,
in addition to four stages of movement considered,
there begins the fifth joint movement of the particle and
the tray without slipping. This stage can occur either at
the end of acceleration or at its beginning if at these
moments tray acceleration will be less than critical. The
occurrence of this condition can be recorded in general
terms, considering the sum of projections of all forces
on X; axis (Fig. 5).

A
m%wzcos @ < tF-mgsina (26)

In Equation 26 the sign "plus™ is put for the segment
of the particle acceleration, and the sign "minus" is put
at the stopping segment.

If the tray is given oscillating motion with accelera-
tions equal in absolute value in both directions, the
action of the particle lying on it on the tray will not be
the same when the tray moves in one direction or
another, namely, when lifting the tray, the particle
pressure on the tray will be higher when lowering it —
smaller. So, the pressure of the particle on the tray when
moving it up will be equal to:

01 = m(qn + ), 27)
where m- the mass of the particle;

gn — component of acceleration of free fall that is
normal to the tray surface;

Jn — component of acceleration of the force of inertia
that is normal to the tray surface.

Thus, when moving down, the pressure of the particle
on the tray will be as follows:
9, =m(qu—Jn)- (28)
When the tray is moving up, the force of inertia is as
follows:
Py =m(Ji-qp), (29)
where g— component of acceleration of the free fall
that is horizontal to the tray surface;

Jn —component of acceleration of the force of inertia
that is horizontal to the tray surface.

The force of inertia when the tray is moving down:

Py = m(Jt - Qt) (30)
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Since the interaction between the tray and the particle
lying on it is determined by the force of friction that is
equal to:

F=f0, (31)

where f — coefficient of friction

Then acceleration of the tray is transmitted to the
particle until the force of inertia of the particle does not
exceed the force of friction, and if fu(qn + Jn)
>m(J;— ), the particle moves up together with the
tray. Under the reverse movement of the tray, when
fm(g@n—Jdn) < m(J:— qy), the particle detaches from it and
moves in the direction of the direct course of the tray
on the parabola until a new collision with it.

Vibratory movement of grains during the working
process of their drying is performed as a result of the
total effect of a large number of oscillations that follow
one another. A very slight movement of grain occurs
during one oscillation, however, since there are 1000—
3000 oscillations per minute, this process is very
effective.

For the mode of operation of a monolayer dryer, when
vibro-transportation of grain is carried out on a vibra-
ting tray with continuous tossing (Banduraet al., 2019),
the average speed of vibro-transportation (Ganiev,
Ukrainskij, 1975), can be determined by the following
dependence:

0,0232
A —

1+R 2-2
v=Aw (cosﬁ—_—-—-sinﬁ-tga), (32)

where 4 — amplitude of oscillations of the tray
surface, m;

w — tray oscillation frequency, s;

S —angle between the direction of oscillation and the
tray surface plane, f=0...30°;

a — angle of inclination of the tray surface to the
horizon, a = 0-20°;

2 — coefficient of instantaneous friction of grain on
the tray surface when hitting, A = 0.5-0.7;

R— recovery coefficient when the grain hits the tray
surface, R = 0.2-0.4.

Since the dryer trays are placed horizontally, a = 0°.

Then the required amplitude of oscillations of the tray
will be equal to:

1+R 2-2

) (cos B-—- = sin B - tga). (33)

In the developed experimental-industrial sample of
the vibrating machine for drying sunflower seeds, it is
constructively accepted: g = 30°, o = 0-20°, and
® =99, s, we receive:

=1,6-10"3M (32)

1+0,3 2-0,6

Based on the generalization of these studies, it is
possible to determine the main characteristics of the
process of transport and technological processing of
various food products depending on the mode of

99 (cos 30°- 122 292 5in 300 £90°)

operation of the vibrating machine and the properties of
the moving mass. The main dependences of the speed
of vibro-transportation on the speed of the drive electric
motors have been investigated (Table 1).

Table 1. Dependence of the speed of grain vibro-transportationon the speed of drive electric motors

n, min 900 910 930 940 950 960 970 980 990

v, ms?! 0.0188 0.0191 0.0195 0.0202 0.0200 0.0193 0.0187 0.0183

vy, mst 0.0114 0.0115 0.0120 0.0127 0.0134 0.0140 0.0141 0.0132 0.0124
According to the graph of dependence of the speed of 0.021

grain vibro-transportation on the speed of drive electric .. 0.020 1 D/D/D/D\D\D\D\D

motors (Fig. 6), the speed of vibro-transportation 5 ¢ 8'812 ]

increases under the growth of the engine speed. When S5 0017 - vl ms-1

reaching a certain value of speed, under a further 5% 0016 - o2 Ml

increase in the engine speed of drive electric motors, S 0.015 - '

the speed of grain vibro-transportation decreases. This $ £ 0014 1

nature of curves can be explained by the fact that at first ~ ©® = 0.013 1

there takes place continuous vibro-transportation of 0.012 1 m

grain and therefore the speed increases under the 8'813 1

increase in the engine speed. And at a certain value of
the frequency of rotation, the particles of bulk products
(grains) begin to break away from the tray and the
speed of their movement along the tray begins to
decrease. However, this improves the rotation of seeds
during vibro-transportation, which contributes to their
uniform heating at all sides.

900 910 930 940 950 960 970 980 990
Engine speed of the drive electric motors, n min-!
Figure 6. Dependence of the speed of grain vibro-transpor-
tation on the engine speed of the drive electric motors:
1-speed of vibro-transportion under eccentricity of im-
balances e = 0.025 m; 2 — speed of vibro-transportion under
eccentricity of imbalances e = 0,015 m.
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The frequency of oscillations also has a significant
effect on the drying process in a vibrating tray dryer of
continuous action. Several experimental studies have
been conducted taking into account the following
considerations:

e ensure the maximum intensity of the drying

process;

e create a monolayer of the product that moves
evenly and intensively, which will enable to avoid
overheating of the product and achieve its uniform
drying;

o application of vibration should make it possible to
rotate the seeds during vibro-transportation for
uniform irradiation at all sides.

Statistical analysis

The influence of oscillation frequency of the vibration
tray of the dryer on the drying kinetics of sunflower
seeds was studied by the influence of dispersion
analysis. The Cochren's test was used to check the
homogeneity of the dispersions at each level of tray
oscillations. The hypothesis of homogeneity of varian-
ces was accepted in the case when the tabular value of
Cochren's criterion was greater than the calculated one.
The variance differences were assessed by Fisher's test
at a 5% significance level. If the tabular value of
Fisher's criterion exceeded the calculated one, it meant
that the influence of the level of the tray oscillation
frequency on the drying kinetics of sunflower seeds
exceeded the level of error of the experimental data.

The results of studies on the influence of oscillation
frequency of the vibrating tray on the kinetics of the
process of drying sunflower seeds, which has an initial
moisture content of W = 20.7, 23 and 25%, are
presented in Figures 7, 8, 9.

N
(&)

—0—f=80Hz
——f =100 Hz
——f=120 Hz

N
o
!

Moisture content W, %
= [
o (6)]

[&)]
!

0 5 10 15 20 25 30 35 40 45 50 55
Time, min

Figure 7. Influence of oscillation frequency of the vibrating tray
on the kinetics of the sunflower seed drying process under
initial moisture content of W = 20.7%.
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Figure 8. Influence of oscillation frequency of the vibrating tray
on the kinetics of the sunflower seed drying process under
initial moisture content of W =23%.
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Figure 9. Influence of oscillation frequency of the vibrating tray

on the kinetics of the sunflower seed drying process under
initial moisture content of W = 25%.

Analysis of the presented curves has shown an almost
uniform increase in the drying intensity under all
considered oscillation frequencies of 80; 100; 120
oscillations per second. The increase in the frequency
above f = 100 oscillation per second results in the
decrease of the speed of vibro-transportation. Such
speed is sufficient for the seed separation from the tray
surface, which facilitates its rotation and uniform
irradiation at all sides. Therefore, the rational value of
vibration can be taken as f = 100 oscillations per
second.

Conclusions

According to the results of experimental studies, it
can be concluded that the highest speed of vibro-trans-
portation of oilseeds is achieved under the speed of
rotation of the drive electric motors within 950-970
rotations per minute. In addition, under the specified speed
of rotation, there begins vibro-transportation of seeds with
the separation from the tray surface, which facilitates
rotation of seeds and their uniform irradiation at all sides.
The conducted experimental research has allowed us to
specify the design parameters of the vibrating tray of
the dryer and choose rational parameters of the techno-
logical process of drying, namely the oscillation
frequency of the vibrating tray, which is f = 100 oscilla-
tions per second.
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ABSTRACT. The study was carried out to evaluate the storage
performance of sweet potatoes in different conditions under ordinary
ambient temperature (10.11-17.49 °C) at Khumaltar, Lalitpur (1350 masl)
district of Nepal from December, 20 to March, 13 during the years 2018/19
and 2019/20. The experiment was laid out in Factorial Completely
Randomized Design with three replications. Tuberous roots of three sweet
potato genotypes ('CIP 440015, 'CIP 440267, and 'Local White")
harvested at 4-month maturity were stored inside an ordinary room in dry
sand, sawdust, thin jute sack, natural mud pot, and open crates (control).
Data were taken on the 2", 4, 61, 8™, 10" and 12" weeks of storage. The
pooled results showed a significant effect of storage conditions on
physiological loss in weight and rotting (%) of sweet potato genotypes.
With the progression of the storage period, physiological weight loss
(PLW) and rotting (%) were significantly increased in all treatments. At
the 12" week of storage, the highest PLW was recorded in the tubers stored
in open crates (70.2%) followed by natural mud pot (65.2%) whereas the
lowest PLW was observed in tubers stored inside the dry sand (50.2%).
Genotype 'CIP 440015' showed good storability with minimum PLW. No
weevil infestation and sprouting were observed during the experimental
period. The lowest percentage of tuber rotting was recorded in the
genotype 'CIP 440015’ (55.3%) and inside dry sand (48.7%) at the 12
week of storage while it was the highest up to 85.9% in 'CIP 440267'. The
highest rotting 76.7%) was recorded in thin jute bags which is statistically
at par with natural mud pot (76.5%). The interaction effect of storage
conditions and genotypes was found not significant. The results showed
an increment in dry matter and reducing sugar content while the reduction
in B-carotene and starch content of tubers after 3 months of storage inside
dry sand. There was positive and strong correlation of storage duration
with dry matter (r = 0.750) and reducing sugar (r = 0.658) whereas,
negative correlation with starch (r = -0.918) and BR-carotene (r = —0.352)
content of sweet potato genotypes. The study concluded that sweet potato
tuber can be kept for 8 to 10 weeks in dry sand with minimum postharvest
loss in ordinary room condition and the genotype 'CIP 440015' has good
storability among the tested genotypes in similar conditions.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Sweet potato, Ipomoea batatas (L.) Lam., is one of
the important tuber crops grown in the tropics. It
belongs to the family Convolvulaceae (Tortoe, 2010).
After wheat, rice, maize, potato, barley, and cassava, it
is the world's seventh most important food crop (FAO,

2016). It is a tropical perennial crop but cultivated as an
annual; grown in more than 100 countries. China alone
produced 80 to 85% of sweet potato production in the
world while the remaining countries in Asia have the
next highest production and then, followed by Africa
and Latin America (CIP, 2009). Sweet potato consump-
tion is thought to be declining as income increases, a
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trend that is often attributed to urbanization, partly
because it is seen as a "poor man's food," but mainly
due to a lack of post-harvest processing and storage
(FAOSTAT, 2008; CIP, 2009).

In Nepal, most of the middle hill districts and terai are
the main sweet potato growing areas (Lohani, 1981)
and are mainly grown in the kitchen garden in small
areas (Gautam, 1991). It is one of the neglected and
underexploited food crops of Nepal but has religious
and cultural values in some festivals. Sweet potato is a
good source of vitamin-A, carbohydrates, dietary fibre,
potassium, and iron. Vitamin A deficiency is common
in developing countries, including Nepal, and has seve-
re consequences for young children (Low et al., 2007).
The orange and red-fleshed sweet potato are additio-
nally enriched with beta-carotene, the precursor of
Vitamin A. As a result of their high nutritional value,
productivity, and low input requirements, sweet pota-
toes have become a valuable food in developing count-
ries. Sweet potatoes are transformed into functional
ingredients, foods, and industrial products using a
variety of processing technologies. Orange and purple-
fleshed sweet potatoes can be used to produce natural beta
carotene and anthocyanin pigments used in beverages and
other food products, as well as starch and sugar.

In Nepal, post-harvest losses of vegetables are 15—
30% (Gautam, Bhattarai, 2012). Sweet potato post-
harvest losses vary from 15-65% due to fresh weight
loss during one to four months of storage (Coursey,
1984; Rashid, 1987; Kone, 1991; Ray, Balagopalan,
1997). Nepal still lacks reliable statistics on areas,
production, and post-harvest losses of sweet potato
tubers. But, high perishability and poor storage of sweet
potato roots in ambient conditions remain a major
constraint to the farmers. No systematic work on
storage methods and losses has been done so far. Sweet
potato utilization is mainly confined to the production
sites because of the poor keeping quality of the tubers.
Being perishable and poorly handled in developing
countries; sweet potato roots may suffer higher post-
harvest losses. About 45-54% of roots and tubers in
Sub-Saharan Africa are spoiled after harvest
(Gustavsson et al., 2011; FAO, 2003).

Sweet potato roots have a thin, delicate skin that is
high in moisture (60-70%) and free sugar (4-15%)
(Woolfe, 1992). They also have a high respiratory rate
right after harvest, which causes the texture to soften as
a result of the heat output and made sweet potato a
perishable product. Once removed from the plant,
sweet potatoes cannot be stored for long periods
(Wagpner et al., 1983; Mtunda et al., 2001; Rees et al.,
2001). Sweet potato roots have a shelf life that varies
from a few days to a few weeks depending on the
varieties, harvest maturity, and storage conditions
(Lewis, Morris, 1956; Wagner et al., 1983; Doku,
1989; Kurup, Balagopalan, 1991; Acedo et al., 1996;
Cabanilla, 1996; Mtunda et al., 2001). Sweet potato
storage is not practised in many parts of the world,
including Nepal, due to its limited shelf life (Bourke,
1982; Doku, 1989; Jusuf et al., 1997; Rees et al., 2001;

Rees et al., 1998). Larger roots are often removed from
individual plants, allowing smaller roots to grow and be
harvested as required (Karuri, Qjijo, 1994).

In Nepal, the possible causes of post-harvest losses are
mechanical damage during harvest, rough handling, and
weevil, and other pest infestation, sprouting, and weight
loss. A lack of an adequate, experimentally validated, and
tested storage system is one of the most common causes
of spoilage after harvest. During the long-term storage of
sweet potato tubers, biochemical and physiological
processes occur, resulting in qualitative and quantitative
changes (Grace et al., 2014; Abidin et al., 2016).

In Nepal, sweet potato is stored by leaving the root in
the mounds even when matured, which ties the soils
down to the crop and leads to fibrous roots and high
weevil infestation. A few farmers stored in lined pits
and on the floors of dark airy rooms where losses are
very high. The roots are usually stored in clamps, in
bamboo baskets (Thunse, Dali), and jute sacks in the
shaded corner of the house. Some farmers store sweet
potatoes in heaps on the earthen floor where sprouting
and rooting is high particularly at a higher temperature.

Long-term storage of sweet potato gives rise to a
major challenge to its food security in global marketing
(Rees et al., 2001; van Oirschot et al., 2003). In the
tropics, sweet potatoes can sprout in two to three weeks
if stored at room temperature (Rees et al., 2003). In
ordinary conditions, sweet potato roots cannot be kept
for more than one month (Gautam et al., 1993a). The
cool chain is commonly used to store roots in advanced
countries, with optimum storage conditions of 13.5 °C
and relative humidity of 90-95%. This has been
reported to extend the shelf-life up to a year (Picha,
1986). Sweet potatoes are stored in cold storage,
ventilated storage, and tunnels in developed countries.
Cold storage facilities, however, are not always
accessible in developing countries like Nepal due to
economic and technical constraints. Poor farmers
cannot afford such sophisticated technology. Sweet
potato farmers in developing countries lack adequate
storage technology, which discourages large-scale
investment in the crop and restricts its food security
prospects. This has sparked a hunt for viable storage
alternatives that small farmers in these areas can follow.

Sweet potato is largely eaten by poor village people
and its storage in the sophisticated method involves
high cost and at the same time, it is hardly affordable
by the village people (Gautam et al., 1993b). The
present research looked at the storage performance of
sweet potatoes in different conditions. Improved
storage methods can improve sweet potato tuber supply
throughout the year at current production levels as well
as add value to the crop, increasing returns to farmers
and potentially improving their quality of living
(Dukuh et al., 2015). The present study is important
because it aims at determining genotypes that have
greater storability. This study was carried out to
evaluate the storage performance of sweet potato
genotypes in different storage conditions at ambient
temperature.
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Materials and Methods

Storage experiment was conducted during the
consecutive years 2018/19 and 2019/20 in mid-hill at
National Potato Research Programme (NPRP),
Khumaltar, Lalitpur (located at 27° 40" N, 85° 20' E, 1350
m asl) Nepal. The experiment was laid out using
Factorial Completely Randomized Design with three
replications in ambient room temperature. The experi-
ment consisted of a total of fifteen treatment combi-
nations of five different storage conditions i.e., inside dry
sand (S1), inside sawdust (Sy), thin jute sack (Ss), natural
mud pot (diameter 32 cm and length 43 cm) (S4), and
open plastic crates as control (S5) and three sweet potato
genotypes (‘CIP 440015, 'CIP 440267 and 'Local
White") (Fig. 1). The general information of used geno-
types is presented in Table 1. The selected two elite
orange-fleshed sweet potatoes (OFSP) genotypes and a
‘Local White' (Table 1) grown in respective sites were
used for experimentation. Tuberous roots were harvested
4 months after planting. Roots more than 20-gram
weight free from wounds, diseases were selected and
cured by spreading in the floor for two days at ordinary
room temperature with enough ventilation.

Table 1. Sweet potato genotypes were used as the treatments
for the experiment
Genotypes (G) Variety Origin
G1.'CIP 440015' W-220 USA
G2.'CIP 440267' Hung Loc 4 Vietnam
G3. 'Local White' — Lamjung,
Nepal
Planting date August 18, 2018, and August 19, 2019
Harvesting date December 18, 2018 and December 19, 2019

Source: NPRP, 2018

Source and date

CIP, Peru, Lima (2010)
CIP, Peru, Lima (2010)
Farmer, Nepal (2014)

Each treatment had 30 tuberous roots from each geno-
type and was kept in different storage conditions accor-
dingly. In S1 and S2 treatments, sweet potatoes were
placed in perforated plastic crates and covered by dry sand
and sawdust leaving 2 cm from the top. The initial mois-
ture content (%) of sweet potato roots were 75.27, 73.65,
and 75.46 in the genotypes 'CIP 440015, 'CIP 440267',
and 'Local White' respectively. The study was conducted
from December to March (90 days) in both years.

The temperature and relative humidity of the storage
room was recorded with the help of a digital Thermo-

Figure

g - s
» RIS < o [
1. Different storage conditions and sweet potato genotypes. A — inside dry sand; B — inside sawdust; C — thin jute sack;

Hygrometer daily at 6.00 AM and 5.00 PM. Physio-
logical weight loss (%) was recorded on the 2", 4™, 6t
8" 10" and 12" weeks of storage. Observations were
also made on sprouting, rotting, and insect attack.
Weight loss was determined by the difference between
initial weight and final weight. The number of rotten
roots was taken and recorded. The total per cent rotting
was determined as the number of rotten roots divided
by the total roots count and expressed as a percentage.
Similarly, roots were examined for the presence of
sweet potato weevil. The number of roots damaged was
divided by the total number of roots count and expressed

as a percentage to obtain per cent weevil damage.

Dry matter, starch, reducing sugar, and beta carotene
content was analyzed by the AOAC method (AOAC,
2005). Dry matter content (%) was determined by
chopping and mixing of tubers into small pieces and
drying of 100 g sample in a hot air oven at 80 °C for the
first six hours and then at 65 °C till constant weight was
obtained (Kumar et al., 2006).

Reducing sugar (%) was determined by the di-
nitrosalicyclic colourimetric method (Miller, 1959).
Light absorbance was recorded in a spectrophotometer
(Agilent Technologies, Cary 60 UV-VIS, USA) at 510
nm. To calculate the milligrams reducing sugars per
100 g fresh weight, a standard curve was plotted with
different concentrations of glucose (100-600 pg glu-
cose mL~! water on the x-axis and absorbent reading on
the y-axis. The absorbent reading of samples was
recorded and calibrated based on a standard curve and
presented as milligram reducing sugars per 100 gram
fresh weight of sweet potato. The R-carotene content of
the sweet potato tuber samples was determined by the
solvent partition method as described in Ranganna
(2007). The starch content of sweet potato was deter-
mined by the Lane and Enyone method described by
Ranganna (2007). The data were analyzed with GenStat
version 18 software for windows (VSN International,
2016). Means were separated by Duncan's Multiple
Range Test at a 5% level of significance. The correla-
tion was calculated for different parameters. The Karl
Pearson Correlation coefficient was introduced to
measure the association which follows a parametric test.

D — natural mud pot; E — open crates; F — 'CIP 440015'; G —'CIP 440267' and H — ‘Local White'
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Results and Discussion

Storage environment

During the storage periods of 2018/19 and 2019/20,
the average temperature ranged from 10.86 °C to
17.06 °C and 10.11 °C to 17.49 °C, respectively. In the
same way, relative humidity ranged from 52.57 to
70.29%, which was consistently low (Table 2). The
average temperature of the storage environment was
increased slightly later in the storage period, which
might be associated with temperature rises in the outer
environment. The coefficient of variation clearly
showed that the variability of temperature and humidity
at the storage room (Table 2). According to Kushman
and Deonier (1975), the best storage conditions are
15 °C and 85-90% relative humidity. Improving the
storage environment can be able to extend the storage
life (Samarasinghe, 1991; Ray, Balagopalan, 1997;
Rees et al., 1998).

Table 2. Weekly average temperature (Temp) and relative
humidity (RH) of the experimental site

December 2018
to March 2019

Temp, °C RH, %

6:00 5:00 6:00 5:00
AM PM AM PM
12.49 13.97 65.14 63.14
11.04 12.40 59.00 56.14
10.86 12.21 59.86 57.00
11.30 12.66 62.71 61.86
11.86 13.16 64.71 62.43
11.79 12.93 67.00 64.29
12.06 13.79 63.57 61.29
12.89 13.56 68.43 65.71
13.31 14.86 69.29 67.00
14.49 16.03 61.14 58.71
13.36 14.79 60.71 60.29
14.89 17.06 60.00 54.71
12,52 13.95 63.46 61.04
129 149 348 3.83
10.37 10.69 5.49 6.27

December 2019
to March 2020

Temp, °C RH, %

6:00 5:00 6:00 5:00
AM PM AM PM
11.06 120 62.0 60.13
11.03 12.02 68.14 65.14
11.07 12.61 70.29 70.14
11.57 13.04 59.43 66.43
10.11 12.07 52.86 61.00
11.23 12.89 63.57 63.43
11.06 13.19 59.86 58.29
13.07 14.97 66.57 67.29
14.56 16.30 68.29 67.71
14.10 15.79 66.43 66.71
14.73 16.91 65.29 59.71
1559 17.49 61.57 58.57
12.43 14.10 63.69 63.71
186 2.05 486 4.05
14.97 1454 7.63 6.36

Week

0 ~NO U WN R

©

10

11

12
Mean
SD
CV, %

Physiological loss in weight

The combined results revealed a significant impact of
storage conditions on physiological loss in weight
(PLW) of sweet potato genotypes. Cumulative PLW
was significantly increased in all the treatments with
the progression of the storage period (Table 3). At the
end of the storage period (121" week), the highest PLW
was recorded in the tubers stored in open crates (70.2%)
followed by natural mud pot (65.2%) whereas the
lowest PLW was observed in tubers stored inside the
dry sand (50.2%). Reduction in the cumulative weight
loss was observed in the tubers stored in dry sand,
sawdust, and thin jute sack with significant variations.
Regarding genotype, 'CIP 440015' showed good
storability with minimum PLW (55.4%) as compared
to other genotypes. The data showed that the maximum
weight loss (70.0%) was observed in genotype 'CIP
440267'. Data reveals that the interaction effect of
storage conditions and genotype was non-significant on
PLW of sweet potato (Table 4). Sweet potato weight
loss is aided by respiration (Kushman, Pope, 1972;
Winarno, 1982; Picha, 1986). Respiration rate has an
inverse relationship with storage life. Picha (1986) also
stated that respiration rates were the highest on harvest
day, decreased during curing, and continued to decrea-
se at a slower rate during the first few months of
storage. Sweet potatoes stored in sand lost less weight
than those held at room temperature. Similar results
were reported by Smamarasinghe (1991); Karuri, Ojijo
(1994); Ray et al. (1994) and Hoa (1997). Sand storage
altered the atmosphere by limiting oxygen supply and
maintaining a low temperature, as well as serving as a
barrier to sweet potato weevil entry (Ray, Balagopalan,
1997). Barabara et al. (2020) reported that the genetic
features of the cultivars had significant influences on
the number of losses during storage.

Table 3. Effect of storage conditions and genotype on the weight loss and sprouting of sweet potato stored at ambient room
temperature during the storage period (December—March) of 2018/19-2019/20

Cumulative PLW (%)

Sprouting (%)

Treatments Weeks after storage

2nd 4lh 61h 8!h 1olh 12!h 2nd712th
A. Storage conditions (S)
S1 (Inside dry sand) 3.59¢ 10.52°¢ 18.2° 27.4° 40.2° 50.2° 0.0
S2 (Inside saw dust) 9.22° 20.73* 30.8° 39.6° 51.8% 62.9% 0.0
S3 (Thin jute sack) 9.12° 19.05% 29.5% 40.2° 53.7¢ 63.4° 0.0
S4 (Natural mud pot) 7.94° 16.98° 27.6° 40.0° 53.5% 65.2° 0.0
S5 (Open crates, control) 13.40° 22.33% 31.7% 45.0* 59.9° 70.2¢ 0.0
P-value <0.001 <0.001 <0.001 0.002 0.008 0.017 -
LSD (0.05) 2.462 3.594 6.70 8.57 10.53 11.59 —
B. Genotypes (G)
G1 ('CIP 440015") 7.73 14.61° 22.3° 30.4¢ 43.7° 55.4° 0.0
G2 ('CIP 440267") 9.33 20.75° 34.0° 47.4° 60.3% 70.0? 0.0
G3 (‘Local White") 8.90 18.40% 26.4° 37.5° 51.4° 61.7% 0.0
P-value 0.232 <0.001 <0.001 <0.001 <0.001 0.007 -
LSD (0.05) 1.907 2.784 5.19 6.64 8.16 8.98 —
CV, % 429 30.2 36.6 33.6 30.6 28.0 -
S *kKk *k*k *k*k ** *% * _
G NS *kk *kk *kk *kk **k .

NS — not significant, * — significant at P < 0.05, ** — significant at P < 0.

01, *** —significant at P < 0.001

The same lowercase letters in the column are not significantly different by DMRT at a 0.05 level of significance
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Table 4. Interaction effect of storage conditions and genotype
on the PLW and sprouting of sweet potato stored at ambient
room temperature during the storage period (December—
March) of 2018/19-2019/20

Weight loss, %

Sprouting, %

Treatments Weeks after storage
2nd 4th 6lh 8th lolh 12!h 2nd712th

S1G1 2.56 6.40 15.58 23.50 34.00 43.63 0.0
S1G2 4.03 14.71 24.09 36.00 48.89 58.47 0.0
S1G3 4.18 10.46 14.94 22.62 37.57 48.53 0.0
S2G1 8.82 17.41 24.03 31.98 45.47 54.75 0.0
S2G2 10.94 23.95 40.13 50.43 63.90 75.21 0.0
S2G3 7.90 20.85 28.10 36.39 46.05 58.77 0.0
S3G1 7.28 15.78 22.19 30.10 45.59 55.78 0.0
S3G2 8.64 20.37 35.66 47.79 60.91 71.40 0.0
S3G3 11.42 20.98 30.79 42.71 54.58 62.93 0.0
S4G1 8.02 13.86 22.64 32.00 43.05 58.80 0.0
S4G2 8.57 19.40 32.39 46.80 61.30 70.50 0.0
S4G3 7.24 17.69 27.73 41.18 56.16 66.39 0.0
S5G1 11.96 19.62 27.15 34.30 50.63 64.21 0.0
S5G2 14.46 25.33 37.63 56.19 66.39 74.30 0.0
S5G3 13.75 22.03 30.26 44.40 62.60 72.10 0.0
P-value 0.697 0.986 0.965 0.938 0.977 0.995 -
SxG NS NS NS NS NS NS -
LSD (0.05) 4.265 6.224 11.61 14.85 18.24 20.08 -
CV, % 429 302 36.6 33.6 30.6 280 -

Storage conditions: S1 — inside dry sand, S2 — inside saw dust, S3 —
thin jute sack, S4 — natural mud pot, S5 — open crates, control.
Genotypes: G1 — 'CIP 440015, G2 — 'CIP 440267', G3 — 'Local
White'. NS — not significant

Sprouting

Sprouting is one of the reasons for the post-harvest
deterioration of sweet potatoes (Ravi, Aked, 1996). No
sprouting was observed on the stored tuber during the

experimental period. No sprouting could be due to
prevailing lower temperatures (133 °C) during the
storage period at ambient room conditions (Table 2).
Sprouting can be inhibited by storing roots at a lower
temperature (14 °C), according to Ray and Ravi (2005).
After harvest, sweet potato roots sprout if environ-
mental conditions are favourable (Afek, Kays, 2004).
Sprouting is favoured by high temperature coupled
with humidity during storage (Bourke, 1982; Jana,
1982; Winarno, 1982). In the present experiment, the
temperature of the storage room was low and not
favourable for sprouting.

Rotting and insect attack

The rotting of the tubers was very much affected by
different storage conditions (Table 5). Tuber rotting
caused the most storage waste during the 12 week of
storage. The pooled data showed that the rotting of
sweet potato genotypes was significantly differed by
different storage conditions at the 8™, 10", and 121"
weeks of storage. The rotting (%) was found significant
among the genotypes. The lowest percentage of rotting
was recorded in the genotype 'CIP 440015’ (55.3%) and
inside dry sand (48.7%) at the 12" week of storage
while it was the highest up to 85.9% in 'CIP 440267
genotype. The highest rooting (76.7%) was noticed in
thin jute sack which was statistically at par with natural
mud pot (76.5%). The interaction effect of storage
conditions and genotypes on rotting was found insig-
nificant (Table 6).

Table 5. Effect of storage conditions and genotype on the rotting, weevil infestation and dry matter content of sweet potato stored
at ambient room temperature during the storage period (December—March) of 2018/19-2019/20

Treatments Weeks after storage

6th 8th 10th 12th 6th_12th 8th

rotting, % insect attack, %  dry matter, %
A. Storage conditions (S)
S1 (Inside dry sand) 13.0° 25.4¢ 35.9° 48.7° 0.0 31.30
S2 (Inside saw dust) 19.3® 32.6™ 51.3¢ 69.0° 0.0 33.69
S3 (Thin jute sack) 17.6® 40.9% 58.7¢ 76.7° 0.0 34.12
S4 (Natural mud pot) 24.42 48.1° 61.3 76.5° 0.0 35.13
S5 (Open crates, control) 18.7% 38.28¢ 54.0° 71.0° 0.0 34.44
P value 0.222 0.008 0.006 <0.001 - 0.659
LSD (0.05) - 12.5 14.0 12.0 - -
B. Genotypes (G)

G1 ('CIP 440015") 6.2° 21.1° 33.6¢ 55.3° 0.0 32.14°
G2 ('CIP 440267") 33.78 59.4% 77.8° 85.9° 0.0 38.44%
G3 (‘Local White") 15.9° 30.7° 45.3° 63.9° 0.0 30.63°
P-value <0.001 <0.001 <0.001 <0.001 - 0.001
LSD (0.05) 7.4 9.7 10.8 9.3 - 4.1
CV, % 77.5 50.9 40.5 26.4 - 16.6
S NS *x *% *kk NS
G *k*k *k*k *k*k *kk **k

NS — not significant, * — significant at P < 0.05, ** — significant at P < 0.01, *** — significant at P < 0.001
The same lowercase letters in the column are not significantly different by DMRT at a 0.05 level of significance

Minimum tuber rotting in the sand and sawdust could
be due to the stability of uniform temperature. Fluctu-
ating ambient temperature during day and night might
have accelerated the rotting of tubers kept exposed to
the open environment. The temperature record showed
the range from 10.11 to 17.49 °C ambient temperature
(Table 2). Chilling injury at low temperatures can cause
tuber decay, and sweet potato roots are particularly
susceptible to chilling injury at temperatures of 12.5 °C

(55 °F) or lower because they are native to the tropics.
Symptoms of chilling injury include fungal decay,
internal pulp browning, and root shriveling. Sweet
potato roots should not be stored at a temperature below
12 °C as they are susceptible to chilling injury. Ray and
Ravi (2005) reported that optimal storage temperatures
in sweet potatoes range from 13 to 15 °C with 85 to
95% RH. Reeset al. (2001) and Mtunda et al. (2001)
observed that postharvest physiological deterioration
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(PPD) in sweet potatoes was caused by postharvest
injury, increased respiration, rooting, and microbial
damage, which accounted for 41 to 93% of root
damage.

Table 6. Interaction effect of storage conditions and genotype
on the rotting and weevil infestation of sweet potato stored at
ambient room temperature during the storage period
(December—March) of 2018/19-2019/20)

Weeks after storage

Gth 8th 1oth 121h Gth_lzth Slh

Treatments rotting, % insect dry
attack, matter,

% %

S1G1 39 139 23.3 30.0 0.0 3041
S1G2 25.6 433 55.0 77.2 0.0 35.08
S1G3 94 189 29.4 38.9 0.0 2841
S2G1 78 172 30.6 57.2 0.0 29.74
S2G2 389 628 85.6 88.1 0.0 4144
S2G3 111 178 37.8 61.7 0.0 29.88
S3G1 72 211 32.8 62.8 0.0 3337
S3G2 30.0 67.2 93.3 95.6 0.0 3484
S3G3 156 344 500 71.7 00 3417
S4G1 89 300 422 64.5 0.0 3331
S4G2 41.1 700 85.6 86.4 0.0 40.79
S4G3 233 444 56.1 78.7 00 3129
S5G1 33 231 39.2 62.2 0.0 33.87
S5G2 328 534 69.8 82.2 0.0  40.06
S5G3 20.0 38.1 53.2 68.7 0.0 29.39
P-value 0.893 0.740 0,581 0.574 - 0.769
SxG NS NS NS NS - NS

LSD (0.05) - - - - - -

CV, % 775 509 405 26.4 — 16.6

Storage conditions: S1 — inside dry sand, S2 — inside saw dust, S3 —
thin jute sack, S4 — natural mud pot, S5 — open crates, control.
Genotypes: G1 — 'CIP 440015', G2 — 'CIP 440267', G3 — 'Local
White'. NS — Not significant

No weevil infestation was noticed in all the
treatments during the experimental period (Table 5).
Prevailing low temperatures during the study period
could be unfavourable for weevil infestation. The
infestation has a strong relationship with location,
altitude, and planting season. Several studies have
concluded that higher temperatures may increase the
growth rate of the insect's population as well as the risk
and severity of the outbreaks (Ladanyi, Hufnagel,
2006; Gomi et al., 2007). Ladanyi and Hufnagel (2006)

also reported that the increase in temperature, the
higher the rate of the population of insect growth. At a
lower elevation of fewer than 2000 m above sea level
damage, the crop tends to be more (Okonya, Kroschel,
2013; Lutulele, 2001). In the drier period, the higher the
temperature, the higher the frequency, which may be
the possible influence on sweet potato weevils
(Okonya, Kroschel, 2013). As shown by previous
findings, the conditions in this experiment were not
conducive to weevil infestation.

Biochemical changes

Dry matter (DM) content of tuber was not influenced
significantly by storage conditions after eight weeks of
storage whereas, the highest DM (35.13%) content was
in a natural mud pot and lowest in dry sand (31.13%)
(Table 5). Interaction effect of storage conditions and
genotypes was not significant on dry matter content,
while genotypes significantly differed with the highest
(38.44%) in 'CIP 440267' and the lowest 30.63% in
‘Local White'. The value of this characteristics may be
influenced by the genetic features of genotypes and
similar results were reported by Barabara et al. (2020)
in sweet potatoes.

Selected chemical constituents were analyzed twice in
this study, once at the time of harvest and again after three
months of storage, to determine their level of change after
three months of storage from the best storage method
(inside dry sand) found (Tables 7, 8). The results showed
an increase in dry matter and reducing sugar content, as
well as a decrease in beta carotene and total starch content
after 3 months of storage inside dry sand. Table 8 shows
the correlation matrix for the simple correlation coefficient
for the association between parameter values of the
variable. There was a positive and strong correlation of
storage duration with dry matter (r = 0.750) and reducing
sugar (r = 0.658) whereas, a negative correlation with
starch (r =-0.918) and R-carotene (r = —0.352) content of
sweet potato genotypes (Figs. 2-5). It is well known that
physiological and biochemical changes in tubers after
storage cause this, but it is also influenced by endogenous
factors.

Table 7. Dry matter, starch, reducing sugar and Beta-carotene content after 3 months (12 weeks) storage of sweet potato

genotypes inside dry sand during 2018/19

Quality parameters

Storage Duration

0 month (at harvest)

3 months (after storage)

genotypes genotypes
'CIP 440015'  'CIP 440267'  'Local White'  'CIP 440015'  'CIP 440267'  'Local White'
Dry matter, % 24.73 26.35 24.54 25.96 29.12 27.92
Starch content FWB, % 22.73 25.51 24.19 15.12 19.53 16.48
Reducing sugar FWB, % 4.21 3.16 4.66 9.79 4.72 5.89
R-carotene content DWB, mg 100 g* 124.71 161.48 6.64 56.87 106.16 5.87

FWB — fresh weight basis, DWB — dry weight basis

Table 8. Correlation matrix for the association between dry matter, starch, reducing sugar and Beta-carotene content of sweet

potato genotypes

Quality parameters Dry matter, %

Starch content FWB, % Reducing sugar FWB, %

Starch content FWB, % —-0.453
Reducing sugar FWB, % 0.021
Beta-carotene content DWB mg 100 g* 0.047

—0.845*

0.467 —0.451

* —significant at P < 0.05; FWB — fresh weight basis, DWB — dry weight basis
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The chemical composition of tubers analyzed after
storage was affected by all experimental factors.
According to Shuzbusha et al. (2010) and Grace et al.
(2014), the higher the storage temperature, the more
intense the transpiration, which results in higher tuber
dry matter content. The physiological processes
(transpiration and respiration) and the progress of
temperature and humidity in storage are the indicators
to monitor dry matter content changes during storage
(Dandago, Gungula, 2011).

After 6 months of storage at5 °C and 15 °C, there was
a change in the content of starch, which is the main
carbohydrate in sweet potato tubers (Barabara et al.,
2020). Its composition is closely related to dry matter
content, according to several authors (Njiti et al., 2014;
Kitahara et al., 2017; Krochmal-Marczak et al., 2018;
Niu et al., 2019). The starch content of sweet potato
tubers decreases over time during storage (Dandago,
Gungula, 2011). Zhang et al. (2002) also observed a
decrease in starch content during tuber storage, but it
varied depending on genotype. According to Nabubuya
et al. (2012), enzyme activity, especially amylase
activity, causes starch content to decrease in sweet
potato tubers during storage. Their activity increases in
sweet potato tubers during storage, and they play a key
role in reducing starch content during storage. To better
understand the production of cold-induced sweetening
(CIS), Yamdeu et al. (2015) analyzed carbohydrate
metabolic changes in potato tubers stored at 15 °C and
4 °C for 150 days. They discovered that low-tempera-
ture storage had a negligible effect on the tubers' starch
or maltose content, but did cause a significant increase
in reducing sugars and total soluble sugars. Namutebi
et al. (2004) reported that B-carotene is generally
decreased with the storage period for sweet potatoes.

Conclusion

The findings showed a significant effect of storage
conditions on physiological loss in weight and rotting
(%) of sweet potato genotypes. Despite the significant
weight loss, the healthy tubers appeared to be edible
and in good condition for up to 8-10 weeks. The
comparative study showed sweet potatoes can be kept
in better condition in dry sand and sawdust with mini-
mum post-harvest losses. Genotype 'CIP 440015' had
good storability at ambient conditions. In terms of
quality, the results showed an increase in dry matter and
reducing sugar content while decrease in beta carotene
and total starch content after 3 months of storage. The
findings of the experiment could be worth beneficial for
the poor farmers of underdeveloped and developing
countries like Nepal to prolong the shelf-life of sweet
potatoes at ambient conditions.
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ABSTRACT. Improved application efficacy of a plant protection products
by using a pneumatic device to change the dispersion of spray droplets is
depended on the intensity of crosswind. The laboratory investigations of
the spraying process of plants by means of the nozzles of a pneumatic
system determined the quality indicators of pressure in the injection
process of 0.4 MPa — the droplet coating density of 19-46 pcs cm?~ for
the weighted mean droplet diameters (WMD) in the other experimental
variants was within 304-543 pm. These indicators were compared with
those for the standard, anti-drift and air injection nozzle types in which the
droplet coating density was 23-59 pcs cm?~! and the weighted mean
droplet diameters (WMD) were in the range of 350 to 485 um. An
analytical dependence was obtained of the influence of the lateral airflow
and air pressure in the pneumatic system upon the amount of the deposited
spray liquid.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

To increase the vyield in agricultural crops, it is
important to controlling pests (weeds, pests and
diseases) (Directive 2009; Arvidsson et al., 2011,
Hanafi et al., 2016; Ivanovs et al., 2018; Pascuzzi et al.,
2020). Unless appropriate means of protection are
taken in due time, the crop losses (based on FAQ), can
reach up to 30% of the potential crop, and the grown

products lose their quality and cannot be used for the
purpose they are intended (1'YPN, 2020).
Intensification of agricultural production and wide-
spread introduction of mechanized technologies for
growing field crops require use application of the plant
protection means. Such increase poses an acute
problem how to reduce their impact upon the ecology
of the environment and contamination of the food
products with the residual amount of pesticides. The
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process of applying pesticides is accompanied by
losses, in particular, the drift of droplets of the working
fluid by the wind outside the processing zone. Particu-
larly urgent is the problem of the drift of the preparation
during its application under unfavorable weather condi-
tions, caused by windy weather, as a result of which the
efficiency of plant protection with the preparations
decreases, and the load on the ecology of the environ-
ment increases (Fritz, 2006; Wang et al., 2015;
Fornasiero et al., 2017). One of such technical solutions
is applying a sprayer equipped with a pneumatic device
to force the droplet to move downward, leading a better
deposition of the working fluid of which corresponds to
the spraying of standard, anti-drift and air injection
nozzles, which makes it essentially universal (Felsot et
al., 2011; Yuan et al., 2013).

Based on the literature (Jasinskas et al., 2015; Aliverdi,
Zarei, 2020; Biocca et al., 2021), there have been
determined the main trends in the development of
technical means of plant protection, aimed at improving
the assimilation of chemical preparations by the plant. To
solve this problem, the European manufacturers use
devices with air supply to the nozzle. The Teelet has
developed the AirJet nozzle (Fig. 1) and the AirMatic
controller for the implementation of pneumatic spraying
(Kravchuk et al., 2004; TeeJet Technologies, 2014).
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The advantage of pneumatic spraying is that the
droplet size is adjusted during operation. Even with the
same droplet size, in contrast to the conventional
atomizers, we can get a lesser drift at windy conditions.
The principle of operation of this nozzle is that air and
the working fluid are fed into the mixing chamber,
where emulsion is formed, which reaches the plant
through a deflector sprayer. To study the pneumatic
spraying process, a prototype of a pneumatic nozzle is
shown in Figure 2. A pneumatic system of a sprayer
with AirJet nozzles is shown in Figure 3.

Mixing
chamber

Working
fluid

Detlector
sprayer

Shut-oft
valve

Figure 1. Hydropneumatic deflector AirJet nozzle (Teelet
Technologies)

i

5
"17\1_:
=

Figure 2. A scheme (a) and cross-section (b) of the pneumatic hydraulic nozzle

/
B Alr

» Worlking fluid

Figure 3. The pneumatic system of a sprayer with the Airjet nozzles (TeeJet Technologies): 1 — a tank for the working fluid; 2 — a
membrane-piston pump; 3 — a flow meter; 4 — a liquid flow control console; 5 — a touch sensor of the wheel movement; 6 — a
manifold with the pneumatic sprayers; 7 — a pressure sensor; 8 — an airflow control panel; 9 — a wind speed sensor; 10 — a
pressure sensor 2.5 — bar; 11 — an oil-free compressor; 12 — a control valve (for air); 13 — a control valve (for the liquid)
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In this pneumatic system, the airflow pressure is
always adjusted to the variable fluid pressure in the
system. The fluid pressure, in its turn, is adjusts to the
change in the wind speed in the processed area of the
field. These two systems work as a whole. The main
task that these systems perform is to maintain the re-
quired constant dispersion of the droplet spraying,
depending on the cultivated crop, the speed of the
lateral airflow at the present time at a stable rate of
application of the working fluid per hectare. This sys-
tem operates in four modes of operation depending on
the air pressure in the pneumatic system. The pressure
of the liquid and air are interconnected through the

graphical dependences of the droplet size on the three
modes of the wind speed programmed in the system.
The purpose of the work was to study the possibilities
how to increase the efficacy of the use of the plant
protection means, by using a pneumatic device to
change the spraying dispersion of the droplets,
depending on the intensity of the lateral wind.

Materials and Methods

The laboratory investigations were carried out on an
experimental setup, a general view of which is shown
in Figure 4.
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Figure 4. A general view of the experimental setup and the spraying process: a) pumping device and adjuster; b) customized

laboratory equipment.

The experimental setup was a pneumatic fluid
sprayer, installed directly into the manifold. A voltage
piston-diaphragm pump, using hoses, from a 100 L
tank, supplied the working fluid. Air was supplied from
a cylinder by air, compressed up to 5.5 MPa, through a
reducer located directly on the cylinder. A valve adjus-
ted the air pressure, and the pressure of the working
fluid and pressure gauges adjusted air.

The liquid supply and spraying system contained a
liquid tank with a filter, a membrane pump 8000-543-
138 SHURflo with a high-pressure filter (up to 0.68
MPa) from the HYPRO Company, which was connec-
ted to a laboratory DC source of the LIPS-35 device
with a voltage of 12 V (Fig. 4). The prototype of the
pneumatic sprayer, installed directly into the manifold,
the sleeves, and the adjusting valve with a pressure
gauge were fixed directly on the manifold holder. The
working pressure of the fluid in the manifold was
regulated by means of a valve and monitored by a
pressure gauge. The studies were performed at the
height of installation of the sprayer, 60 cm above the
corrugated surface.

The device for creating a lateral airflow is driven by
a centrifugal fan. The airflow rate was adjusted by
changing the amount of the air entering the fan due to
blocking its inlet.

The setup for collecting liquid contains was a corru-
gated surface, installed with a slope for water drainage,
with a depression pitch of 48 mm. The liquid, settled

from the sprayer, was collected into containers, instal-
led under these depressions.

The objective of the experimental study was to opti-
mize the processes of deposition of the sprayed liquid
on the corrugated surface. The variable factors were the
lateral airflow velocity and the air pressure in the
pneumatic system.

During the deposition process of the liquid, sprayed
onto the corrugated surface, the following indicators
were determined: the liquid flow rate through the
sprayer, the speed of the lateral airflow created by the
centrifugal fan, the air pressure in the pneumatic
system, and the mass of the liquid collected in the
container. The liquid flow rate through the sprayers at
a constant pressure of 0.4 MPa was determined in
accordance with Standard ISO 22866:2005 for one
minute with an accuracy of 0.1 g by weighing these
containers on an electronic balance CERTUS
BALANCE. The value of the working pressure was set
according to the EN 837-1 standard using a WIKAI
manometer, installed in the manifold with a sprayer, the
measurement range being 0-2.5 MPa, the measurement
accuracy of the manometer — 0.01 MPa.

The speed of the airflow, created by the centrifugal fan
at the location of the prototype sprayer, was determined
using a SKYWATCH ATMOS digital anemometer with
ameasurement range from 2 to 42 m s; the anemometer
measurement accuracy was + 3%. The pressure in the
compressed air supply system was measured using pres-
sure gauges, installed on the reducer.
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Influence of various factors upon the value of drift
and deposition of the sprayed liquid was assessed by
the method of planning a two-factor experiment.

Before conducting the research, the corrugated
surface was moistened with water and kept in a wet
state during the research. The investigations were
performed at a constant pressure of the liquid of 0.4
MPa and the air pressure from 0 to 0.3 MPa, and the
sprayer height above the corrugated surface of 60 cm.
In addition, the sprayer was located above the thirteenth
depression of the corrugated surface, counting from the
manifold holder with the pneumatic sprayer. The
sprayer was installed so that the spraying pattern was
perpendicular to the direction of the depressions of the
corrugated surface.

Investigation of the drift of the drops was carried out
at the lateral airflow rates: 0; 3.0 and 6.0 m s™. The
collection time of the liquid, sprayed on the corrugated
surface, was 1 min. After the end of each spraying
cycle, we waited up to 5 minutes for all the liquid to
drain into the container, and then measured these
containers with the liquid in it on the measuring glass.

Processing of the research results made on a personal
computer using the methods of mathematical statistics.
Data processing was used to determine the distribution
of liquid by weight along the entire length of the
corrugated surface of the laboratory setup. As the
optimization criterion there was taken the mass of the
liquid collected in the container under the corrugated
surface, within the actual area of action of the
pneumatic sprayer from 0 to 158.4 cm.

Setting of the dispersion parameters of spraying took
place due to the control of the drops, trapped on the
distribution pattern, depending on the intensity of the
lateral wind, artificially created by an axial fan. The
purpose of the laboratory investigations was also to
establish the value of the drift of the drops from the
actual zone of spraying of the liquid by the pneumatic
sprayer at different speeds of the lateral wind and
variable parameters of the air pressure in the pneumatic
liquid spraying system. The amount of liquid that
settled along the operating width of the sprayer at
different distances from it was determined in
accordance with Standard 1SO 22866:2005 and Stan-
dard of Ukraine 74.3-37-266:2005.

During the study of the performance indicators of the
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Figure 6. Distribution of the sprayed liquid over the corrugated
surface at a speed of the lateral airflow of 0-6 m s and air
pressure in the pneumatic system to 0.15 MPa: 1 -V =0m s,
2-Vv=3ms%3-vV=6ms?

pneumatic sprayer there was a comparison made of the
spraying dispersion of droplets of the prototype sample
with the dispersion of the injection IDK-120-04, anti-
drift AD-120-04 and standard ST-110-04 nozzles.
Comparison of these research results was performed at
a working fluid pressure of 0.4 MPa, an air pressure in
the pneumatic system of 0.1; 0.2; 0.3 MPa, but without
the action of the artificially created lateral airflow.

Results

Processing of the results of the conducted laboratory
investigations in order to determine the efficiency of
application of the pneumatic sprayers for spraying a
liquid revealed an improvement in the quality of the
spraying process and savings of the plant protection
means.

Diagrams of the droplet distribution by the prototype
pneumatic sprayer are shown in Figures 6 and 7 at a
fluid pressure in the system of 0.4 MPa.

By microscopic analysis of the cards there was
established the value of the density of the droplet depo-
sition on the treated surface and their weighted mean
diameter (WMD) and mass-median-diameter (MMD),
which at a pressure in the injection communication of
0.4 MPa are, respectively: 19-46 pcs cm?~* and 304—
543 um for a pneumatic sprayer; 23-59 pcs cm? - and
350-485 pm for standard, anti-drift and injection
nozzles. As evident from Table 1, the spray by one
«universal» pneumatic sprayer corresponds to the total
spray of three different types of sprayers, and it is this
circumstance that makes it universal.

These investigations confirmed the possibility to
influence the dispersion of the droplet spraying by
changing the air pressure in the pneumatic system
depending on the change in the intensity of the lateral
airflow.

The results of microscopic processing of the distri-
bution pattern are listed in Table 1.

Impact of factors upon the amount of the collected
sprayed liquid

Factors, their code designation and levels during the
two-factor experiment in order to establish the impact
of factors (the lateral airflow velocity and air pressure
in the pneumatic system) are shown in Table 2.
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Figure 7. Distribution of the liquid over the corrugated surface
depending on the air pressure in the pneumatic system 0-0.15
MPa at speed of a lateral air stream of 6 m s™: 1 — P, = 0 MPa;
2-Pp=0.05MPa; 3-P,=0.10 MPa; 3 - Pp = 0.15 Mpa
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Table 1. Microscopic processing of the distribution pattern at a fluid pressure of 0.4 Mpa

Number of drops, WMD, Air pressure, Nozzles MMD, Polydispersity Distribution pattern
pcs cm? pm MPa pm coefficient, pm
19 543 0.1 1125 3.73
i)
kS
29 393 0.2 S 515 3.36
e
o
46 304 0.3 495 4.50
IDK-120-04
23 485 0 ; 860 2.24
\!
AD-120-04
a3 410 0 - 574 3.67
ST-110-04
59 350 0 488 4.19

Table 2. Levels of the laboratory research factors of a prototype model of the pneumatic setup

Name of the factor Designation Variation levels of factors Variation
upper (1) Zero (0) Lower (-1) interval

The airflow velocity V, ms™ X1 6 3 0 3

The working air pressure in system P,, MPa X2 0.2 0.1 0 0.1

Table 3. The results of the implementation the matrix of a two-
factor experiment of the prototype model of the pneumatic
setup

No. V, ms* Py, MPa Collected liquid (Q), kg
1 0 0.00 1.041
2 0 0.15 1.001
3 0 0.20 0.880
4 3 0.00 1.018
5 3 0.10 0.971
6 3 0.15 0.865
7 6 0.00 0.974
8 6 0.05 0.974
9 6 0.10 0.960

But the mass of the liquid, sprayed by the prototype
model of the pneumatic sprayer, that has settled within
the actual coverage of the corrugated surface by the

sprayer flow, which in this case is already 295 cm,
shown in Table 3.

All the investigations were carried out at a constant
fluid pressure in the pneumatic system of 0.4 MPa, the
height of the sprayer above the corrugated surface of
0.6 m, the collection time of one minute at a relative
atmospheric humidity of 57% and an air temperature of
22 °C.

Analysis of the data in Table 3 showed that the
amount of the liquid sprayed by the prototype model of
the pneumatic sprayer at the air pressure of up to
0.1 MPa has little effect upon the dispersion of the
droplet spraying since a small amount of liquid is
carried away by a lateral airflow, and this indicates that
in the fraction of small droplets there is a fairly small

S
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number of them. But at an air pressure of more than
0.12 MPa, it is observed that the airflow begins to affect
more the dispersion of the droplets.

According to the conducted studies of the deposition
process of the droplets, sprayed under the impact of the
lateral airflow and the air pressure in the pneumatic
system of the prototype of the pneumatic sprayer above
the corrugated surface, the obtained analytical
dependence is:

Q = —4.39P2 — 0.13V + 1.06, 1)

where Q — the amount of liquid that has passed
through the sprayer, | min;

Pp — the air pressure in the pneumatic system, MPa;

V — velocity of the lateral airflow, ms™.

This equation is adequate for the probability p = 0.9.
The obtained analytical dependence makes it possible
to determine the amount of the deposited sprayed liquid
at the corresponding values of the variable factors.

Conclusions

1. Trends in the development of the technical means
of chemical plant protection have been deter-
mined: application of pneumatic sprayers that are
capable to change the spraying dispersion of the
droplets depending on the intensity of the lateral
airflow, which allows the operator to work in a
wider range of the wind speeds (up to 9 ms?) and
the movement of the aggregate (up to 25 km h™).
To improve the quality of the spraying, devices
with the air supply into the nozzles are used to
regulate the spraying dispersion depending on the
intensity of the lateral wind while maintaining a
pre-set rate of application of the working fluid per
hectare.

2. As aresult of investigations, there was revealed a
possibility to influence the air pressure upon the
spraying dispersion of the droplets. It has been
experimentally established that with an increase
in the air pressure in the pneumatic system, star-
ting from 0.12 MPa, a decrease in the diameter of
the sprayed drops is observed, and after an increa-
se in the air pressure of more than 0.25 MPa,
spraying takes place that is equivalent to a stan-
dard fine-dispersed slot sprayer.
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ABSTRACT. The results of research conducted during 2015-2018 in a
field experiment on sod-podzolic soils while studying the effect of
different fertilizers on productivity of Camelina sativa and oil-bearing
crops and, accordingly, economic efficiency and competitiveness of this
crop growing have been presented. The dependence of elements of
productivity and vyielding capacity on the application of mineral
fertilizers has been revealed. It has been found that the application of
mineral fertilizers had a significant impact on the productivity of
Camelina sativa seeds and the cost index and profitability of Camelina
sativa seeds, accordingly. Depending on the studied elements in
growing technology of little-known in Ukraine crop of Camelina sativa,
the main indices of economic efficiency were determined. It has been
found that with optimization of plant nutrition, regardless of the increase
in cultivation costs, conditionally net profit and profitability level
increased. This was facilitated by foliar fertilization with modern
restrictive preparations or complex micro fertilizers in critical periods of
crop vegetation. Depending on the variant of the experiment, the average
conditionally net profit during growing years ranged from 471.78 to
688.48 € ha* (1 UAH = 0.032 €), and profitability level ranged from
178.8 to 222.0%.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

World experience shows that the way to overcome the
crisis in the economy and agricultural sector, in general,
lies primarily in the production, both for domestic and
foreign markets, of competitive products which meet
purchasing competence of consumers and at the same
time is beneficial for producers. This can be achieved
as a result of a complex approach to the production,
practice and sale of crop products, and wide mastering
of the latest scientific and technical research. At the
same time, there is a need for more and more purposeful
introduction into the production of crops with high

yield potential which were tested by world and
domestic practice and which, for one or another rea-
sons, have not become properly widespread. Camelina
sativa belongs to such crops in our country (Hryhoriv,
2012; Chetan et al., 2021; Demydas et al., 2021).
Currently, the sown area under oil-bearing crops in
the world covers over 150 million hectares, and oil
production is about 185 million tons. Recently, world
consumption of oils and vegetable fats grew by 4%
annually, and annual increase of oil production over the
past decade is about 3.5 million tons. Crops of this
family are grown in almost all countries of the world,
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but each of them has its leading oil crop. Today in
Austria, Great Britain, Denmark, Germany, Russia, the
USA, Finland and France work on selection and
agrotechnical of red rice as an oil plant are actively
conducted. In Ukraine, such main crops are sunflower
and rapeseed, which are included in crop rotation
structure of natural and climatic zones of the Steppe,
Central and Eastern Forest-Steppe, and occupies over
70% of all cultivated oil-bearing crops in Ukraine
(Havryliuk, 2008; Poliakov, 2011; Namayunova et al.,
2018; Madhav et al., 2020; Yakupoglu et al., 2021).
Reduction of sown area for rapeseed to a scientifi-
cally sound level replacing it by other, not less valuable
oil-bearing crops, will improve sown area, increase oil
assortment for various purposes (Hryhoriv et al., 2020).
Solution of production problem for oil-bearing crops
less widespread than rapeseed, such as mustard, and
little widespread — Camelina, is closely connected with
improvement of agrotechnologies setting parameters of
basic agronomic measures for their growing, taking
into account biological characteristics of varieties and
specific properties of crops for obtaining high produc-
tivity. Therefore, the transition from extensive to
adaptive-intensive methods with the successful combi-
nation of elements of intensification, resource-saving
and biologization of crop production depending on
climate, relief and soil conditions — is a progressive way
in modern crop production (Demydas et al., 2011;
Moskva, 2016; Long et al., 2018; Cerbari et al., 2021).
Camelina sativa Grantz is a promising oil crop of the
Brassicaceae family. Interest in Camelina is stipulated
by the fact that it successfully combines the high
potential of seed yield (2.0 t ha? in Canada, 2.1
2.2tha? in Ireland in 2011-2013) (Hryhoriv et al.,
2020). And unique properties and composition of
Camelina oils: healthy composition of fatty acids, high
content of vitamins, high resistance to oxidation
(Prianyshnykov, 1963; Volokh et al., 2005; Hryhoriv et
al., 2020; Hryhoriv et al., 2021). Despite all advantages
of the crop, today in Ukraine, Camelina is grown only
in large areas in the zones of Forest-Steppe and
Polissya, although there are all conditions for expan-
ding sown areas throughout the country
(Hospodarenko, Rassadina 2015; Namayunova et al.,
2018).
The research was aimed to study the economic
efficiency of Camelina sativa growing under condi-
tions of Precarpathians of Ukraine.

Materials and Methods

Field research was conducted in technological crop
rotation at the Department of Growing Technology,
Seed Production and Biochemistry of Cruciferous
Crops at Precarpathian State Agricultural Research
Station of the National Academy of Agrarian Sciences
of Ukraine on sod podzolic soil during 2015-2018 GPS
binding: latitude 58°56'55', longitude — 34°41'45",

The soil of the experimental plot was the sod, deep
podzolic gleyed soil. By mechanical composition, they
were coarse-dusty heavy-gleyed with a strong humus

horizon up to 75 c¢cm and are characterized by the
following indices: acidity, pH — 5.3, humus content
2.75%, soil provision with main nutrition elements:
nitrogen — 82, phosphorus — 46.0 and potassium —
119.0 mg kg *.

A predecessor is winter wheat. The sowing was
conducted according to the experimental scheme. A
variety of Girsky of the selection of institute AIP was
used for sowing. Taking into consideration the insen-
sitivity of Camelina sativa to the application of potas-
sium fertilizers (Poliakov, 2011; Hryhoriv, 2020;
Kvitko et al., 2021; Cerda et al., 2020), the effect of
only nitrogen and phosphorus fertilizers was studied. In
the experiment, mineral fertilizers in the form of
ammonium nitrate and granular superphosphate were
applied with main tillage according to the following
scheme:

e Control — without fertilizers;

Background — (PsKays);

Background — (N3oP4sKas);

Background — (N3gP4sKas) + Neo;

Background — (N3oP4sKss) + Vympel (500 g ha™)
+ Oracul multicomplex (1 | ha™) + Oracul
colamine boron (1 | ha™) + Oracul sulphur active
(21 ha').

The experiment was based on four repetitions; the
area of the accounting plot was 20 m?. The variant
without fertilizers was used as control (absolute cont-
rol), which is based on the natural soil fertility.
Fertilization of Camelina sativa grass crops was carried
out with nitrogen fertilizers, micro fertilizers and
growth stimulators according to corresponding variants
of the experimental scheme in the rosette phase.

In the experiment, was sown Camelina sativa variety
Girsky of selection of Ivano-Frankivsk Institute AIP
NAAS entered on the State Register of varieties
suitable and adapted to the soil and climatic conditions
in Ukraine. Potential seed yield is about 2.0 t ha™, green
mass — 40.5 t ha* (Abramyk et al., 2003). Growing
technology of Camelina sativa in the experimental
plots was generally accepted for soil and climatic
conditions of Precarpathians, except the factors, studied
(Syvyryn, Reshetnykov, 1988; Semenova et al., 2005;
LU et al., 2019; Landré et al., 2020; Bulyhin et al.,
2021; Lys et al., 2021).

The economic efficiency of spring ryegrass cultiva-
tion was calculated according to modern generally
accepted methods, namely determined by technological
maps. When determining production costs of the work,
we included amount of wages, cost of soil tillage,
herbicides, seeds, depreciation, maintenance and ins-
pection, cost of fuel and lubricants, fertilizers, and cost
of storing seeds. Calculations of economic efficiency of
Camelina sativa growing are given in prices of 2020.

Evaluation of growing technologies for competitive-
ness was carried out according to the method of
Garkavy, Petrychenko, Spirin (Garkavy et al., 2003).

Weather and climatic conditions of the region are one
of determining factors in the formation of productivity

Agraarteadus | Journal of Agricultural Science 2 e XXXII ® 2021 232-238



234

Yaroslava Hryhoriv, Andrii Butenko, Valentyna Nechyporenko, Margarita Lyshenko, Tetiana Ustik, et al.

and quality of agricultural crop yields. It can be a
decisive criterion for the expediency of growing crops
and their implementation in a particular region, so
much attention is paid to the analysis of weather
conditions during the research period, which aimed to
determine the economic efficiency of growing
Camelina sativa depending on varietal characteristics
and farming techniques under conditions of Precar-
pathians of Ukraine. Natural and climatic conditions
which have developed in the lvano-Frankivsk region
contribute to the development of agriculture and
forestry, growing of main crops. Analysis of hydro-
thermal conditions, which developed during the vegeta-
tion period of Camelina sativa during the years of
research, was conducted according to Ivano-Frankivsk
regional meteorological station. In the years of
research, weather conditions differed significantly from
the average long-term data both in terms of temperature
and precipitation during the Camelina sativa growing
season (Fig. 1).

Results and Discussion

The main task of agricultural production in the
process of growing Camelina sativa at the present stage
is increasing its profitability with an increase of
agricultural production with minimal energy and
resources. The above mentioned is relevant especially
in modern business conditions, when technology
elements that are being developed and proposed for
implementation in the production, first of all, have to
reduce energy costs for growing crops, reduce costs for
production unit and as a result — increase profits. In
addition, modern technologies of growing crops must
be competitive. It should be noted that the competi-
tiveness of crop products depends on many different
factors, including elements of growing technology. At
the same time, the shortage of resource potential and
pricing policy for main elements and tools, that are an
integral part of the development of agronomic cultiva-
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tion measures, requires certain revision of technologi-
cal approaches to crop production. The cost of mineral
fertilizers has increased significantly during recent
years and organic fertilizers are almost not used be-
cause of the significant reduction in livestock breeding.
This has led to further deterioration of soil quality, their
content depletion concerning movable, available for
plants nutrients. According to Gamayunova's research,
it is established that nutrition optimization, depending
on the use of biological products for seed treatment and
sowing on the background of moderate fertilizer gives
arelatively net profit of 534.74 to 2370.58 € ha™, which
indicates the feasibility of growing spring rye in the
south of Ukraine. Under such conditions, optimization
of crop nutrition on measures of resource-saving beco-
mes actual (Hryhoriv 2012; Peyraud et al., 2016;
Namayunova et al., 2018; Tanchyk et al., 2021).

It was found that studied doses of mineral fertilizers
significantly affected economic efficiency indices of
Camelina sativa growing (Table 1).

Calculations of economic efficiency of mineral ferti-
lizers applied for Camelina sativa growing showed that
the highest conditionally net profit — 688.38 € ha™ on
average for the years of research 2015-2018 was
obtained on the variant with applying mineral fertilizers
at a dose of N3gP4sKas in main fertilization and Neo in
replenishment. Production cost in this variant was
998.40 €, total costs —310.02 €, and the cost of 1 ton of
seeds was 158.98 €, profitability level was 222%.
Whereas according to the research of Mariusz et al.
(2018) in Poland, the average income from ryegrass
seeds is € 876.3 ha at a seed cost of 455.5 €.

We note that in the control (without fertilizers) was
received conditionally net profit in the amount of
315.20 € ha%, at the cost of 1 ton of seeds — 183.65 €,
general expenses — 176.32 € and profitability level —
178.8%.

Analyzing the structure of costs, it should be noted
that with increasing fertilizer doses the share of costs
for fertilizers also increased, while the share of costs for
fuel, pesticides, and seeds decreased.
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Figure 1. Air temperature and amount of precipitation during the growing season of Camelina sativa 2015-2018, °C
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Variant of fertilization Yielding Cost of the Production costs, Cost price of 1t, Net profit, Profitability
capacity, tha®  harvest, € ha™ € ha™ € € ha level, %
Without fertilizers (control) 0.96 491,51 176.32 183.65 315.20 178.8
NoPssKas 1.39 711.68 239.90 172.61 471.78 196.7
N3oP1sKas 1.61 824.32 273.44 169.82 550.88 201.5
Na3oPasKas+Ngo 1.95 998.40 310.02 158.98 688.38 222.0
N3oPsKas+microfertilizers 1.86 952.32 290.78 156.32 661.54 2275
X+5; 1.55+0.08
LSDgs 0.17
1 UAH =0.032 €
Table 2. Economic efficiency of technologies for growing spring oil-bearing crops (Hryhoriv et al., 2014)
Crop Yielding capacity,  Cost of the Production costs, Cost price of 1t, Net profit, Profitability
that harvest, € ha'* €ha't € € ha't level, %
Spring Brassica napus 2.23 927.68 473.92 212.51 453.76 95.7
Sinapis juncea 1.69 730.08 443.36 262.33 286.72 64.7
Sinapis alba 1.89 816.48 443.36 234.56 373.12 84.2
Camelina sativa 1.95 998.40 310.01 158.97 688.38 222.0
Linum usitatissimum 2.11 979.04 354.78 168.12 624.26 176.0
1UAH =0.032 €

Therefore, it is not for nothing that recently, in
various EU projects (eg ITAKA, ICON, COSMOS),
red rice has been reopened as a multi-purpose crop as a
source of oil and protein (Righini et al., 2016), using
low costs and cost, and competitive agronomic mana-
gement (Tonin et al., 2018). Due to the great interest in
this species in Europe and the driving force of this
interest, the authors consider it necessary to gather all
European knowledge about the cultivation of ryegrass
to provide guidelines for the future sustainable
development of this culture (Righini et al., 2016).

It should be noted that the Camelina sativa alternative,
first, is that no pests and diseases have been detected in
this crop, unlike in other Brassicaceae plants. Therefore,
Camelina sativa does not require the use of insecticides
and fungicides during growing, which in practice will
result in significant cost savings for chemical means of
protection for Camelina sativa crops in comparison with
other oil-bearing crops (Table 2).

Rapeseed, in contrast to Camelina sativa, is strongly
damaged by pests: Phyllotreta, (Meligethes aeneus F.),
Ceuthorrhynchus, Aphidoidea, Dasineura brassicae
Winn. Therefore, rapeseed growing requires chemical
protection with the application of effective insecticides
from germination to budding, the cost of which by the
prices of 2020 is 110.78 € ha™, which is 23% of all
growing costs. In addition to all Camelina sativa
advantages, the technology of its seed growing is
environmentally friendly.

Researchers have also found that in milder Mediter-
ranean environments, such as Spain (Martinez et al.,
2020) and Italy (Bacenetti et al., 2017), red spring is
well adapted to growing with the autumn cycle on
marginal soils. Mauri et al. (2019) reported that spring
red, sown in autumn in semi-arid conditions in central
Spain, reached an average yield of 1 Mg DM hatin a
2-year study. This value can be considered a reliable
yield threshold for profitable cultivation on marginal or
semi-marginal soils (Zanetti et al., 2021)

It was found that the lowest production costs (310.01
and 354.78 €) were for growing Camelina sativa and
Linum usitatissimum. Insecticides were additionally

used three times in Sinapis juncea and Sinapis alba
crops, so the costs increased to 443.36 €. The highest
production costs were for growing Spring Brassica
napus (473.92 €) because of two additional uses of
fungicides and insecticides.

It should be noted that in the general growth of all oil-
bearing crops was highly profitable. This is explained
by relatively high yielding capacity in the experiments
and high prices for the seeds of oil-bearing crops. Net
profit from 1 ha was lower while growing species of
Sinapis (286.72-373.12 €). Camelina sativa and Linum
usitatissimum provided twice more profit — 688.38 and
61.06 €, respectively. The level of profitability is very
high for Camelina sativa (222%) and Linum usitatis-
simum (176%). Other crops range from 64 to 95%.

It should be noted that red rice has an advantage as an
alternative raw material for the production of biodiesel
due to its low cost compared to commercial oils.
Recently, jet fuel based on rye oil has been developed
and test flights of various passenger aircraft, as well as
fighters, have been successfully conducted (Moser,
2010). These facts indicate the suitability of rye oil for
biofuel production. In addition, due to its unique nutri-
tional properties, ryegrass flour has been recognized as
a valuable animal feed (Pilgeram et al., 2007). Thus, it
has a high economic potential. Such a high economic
value of rye meal has great potential in ensuring the
economic efficiency of rye biodiesel.

As it is known, that the most promising growing
technologies are considered to be the ones with energy
costs reducing and energy efficiency coefficient increa-
sing. It should be noted that the competitiveness of crop
products depends on many different factors including
elements of growing technology.

The basic technology for growing Camelina sativa
was the variant of the experiment, where no mineral
fertilizers were applied. Obtained results in determi-
ning coefficients of energy, integral evaluation and
complex coefficient of competitiveness showed that
they change depending on the doses of mineral fertili-
zers (Table 3).
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Table 3. Competitiveness of Camelina sativa growing
technologies

Variant of Coefficient of ~ Coefficient Complex
fertilization energy integral coefficient of
evaluation, evaluation,  competitiveness
K.t J? K2
Without fertilizers 204 0.80 0.87
(control) '
NoP4sKas 1.45 0.78 0.93
N30P45K45 083 071 096
N30oPasKas+Ngo 0.72 0.69 1.32
N3gP4sKs +micro- 0.75 0.61 1.27
fertilizers
Kgr = 2—1: = laolo+adld) ' \here qo, ad — respectively, the energy

E
equivalent main and additional products, MJ kg™*; Wow, Wood —
respectively the harvest of the main and additional products, kg ha®;
Et — total energy consumption technologies, MJ ha™.

Y =Z—z, where Qn, Qb — the monetary expression of products

produced per year per 1 hectare of area per 1 € of reduced costs, by
the new and basic technology options.

K, = Z—Z, where Qg — quality parameters, Qe — economic parameters.

It was revealed that the application of the studied
doses of mineral fertilizers leads to a decrease in the
energy evaluation coefficient of Camelina sativa
growing technology. Thus, when applying mineral
fertilizers at a dose of N3oP4sKas in combination with
foliar nitrogen fertilization at a dose of 60 kg ha™, the
energy evaluation coefficient was 0.83. Whereas the
variants without mineral fertilizers were noted the
highest coefficient of energy assessment — 2.04.

The highest coefficient of integral evaluation of
growing technologies was observed in the variants
without mineral fertilizers, and which was respectively
0.80.

The maximum complex coefficients of competitive-
ness were observed in Camelina sativa— 1.32, and 1.27
was noted when growing Camelina sativa in the
variants with mineral fertilizers at a dose of N3gPsKas
in combination with foliar nitrogen fertilization at a
dose of 60 kg ha* and in the variant with stimulants of
growth and micro fertilizers. In the variants where
mineral fertilizers were not used, the minimum comp-
lex coefficients of competitiveness were noted, which
were 0.87, respectively.

Conclusions

Under conditions of Precarpathians on sod-podzolic
soils, the highest seed yield among spring oil-bearing
crops was provided by spring rape (Brassica napus L.)
— 2.23 t ha'™. Slightly lower yields were provided by
Camelina and Linum usitatissimum — respectively
1.95-2.11 t ha. Other crops provided a much lower
seed yield. The yielding capacity of Camelina sativa
seeds under influence of mineral fertilizers increased
from 0.96 t ha? in the variant without fertilizers to
1.95t ha? in the variant with the application of
N30P4sKas+ Neo, i.€. increased by 0.99 t ha™ or 106.8%.

With intensive technology of growing Camelina
sativa, variety Girsky, it is expedient to increase the
dose of mineral fertilizers to N3oPsKas + Ngo, in this
case, the net profit increases to 688.38 € from 1 hectare.

The best indices of economic efficiency were obtained
for growing Camelina and Linum usitatissimum: their
profit was 688.38 and 624.26 € ha™?, respectively, and
the level of profitability was 222 and 176%.

So, when applying nitrogen fertilizers in a dose of
90 kg ha' on the background of phosphorus and
potassium fertilizers (P4sKas) there was a decrease in
competitiveness coefficient (Ky), energy efficiency
coefficient (Kg;) and increase of integral evaluation
coefficient (J) compared to the basic technology.

For the production of competitive products, increa-
sing the yield and profitability of Camelina sativa
cultivation in the conditions of Prykarpattia Ukraine on
sod podzolic soil, it is recommended to obtain a yield
of 2.23 t ha! to apply complete mineral fertilizer at a
dose of N3oP4sKss with nitrogen fertilizers at a dose of
Neo in the phase of socket formation. The results
obtained in this study provide valuable information on
the costs and cost-effectiveness of rice biomass produc-
tion. However, further research is needed to verify the
results of the study and further improve production
technology, reduce costs, and increase the efficiency of
seed collection (reduce losses during harvesting). This
should in the future help increase the economic effi-
ciency of rice production.
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ABSTRACT. It has been proved that during the period of research the
weather factors had dominating effects on the formation of phenolic
substances fund for the fruits of early and late groups of cultivars. The
cultivar features affected the accumulation of the phenolic substances in
the fruits of a group of cultivars of a medium-term ripening. It has been
established that the fruits of 'Kazka' cultivar (203.17 mg 100 g) were
selected from among the cultivars of an early-term ripening according to
the average phenol substances content. The fruits of 'Rubinova Rannia’
(175.27 mg 100 g?) are characterized by the optimal variation indices as
well as by the average content of polyphenolic substances. From the
technological point of view, the most perspective from among the cultivars
of medium- and late-terms of ripening was: 'Uliublenytsia Turovtseva'
(226.85 mg 100 g), 'Udivitelna' (288.55 mg 100 g). The results of
experimental analysis for the fruits of early- and late-terms of ripening as
well as their dispersion analysis allow us to forecast the content of the
phenolic substances by the average indices but not separately for every
pomological cultivar. Based on designed regression models, the analysis
of the degree of impact of each weather factor on the rate of the phenolic
substance has been made. The humidity index (the average monthly
amount of rainfalls in May) had maximal effects on the accumulation of
phenolic substances fund for the cherry fruits of three terms of ripening.
The humidity indices of the last months of fruits formation (May and June)
had the greatest effects on the accumulation of phenolic substances for a
test group of plants of all terms of ripening.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Increasing interest in biologically active compounds
of stone fruits necessitates the selection of not only
crops but also cultivars with a higher content of endoge-
nous antioxidants. Natural phenolic compounds, inclu-
ding anthocyanidins, are considered the most important
natural antioxidants (Xu et al., 2017). Their compo-
sition and concentration affect the organoleptic charac-
teristics of fruits and determine the antioxidant activity
(Fu et al., 2011; Nowak et al., 2018). From among the
most important kinds of fruit plants with corymbose
inflorescences, which belong to sub-genus Cerasus,
Prunus avium L. is of special importance. Cherry fruits
are one of the most popular fruits of a moderate climate,
they are much valued by the consumers and studied by
scientists due to high taste qualities, attractive fruit

appearance, valuable biochemical composition (Lovato
et al., 1994; Kask, Jalakas, 2004; Bastos et al., 2015;
Pissarda et al., 2016). Sweet fruits have cellulose,
vitamins, the compounds of the polyphenolic group,
vitamin C, that provide good taste qualities and
resistant characteristics (He et al., 2007). The anti-
tumour action of the extractions of fruits P. avium,
which was caused by available phenolic compounds,
has been established (Li et al., 2016; Xu et al., 2017).
The researchers pay much attention to studying the
phenolic compounds of the fruits, which affect the
fruits colour and the taste qualities like bitterness and
astringency. Polyphenolic substances can be found in
plants in the form of glycosylated derivatives, though a
conjugation with non-organic acid is also known. These
molecules take part in the protection against ultraviolet
radiation or aggression from plants pathogens. As
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follows from the results of the research carried out on
animal and man simulations, the phenols are bio-
accessible and have a protective action against oxi-
dative stress and against the damage caused by free
radicals (Prior, 2003; Szajdek, Borowska, 2008; Lobo
et al., 2010; Alkadi, 2020). Phenolic compounds
present secondary metabolites of plants, which are
characterized by the availability of at least one aromatic
ring with one or few affiliated hydroxyl groups. The
phenols vary from simple low-molecular compounds
with one aromatic ring to tannins, which contain a great
number of hydroxyl groups (-OH). They can be
classified according to the amount and to the location
of carbon atoms (de la Rosa et al., 2019). Some
researchers have established that phenolic substances
reduce vitamin C oxidation, and the vitamin, in its turn,
has a stabilizing action on bioflavonoids (Diaz-Mula et
al., 2010; Smeriglio et al., 2017).

According to the data, the sugars can serve as a
material for the synthesis of phenolic substances in
sweet cherry fruits. The total sugar content, as a subst-
rate for the phenols formation, is in the range of 10.55—
14.59% (lvanova et al., 2021b). The fruit ripening stage
in sweet cherries, like in other red fruits, is connected
with the change of primarily green colour for a red one
due to the accumulation of polyphenolic compounds,
anthocyanidins. Biologically active phenolic com-
pounds are concentrated in the skin and have beneficial
effects on the sensor and organoleptic characteristics of
fruits, such as flavour (Jakobek et al., 2009). The
accumulation of substances that colour the sweet cherry
fruits red (with different shades) during the last period
of ripening are due to an increase in the content of
anthocyanins. They are the main phenolic substances in
the fruits of dark-coloured cultivars (Karaaslan et al.,
2016). As it has been stated in the research, the sweet
cherry cultivars show high changeability of phenolic
compounds rates. According to the data of some
researchers, it has been found that the total amount of
sweet fruits anthocyanidins is from 30 ('Black Gold'
cultivar) to 79 (‘Cristalina’ cultivar) mg of the cyanidin-
3-glycosidic equivalent of (CGE) 100 g, when a total
amount of cherry anthocyanidins is from 45 ('Balaton’
cultivar) to 109 (‘Sumadinka' cultivar) mg CGE mg
100 g* (Serrano et al., 2009; Ferretti et al., 2010).

The research has proved that the fruits of 13 sweet
cherry cultivars had the total phenols content from 44.3
to 87.9 mg in the equivalent of gallic acid g~ 100 FW
and the antioxidant activity ranged from 8.0 to 17.2 mg
the equivalent of the antioxidant capability of the ascor-
bic acid, mg 100 g~ FW. The authors suppose that the
correlation of the antioxidant activity of the total
amount of phenols and anthocyanidins depended on the
cultivar (Usenik et al., 2008). However, it has to be
noted that the cultural genetic factors and the weather
conditions affect the formation of macroelements,
micronutrients and phytonutrients in the fruits (Bureau
et al., 2009; Iglesias et al., 2012). The temperature,
lightning intensity and fruit ripening (Pissarda et al.,
2016) can affect the content and the stability of

phytochemical substances, as well as sweet cherry and
cherry nutritional value.

There are some investigations, which show that the
temperature fluctuations during the day (in a daytime
or at night) affect the phenol total content (Pissarda et
al., 2016). When sweet cherry fruits grow under high
temperatures (25-30 °C) it increases the amount of
anthocyanidins as well as phenol (Ferretti et al., 2010).
The research conducted by Lakatos et al. (2010; 2014)
showed that the content of biochemical indices
depended on climatic characteristics (average maximal
and minimal temperatures, humidity) during the period
of blooming up to the period of stone fruits ripening.
The weather factors, such as the sum of the effective
temperatures and the amount of precipitation 10-15
days before harvesting, had a significant impact on the
fruits quality indices (Revell, 2009; Lakatos et al.,
2014). The nature and the phenol compounds distri-
bution vary depending on plant fibre. Thus, the rate of
content of polyphenolic substances in sweet cherry
fruits, their accumulation and further storage depend on
many factors.

Based on literature references it can be stated that
there is a strong correlation between the content of
polyphenolic substances and the weather conditions of
the region where the fruits are growing (de Souza et al.,
2014; Skrovankova et al., 2015). In the regions similar
to the Southern Steppe sub-zone of Ukraine it is
expedient to determine the degree of impact of stress
weather factors on the formation of polyphenolic sub-
stances fund in sweet cherry fruits. In literature sources,
the question of the formation of the polyphenolic
substances fund of a given region and similar ones
(according to weather conditions) under the condition
of global climate changes has not been covered. In
literature sources, the problem of the formation of
phenolic substances fund in a tested region and similar
ones according to the weather factors and to the global
climate changes is inadequately treated. The amount
and the content of polyphenols in sweet cherry fruits
differ depending on genotype impact, ripeness, climatic
conditions, term of fruits ripening (Vuleti¢ et al., 2017).
The data as to seasonal as well as to the geographic
differences in the accumulation of polyphenols content
in sweet cherry fruits are not available. That is why
singling out of particular weather factors which have a
maximal impact on the accumulation of phenolic
substances in different (as to the term of ripening) sweet
cherry cultivars is a topical matter.

Material and Methods

The goal of the research was to develop a mathe-
matical model, which will help to improve the predic-
tion of phenolic substances content in sweet cherry
fruits under different weather conditions. The designed
mathematical model can be used under the conditions
of the regions with hydrometrical indices, which are
similar to the Southern part of Ukraine. The program of
the research prognosticates choosing of the cultivars of
sweet cherry fruits of an early, medium- and late-terms
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of ripening with a maximal index of polyphenolic
substances for the further storing of fruits with high-
quality parameters and with biological value.

To realize the goal it is necessary to do the following

tasks:

e to analyses the weather conditions during the
period of fruits formation; to determine the
content of the phenolic substances in sweet cherry
fruits during the period of economic maturity of
the cultivars of each term of ripening;

o to select the best ones according to test characte-
ristic;

o to establish the correlation between the processes
of phenolic substances accumulation and stress
weather conditions;

e to develop the mathematical models of depen-
dence of phenolic substances content on weather
factors or varietal features;

e to analyse the designed model to determine the
degree of impact of each factor on the accumu-
lation of phenolic substances found in sweet
cherry fruits of three terms of ripening.

By making a two-factor dispersion analysis the
expediency of predicting the content of the phenolic
substances in sweet cherry fruits by average indices for
a definite group of cultivars will be justified and factors
(factor A — climatic conditions of a year or factor B —
cultivar features) which have maximal effects on
phenolic substances accumulation in sweet cherry fruits
will be revealed.

The research was conducted from 2008 to 2019 on
horticulture farms of a Southern Steppe sub-zone of
Ukraine. Sweet cherry fruits were chosen at a research
commercial farm unit of a horticulture station named
after M.F. Sydorenko (town of Melitopol) and at farm
enterprises of Melitopol district (46° 49'N, 35° 22'E).
Daily meteorological data of Melitopol meteorological
station of Zaporizhia oblast (Ukraine) was used. The
climate of the region is continental with a high-
temperature regime and insufficient humidity. The
relief of the territory is flat with eastern and north-
eastern winds. The average annual air velocity is
3.7 ms™. The average annual air temperature in a test
zone is 9.1-9.9 °C. In the warmest months of summer,
the temperature is from 20.5 °C to 23.1 °C. The sum of
active temperatures above 10 °C in the period from
April to October is equal to 3316 °C. The average
amount of precipitation during a year is 475 mm. The
average annual relative air humidity in the region is
within 73%. The readings of a hydrometrical index are
in the range of 0.22-0.77 (Serdyuk et al., 2020a;
Ivanova et al., 2021a,b). During the years of the
research, the soil preparation in all areas satisfied the
agrotechnological demands. Moisture accumulation in
soil occurs mostly in autumn, partly in winter and in
early spring. Black southern loamy soil was the soil on
the test areas where the crop was grown. Loess was a
soil-forming rock. This type of soil, by its particle-size
distribution, has a great content of physical sand. The

sweet cherry fruits of 33 cultivars were chosen for the
research. They were divided into 3 groups according to
the term of ripening (Table 1).

Table 1. The list of cultivars taken for studying

1st cultivar group
(early-term of

2nd cultivar group
(medium-term of

3rd cultivar group
(late-term of

ripening) ripening) ripening)
'Merchant', 'Oktavia’, 'Regina’,
‘Swit Erliz', 'Vynka', 'Karina',
'Rubinova Early', ‘Temp', ‘Mirazh',
‘Bigaro Burlat', 'Kordia', 'Mirazh',
'Kazka', 'Pervistok’, 'Zodiak',
'Zabuta', ‘Talisman’, ‘Udivitelna',
‘Valeriy Chkalov' ‘Uliublenytsia 'Kolhoznytsia',
Turovtseva', ‘Ciurpryz',
‘Melitopolska '"Temporion',
Chorna', 'Prazdnichna’,
‘Dilema’, 'Anons',
‘Orion’, ‘Meotyd'
‘Dachnytsia’,
‘Chervneva Early’,
'Prostir'

For each pomological cultivar, the samples of 100
fruits from six trees in a fruiting stage were taken for
determining the content of the phenolic substances. The
trees typical for a definite pomological cultivar of the
same age, with average fruiting intensity were taken for
the research. Three-fold frequency. The trees of 2001
were planted on the scheme 5x3, the spacings were
under autumn fallow. The fruits were weighed and
counted when picking (Serdyuk et al., 2020b).

The sweet cherry fruits of each pomological cultivar
were picked when the pulp was firm enough, but the
flavour and the colour were typical for a given pomo-
logical cultivar. The fruits were picked from the trees from
4 different sides of the crown. The fruits of each pomo-
logical cultivar were harvested with a fruit stalk and of the
first commercial quality. The harvest date of picking fruits
was determined according to the following quality indices
of fresh sweet cherry fruits which are common to each
pomological cultivar: fruit appearance (fruit analysis by
their shape and colour which must be typical for a given
pomological cultivar, availability of fruit stalk, the degree
of mechanical damages of fruit skin, the degree of fruit
vermin damage, fungus disease affection) fruits size by the
largest transverse diameter. When estimating the poly-
phenolic substances, the fruits in a state of a consumer
ripeness were characterized by their appearance and
flavour typical for a consumer sort of a corresponding
term of ripening.

Polyphenols content was estimated by Folin-Denis'
reagent. The method encompasses conducting polyphe-
nols complexation reaction by Folin-Denis' reagent, as
well as the formation of stained substances with further
optical density determination. As standard, rutin was used
to estimate polyphenols content in sweet cherry fruits. The
optical density of the received test solutions and the
solution of the standard rutin sample was estimated with a
spectrophotometer under a wavelength of 670 nm in a
cuvette and 10 mm distance between active areas.

The mass portion of polyphenols was estimated by
Equation (1).
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where C is the rutin mass concentration, which is
determined by calibration graph (mg cm™), and V is the
extract volume (cm?®), and V; is the extract volume for
analysis (cm®), and M (g) is the mass of a product assay
sample (sweet cherry fruits), and 100 is the coefficient
of polyphenols content determination per 100 g of
product, and 4 is the coefficient of a rate of reconsti-
tution of the extract of a sample (Ivanova et al., 2019,
Serdyuk et al., 2020b).

The design of the models of dependence of phenolic
substances in sweet cherry fruits of three terms of
ripening depending on weather factors was as follows
(Ivanova et al., 2021a,b):

1. The determination of phenolic substances content

by Folin-Denis’ reagent.

2. The development of the informational data system
of the indices of weather-climatic factors in the
research years: average minimal air temperatures,
average air temperatures, average maximal air
temperatures, amount of precipitation, average
relative air humidity, minimal relative air humi-
dity, and absolute minimal relative air humidity.

3. The hydrothermal coefficient, the temperature
difference during definite periods, the sums of
active temperatures, the sums of effective tem-
peratures were determined based on mentioned
above indices.

4. The selection of weather-climatic factors, which
showed the indices of correlation coefficients, are
meaningful according to Student's test under the
significance level of 0.05. The factors, which are
logically substantiated from the point of view of
their impact on the test characteristic (the accumu-
lation of phenolic substances in sweet cherry
fruits) but did not show a high correlation with it,
were selected as well. For this purpose, we run a
check on a statistical hypothesis about the signifi-
cance of the calculated correlation coefficients
between the factors and the index of polyphenolic
substance content in sweet cherry fruits. We run a
check on a statistical hypothesis by Student's test.

5. We build the regression model of dependence of
the index of polyphenolic substances content in
sweet cherry fruits from the selected factors in
item 4.

6. Based on a designed regression model we deter-
mine the degree of impact of each factor.

The first stage of correlation analysis is the estimation
of matching correlation coefficients and further chec-
king their significance. It helps to find the most signifi-
cant weather factors. The analysis of correlation coeffi-
cients presents the basis and makes it possible to select
the factors, which strongly correlate with a test charac-
teristic. However, it is necessary to use more accurate
methods for comparing the degree of impact of the
factors among themselves and their ranking in terms of

the degree of impact. Such analysis is often made based
on regression model coefficients. As a rule, a method
of the least squares is used to design a regression model.
One more reason, which entails some restrictions on
using the algorithm of regression analysis, is a
multicollinearity effect. But it is necessary to satisfy the
conditions of the Gaus-Markov theorem for the calcu-
lated coefficients to be effective and unbiased evalua-
tions of the parameters of a generalized regression
model (Gujarati, 2004).

If the factors, which have some impact, correlate
among themselves, the multicollinearity effect is mani-
fested. It is a violation of the Gaus-Markov theorem. In
this case, the evaluations of the coefficients of the
model designed by the least-squares method are not
biased. According to this model, the results of the
analysis of the degree of impact of each factor sepa-
rately is not reliable.

One of the recommended methods for designing the
regression model under the condition of multicollinea-
rity is the LASSO method (Least absolute shrinkage
and selection operator) (Kutner et al., 2004; James et
al., 2013; Hastie et al., 2020).

An algorithm for the analysis of the impact of
correlating factors on the final index based on a
regression model designed by the LASSO method was
suggested in the research (Ivanova et al., 2021a,b):

Thus, it is suggested to research by the algorithm:

1. Based on experimental data x;;, (i = 1..n — the
weather factor number, j = 1...m — the number
of a research year) we design a regression model
by the LASSO method in Equation (2).

n
17=a0+2aj-Xj_ )

j=1

where X; is the factor, and a; is the model parameters,

and Y is the test characteristic.

2. Calculate the values of the coefficient of a
corresponding regression model in standardized
factors by Equation (3).

~ S_Xi
a; = q; STY’ (3)
where b; is the calculated coefficients of a regression
model, and; S_Xl. is the average quadratic deviation of

factors X;; S, — average quadratic deviation of a test
characteristic Y.

3. Analyze the designed regression to estimate the
degree of impact of each of the climatic factors on
the content of a polyphenolic substance. To esti-
mate the degree of impact of weather factors in a
total impact of all factors, we estimate delta-
coefficients A;, by the formula:
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a; " Tyx;
R2

i=

(4)

where @; is the parameter of a regression model in
standardized factors X;, and Tyx, IS the matching
coefficients of correlation, and R? is the determination
coefficient.

The means of modern computer technologies
DataMining — software environment Rstudio were used
to perform statistical analysis.

Results and Discussion

The results received during 12 years give a possibility
to state that the average content of phenolic substances
in a test plant fruits of all terms of ripening equalled
205.86 mg 100 g! in rutin equivalent. Similar studies
with 13 cultivars of sweet cherry fruits of different
terms of ripening were conducted by the researchers
from Slovenia (Usenik et al., 2008). According to their
data, the total phenols content varied from 44.3 to 87.9
mg gallic acid equivalents 100 gt FW. The research
conducted by Serrano et al. (2005) proved that the
maximal accumulation of phenolic substances was
registered at the 8th stage of sweet fruits ripening.

The average phenolic substances content in sweet
cherry fruits of the cultivars of an early-term of ripening
was on the level of 177.53 mg 100 g* (Table 2). It was
13.8% lower as compared to an average cultivar
coefficient. Minimal phenolic substances content from
among the given group of cultivars has been
determined in the fruits of the 'Bigaro Burlat' cultivar
(116.01 mg 100 g) of 2017. It was lower than the
average cultivar index by 27.8%. Maximal phenolic
substances content on the level of 274.12 mg 100 g*
was determined in the fruits of the 'Zabuta' cultivar of
2016. Herewith, the excess over the average cultivar
index was 48.3%. As follows from the results of 12-
year research, from among the cultivars of an early-
term ripening 'Kazka' cultivar was characterized by the
highest phenolic substances content, and Sweet Earliz
was characterized by the lowest content of phenolic
substances (Table 2). Among the tested sweet cherry
cultivars grown in Alicante (Spain), the highest total
phenols content (54,02 mg GAE 100 g*' FW) was
registered in the cultivar of an early-term ripening —
Brooks (Legua et al. 2017).

The phenolic substances content in sweet cherry fruits
of the cultivars of a medium-term ripening was lower
than the average cultivar index by 3.7%. Thus, from
among the analyzed cultivars, the sweet cherry fruits of
a cultivar group of a late-term of ripening were
characterized by the maximal phenolic substances
content. The average phenolic substances content in
their fruits exceeded the average cultivar index by
17.5%.

The accumulation of phenolic substances in the fruits
of two cultivars of early and medium-terms of ripening
was analyzed by Ponce et al. (2021). The tested

cultivars 'Lapins' and 'Glenred' showed different dyna-
mics of phenolic substances accumulation during the
period of fruit ripening. This suggests that the accumu-
lation of phenolic substances depends on cultivar
features.

The fruits of 'Dachnitsia’ and "Temp' cultivars which
were picked in 2015 and 2017 are characterized by a
minimal phenolic substances content among the culti-
vars of a medium-term of ripening. The amount of
phenolic substances was lower than the average culti-
var index by 18.8 and 37.6% respectively. The maximal
amount of polyphenolic substances was determined in
the fruits of 2010 in 'Uliublenytsia Turovtseva' and
'‘Melitopolska Chorna' cultivars. Herewith, the excess
over the average cultivar index was in the range of
30.6-28.6% respectively. From among the cultivars of
a medium-term ripening maximal average content of
phenolic substances was determined in the fruits of
‘Prostir', 'Uliublenytsia Turovtseva' and 'Melitopolska
Chorna’ cultivars.

The dependence of phenolic substances accumulation
in stone fruits, cherry and sweet cherry in particular, on
them of cultivar features, was established by the studies
conducted by other researchers in Romania (Popescu et
al., 2014), Croatia (Vuletic et al., 2017) and Poland
(Bieniek et al., 2011; Sokot-Letowska et al., 2020).

The fruits of 'Prazdnichna’, ‘Temporion', 'Anons',
which were picked in 2008, were characterized by the
minimal amount of polyphenolic substances among the
cultivars of a late-term ripening. The amount of P-
active substances was lower than the average cultivar y
index by 27.3-38.8%. The maximal amount of
polyphenolic substances was determined in the fruits of
'Zodiak' and 'Udivitelna' cultivars of 2014. Herewith,
the excess over the average cultivar index was 13.8 and
10.6 respectively. The maximal average polyphenolic
substances contained in the fruits of the cultivars of a
late-term ripening was determined in the fruits of
'‘Udivitelna' and 'Regina’ cultivars.

Similar studies as to the content of the phenolic
substances in the fruits of cherry cultivars (21 cultivars)
were conducted under conditions of Poland. The
analysis of the research results testifies to the fact that
stone fruits of mid- and late-terms of ripening contain
more flavonols and anthocyanins than early ripening
cultivars. The tested mid-ripening and late-ripening
cherry cultivars had a higher antioxidant capacity as
compared with early ripening cultivars (Sokot-
Le¢towska et al., 2020).

The results of the research (Table 2) testify to a
significant and average variation of polyphenolic
substances content by the years of research in a group
of cultivars of an early-term of ripening. The fruits of
the 'Zabuta' cultivar (with the variation coefficients of
23.1%) were exposed to the greatest impact of abiotic
factors on the content of the polyphenolic substances
among the fruits of a given group. The cultivars
'‘Merchant' ‘Bigaro Burlat' are the most resistant accor-
ding to the test characteristic. Corresponding variation
coefficients are in the range of 14.2-14.7 %. The
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variation of given cultivars under the weather factors
impact in terms of polyphenolic substances content is
considered to be average, and the fruits have a mini-
mum average index of phenolic substances content
during the years of research.

The variation of phenolic substances content by the
years of the research in the sweet cherry fruits of the
cultivar groups of medium and late-terms of ripening
was average in a range of Vp = 11.1-19.9%. 'Mirazh'
and 'Surprise' cultivars of late-term ripening are an
exception (Vp = 20.7-26.2% respectively). Among the
group of cultivars of a medium-term of ripening the
most stable content of phenolic substances was in the
fruits of 'Pervistok’ cultivar (Vp = 11.8%), 'Uliuble-
nitsia Turovtseva' (Vp = 12.6%), and the most change-
able content was in "Vynka' cultivar (Vp = 19.9%). The
least variability in a group of cultivars of a late-term

ripening was determined in 'Udivitelna' and 'Zodiak'
cultivars (Vp = 11.1-11.2%).

Thus, within the cultivars of an early-term of ripening
'Kazka' cultivar was selected by the average content of
phenolic substances; 'Rubilnova Rannia' and 'Bigaro
Burlat' cultivars were selected by the variation of
polyphenolic substances formation under the weather
factors impact and the average content of polyphenolic
substances. Under conditions of an analyzed region, the
most perspective from the technological point of view
in a group of cultivars of medium- and late-terms of
ripening were the fruits of 'Uliublenytsia Turovtseva'
cultivar (of a medium-term of ripening) and 'Udivitelna’
cultivar (of a late-term of ripening). These cultivars had
a high content of phenolic substances and minimal
variation within the test groups by the years of research.

Table 2. Phenolic substances content in sweet cherry fruits of the cultivars of three terms of ripening in rutin equivalent, mg 100 g

(2008-2019), X +s,n=5

Pomological cultivar
content, mg 100 g**

Average phenolic substances Minimal phenolic substances Maximal phenolic substances Variation by the
content, mg 100 g*

content, mg 100 g* years, Vp, %

An early-term of ripening

'Rubinova Rannia' 175.27 + 26.40 131.27 215.03 15.0
'Valeriy Chkalov' 194.07 + 38.22 145.94 251.28 19.6
'Sweet Erliz' 155.63 £ 24.16 126.09 189.75 15.5
‘Merchant' 157.24 £ 22.42 130.32 199.58 14.2
'Kazka' 203.17 +38.78 149.71 272.04 19.0
'Bigaro Burlat' 160.78 £ 23.74 116.01 197.90 14.7
'Zabuta' 196.54 + 45.43 151.15 274.12 23.1
Average value 177.53 + 36.53 135.78 228.52 17.3
LSDgs 28.82 — — —
A medium-term of ripening
'Vynka' 172.51 £ 34.35 126.69 219.15 19.9
'Pervystok’ 171.05 £ 20.25 139.05 210.18 11.8
Temp' 173.74 £ 32.00 108.42 229.09 18.4
‘Uliublenytsia Turovtseva' 226.85 + 28.59 179.89 296.34 12.6
‘Talisman' 216.60 + 31.56 177.23 280.02 145
'Dilema’ 185.79 + 26.64 141,51 222.89 14.3
'Melitopolska Chorna' 227.08 +30.38 200.07 292.08 133
'Kordia' 239.47 +38.93 170.14 289.85 16.2
'Oktavia' 203.33 £31.83 167.43 261.37 15.6
'Orion’ 210.54 +28.10 161.95 251.17 133
'Chervneva Rannia' 179.57 £ 51.62 130.17 287.67 135
‘Dachnytsia’ 128.70 £ 24.09 104.41 170.79 18.7
"Prostir’ 240.24 +£41.21 166.83 279.27 17.1
Average value 198.11 + 44.95 151.80 253.06 13.7
LSDgs 27.42 - — —
A late-term of ripening

'Krupnoplidna' 245.79 £ 39.36 160.09 289.05 16.0
'Karina' 252.17 +35.42 170.09 291.19 14.0
'Regina’ 273.11 + 36.82 198.03 305.52 13.4
'‘Mirazh' 209.73 £43.48 111.23 268.65 20.7
'Udivitelna' 288.55 + 32.16 204.41 319.23 111
'Zodiak' 272.95 +30.75 207.71 310.65 11.2
‘Surpryz' 238.34 £ 62.44 175.65 311.01 26.2
'Kolhoznytsia' 238.84 +£39.18 175.73 291.34 16.4
'Kosmichna' 246.87 + 28.89 196.80 290.45 11.7
'Prazdnichna’ 225.34 +40.80 137.69 283.08 18.1
'Anons' 195.04 £ 31.21 141.71 241.05 16.0
'"Temporion' 202.06 + 32.93 141.01 246.16 16.2
'Meotyda' 256.49 + 34.55 201.81 299.01 13.4
Average value 241.94 + 45.89 170.89 288.75 15.7
LSDgs 37.09 — - -

Agraarteadus | Journal of Agricultural Science 2 e XXXII ® 2021 239-250



The forecasting of polyphenolic substances in sweet cherry fruits under the impact of weather factors

245

Table 3. The results of two-factor dispersion analysis under the formation of phenolic substances found in sweet cherry fruits

Source of variation Sum of squares Degree of freedom  Dispersion Fract Franieoos Impact, %
Sweet cherry cultivars group of an early period of ripening

Factor A (year) 224 355.2 11 20395.9 65.0 1.8 53.3

Factor B (cultivar) 81 372.8 6 13562.1 43.2 22 19.3

Interaction AB 46 654.7 66 706.8 2.2 14 11.0
Sweet cherry cultivar group of a medium period of ripening

Factor A (year) 33 6751.6 11 30613.7 107.8 1.8 311

Factor B (cultivar) 467 108.8 12 38 925.7 137.1 1.8 43.2

Interaction AB 136 210.0 132 1031.8 3.6 1.3 12.6

Sweet cherry cultivars group of a late period of ripening

Factor A (year) 502 235.1 11 45 657.7 87.9 1.8 425

Factor B (cultivar) 345 148.2 12 28 762.3 55.4 1.8 29.2

Interaction AB 132 038.2 132 1000.2 1.9 13.0 111

A dominating impact of weather factors on the
accumulation of phenolic substances fund for a group
of cultivars of early- and late-terms of ripening was
confirmed by the results of a dispersion analysis
(Table 3). The degree of impact of factor A for the
cultivars of a group of an early-term of ripening was
equal to 53.3%, for a group of cultivars of a late-term it
was equal to 42.5%. The impact of cultivar features
(factor B) was less weighty. The degree of impact of
this factor was equal to 19.3 and 29.2% respectively for
the analyzed groups.

The results of our research were proved by the data
received by the researchers of Groatia (Vuletic et al.,
2017). They established that the impact of weather
factors during the years of research on the accumulation
of anthocyanins and polyphenolic substances in sweet
cherry fruits was dominating. The dependence of fruits
quality indices on the years of research was proved by
A. Bieniek (Bieniek et al., 2011). For a group of
cultivars of a medium-term ripening, cultivar features
had greater effects on the accumulation of substances
P-vitamin activity. The degree of impact of factor B for
the cultivars of the medium-term ripening was equal to
43.2%. The impact of factor A was on the level of
31.1%. A dominating impact of cultivar features on the
accumulation of phenolic substances and anthocyanins
in sweet cherry fruits of 13 cultivars of different terms
of ripening was proved by the scientists of Slovenia
(Usenik et al., 2008).

Thus, the received results confirm the expediency of
determining the amount of phenolic substances in
sweet cherry fruits by the average values for a definite
group of cultivars of early- and late-terms of ripening,
but not separately for each pomological cultivar. As for
the cultivars of a medium-term ripening, it is expedient
to analyze both the average values for the whole group
of these cultivars, and for each cultivar separately,
which will be done in further research.

Further, the analysis of the correlation relationship
availability between the indicator of phenolic
substances found in the fruits of an early-term of

ripening (Y;), medium-term (Y,), late (Y;) term of
ripening and a complex of weather conditions (factors
Xi) was made. The calculated matching coefficients
Ty,xp Troxp Nelped to choose the most important
weather factors. The significance of these coefficients
is checked by the statistical hypothesis Hy:p =
0 (where p — the correlation coefficient of general
totality) under an alternative hypothesis H;:p # 0
when the significance level @ = 0,05. Student's criteria
helped to check the statistical hypothesis As it was
determined in our case, the significant correlation
coefficients (under the level of significance equal to
0.05 and the number of the degrees of freedom k = 10)
were within the interval of [-1; -0.55] and [0.55; 1].

As a result, based on the data taken from Table 4, 13
weather factors indices (X;), which is a definite
vegetation period that can significantly influence the
accumulation of the phenolic substances in sweet
cherry fruits of an early (Y;), medium (Y,), and late (Y5)
term of ripening, were selected.

These indices are: air humidity indices (mm; %; per
day), the average monthly amount of precipitation in
May (X3), the number of days with precipitation more
than 1 mm in May (Xs), and in June (X7), the average
relative humidity in May (Xz) and in June (X3), the
amount of rainfalls in blooming period (X10) and during
the whole vegetation period (X11), the average minimal
relative humidity in May, mm (X4) and in June (Xs).
The thermal air indices (°C): the average air tempera-
ture in the period of fruits picking (X12); absolute
maximal temperature in the period of fruits picking
(X13); the difference between average maximal and
minimal temperatures in May (Xs) and June (Xo).

The parameters of the regression models designed by
the LASSO method are given in Table 5, view 1. Table
5 shows the dependence of polyphenolic substances
index for early Y, medium Y, and late Y5 cultivar on
weather factors X;.The model's coefficients are shown
in Table 5.
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Table 4. Table of the coefficients of matching correlation between weather factors (X;,) and the content of the phenolic substances
in sweet cherry fruits of an early (ryy,), medium (r,,,,), and late (ry,,,) terms of ripening

Relative Factors Matching coefficients of correlation (ryl,xi) for the cultivars groups
factors term A
X) early medium late
Xy Average monthly amount of precipitation in May, mm 0.9623 0.7693 0.926621
Xz Average monthly relative air humidity in May, % 0.7322 0.4084** *
X3 Average monthly relative air humidity in June, % * * 0.325988**
X Average minimal relative air humidity in May, % 0.7678 0.4372 *
Xs Average minimal relative air humidity in June, % * * 0.347651**
Xs Total a}mount of days with precipitation more than 08246 05631 N
1 mm in May, per day
X, Total amount of days with precipitation more than - - 0620387
1 mm in June, per day
Xs Difference bereen a\gerage maximal and minimal 05997 - -
temperatures in May, °C
Xo Difference be.tween a\ierage maximal and minimal N N _0.15941
temperatures in June, °C
Xio Amount of precipitation in blooming period, mm 0.6124 0.4589** *
X4 anlount of precipitation during a vegetation period, N 04696+ 054163
X1, Average fur temperature in a period of fruits - 05386 0.356956%*
picking, °C
Xys AbsqluteomaX|maI temperature in a period of fruits - 07693 0508837
picking, °C

*insignificant matching coefficients of correlation |riji| <0.55, i=1-25,j =1-3 (according to checking a hypothesis on the

significance of the correlation, coefficients by Student's criteria under significance level of 0.05).
**factors whose impact is hard to study from the point of view of the expediency and logic of the experiment, paying no attention to the

insignificance of the coefficients of correlation.

Table 5. The coefficients of a regression model

¢ [¢21 a, as Ay as Qe a
14 82.8707 0.6144 0.1438 0.0717 2.6540 0.5944
7, 69.7499 0.4063 —0.6469 —0.35405 2.1382
A 154.0456 0.6671 -0.3377 0.2387 1.9068
_ ag [¢2 a9 a1 a2 a3
4 1.9414 0.0333
7, 0.0058 0.0653 0.0672 5.8783
7, 0.55716 0.0063 2.2567 -0.0819

The formula of a regression model for the sweet cherry fruits of an early-term of ripening:

The formula of a regression model for the sweet cherry fruits of a mid-term of ripening:

The formula of a regression model for the sweet cherry fruits of a late-term of ripening:

7, = 82,8707 + 0,6144X, + 0,1438X, + 0,0717X, + 2,6540X, + 0,5944X, + 1.9414X, + 0,0333X,, (5)
7, = 69.7499 + 0,4063X, — 0,6469X, — 0,35405X, + 2,1382X, + 0,0058X,, + 0,0653X;; + 0,0672X,, + 5.8783X,5 (6)
¥, = 154.0456 + 0,6671X, — 0,3377X, + 0,2387X5 + 1.9068X, + 0,55716X, + 0,0063X;, + 2.2567X,, — 0.0819X,, (7

Thus, according to Table 6, within the group of
cultivars, a group of weather factors with average and
strong linear correlation dependence with an analyzed
index (phenolic substances), has been determined. The
number of factors for early cultivars amounted to — 6,
for medium cultivars — 7 and late cultivars — 7.

For the cultivars of an early, medium and late-terms
of ripening A; varies from 0.26 to 68.63% (Table 6).
For further analysis of the results of the research all the
factors, depending on the values of the coefficient
A; (i = 1-13), were divided into the ranks. According
to Table 6, the humidity index (the average monthly
amount of precipitation in May (X1)) had maximal
effects on the accumulation of phenolic substances for

the fruits of sweet cherries of three terms of ripening. It
was first in a rank according to the indices of the degree
of factors impact on the accumulation of polyphenolic
substances fund Ay, and is from 43.21% to 68.63%.
The weather temperature indices, as well as humidity
indices, had a significant impact on the accumulation of
polyphenolic substances in sweet cherry fruits. Second
in rank for the varieties of an early-term of ripening
goes the index (Xg) — the number of days in May with
the amount of precipitation more than 1mm; for the
cultivars of medium and late-terms of ripening second
in arank is an index (X12) — the average air temperature
in a period of fruits picking. The values of the degree
of impact of factors Ay, and Ay, ,were from 17.53% to
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22.79%. Some noticeable impact on the test characte-
ristic accumulation in sweet cherry fruits of three terms
of ripening on the third rank level had the weather
factors like: the number of days in May with the amount
of precipitation more than 1 mm (Xg); the number of
days in June with the amount of precipitation more than
1 mm (X7); and the difference between average
maximal and minimal temperatures in May (Xg). For
the cultivars of an early-term of ripening the degree of
impact Ayg = 3.60%, for the cultivars of medium and
late-terms of ripening Ay and Ay, equalled 14.47%
and 11.46% respectively.

The cultivars of an early-term ripening maximal
impact on the accumulation of phenolic substances had
the factors of ranks 1, 2 and 3. The range of A; index
for them is 3.60-68.63%. The rest humidity indices: the
amount of precipitation in blooming period (X10), the
average monthly relative humidity (X,) and the average
minimal relative humidity (X4) in May had insignifi-
cant impact on the formation of phenolic substances
found in sweet cherry fruits of an early, term of
ripening. The value of the total impact of factors Xiy,
Xz and X4 was equal to 5.67%.

For the cultivars of a medium-term ripening maximal
impact on the accumulation of phenolic substances had
the factors of ranks 1-3. The range of A; = 14.47—
43.21%. The rest of weather humidity indices are to a
high degree common for early and for medium cultivars

of sweet cherry fruits, namely — the amount of
precipitation during the vegetation period (Xi1),
average monthly relative humidity (Xz), and average
minimal relative humidity (X4) in May. They had a
lower impact on the formation of phenolic substances
in sweet cherry fruits. The values of the total impact of
factors for a group of cultivars of a medium-term
ripening of the 4"-6™ ranks (X11, X», X4) Was equal to
19.14%. The amount of precipitation in the blooming
period (index Xio) is rank 7 with A; = 0.39%.

For the cultivars of a late-term ripening maximal
impact on the accumulation of phenolic substances had
the factors of ranks 1-3. The range of A; = 11.46-
66.23%. The rest of the weather factors had a less
significant impact on the accumulation of phenolic
substances in sweet cherry fruits of a late-term ripening.
The value of the total impact of factors X3, Xs, X11, X7
on the accumulation of the polyphenolic substances in
sweet cherry fruits of a late-term of ripening of 407t
ranks was equal to 4.54%. The impact of a surplus
rainfall on the anthocyanins and polyphenolic substan-
ces synthesis in sweet cherry fruits harvest of two
regions was proved by the research conducted by
Vuletic (2017). The accumulation of phenolic substan-
ces in sweet cherry fruits depended on the humidity
indices in the last month of fruit ripening. It was May
for early-ripening cultivars and June for mid-ripening
cultivars.

Table 6. The indices of the degree of impact of factors (4;, %) on polyphenolic substances accumulation as well as on their rank

Factors Relative factors term (X;) The coefficients of the degree of factors impact (4;, %)
(X) and the indices of factors rank for the cultivars of early,
medium and late-terms of ripening
early medium late
rank A, % rank A, % rank A, %
Xy Average monthly amount of precipitation in May, mm 1 68.63 1 43.21 1 66.23
Xz Average monthly relative air humidity in May, % 5 2.14 5 6.39
Xs Average monthly relative air humidity in June, % 4 1.90
X4 Average minimal relative air humidity in May, % 6 1.05 6 3.53
Xs Average minimal relative air humidity in June, % 5 151
X Total amount of days with precipitation more than 1 mm in May, per day 2 22.10 3 14.47
X7 Total amount of days with precipitation more than 1 mm in June, per day 3 11.46
Difference between average maximal and minimal temperatures in
X May, °C 3 3.60
Difference between average maximal and minimal temperatures in
X Tune, °C 7 0.28
X0 Amount of precipitation in the blooming period, mm 4 2.48 7 0.39
Xu Amount of precipitation during a vegetation period, mm 4 9.22 6 0.82
Xiz Average air temperature in a period of fruits picking, °C 2 22.79 2 17.53
Xis Absolute maximal temperature in a period of fruits picking, °C 8 0.26

Conclusion

The fruits of 'Kazka' cultivar were selected by the
amount of phenolic substances (203.17 mg 100 g?)
among the cultivars of an early-term of ripening. The
cultivars 'Merchant', '‘Bigaro Burlat' were selected by
the minimal variation index (Vp = 14.2-14.7%). The
fruits of 'Rubinova Early' cultivar had the optimal
variation indices and the average content of poly-
phenolic substances (175.27 mg 100 g%; Vp = 15.0).
By the amount of phenolic substances and by their
variation, the cultivars of medium and late-terms of
ripening — 'Uliublenytsia Turovtseva' (226.85 mg 100 g*

under Vp = 12.6 %), 'Udivitelna' (288.55 mg 100 g
under Vp = 11.1 %) were the best as to their qualitative
technological indices. The weather conditions during
the period of research (the impact of factor A 53.3%
and 42.5% respectively) had a dominating impact on
the formation of phenolic substances fund for all groups
of cultivar of an early and late-terms of ripening. The
impact of cultivar features was less significant and
equalled 19.3% and 29.2% respectively. For the culti-
vars of a medium-term ripening, the accumulation of
phenolic substances was under the impact of cultivar
features (factor B) with the degrees of impact of factors
A, B for the cultivars (31.1% and 43.2% respectively).
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The correlation analysis of the impact of weather
factors on the content of the phenolic substance in the
sweet cherry fruits of early, medium and late-terms of
ripening has been made. The average and strong
correlation dependence between 13 weather factors (X,
i =1-13 and the phenolic substances content for the
cultivars of sweet cherry fruits of early, medium and
late-terms of ripening (|ry x| > 055, i=1-13,j=1-3)
has been determined. The model of dependence of the
accumulation of phenolic substances fund on the
impact of weather factors for the groups of cultivar of
early, medium and late-terms of ripening was designed
based on a principal components method and the
method of the least-squares.

The analysis of the degree of impact of each weather
factor on the phenolic substances index was made
based on designed regression models. The humidity
index (average monthly amount of precipitation in
May) had a maximal impact on the accumulation of
phenolic substances fund for the cultivars of sweet
cherry fruits of three terms of ripening. It belonged to
rank 1 by the indices of the degree of factors impact on
the accumulation of phenolic substances fund Ay,
(from 43.21% to 68.63%). During the period of sweet
cherry fruits ripening the greatest impact on the
formation of phenolic substances content in fruits had
the humidity indices in May (for early ripening and
mid-ripening cultivars) and in May (for late-ripening
cultivars).
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ABSTRACT. The experiment aimed to evaluate the effect of different
compound regulators on the germination rate, seedling morphology of two
mustard (Brassica juncea L.) cultivars ('Felicia' and "Prima') under
simulated drought stress with PEG-6000. The eight commercial growth
compound regulators (ALBIT, VERMISTIMD, ANTISTRESS,
AGRINOS, REGOPLAN, BIOFOGE, STIMULATE, and FAST START)
were pretreated seeds at recommended doses. The application of growth
regulators promoted the growth of seedlings under drought stress but had
no obvious effect on the germination rate of the two varieties. The root
fresh weight, total root length, leaf area, stem length, and stem volume in
'Felicia' significantly increased with ANTISTRESS treatment by 24.28,
3.30, 24.70, 19.40, and 30.90%. In addition, the number of lateral roots
reached the maximum with AGRINOS and REGOPLAN treatment
compared with plants without regulators under drought conditions, which
were 135.55 and 121.20%, respectively. For 'Prima’, the application of
FAST START had a remarkable effect on root fresh weight, total root
length, lateral root number and primary root length, root surface area, leaf
area, and stem volume by 17.62, 18.12, 211.20, 53.75, 28.57, 15.90, and

32.30%, respectively.
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plant growth compound regulators,
seedling morphology.
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Introduction

As the climate changes, drought is the most important
natural factor, which influences plant growth and
production. Drought stress caused changes in plant
morphology, physiology, and gene expression (Hamidji,
Safarnejad, 2010; Khan er al, 2019). Available
literature suggested that polyethylene glycol (PEG) can
be used to simulate drought conditions and study the
effects of drought stress on plants (Bressan et al., 1981;
Berg, Zeng, 2006). PEG is an inert long-chain polymer
with high molecular weight, which has little effect on
cells. Moreover, PEG osmotic stress method has the
advantages of being simple, easy to control, good
repeatability, and short test cycle.

Plant growth regulator (PGR) shows prominent
effects on plant metabolism, resistance, growth, and
productivity (Rademacher, 2015; Cao ef al., 2017). In
current agricultural practice, the commercial growth
regulators mainly include (1) Organic components,
such as amino acids, humic acid, seaweed extract,
organic carbon, acetic acid, sugar alkyd, chitin,
chitosan, efc. (2) Biological components, such as
nitrogen-fixation bacteria, plant growth promoting
rhizobacteria, and remediation of contaminated soil
microorganisms. (3) Inorganic components, such as
iron, boron, calcium, magnesium, silicon, titanium, and
other nutrients, and phosphate. (4) Other components,
such as plant endogenous hormones. The sugarcane has
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shown root improvement (from 60 to 118% in length,
and 33 to 233% in surface area) by inoculation with
plant growth-promoting bacteria (PGPB) combined
with humic substances (Aguiar ef al., 2016). A study of
cotton showed that the applied plant growth regulators
(PGRs) had significant positive effects on the
cottonseed yield, plant height, average number of open
bolls, and so on (Osman et al., 2010).

Brown mustard is an important cash crop, which has
a long history of cultivation as an important oil crop all
over the world. Meanwhile, It can also be used as a
medicine, which has been proved to have a key role in
cancer prevention and bactericidal, and it has attracted
more and more attention (Delaquis, Mazza, 1995;
Trachootham et al., 2006). Most of the previous studies
focused on the effects of a single endogenous hormone
or nutrient on plants under drought stress (Gill, Tuteja,
2010; Yavas, Unay, 2016; Arnao, Hernandez-Ruiz,
2019). However, there are few studies on the effects of
compound growth regulators on the morphology of
mustard. The objective of the study was to evaluate the
effectiveness of PGRs on the root and shoot morpho-
logy of mustard during the seedling stage under simula-
ted drought conditions, which would provide a theoreti-
cal basis for the practice of compound growth regula-
tors in mustard and simplify cultivation and manage-
ment.

Materials and Methods

Plant materials and treatments

Mustard cultivars 'Felicia' and 'Prima’ were used in
the experiment and were provided by the Department
of Agronomy and Agricultural Technology of Sumy
National Agrarian University, Sumy, Ukraine. The
following the commercial growth regulators were used:
ALBIT, VERMISTIMD, ANTISTRESS, AGRINOS,
REGOPLAN, BIOFOGE, STIMULATE, and FAST
START. PGRs were applied for the pre-treatment of
seeds at the recommended dose (Table 1). The same
size, healthy seeds were selected and coated with eight
kinds of PGRs to cultivate in germination bags. Each
treatment contained six germinate bags which were
considered six replicates.

Each bag was added with 110 ml distilled water or
10% PEG-6000 (Sigma Chemicals Co., USA) solutions
to simulate drought stress. All experiments were con-
ducted in the growth chamber (day/night temperature at
28/20°C) with the provision of 14h light
(350 pmol (m?:s)") as well as 10 h dark. The germi-
nation rate was counted after 2 days of culture, and the
growth parameters of root and shoot of 15 seedlings
were calculated after 6 days of treatment. The fresh
weight of five plants was weighed for one repetition
and divided into three replicates.

Statistical analysis

Statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by SPSS 22
(IBM, Armonk, NY, USA) with Duncan's multiple
range tests (P <0.05). All the collected data were shown

as the mean values = SD (standard deviations). The
difference between control and PGR treated groups was
denoted by the lowercase letters.

Table 1. Pre-treatment of mustard seeds with different plant
growth regulators

Treatment Producer PGRs, PEG Growth
country 6000,  regulator
%  concentration,
ml t!
CK1 0 0
CK2 10 0
T1 (ALBIT) LLC "Researchand 10 30
Production Firm,
Albit", Russia
T2 (VERMISTIM D) PE "Bioconversion”, 10 6-8
Ukraine
T3 (ANTISTRESS) BP "Humintech 10 0.68
GmbH", Germany
T4 (AGRINOS) Agrinos LLC, USA 10 0.15
T5 (REGOPLAN)  Agrobiotech LLC, 10 0.25
Ukraine
T6 (BIOFOGE) Stoller LLC, USA 10 1.5-25
T7 (STIMULATE)  Stoller LLC, USA 10 0.5-1.5
T8 (FAST START) Stoller LLC, USA 10 2.0-2.5

CK1 - distilled water; CK2 — 10% PEG-6000; T1 — 10% PEG-6000
+ ALBIT; T2 — 10% PEG-6000 + VERMISTIMD; T3 — 10% PEG-
6000 + ANTISTRESS; T4 — 10% PEG-6000 + AGRINOS; T5 — 10%
PEG-6000 + REGOPLAN; T6 — 10% PEG-6000 + BIOFOGE; T7 —
10% PEG-6000 + STIMULATE; T8 — 10% PEG-6000 + FAST
START.

Results

The effects of PGRs on germination rate under
drought stress. As shown in Figure 1, the germination
rate of the two cultivars changed under different treat-
ments. In 'Felicia, the germination rate under T1
reached the minimum value (81%) compared to the
CKI1 (89%), CK2 (87%), and other treatments. The
germination rate reached the maximum with T7 and T8,
both by 90%, and was higher than normal growing con-
ditions (89%) (Fig. 1A). For 'Prima’, the germination
rate of T1 (89%), T2 (88%), and T3 (87%) was slightly
higher than that of CK1 (83%) and CK2 (85%)
(Fig. 1B). Besides, there was a difference between the
two cultivars in terms of germination rate. The
germination rate of 'Felicia' was higher (89%) than that
of 'Prima’ (83%) under normal conditions. Although the
sensitivity of 'Prima’ and 'Felicia' to PGRs was different,
the difference was not significant.

The effects of PGRs on fresh weight of mustard under
drought stress. The results indicated that drought stress
reduced the root fresh weight of 'Felicia' and 'Prima’' by
22.22 and 17.93% compared with the CK1 (Fig. 2). The
root fresh weight in 'Felicia' increased after the
application of T3 and T5 by 24.28 and 17.85%. How-
ever, the application of T1 and T2 significantly reduced
the root fresh weight of 'Felicia' by 36.43 and 20%, and
the root fresh weight of T4 was not different compared
with CK2. For the root fresh weight of 'Prima’, the
application of T5 and T8 was 23.96 and 17.62% higher
than CK2. In addition, there was no significant
difference between all treatments regarding the shoot
fresh weight of 'Felicia' and 'Prima’. Compared with the
CK1, the effect of drought stress on root fresh weight
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was greater than shoot, indicating that root was very
sensitive to drought stress.

The effect of PGRs on root growth of mustard under
simulated drought stress. An extensive root system is
advantageous to support plant growth during the early
crop growth stage and absorb more water from the
rhizosphere. Mustard is a straight root system, and its
total root length consists of lateral roots and primary
root (Fig. 3).

The root system architecture (RSA) was determined
by multiple environmental factors. In 'Felicia' and
'Prima’, drought stress (CK2) reduced TRL (total root
length) by 12 and 15% compared to normal conditions
(CK1) (Table 2), although there was no significant
difference. For other root parameters, the effects of
drought on the two cultivars showed opposite results.
Drought significantly reduced lateral root number and
primary root length in 'Prima’ but not in 'Felicia'.
Drought significantly reduced average root diameter
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and total root volume in 'Felicia', but these indexes were
not affected in 'Prima'. The responses of the two
cultivars to PGRs were different under drought
conditions. In 'Felicia', the application of T3 and T4
significantly increased the total root length by 3.3 and
8.2%, while other treatments were lower than CK2. In
addition, the number of lateral roots reached the
maximum under T4 and T5 treatment compared with
that of CK2, which were 135.55 and 121.20%,
respectively. For 'Prima’, the PGRs increased the root
length and the surface area under drought stress, except
for T4 and T7. For lateral root number and primary root
length, all regulators showed positive effects, and T8
treatment had the most prominent effect. Notably, the
application of T8 had a remarkable effect on the root
growth by increasing the root length (18.12%), surface
area (28.57%), average diameter (6.06%), root volume
(37.76%), lateral root number (211.20%) and primary
root length (53.75%).
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Figure 1. Seed germination rate of mustard under different treatments. A — 'Felicia’, B — 'Prima’. CK1 — distilled water; CK2 — 10%
PEG-6000; T1 — 10% PEG-6000 + ALBIT; T2 — 10% PEG-6000 + VERMISTIMD; T3 — 10% PEG-6000 + ANTISTRESS; T4 — 10%
PEG-6000 + AGRINOS; T5 — 10% PEG-6000 + REGOPLAN; T6 — 10% PEG-6000 + BIOFOGE; T7 — 10% PEG-6000 +
STIMULATE; T8 — 10% PEG-6000 + FAST START (similar lowercase letters denote non-significantly different according to

Duncan's multiple range test, P >0.05)
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Figure 2. Fresh weight of mustard under different treatments. A — 'Felicia’, B — 'Prima’. CK1 — distilled water; CK2 — 10% PEG-
6000; T1 - 10% PEG-6000 + ALBIT; T2 - 10% PEG-6000 + VERMISTIMD; T3 — 10% PEG-6000 + ANTISTRESS; T4 — 10% PEG-
6000 + AGRINOS; T5 — 10% PEG-6000 + REGOPLAN; T6 — 10% PEG-6000 + BIOFOGE; T7 — 10% PEG-6000 + STIMULATE;
T8 — 10% PEG-6000 + FAST START (similar lowercase letters denote non-significantly different according to Duncan's multiple

range test, P >0.05)
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Figure 3. The appearance of the root system under the use of growth regulators. A — 'Felicia’, B — 'Prima’

Table 2. Root growth parameters in different experimental setups

Cultivars Treatments  Total root length, Total root suzrface Average root Total root Number of first- Length of primary
cm area, cm diameter, mm  volume, cm®  order lateral roots root, cm
CK1 9.18+1.37% 1.07+0.072 0.38+0.04° 10.00+1.00? 3.33+0.58° 8.81+0.17°
CK2 9.01+2.82%¢ 0.96+0.25% 0.34+0.03> 8.20+2.04° 4.67+0.58% 8.42+0.50%
T1 7.19+1.35°¢ 0.78+0.14° 0.35+0.03 6.67+1.45° 5.33+0.58 6.48+0.20°
T2 7.87+2.34%¢ 0.84+0.23" 0.34+0.03 7.20+2.27% 6.33+1.15° 7.34+0.36%
Eelicia T3 9.31+2.51% 0.96+0.22% 0.33+0.04 8.00+2.00% 7.75+0.96° 7.12+0.54
T4 9.75+2.81% 0.98+0.18%® 0.33+0.04° 7.87+1.13% 11.00£1.732 6.94+0.21°
T5 8.09+2.30%° 0.90+0.20* 0.36+0.04% 7.93+1.71% 10.33+1.15°% 5.68+0.38
T6 7.99+2,79%¢ 0.87+0.24% 0.35+0.03%° 7.60+1.88 5.33+0.58“ 7.72+0.36"
T7 7.49+1.61% 0.88+0.16" 0.38+0.04° 8.27+1.83° 5.67+0.58% 7.04+0.65%¢
T8 8.41+2.06™° 0.88+0.16" 0.34+0.03 7.47+0.99% 6.75+0.96" 6.61+0.64%
CK1 10.48+2.26° 1.04%0.23* 0.32+0.03* 8.33+2.44° 6.00+1.00 9.47+1.29°
CK2 8.94+1.89% 0.91+0.16" 0.33+0.04%® 7.60+1.80° 3.75+0.96" 5.73+0.23¢
T1 9.13+1.94% 0.97+0.15" 0.34+0.05® 8.33+1.80° 8.75+0.96% 7.96+0.27°
T2 9.10+1.57% 0.91+0.15% 0.32+0.04%® 7.33+1.72° 7.50+0.55% 6.19+0.39¢
Prima’ T3 9.91+3.12% 0.96+0.24% 0.32+0.04° 7.60+1.59° 10.33+0.58% 6.36+0.47°¢
T4 8.47+2.65 0.83+0.23° 0.32+0.05° 6.73+£2.22° 10.67+0.58% 5.58+0.50°
T5 9.11+1.74% 0.95+0.15" 0.34+0.05® 8.07+2.09° 7.80+1.10% 7.53+0.08°
T6 9.18+3.05% 0.94+0.24% 0.33+0.04% 7.80+1.74° 7.00+1.00°f 7.46+0.27°
T7 8.39+1.95° 0.85+0.15°¢ 0.33+0.04%® 6.93+1.33° 9.33+0.58" 6.37+0.47¢
T8 10.56+1.92° 1.17+0.19° 0.35+0.03° 10.47+2.17° 11.67+1.53° 8.81+0.51°

Means = SD, followed by different lowercase letters are significantly different according to Duncan's multiple range test, P <0.05, n =3

The effects of PGRs on the shoot growth of mustard
under drought stress. For 'Felicia', the PGRs promoted
the growth of the shoot under the drought condition,
except for the T6 treatment group (Table 3). Leaf area,
stem length, and stem volume after the application of
T3 increased significantly compared with CK2 by 24.7,
19.4, and 30.9%, respectively. For the shoot growth of
'Prima’, the application of T8 significantly increased the
leaf area and stem volume by 15.9 and 32.3%, while
there was no significant difference between other
regulators and CK2.

Discussion

Drought stress is one of the most common abiotic
stresses in agricultural production, and with climate
change, drought stress becomes more frequent and
severe in the world. The application of plant growth
regulators is considered an effective strategy to
improve plant stress resistance in agricultural produc-
tion (Ma et al., 2006; Sharma et al., 2016). This study
used PEG 6000 to simulate drought stress in mustard
seedlings, and different types of PGRs were applied to
evaluate the changes in germination rate and growth
indicators of root and shoot.
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Table 3. Shoot growth parameters in different experimental setups

Cultivars Treatments Leaf area, cm? Stem length, cm Stem diameter, mm Stem volume, mm?®
CK1 0.94 +0.18" 3.62 +0.67" 0.82 £ 0.05% 19.40 + 4.32%
CK2 0.89 £ 0.15°¢ 3.56 £0.67° 0.80 £0.072 17.73 +£3.13°
T1 1.03 £ 0.15%¢ 4.02 + 0.47%¢ 0.81 £0.08% 21.07 + 4.62%®
T2 1.03 £0.20%° 4.21 +0.92% 0.79 £0.072 20.33 + 4.47%®
'Felicia T3 1.11 £0.17° 4.25 +0.68% 0.83 £0.06% 23.20 + 4.02°
T4 0.97 £ 0.14%¢ 3.96 +0.58°%° 0.78 £ 0.042 19.07 + 2.94°
T5 1.06 £0.18® 4.22 +0.81% 0.80 £0.072 21.07 + 3.86%
T6 0.88 +0.13¢ 3.54 £0.53° 0.80 £ 0.08% 17.67 +3.54°
T7 1.05 £ 0.24% 4.14 +0.98%¢ 0.81 £0.06* 21.27 +5.20®
T8 0.98 + (0.272¢ 3.78 +0.80%° 0.82 £ 0.09% 20.40 + 8.45%
CK1 1.00 +0.13° 4.03 +0.48% 0.79 £ 0.05% 19.93 +3.28°
CK2 1.07 £0.14% 4.23 +0.47% 0.81 £0.08% 22.07 + 4.67®
T1 1.05+£0.19% 4.06 £0.57® 0.82 +£0.08% 21.93 +5.92%
T2 1.04 +0.19% 4.16 +0.74%® 0.80 £ 0.08% 20.93 +4.70°
Prima’ T3 1.03+0.14° 4.15 +0.61% 0.79 £ 0.06* 20.33+3.35°
T4 1.01 £0.33° 3.91 +1.15° 0.80 £0.122 21.00 + 7.37°
T5 1.15+0.16® 4.64 +0.802 0.79 £ 0.05% 22.93 +3.10®
T6 1.13£0.13% 4,55 +0.612 0.79 £0.072 22.27 + 3.45%®
T7 1.14 £0.32% 4,53 £1.00% 0.80 +£0.10% 23.20 + 9.55%
T8 1.24 £ 0.49* 451 +0.64%® 0.86 £0.23% 29.20 + 24.132

Means + SD, followed by different lowercase letters are significantly different according to Duncan's multiple range test, P <0.05

Seed germination is the first stage for plants to endure
environmental stress. Growth regulators are used in the
pre-sowing seed treatment and play an important role
in regulating germination and vigour (Basra et al.,
1989). Previous reports suggested that seed germi-
nation and seedling vigour depend on the priming
method and the concentration used (Kumari et al.,
2017). In this study, it has been determined that
compound regulator has little effect on the germination
rate of 'Felicia' and 'Prima'. This is different from
previous reports that growth regulators promote
germination rate of wheat (ZeQiong ef al., 2019) and
rapeseed (Khan ef al., 2019). We hypothesized that it
may be due to differences in PGRs. On the other hand,
mustard is considered a well-adapted crop, and its
germination may be related to the genotype and the
ability to transform nutrients in the endosperm. To
some extent, germination rate is not a good indicator to
screen the effects of the regulator on mustard under
drought conditions.

Roots are the first organ to sense and respond to
environmental factors. In response to stress, root
system changes include not only the elongation of
primary roots but also the occurrence and elongation of
lateral roots (Otvds et al., 2021). In the present results,
although drought did not significantly reduce the total
root length of the two cultivars, it did significantly
reduce the lateral root number and lateral root number
of 'Prima' (Table 2). Furthermore, cultivar 'Felicia'
presented no significant response to 10% PEG stress
regarding lateral root formation and primary root
elongation, but its root diameter and total root volume
were significantly reduced by the mimicked drought
stress, indicating root thickening was retarded. The
results suggest that 'Prima’ is more sensitive to drought
than 'Felicia'. The PGRs significantly promoted the root
growth of cultivated 'Prima' under drought conditions.

Not like for 'Prima’, T1-T8 treatments did not improve
those root parameters for 'Felicia'. These results
suggested that PGRs had a positive role against drought
on drought sensitive cultivar; on the contrary, for
drought non-sensitive cultivar, the PGRs exhibited
relatively poor effects against drought. These results
indicated the response of mustard to PGRs under
simulated drought in the climate chamber, and the
evaluation of regulators in field experiments under
natural conditions needs to be further verified.

Conclusions

Drought reduced root fresh weight in both cultivars
but had no effect on shoot fresh weight and germination
rate. There were differences in the inhibition degree of
root growth between 'Felicia' and 'Prima' under drought
stress. Drought significantly reduced average root
diameter and total root volume in 'Felicia', as well as
the lateral root number and primary root length of
'"Prima’. According to the morphological parameters of
roots, 'Prima' was more sensitive to drought than
'Felicia'. The PGRs mitigated the effects of drought on
seedlings to some extent, but there were differences
between the two cultivars. For drought-sensitive 'Prima’,
PGRs had a positive role against drought; on the
contrary, for drought non-sensitive 'Felicia' the PGRs
exhibited relatively poor effects against drought.
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Sissejuhatus

Mistahes mullaliik talitleb tema omadustest tulene-
vate dkoloogiliste seadusparasuste jargi. Kahjuks vaja-
vad paljud otseselt v8i kaudselt muldasid puudutavad
publitseeritud seisukohad t&psustavaid selgitusi. Nii
néiteks ei saa pidada Oigustatuks seletada lokaalse
muldkattega seotud nahtusi globaalsetele néidetele
tuginedes, millised ei pruugi olla adekvaatsed lokaal-
setele tingimustele. Spekulatiivsed on ka taolised kasit-
lused, millistes ei vdeta arvesse lokaalseid 6koloogilisi
tingimusi ja muldkatte omadusi. Esineb 6kosusteemide
késitlusi, kus muldkatte rolli on taielikult ignoreeritud,
teisalt aga selliseid, milliste puhul ei arvestata mullalii-
kide omaduste erinevusi. Ké&esolevas t66s arutellu voe-
tud mdtted ja kasitlused, kui ka meie poolt toetatavad
alternatiivsed seisukohad périnevad rohkearvulistest
kirjanduslikest allikatest ehk legaalsest mullateaduse
varasalvest (Lal, 2016; FAO, 2021). Kuigi iga arvus-
tatava teesi kohta oleks v8imalik arvukalt lisada nn.
digiajastust péarinevaid viiteid, on autoril praktiliselt

vBimatu sedastada nende teeside algallikaid, mis vdi-
vad périneda hoopiski digiajastu eelsest perioodist.
Jargnevalt teeside v8i votmesbnade kaupa antud autori
poolehoiu palvinud seisukohad périnevad samuti val-
davas enamuses teaduslikest allikatest. Vaid mdnel
juhul ei dnnestunud autoril leida vastavasisulist toeta-
vat publikatsiooni.

Muldkatte huumusseisundi kujunemise etapid

Huumuse sisaldus (antuna kontsentratsiooni v&i varu-
na) nditab kdnekalt mulla taimekasvatuslikku potent-
siaali ja keskkonna hea seisundi tagamise v@imet.
Stabiilse huumuse lisandumisega muldkattesse parane-
vad saagi kujunemiseks vajalikud reziimid ja luuakse
muldkeskkond elustiku tegevuseks. Samas on saagi
kujunemisel ikkagi kdige olulisim mdjur mulla orgaa-
nilise aine (MOA) voog labi muldkatte. MOA vooga
seotud pedo-6koloogiliste protsesside kdigus varusta-
takse mullaelustikku eksisteerimiseks vajaliku energia-
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ga, vabastatakse varise koosseisus olevaid toiteele-
mente ning kujuneb siimbioos mikroorganismide ja
kultuurtaimede juurte vahel. Huumusseisundile hin-
nangu andmisel on probleem selles, et ei hinnata
vaériliselt MOA voo neid (eelnevalt mainitud) eluliselt
téhtsaid protsesse, mille kdigus toimuvad biokeemi-
lised reaktsioonid, tegutsevad organismid ja moodustub
saak. Kuigi olulist rolli mulla talitlemises ja saagi
moodustamises omab ka mulda akumuleerunud stabiil-
ne huumus ja sellega seotud reziimide toimimine, peaks
senisest rohkemal maéral hindama MOA voo elus-
organismide talitlemisega seotud bioloogilist kiilge
vOrreldes flusikalisega, milleks on vee- ja Ghurezii-
mide kulgemiseks soodsa (poorse) muldkeskkonna
loomine sh stabiilse huumuse osavétul organismide
tegevuseks sobiva eluruumi loomine ja mulla neelda-
misv@ime suurendamine. MOA voo bioloogilised ja
fulsikalised protsessid erinevad mullaliikide ja maaka-
sutusviiside Iikes.

Susiniku taiendav akumulatsioon
muldkattesse sdltub mullaliigile omasest
tasemest

Susinikuneutraalsuspoliitikaga seoses on (iheks loo-
tuseks atmosféari susinikdioksiidi véimalikult rohke
ladustamine maakasutusvdtete abil stabiilse huumuse
kujul muldkattesse. Téiendav susiniku akumulatsioon
mulda sdltub aga muude tegurite kdrval ka mullaliigi-
pbhisest olemasolevast MOA tasemest. Sdltuvalt
mullaliigile omasest huumusvarust ja kvaliteedist
tuleks iga uue stisinikukoguse akumuleerimiseks mulda
rakendada mullaliigiti erinevaid tehnoloogilisi votteid.
Mullaliigile(-erimile) omasest optimaalsest madalama
MOA sisalduse, eriti aga kriitilise piiri ldhedase madala
sisalduse korral, tuleks rakendada MOA sisaldust suu-
rendavaid votteid: doteerimine orgaaniliste vaetisetega,
mitmeaastaste heintaimede kasvatamine, liialt stigava
kiinni valtimine jms. Optimaalsest madalama MOA
sisalduse korral on tdiendava sisinikukoguse lisamine
igati vBimalik ja vahekulukas. Samas on optimaalsest
kdrgema MOA sisalduse korral tdiendav deponeeri-
mine raskendatud seoses huumuse akumulatsiooni-
vBime tlempiiri (killastumise) ldhedusega. Ka on selli-
sel juhul varude kasvatamine kulukam ja eksisteerib
risk juurde antava orgaanilise aine kiireks mineralisee-
rumiseks. MOA optimaalse sisalduse korral tuleks hea
tava kohaselt taastada igal aastal kulutatud MOA
kogused vBimalikult tdies mahus.

Kas suurem saak voi rohkem stabiilset
susinikku mulda?

Agronoomilise tulemuslikkuse seisukohalt on méaara-
va téhtsusega vegetatsiooniperioodi jooksul toimuvad
protsessid haritava maa muldkattes ja nende mdjul
moodustunud saagil. Ainete voog saab alguse péikese-
energia abil ja mulla toel moodustunud primaarsest
orgaanilisest ainest ehk fiitomassist. Teatud osa sellest
suundub muldkattesse labimaks erinevaid p&himdtte-
liselt Uhes suunas kulgevaid etappe alates futomassi

varisest, selle arvel moodustunud mullaelustiku (sh
mikroorganismide) biomassi varisest, labiilse huumu-
sega seotud talitlemisest kuni stabiilse huumuse moo-
dustumiseni. Kdigil nendel etappidel kulutatakse teatud
hulk energiat heterotroofseks hingamiseks ehk toimub
stisinikdioksiidi emissioon.

Keskkonna- ja kliimapoliitika aspektist on pdhindita-
jaks pikaks ajaks mulda talletatud siisiniku kogus, mis
on samas vdga oluline ka agronoomilisest aspektist.
Muldkatte stisinikuvaru ja selle kaibe néitajaid kasuta-
takse ka erinevate mullakooslustega ja geograafilise
péritoluga muldkatete vordlemisel ning kaasaegse
kliimapoliitika tulemuslikkuse hindamisel. Labi muld-
katte toimuva ainevoo kasitlemisel tuleks eraldi tdhele-
panu podrata nii protsesside kulgemisele (seire, kaasa-
aitamine, vBimalusel reguleerimine) kui ka tulemitele
(saak, mulda deponeeritud tdiendav silsinikuvaru).
Kliimapoliitika tGstab esile stisiniku deponeerimise,
unustades Usna sageli saagikuse. Agronoomia seisu-
kohalt on mé&aravam bioloogiliselt tegus (labiilne) huu-
mus, mis kulutatakse muldkatte talitlemisprotsessidele
(energia ja ainete voog, lagunemine ja muundumine,
mullaelustiku talitlemine ning futomassi produtseeri-
mine). See t&hendab prioriteedi andmist protsesside
kulgemisele. Protsessidest jarele jaddnud MOA osa ei
ole tldsegi mitte vaartusetu jaade, kuna selle rolliks on
muldkatte hea struktuursuse ja parema neelamismahu-
tavuse tagamine. Dilemmaks on kas saada suurem saak
v0i talletada rohkem stabiilset stisinikku mulda. Mdle-
ma hiive Uheaegne saavutamine on keeruline. Maistlik
oleks piilida saavutada tasakaal kahe nimetatud ees-
margi vahel.

Maakasutuse muutuse m&ju mulla
huumusseisundile

MOA voos on suured erinevused looduslike ja hari-
tavate muldade vahel. Kui esimesel juhul on sisiniku-
ringed aasta-aastalt suhteliselt Ghetaolised, siis agro-
Okosusteemide siisinikuringed ja vood on inimese vaja-
dusest séltuvalt muutlikud. Aineringed on erinevad
mitte Uksnes maakasutusviiside vaid ka mullaliikide
16ikes. Kritiseerimist véariv on tksnes sisinikupolii-
tikast johtuv soovitus haritavate maade asendamise
kohta rohumaade ja metsadega. See soovitus ei arvesta
kahjuks Usna sageli muldade kasutussobivust, ega seda,
et mullaliikide kooslused on kdlvikute 18ikes suuresti
erinevad. Ignoreerides nende kolme k&lviku muldade
taksonoomilise koosseisu erinevusi, vorreldakse eksli-
kult vdrreldamatuid nahtusi.

Eestis on metsamaaks enamjaolt jaetud pdlluks ja
rohumaadeks vahesobivad v&i piirkonna madalama
viljakusega mullad, kusjuures enamasti on nendeks
alaliselt liigniisked mineraalmullad ja valdav osa tur-
vasmuldadest. Parasniiskete mineraalmuldade huu-
musseisund erineb mitte ainult turvas- ja turvastunud
muldadest, vaid ka niisketest ja kuivendatud gleimul-
dadest. Kui haritavateks muldadeks on valitud enamasti
parasniisked v6i ka kuivendatud niisked mullad, siis
suurem enamus rohumaid asub ikkagi suuresti erineva
huumusseisundiga niisketel ja mérgadel muldadel. Siit
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jareldub, et rohumaamuldade suurem huumusevaru ei
tulene mitte suuremast varise hulgast, vaid hoopiski
ringe stagneerumisest liigniiskuse mdjul. Seega tuleks
erinevate kdlvikute muldade huumusseisundi hinda-
mist ja vdrdlust teha ikkagi mullaliikide kaupa, millisel
juhul (meie uurimustele toetudes) usutavaid maakasu-
tusest tingitud erinevusi MOA pindtihedustes (t ha™) ei
esine (Kalli jt, 2010).

Mulla pusi- ja diinaamilised omadused ning
mullavélised tegurid

Mulla ainelisest koostisest tulenevad piisiomadused
(mineraalse osa 16imis, keemiline potentsiaal, huumus-
hoiuvdime) fikseeritakse praktika jaoks piisava detail-
susega mullaerimi mé&aramisega. Muldade talitlemise
dunaamiline aspekt on kooskdlas mullas elavate orga-
nismide ja mullal kasvava taimkattega. Muldkatte talit-
lemist m&jutavad tublisti ka mullavélised keskkonna-
tingimused (soojusressurss, sademed, veeolud, pinna-
mood) ja maakasutuse viisid. Mullaliigi MOA majan-
duse (kogum MOA bilansi, talitlemise, seisundi jms
seotud néhtustest) hinnang tuleks anda seostatult
regiooni mullatekke- ja meteoroloogiliste tingimus-
tega. Muldkatte talitlemise mdistmiseks ja otstarbeka
kasutuse huvides on vaja teada nii mulla pusi- ja
dinaamilisi omadusi, kui ka muldkattevéliseid mdjusid
mullaliikide (-erimite) tasemel. Manipuleerimisele
alluvad vaid mulla diinaamilised omadused ja valistest
teguritest maakasutuse viisid. MOA otstarbeka majan-
damise rusikareegel kajastub adekvaatselt selle vardlu-
sest tddmehe paevatdoga. Olgu mees kdhn (muld opti-
maalsest madalama huumusvaruga) v8i kogukas (opti-
maalsest kdrgema huumusevaruga) on kdige téhtsam
ikkagi see, et ta on korralikult toidetud (mulda on
tagastatud kulutatud varud).

Pdllumajanduse roll sisinikuringes

On kurb tddeda, et stsinikneutraalse keskkonnapolii-
tikaalastel aruteludel n&hakse tsna sageli p6llumajan-
duslikus tegevuses Uksnes sisiniku suurenenud emis-
siooni pdhjustajat. Uhekiilgse ehk pooliku kasitluse
asemel oleks Gigem vaagida tasakaalu kahe vastandliku
suuna, susiniku okosisteemi sidumise ja selle emis-
siooni vahel. Susinikuringest osalise valjavotu tulemiks
on Uhelt poolt saak, teiselt poolt aga taiendava susini-
kukoguse mulda deponeerimine. Oigetel (agro)ékoloo-
gilistel alustel kavandatud kulvikordade sisiniku
sisend- ja véljundvood on paljuaastate keskmisena
tasakaalus, nii saagi kui huumuse deponeerimise osas.
Seega ei ole valdavatel juhtudel Gige nimetada p&llu-
majanduslikku tegevust bioloogilisest aspektist siisini-
ku emissiooni suurendavaks teguriks.

Teatavasti kulgeb dkoslisteemi seaduspdrane areng
produktsiooni maksimeerimise suunas. Piduriks vdi
vastutdotavaks teguriks sellele on klimaatiliste ja
mullastiku tingimuste sobimatus ning mitteadekvaatne
majandamine. Juhul kui toetatakse (subsideeritakse)
lokaalsetele tingimustele aldis tootmist, vdhendatakse
vBi valditakse kadusid ja soodustatakse vdimalikult

suurema hulga fitomassi produtseerimist, tagatakse nii
suurem saagikus, kui luuakse ka eeldused muldkatte
stisinikuvarude suurendamiseks.

Maaharimisvdtete mdju mulla
huumusseisundile

Harimissligavuse vahendamine minimaalse harimise-
ga toob kaasa MOA sisalduse kasvu pealmises 0—10 cm
mullakihis, kuna maapealse varise sissetulek kontsent-
reerub vaid sellesse kihti. Huumushorisondi alumine
osa saab uue ainena vaid siin paiknevate juurte jaanu-
sed, mille tttu siit tehtud kulud j&ddvad kompenseeri-
mata. Samal ajal laguneb MOA intensiivsemalt pealis-
mulla 6hukeses haritud kihis tdnu paremale 6hustusele
vorreldes kiinnipdhise maaharimisega. Vaatamata huu-
muse kontsentratsiooni diferentseerumisele kiinnikihis
ei suurene enamjaolt usaldusvaarselt huumuskatte
MOA koguvarud. Seega ei ole padev vaide, et mini-
maalne mullaharimine suurendab mulla huumuse varu.

Mullaviljakuse degradeerumine

Laialdaselt on levinud arvamus, et muldade viljakus
vaheneb jatkuvalt nende huumusesisalduse véhenemise
tottu. See arvamus vGib Eestis olla téene vaid mdnin-
gate pdllumullaliikide puhul nende ebadige (agrotko-
loogilisi p6himdtteid ignoreeriva) kasutuse tingimus-
tes, kuid on tdiesti kaheldav metsa- ja rohumaamulda-
des. NBustuda ei saa ka sellega, et metsamuldade huu-
musehoiuv6ime on pdllumuldadest suurem. Mdlemad
seisukohad vajaksid tapsustavaid selgitusi. Qigustatud
on vaid sama liiki parasniiskete ja niiskete metsa- ja
p6llumuldade huumushorisontide vordlus, milliste
huumusprofiilis A horisont on olemas. Tegelikult on
viljakad ja selgesti véljakujunenud huumushorisondiga
mullad vBetud suures enamuses pdllumajanduslikule
kasutusele. Kui taolised viljakad mullaliigid moodusta-
vad pdllumaast ca ?/s, siis metsamaast vaid /5. Meie
uurimuste jargi on Uhenimeliste mullaliikide huumus-
varud praktiliselt vordsed nii metsa- kui pdllumaana
kasutamisel (Kolli jt, 2010). Uldreeglina ei ole huu-
muse kontsentratsioon sobivaks metsamulla huumus-
seisundi néitajaks. Kuigi metsamuldade A horisondi
huumuse kontsentratsioon on tavaliselt kérgem pd&llu-
mullast, on nad samal ajal aga hukesemad ja vaiksema
lasuvustihedusega. Metsamuldade huumusseisundit ei
iseloomusta kuigi hésti ka huumuse varu. Hoopiski
suurem téhtsus on siin pidevalt mulla pinnale ja mulda
variseval vérskel orgaanilisel ainel (varisel) ja selle
muundumisel tekkinud eelhuumusel. Vaid varise (kui
mulla energiaallika) toimel kaivituvate laguahelate
mojul tagatakse mulla 6koloogiliselt otstarbekas ja
kestlik talitlemine koos taimse massi produtseerimise-
ga. Mida otstarbekamalt MOA-t kasutatakse, seda
suurem on produktiivsus.

MOA koostisosade talitluste erisused

Mullaliikide eristamiseks MOA rolli jargi ei piisa
tiksnes MOA kontsentratsiooni ja varu maéramisest.
Detailseim lahend huumusseisundile eeldab MOA
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késitlemist koostiskomponentide kaupa ja nende
talitluste tundmist. Aegade jooksul on kasutatud vaga
mitmesuguse detailsuse ja pdhimdttega MOA jaotusi.
Naiteks huumuse fraktsioneerimine keemiliste reaktii-
vide abil ning jaotamine humifikatsiooni ja lagunemis-
astmete jargi. Praegu peetakse kdige informatiivsemaks
MOA jaotamist tema oleku, mullaelustikuga seondu-
vate talitluste ja mullas paiknemise ning lagunemisele
vastupidavuse jérgi. Eraldi kasitlust leiab lagunemisele
kergesti alluv taimne varis, mis muundub ndrgalt
happelises ja neutraalses muld-keskkonnas bakterite
mdjul, happelises aga mikroseente abil. Lagunemist-
muundumist Kiirendab ensiilimide esinemine varises.
Aktiivseteks komponentideks MOA-s on mikroobse ja
sellest suurema dimensiooniga mullaelustiku bio- ja
mortmassid ning mullaelustiku poolt peenestatud,
ekskrementideks muudetud ja osaliselt humifitseeru-
nud osised. Pikaaegsemalt sdilivad huumushorisondis
mineraalse osaga seotud organo-mineraalsed komplek-
sid ning peene liiva ja tolmu osistele kinnistunud (tGe-
line) huumus. Toorhuumuslikes horisontides dominee-
rib veega konserveeritud pooleldi lagunenud varis.
Pusiv MOA on ka lagunemisele vastupidav osa taim-
sest ja loomsest varisest ning flusiliselt kaitstud (kas
struktuuriagregaatide sees voi ladestunult tugevasti
peenestunud mineraalsete osiste pinnale) osaliselt
humifitseerunud MOA. Kauapisiv stabiilne MOA
(téeline huumus) v8ib mullas piisida aastasadu tanu
sobimatuse tbttu organismide toiduks, kinnistumisele
savimineraali Kihtide vahele vGi esinemisele inertse
sOena. Lisaks deldule vdib MOA esineda lahustunud
kujul mullalahuses koostises.

Optimaalne bioloogiline mitmekesisus ja
liigirikkus

Sageli on arusaam bioloogilise mitmekesisuse 6ko-
loogilistest seadusparasustest muldkattes ja 6kosustee-
mides mitteadekvaatne. Huumusseisundiga seotud
talitluste mdistmisel on vahe abi praegusel ajal ehk
liialt Gletahtsustatud liigirikkuse andmetel (a la mida
rohkem liike seda parem). Tegelikult on optimaalne
seisund siis kui on tagatud mullaliigipdhiste talitluste
taitmiseks vajalike organismikoosluste olemasolu ja
vBimalus nendega seotud toiteahelate talitlemiseks.
Looduslike protsesside kulgemises on usna tavaline, et
suurema osa stisteemi taim-muld toimimiseks vajali-
kest seaduspdraselt jargnevatest talitlustest teeb &ra
teatud véike osa liikidest. Lébi loodusliku muldkatte
toimuva MOA voo aluseks on taimse varise mulda
tulek, selle lagundamiseks-muundamiseks vajalike
heterotroofsete mikroorganismide olemasolu, redutsee-
rijate talitlemist kontrollivad organismid (kiskjad) ja
soodsat muldkeskkonda loovad organismid (insenerid).
Ka haritavate muldadel rakenduvad looduslikega sar-
nased pdhimdtted, kuid seejuures vBivad suurel maéral
erineda sarnaseid talitlusi (6koloogilisi nisSe) téitvate
organismide liigid. Uldiselt ei ole MOA mineraliseeru-
mise-humifitseerumise jarjepidevuse read lineaarsed.
Pigem on tegemist toiteahelate vorgustikega, kus

mullaliikide 18ikes taidavad sarnaseid funktsioone eri-
nevad organismide kooslused. Mistahes mulla orgaani-
lise aine voo toimimine on tagatud siis, kui toitumis-
ahelate vdrgustikus on olemas MOA lagundajad, nende
arvukust reguleerivad (nendest toituvad) organismid
ning muldkeskkonna iilesehituse ja reziimide kujunda-
jad. Susteemi toimimiseks on vajalik optimaalne mitte
aga voimalikult maksimaalne bioloogiline mitmekesi-
sus.

Liigirikkuse piiritu maksimeerimise taotlus vajab
taiendavaid seletusi. Nimelt on muldkattes tegutsevate
organismide populatsioonid loodusliku kasvukoha- voi
mullaliigi-spetsiifilised. P6llumullas saab talitleda hoo-
pis teistsugune, muldade harimisele vastupidav, mulla-
elustiku kooslus. Loomulikult on pdllumullas vahene-
nud ja teisenenud looduslikule mullale omane liigirik-
kus. On (ildteada, et mullas toimetavate organismide
kooslused erinevad nii globaalsel ja regionaalsel tase-
mel, nii mullaliigi kateenade ja mullaprofiili horison-
tide suhtes, kui ka struktuuriagregaatide labilGikes.
Vastavalt mulla omadustele vdivad tihes mullaliigis
domineerida MOA lagundajatena bakterid, teises
mikroseened, millega seostuvad ka jargnevad toitumis-
ahela lulid. Seega tuleks mulla liigirikkust késitleda
muldkattes esinevate mullaliikide p&hiselt.

Parema arusaamise otstarbel vajab praktika senisest
rohkem teavet elusorganismide koosluste dominantide
ja nende autdkoloogia kohta mullaliikide kaupa. MOA
Okoloogia pd&hjalikumat késitlust piiravad vahesed
teadmised mullaelustiku erimip8hise koosseisu ja 6ko-
loogia kohta. Praktiline pdllumajandus ei saa olulist abi
terviklikust mullas olevate liikide nimekirjast, hddava-
jalik oleks hoopiski dominantliikide mé&éramine ja
nende Okoloogilise talitluse selgitamine erinevate
mullaliikide 16ikes kuna mulla saatus oleneb peamiselt
ikkagi piiratud arvust organismidest. Uksnes seni
héstiuuritud vihmausside 6koloogia tundmine ei selgita
kaugeltki piisavalt MOA rolli mullas.

Turvasmuldade pedodkoloogiline kasitlus

Analliisides turvasmuldade omadusi ja 6koloogiat
mullateaduse aspektist, tuleks piirduda vaid turvas-
muldkattega, mis moodustab Eesti tingimustes turbala-
sunditest vaid pealmise ca 50 cm tiiseduse elusorganis-
midega Okoloogilistes suhetes oleva turbakihi. Ei ole
oige késitleda (turvas)mullana tihti kuni 5—6 meetrini
ulatuvat turbalasundit, mis on tegelikult mittefossiilne
maavara. Deklareerides kogu turbalasundi orgaanilist
ainet ja temas sisalduvat siisinikku muldkatte osana
saame ebaadekvaatselt suurendatud orgaanilise susi-
niku varud soomuldi sisaldavate muldkatete kohta.
Turvasmuldkattes eristub omakorda (sarnaselt mine-
raalsete muldadega) ainete ringes aktiivselt osalev vii-
maste aastate turba kasvukiht ehk turvas-(huumus)kate,
mille osaks on ka pindmine varise kiht. Meie arvates
tuleks turvas(huumus)katte alastes 6koloogilistes uuri-
mustes piirduda pealmise 30 cm tiseduse kihiga.
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Umbrohtumine

Agrookosusteemide umbrohtumise, kui saaki kahjus-
tava nahtuse, valtimine on pdllumehele suurt kulu
ndudev tegevus. Eksisteerib selge vastuolu umbrohtude
rohke flitomassi ja mitmekesisuse ning pdhikultuuri
saagi vahel. Uldreeglina on mistahes kultuuri puhul
aktsepteeritav vaid vdike alla surutud umbrohtude
lisandus. Muret tekitab kilvamata pélluribade (tegeli-
kult kui umbrohtude seemnepeenarde) kasutusele vét-
mise propageerimine. Selles osas peaksid propageeri-
jad minema edasi suvitsi. Naiivne oleks siin loota
mullaliigile ja tolmeldavatele putukatele sobiva taim-
katte iseeneslikku kujunemist. Selles osas saaks toetuda
nn kontrollitud mitmekesisuse p6himdtetele. Umbroh-
tude leviku minimeerimise huvides peaksid mitmekesi-
suse taotlejad soovitama ka mullaerimile sobilikke
taimkatte ribade segusid ja tutvustama nende rajamise
tehnoloogiaid. Vaid Uhest aspektist [&htuv soovitus ei
pruugi olla sobiv praktikasse rakendamiseks.

Maa ja mullaga seotud eetilised aspektid

Pdlispbldude (parandpdldude) muldadesse on aegade
jooksul maetud palju meie esivanemate higi ja vaeva,
kuid samas on muld olnud ka mistahes lokaalse ala voi
kogu riigi elukorralduse ja toidutootmise garant. Polis-
pdldude viljakust on kergem suurendada vdrreldes
uudismaa mulla samale tasemele aitamisega. Pdliste
pdllumuldade (kui samas ka piirkondlikult viljakamate
muldade) roll on paljudes riikides esile tdstetud, muutes
seadusandlust nende sdilimist soodustavas suunas.
Selle labi on tagatud ka Uhiskonna isevarustatuskindlus
vajalike toidu, s66da ja tehniliste kultuuridega. Samas
on viljakamate muldadega alad pdhjustanud kogukon-
dade koondumise nendele aladele ning sellest tuleneva
suurema tootmisvajaduse ja kahjuks ka nendest aladest
markimisvéarse osa kadumise ehituste alla. Nii on
tootmisp6llud paratamatult nihkunud v&hemsobivate
muldadega alade suunas. Véltimaks veelgi intensiiv-
semat ehituste valgumist viljakatele muldadele peaks
vaartuslikud pdllumullad vétma riikliku kaitse alla ka
Eestis.

Maaparandusobjektide p8lu alla vitmine ei ole valda-
vas osas Oigustatud. Eestis on piirkondlikult palju mér-
gade muldadega alasid, kus pdllumajandust on raske
arendada ning ilma maade kuivenduseta kaotab maaelu
seal oma sisu. Teiselt poolt on taunimist vaért tegevu-
sed, mis hévitavad v0i lagastavad eelnevate pdlvkon-
dade tehtud tdid. Taoline tegevus ei ole paljudel juhtu-
del maistlik. Oigem oleks edasi minna 6koloogiliselt
ratsionaalsel viisil, taotledes harmoonia saavutamist
looduse ja inimtegevuse vahel, mitte aga plida kaes-
olevaks ajaks valjakujunenud seisundeid tagasi pdorata
endiste aegadega sarnasteks.
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Short Communication: Pedoecological
regularities of soil cover functioning

Raimo Kaélli
Chair of Soil Science, Institute of Agricultural and
Environmental Sciences, Estonian University of Life
Sciences, Fr. R. Kreutzwaldi 5, 51006 Tartu, Estonia

Summary

The work is dedicated to the analysis of contradictory
statements and opinions found in pedoecological
scientific publications. The subject matter of the
author's statements is distinguished by short theses or
keywords in form of subtitles. In the author's opinion,
the humus status of soil cover should be analysed by
the stages of its formation. By the author's researches,
the additional sequestration of carbon into the soil
depends to a great extent on the existed soil organic
carbon content in the soil. As it has existed discord
between consumption and accumulation of soil organic
matter, is almost essential to reach optimal equilibra-
tion between these opposite processes. In two sub-
divisions of the work the influence of land use, land-
use change and soil tillage on the soil humus status is
treated. In analysis, the role of agriculture in carbon
turnover should be taken into account not only carbon
emission but also its sequestration by agroecosystems,
in which cases rather long-lasting equilibration exists
between carbon emission and sequestration. The inten-
sity of soil cover degradation by the loss of soil organic
carbon seems to be in general lines not true in Estonian
pedoecological conditions, which is proved by the
absence of downgoing trends in soil organic carbon
contents in most agriculturally used soil species.
Besides mentioned above in the work are treated as well
the influence of soils' permanent and dynamic proper-
ties and different components of soil organic matter on
soil functioning. Author's opinion is that as real soil
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cover (here peat soil cover of peatlands) should be optimal biodiversity and species richness, and minimal
treated only superficial 50 cm layer of peat deposits, but ~ weediness. Treated are as well connected with land use
the peat deposited deeper from soil cover, is by its  ethical statements.

essence a natural fossil resource. For the best functio-

ning agroecosystems, it should have soil type-specific
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ABSTRACT. The aim of this paper is to present the use of mathematical
model for an assessment of seed germination on the example of a genus
Dracocephalum L. based on logistic function. An assessment of the
quality of seeds and their species specificity was carried out. For this the
method of a mathematical model of seed germination and the "Origin
Pro" application package was used. The objects of research were
samples of species Dracocephalum L. of different geographical origin
from the collection of the I.N. Vavilov named All-Russian Crop
Research Institute (VIR). Morphometric parameters of seeds of the
studied species of the genus Dracocephalum L. were identified, which
were divided into two groups. The first group with small seeds (2.7-3.0
mm long and 1.6-2.0 mm wide) included varieties of the species D.
moldavica, and the second group — with very small seeds (2.0 mm in
length and 1.0 mm wide) of D. multicaule and D. nutans. To assess the
quality of seeds, we used both standard static indicators for germination,
germination energy and seed vigour which are also assessed by both
known the Grodzinsky bio test, and new ones based on dynamic
parameters for evaluating seed germination. The dynamic model
presented in the work reproduces changes in the initial phase of plant
growth through the dynamics of seed germination. That is, the change
in the state of a living object in motion in this model. When processing
the results, a logistic function was applied that reflects the dynamics of
change or accumulation of quantitative signs with the transition to new
qualitative indicators. It was revealed that the shortest germination time
of half of the maximum number of germinated seeds (intensity of
germination) equal to 44.0 hours had the sample K-6 ('Aroma-2"). This
indicates vigourous and friendly germination of the seeds of this variety.
For sample K-7 (‘Aroma-2"), this figure is 60 hours and, therefore, the
germination rate is less than that for K-6. Similar in these parameters
and the intensity of germination in the sample K-8 'Zeya' equal to 53
hours. Sample K-10 ('Arhat’) was characterized by a relatively high
germination rate, intensity of germination equal to 46 hours. Samples at
32 (D. nutans) and at 20 (D. multicaule) had approximately the same
intensity of germination was equal to 61 and 54 hours, respectively. As
a result, comparing the similarly different age characteristics of the seed
material, a certain species and variety specificity in the dynamics of
growth processes in the seeds of various types of snake head was
revealed. The novelty of these studies was the search for new patterns
and phenomena in assessing the quality of seeds and their species
specificity.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.
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Introduction

It is known that one of the important problems in crop
production is the assessment of the quality of planting
material, and in the field of agriculture — assessment of
the quality of soil and agricultural technologies using
bio tests (McDonald, 1998; Komarov, 2002, Nugis et
al.,2021). The existing criteria for assessing the quality
of seed material are mainly based on determining the
indicators of their germination and germination energy
(Perry, 1978; Taylor, 2003). Laboratory germination
and germination energy are measured by germinating
seeds on substrates or on sand in growers with strictly
regulated environmental conditions for a fixed time for
each type of seed. That is, these scoring parameters are
based on standard static metrics. So, for example, for
common wheat (7riticum vulgare L.). Host germination
energy is determined on the 3™ day, and the germination
capacity on the 7 day (Hampton, 2002).

As our early research showed (Komarov, 2002), one
of the most informative indicators of seed quality based
on static indicators is the assessment of seed vigour.
The essence of this method, also known as the method
of biological samples (Grodzinsky bio test), is
described in detail by the author himself (Grodzinsky,
1991). This indicator was used to assess a number of
crops, including — Carthamus tinctorius L. (Ghassemi-
Golezani et al., 2016); Brassica napus L. (Amirmoradi,
Feizi, 2017; Gu et al., 2019), Oryza sativa L. (Ibrahim,
Ikhajiagbe, 2021), Zea mays L. (Han et al., 2018) and
others. An assessment of the influence of various
factors on the germination of seeds of various plants is
also shown in the works of (Baghel et al., 2019), both
for maize seeds (Zea mays L.) and for other citation
species (Sabelli, Larkins, 2015; Wei, Huang et al,
2018). However, all these methods have one thing in
common, which is that the assessment of both the
strength of growth and germination is based on static
indicators. That is, these estimates are fixed by the time
the indicator is determined which contradicts the
dynamics of the development of living matter, such as
the seeds of living plants. In this regard, the opinion
was formed (McDonald, 1998; McDonald, 1999; Ellis,
Roberts, 1980; Hampton, 2002) that it is almost
impossible to develop any standard methods for
assessing the quality of plant seeds for various reasons
(prolonged ripening and germination periods, the
presence of a dormant period, ecological diversity of
species, efc.). For these reasons, the quality and
viability of seeds of various species have to be
determined empirically for each batch of seeds, both
immediately before sowing and at various stages of
storage. Such routine, but necessary activities, require
colossal time and money, limit the creative potential in
the search for new patterns and phenomena (Anikina et
al., 2021).

At the same time, seeds are living organisms and for
them (as for all living organisms) a change in state over
time is inherent (growth rate, growth force, germination
energy and even germination). Therefore, it would be

very tempting to move from static indicators to dyna-
mic ones, which describe the change in the state of the
biological system (seed) in time. To substantiate the
transition from static to dynamic indicators of seed
germination was used. The purpose of these studies was
(using the example of the genus Dracocephalum L.) to
assess the possibility of using a dynamic method for
assessing seed germination. To determine the species
specification of the genus Dracocephalum L., the
transition from static to new dynamic parameters were
presented. The presented model reveals the possibilities
for the development of a method for assessing the
quality of seeds of other crops.

Methods

Concerning determination of the bio test parameters
a sufficiently large number of seeds (100-200 paces)
were used (Grodzinsky, 1991). The seeds were placed
in Petri dishes. The bottom of the dishes was previously
covered with a layer of filter paper. The seeds evenly
placed on the surface of the cup with distilled water
were moistened. The volume of water was determined
by the number and weight of the analysed test plants.
Once the seeds had germinated, the interval between
the counting of seeds of each batch was counted which
were selected taking into account the intensity of their
initial germination processes. The counting of germi-
nated seeds until 50% germinated in the control variant
(seed treatment with water) was carried out. The
conditions and method of the experiment were based on
the assessment of both the parameters of standard static
indicators of seed germination and using a dynamic
model of seed germination. The parameters of standard
static indicators of seed germination by the Interna-
tional Seed Testing Association — ISTA (ISTA, 2021;
Handbook, 1995) were developed.

The most common test for germination and seed
germination energy as the main parameter of static
indicators was used. In addition to standard methods for
assessing the dynamic indicators of seed germination
was used (Vitkovskaya, 2015; Chetyrbotskiy,
Chetyrbotskiy, 2020).

The experiment to assess the dynamics of seed germi-
nation was set up in accordance with various regula-
tions (ADSA, 1993; Handbook, 1995; ISTA, 2021).
The objects of research were samples of Dracoce-
phalum L. species of different geographic origin from
the collection of the VIR (All-Russian Crop Research
Institute) (Table 1). Since the sizes of seeds in the
species of the snake head Dracocephalum L. is differ,
therefore, they were conditionally divided into two
groups. The first group with small seeds (2.7-3.0 mm
long and 1.6-2.0 mm wide) includes D. moldavica
varieties. The mass of 1000 seeds of these varieties is
1.79-2.28 g.

The second group with very small seeds (2.0 mm in
length and 1.0 mm in width) includes the species D.
multicaule and D. nutans. The mass of 1000 seeds
ranged from 0.54 to 0.65 g.
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The evaluated seeds for germination were treated
(soaked) with 5-10 ml of distilled water. For example,
for small-seeded plants such as Moldavian snake head
is 5 ml per 100 paces plants, but for larger (cereals) is
10 ml. To characterize the quality of seeds, various
indicators were used. The most important of above
were germination, germination energy, seed moisture,
seed purity and category were also taken into account.
Seed category — original seeds, elite, and reproduction.
The seeds of Moldavian snakehead specimens belon-
ged to the reproduction category (1-3 generations),
varietal purity was 95%, and moisture content was
12%. The germination and germination energy of the
samples was established in the course of the
experiment.

From a mixture of seeds, samples were taken four
replicates of 100 paces placed in Petri dishes on filter
paper Petri dishes in a thermostat at the optimum
germination temperature for seeds of the analysed
species were placed. Petri dishes were preliminarily
washed with hot water and detergent, rinsed with 1%
potassium permanganate solution, then with distilled
water and alcohol. Each dish was labeled with sample,
replication, start date, and counting dates. The
accounting was carried out manually, after 2—6 hours.
A variable temperature was created in the thermostat of
20°C—-18h,30°C—-6h.

The method for assessing the dynamic indicators of
seed germination were used. As soon as the seeds
germinated, the calculation and assessment of the
dynamic indices of seed germination were made. The
interval between the counting of seeds of each batch
was chosen taking into account the intensity of their
initial germination processes every 2—6 hours. To
implement the mathematical model of seed germination
the Origin Pro software package available to every user
of a personal computer was used. The results were
processed using MS Excel 2003.

For evaluating of the seed germination which as the
basis for processing the results for that a logistic
function was used. It should be indicated that in the
dynamics of change or accumulation of quantitative
indicators the transition to new qualitative indicators is
reflected. The logistics function was described by the
following formula (Komarov et al., 2007):

Nmax
-t
1+e t

N = (1)

where N — number of germinated seeds at time (t);

t — the time during which a certain number of seeds
germinate, expressed in%;

Npax — maximum number of germinated seeds;

t — the rate of increase in the number of germinated
seeds,

t. — the time at which the number of germinated seeds
is equal to half of the maximum number of germi-
nated seeds (which reflects the intensity of germi-
nation).

By the germination energy, we meant a fixed period
for each plant species without taking into account their
variety-specificity. So, the germination energy of the
Moldavian snake head on the 3" day was determined.
The seed germination energy under the conditions of
this experiment was characterized in the dynamics of
the entire period of the experiment. Its was displayed
by the fc index and in essence which was characterized
the intensity of growth processes. Seed quality indica-
tors taking into account their species and varietal
heterogeneity or specificity were assessed.

The statistical estimation of data of the areas of
germination energy, intensity of germination (fc) and
speed of seed germination (k) has been carrying out
by Student t-test at 0.05 levels.

Results

The morphometric parameters of the seeds of the
studied species of the genus Dracocephalum L. are
shown in Table 1. It should be emphasized that the
peculiarity of the structure of the Lamiaceae L. fruit to
some extent predetermines the specifics of the system
for assessing the quality of the seeds of this plant. Seed
in these species is not released from pericarp, which
performs a protective function, which probably has a
certain effect on the qualitative characteristics of seeds,
including the intensity of their germination.

Morphometric study of Eremus L. showed that their
sizes differ in Dracocephalum L. species. Thus,
dividing them into two different groups was quite justi-
fied. Indicators for assessing the quality of seeds
obtained as a result of laboratory experiments are
shown in Table 2.

Table 1. Morphometric parameters of the seeds for species of the genus Dracocephalum L.

No in Kind & variety No. sample according Genesis Weight of  Seed size, mm
order to the VIR catalog 1000 seeds, g length width
1 D. moldavica — Moldavian snakehead, variety Arhat K-10 St. Petersburg 1.91 2.8 1.6
2 D. moldavica — Moldavian snakehead, variety Aroma-2 K-6 Moldova 2.28 3.0 1.9
3 D. moldavica — Moldavian snakehead, variety Aroma-2 K-6 Germany 1.86 2.7 1.7
4 D. moldavica — Moldavian snakehead, variety Zea K-7 Kazakhstan 1.79 3.0 2.0
5 D. multicaule — Multi-stemmed, snakehead K-7 Kazakhstan 1.79 3.0 2.0
6 D. multicaule — Multi-stemmed, snakehead Bp-20 Germany 0.54 2.0 1.0
7 D. nutans — Hovering snakehead Bp-32 Switzerland 0.65 2.0 1.0
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Table 2. Indicators for assessing the quality of seeds in a dynamic model

No in Kind & variety Germination Laboratory te, h t, h et k, ht R?

order energy, %  germination, %
1 D. moldavica — Moldavian snakehead, variety ‘Arhat’ 76£2 78+2 4606 7.05 6.5 0.14x0.01 0.99
2 D. moldavica — Moldavian snakehead, variety Aroma-2 T7£2 79+2 44+06 129 34 0.08+0.01 0.98
3 D. moldavica — Moldavian snakehead, variety Aroma-2 57+1 64+1 60+09 152 42 0.07+0.01 0.99
4 D. moldavica — Moldavian snakehead, variety Zea 68 £2 72£2 53+1.0 147 3.6 0.07+0.003 0.99
5 D. multicaule — Multi-stemmed snakehead 872 932 54+20 45 135 0.22+0.01 0.99
6 D. nutans — Hovering snakehead 83+2 88 +2 61+05 59 103 0.17+0.01 0.99

t. t;! — dynamic growth rate of germinated seeds; & — the speed of seed germination; R? — coefficient of determination; digits with plus and

minus are the standard deviation of data (P < 0.05).

It is known that the germination rate of seeds is deter-
mined by the peculiarity of their cultivation, duration
and storage method including genetic, qualitative traits
and other. According to standard indicators (germi-
nation), the best indicators with a sample from Ger-
many D. multicaule L. — Multi-stemmed snake head
(germination rate 93%) were obtained. Somewhat
lower (germination rate 88%) or a sample from
Switzerland D. nutans — Hovering snake head was
recorded. Both of these samples are perennial and
small-seeded species (0.54-0.65 g per 1000 seeds). For
larger-seeded and annual species D. moldavica L. —
Moldavian snake head, the following row of
germination was formed: 79% — sort 'Aroma-2'
(Moldova), 78% — sort 'Arhat' (St. Petersburg), 72% —
variety 'Zea' (Kazakhstan), 64% — variety 'Aroma-2'
(Germany). The germination energy index in a similar
way was distributed. The most significant 87% and
83% were for perennial samples No. 5 and No. 6. At the
same time, variety 'Arhat' — 76%, 'Aroma-2' (Moldova)
— 77%, 'Zea' — 68%, 'Aroma-2' (Germany) — 57%.
However, these indicators of germination and germi-
nation energy were only to some extent associated with
crop yield (Lavrukov, 2012) and do not provide the
necessary information content.

Discussion

The dynamic indicators where a mathematical model
of seed germination of the genus Dracocephalum L.
implemented on the basis of a logistic function,
provides great information content in terms of seed
quality and potential yield we used. Analysis of the
model's operation shows (Table 2 and Fig. 1) that
according to the tc indicator the germination time of
half of the maximum number of germinated seeds is
established. The presented tc indicator is very close to
the (seed vigour) indicator or the Grodzinsky bio test
(Grodzinsky, 1991). It differs in that the tc index
determines the LD50 index (50% of germination)
relative to all germinated seeds, while the seed vigour
index or Grodzinsky bio test determines the LDS50
index from the total volume of seeds which includes
both germinated (germination) and non-germinated
(100% — germination) seeds.

It was found that sample No. 2 ('"Aroma-2") had the
smallest tc equal to 44.0 hours. Sample No. 1 was
somewhat inferior in this indicator germinating by 50%
in 46 hours. This indicates vigourous and friendly
germination of seeds of these varieties. In addition, this

indicator determines the intensity of growth and can
become the basis for a preliminary assessment of the
potential yield of plants. For sample No. 4 ('Zea'), this
figure is 53 hours and for perennial sample No. 5 — 54
hours. The samples No. 3 (60 hours) and No. 6 (61 hours)
turned out to be the most "slow" in seed germination.

The dynamics of the process of seed germination is
characterized by the speed of germination, acceleration
of germination and can be displayed by the angle of
inclination on the graph (Fig. 1). Moreover, the larger
and steeper the angle of inclination (attack), the more
intense the initial stage of growth processes. Indicator
k characterizes the rate of seed germination where 1/ k
= t; is a value which characterizes the physiological
process of growth. At the same time, the physiological
postulate is accepted that the less time is required for
seed germination and the more intensive the germi-
nation process. In terms of #, the following features are
noted. The smallest ¢ value was observed for perennial
samples No. 5 = 4.5 hours and No. 6 = 5.9 hours.
Annual samples were significantly inferior in physiolo-
gical parameters of germination where # varieties
'Arhat' = 7.05 hours, 'Aroma 2' = 12.9 (sample 2) and
15.2 (sample 3). 'Zea' was almost the "slowest" cultivar
where # = 14.7 hours.

It is important to note that when describing the
dynamic model of germination, very significant statisti-
cal indicators are displayed (Table 2, Fig. 1). Thus, the
coefficient of determination R? for all variants of seed
germination was not lower than 0.98. It explains the
ability of regression, i.e. shows what fraction of the
variation (variance) is described by the constructed
model. Thus, according to R?, one can judge how well
the constructed model fits the available data and how
close the true observations lie to this model.

An important circumstance is that the species of the
genus Dracocephalum L. from the Lamiaceae L. fami-
ly are not only annuals but also perennial herbaceous
plants. Consequently, their seeds can differ morpho-
logically, the type of dormancy, the nature of germi-
nation, viability, the duration of its preservation and
other biological characteristics. At the same time, the
geographical origin of seeds the influence of environ-
mental factors during ripening, can also affect the
dynamics of their germination. The most famous and
widespread species of this genus is Moldavian snake
head, it is widely cultivated as a melliferous, essential
oil and ornamental plant (Adewinogo et al., 2021).
Multi-stemmed snake head and Hovering snake head
(drooping snake head) are perennial plants used mainly
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in folk medicine (Melankina, Cicin, 2021). Also, it is
generally known that specimens of the Moldavian
snakehead species (K-7, K-8 and K-10 from the
collection of the VIR) of physiology, differ in bioche-

mistry, anatomical and morphological structure and
therefore germinate in different ways. At the same time,
specimens of the same species, from different geogra-
phical areas, can react to factors, etc. in different ways.
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Figure 1. Dynamics of seed germination of snake head species
N — the number of germinated seeds during time t; Nmax — the maximum number of germinated seeds; tx — the rate of increase in
the number of germinated seeds, is associated with a doubling of the number of germinated seeds and, therefore, reflects the
rate of seed germination; f. — the time at which the number of germinated seeds is equal to half of the maximum number of
germinated seeds (which reflects the intensity of germination); with this: A— No. 1 D. moldavica L. — Moldavian snake head, variety
Arhat, data: K 10; B — No. 2 D. moldavica L. — Moldavian snake head, variety Aroma-2, data: K 8: C — No. 3 D. moldavica L. —
Moldavian snake head, variety Aroma-2, data: K 7; D — No. 4 D. moldavica L. — Moldavian snake head, variety Zea, data: K 8; E
—No. 5 D. moldavica L. — Multi-stemmed snake head, data: K 20; F — No. 6 D. nutans — Hovering snake head, data: K 32.
where N — is the number of germinated seeds during time t; Nmax — is the maximum number of germinated seeds; tx — the rate of
increase in the number of germinated seeds, is associated with a doubling of the number of germinated seeds and, therefore,
reflects the rate of seed germination; t. is the time at which the number of germinated seeds is equal to half of the maximum
number of germinated seeds (which reflects the intensity of germination).

The structural features of the evaluated seeds include
the following. A specialized fruit in Dracocephalum L.
species — coenobius (Coenobium L.), when ripe, breaks
down into 4 closed single-seeded fragments — erems
(Eremus L.). (Fedorov, Artyushenko, 2016; Levina,
1987; Yakovlev et al., 2018; Gubanov et al., 2004). In
this work, the terms erems and seeds are used inter-
changeably. The form of erems Dracocephalum L. is
elongated-oval or elongated-obovate, flattened-trihed-
ral with a convex wider dorsal edge and with flat and
somewhat narrower ventral edges. Rafe (Raphe L.) in
an oval or rounded depression of white colour. The
surface of erems is smooth or slightly lumpy, brownish,
gray or black in colour. Pericarp consists of 4 layers:
exocarp, mechanical layer, parenchymal layer and
endocarp. The seed coat grows together with the
endocarp only in rafe (Raphe L.). It is single-layered of
polygonal Parenchymal L. cells. Seeds with a straight
formed embryo which consists of two cotyledons with
pointed lower ends, a root with hypocotyl and a small
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bud. Endosperm in snake heads is represented by 1-3
rows of cells.

Considering that to describe the performance of any
model, it is necessary to take into account the widest
possible range of its capabilities and stability (Arseven,
2015), therefore, the species of Dracocephalum L.
seeds are so heterogeneous in their features and were
used to evaluate a dynamic seed germination model. As
a result, we believe that since plant seeds are living
organisms, it is necessary to describe their germination
and the effect of action in dynamics. Thus, the dynamic
model is realized which reflects the effect of germi-
nation due to the internal reserves of seeds, due to the
activation of the endosperm.

Conclusions

The results of our research have shown that the
mathematical model for an assessment of seed germi-
nation on the example of a genus Dracocephalum L.
has been fully justified.
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The dynamic model in the work reproduces changes
in the initial phase of plant growth through the
dynamics of seed germination has presented. That is, in
this model there is a change in the state of a living
object in "motion".

The model had a strictly formulation, which by the
corresponding formulas was displayed. The dynamic
model was significantly different from all previously
used methods. For assessing the initial phases of plant
growth based on static parameters.

In static models, the change in the state of plants was
considered as objects that practically did not change
over time. Since all the estimated indicators (germi-
nation, germination energy, etc.) were considered fixed
in separate time sections were considered fixed.

The intensity of seed germination, which was
assessed using a dynamic model, made it possible to
select the most "active" seeds. This allowed active
seeds to provide an exceptional opportunity for
growing plants to take a leading position in the agro-
cenosis. Dominance in the agrocenosis allowed the
plant to more actively obtain the main resources of the
environment (moisture, nutrients, solar energy, efc.).
Thus, this made it possible to ensure the highest
productivity.
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ABSTRACT. The influence of different concentrations of cadmium on
root elongation, exudative activity of roots and seminal root angle of two
wheat genotypes: common bread wheat — Triticum aestivum L. (cv.
'Favorytka’) and emmer wheat — Triticum dicoccum Schrank. (cv.
'Holikovska') have been studied in the germination stage. Rapid changes
in morphofunctional traits upon first three days of exposure to cadmium
on early stages of growth have been studied on phenotyping plates with
25, 50 and 100 pM addition to agar-acid/base indicator medium.
Significant inhibition of root elongation, exudative root activity and
changes in seminal root angle were observed. Exposure to the highest Cd
concentration led to a decrease in primal root length by 50%, decrease in
root exudative activity by 88% and decrease in seminal root angle by 24
degrees in T. aestivum compared to a decrease by 12%, 83% and 17
degrees in T. dicoccum. Unlike root growth retardation, a decrease in
exudative activity was observed on all three Cd concentrations. The root
growth performance at starting stage of seedlings ontogenesis proposed as
an express and sensitive phenotyping test method for determining plant
response to edaphic stressors by cadmium toxicity example.
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Introduction

Plant roots are involved in obtaining water and
nutrients, rapid response to abiotic and biotic stressors
in the soil and plant anchoring in the ground. Super-
vising plant root development and distribution is a
fundamental part of insight of plant ontogenesis and
evolution, permitting plants to respond to global
climate changes and allowing plants to conquer in
different ecological niches (Nibau et al., 2008).

In addition to measuring linear growth rates of
primary and lateral roots, a lot of research is devoted to
the root growth angle, which determines the direction
of elongation of the roots and the area of distribution in

the upper layers of the soil, affects the area in which the
roots contact with water and substances dissolved in it
(Nelson, Oliver, 2017). Several authors pointed to the
significance of root growth angle as a potential trait to
enhance crop yield because of the relation of root
architectures to increased nutrition within the upper
layers of the soil (Lynch, 2011). Thus, the route
development and exudative activity of roots determine
the ability of a plant to use nutrients that are unevenly
distributed in the soil (L6pez-Bucio et al., 2003; Uga et
al., 2015).

In monocot species, the embryonic roots (primary and
seminal) are especially important during early seedling
establishment, but post-embryonic roots soon take over
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and are responsible for enhanced foraging (Koevoets et
al., 2016). Furthermore root efflux activity is important
due to root exudates involving in the increase of
bioavailavility and mobilization of nutrients. Organic
acids are the most prevalent class of root exudates that
have been extensively studied for their role in nutrient
mobilization, pathogen resistance, heavy metals tole-
rance and other abiotic and biotic stresses (McGrail et
al., 2020). Heavy metals can inhibit the development of
the root system of plants and limit the realization of the
genetic potential of a variety and agroecosystems
productivity (Rizvi et al., 2020).

Therefore, this work aimed to investigate the roots
morphofunctional response of two wheat genotypes
(Triticum aestivum L. and Triticum dicoccum Schrank.)
on germination stage under different concentrations of
cadmium. The root growth performance at the initial
stage of seedlings ontogenesis proposed as an express
and sensitive test method for determining plant
response to edaphic stressors by cadmium toxicity
example.

Material and Methods

The objects of the study were two wheat genotypes —
Triticum aestivum (cv. 'Favorytka’) and Triticum
dicoccum Schrank. (cv. 'Holikovska') on starting stage
of development. Selected cultivars have passed
preliminary screening for the level of resistance to
changes in the osmotic potential of the growth medium
(Smirnov et al., 2020a; Smirnov et al., 2020b). Seed-
lings were grown in vertical quadratic phenotyping
plates 120x120 mm (Kartell Labware) in a growth
chamber at 25 C without light for 3 days. The control

variant of seedlings was grown on a 0.8% (w/v) agar
layer prepared with distilled water (Manschadi et al.,
2008). Experimental seedlings were grown on a layer
of agar with the addition of 25 uM, 50 uM and 100 uM
of Cdl2 (pH 6.5).

Wheat seeds of both varieties were soaked in 10%
(v/v) hydrogen peroxide and further in aseptic
conditions within 6 hours were vernalized in distilled
water at 4 °C to stimulate germination then transferred
to a Petri dish on wet filter paper and placed in a
thermostat at 25 °C for imbibition. Healthy seeds of
both varieties were selected randomly. After 12 hours
of imbibition, seeds were placed in an agar layer (50
mL of agar per phenotyping plate). For visual control
of root exudation, acid-base indicator bromocresol
green was used (Kosyan et al., 2016).

Phenotyping of roots architecture and exudative
activity (acidification of the medium) was carried out
using morphological traits: lengths of primary and
seminal roots, the angle between seminal roots
(Waidmann et al., 2020) and area of agar layer, which
changed colour from blue to yellow under the influence
of root exudates (Fig. 1 A, B). Root traits and area of
agar layer with changed colour was measured using the
ImageJ software, comparing with the scale bar 1 cm
(Hohn, Bektas, 2020).

The experiment was repeated three times, with 4-fold
biological repeats. The data were subjected to analysis
of variance with subsequent Tukey’s multiple range
test (Two-way ANOVA) with GraphPad Prism 9.0
software. Data are expressed as means of replicates +
standard deviation and were considered reliable at a
significance level of P < 0.05.

Figure 1. Phenotyping plates with germinated wheat seeds without an acid-base indicator (A) and with indicator addition (B); root
traits: primary root length (1), seminal roots length (2), seminal roots angle (3) and root exudation activity as the area of agar gel
colour change from blue to yellow (4). The inset to (A) schematically shows the PR — primary root, SR — seminal roots and ShR —

shoot-born roots disposition.
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Results

In response to cadmium toxicity, we observed growth
inhibition of primal (PR) and seminal roots (SR), the
degree of which differed between the two genotypes
and depended on the concentration of Cd and the time
of exposure. In addition, changes in seminal root angle
(SRA) and exudative activity were noted (Tables 1-3).

Conditionally, it was possible to identify two opposite
patterns of root growth. Reaction of T. aestivum cv.
'Favorytka' was distinguished by delay in germination
and moderate root growth in the first 24 hours, followed

by significant root length increase in the next two days
— total increase in PR length on control samples was
398%, increase in SR was 458% of control variant. A
high concentration of Cd (100 uM) caused a significant
inhibition of the growth processes of PR, after 72 hours,
the length of PR was 50% of the control level and
moderate inhibition of the SR growth by 18%. Low and
medium Cd concentrations (25 UM and 50 uM) did not
have any significant effect on PR but had a pronounced
stimulating effect on SR, which manifested itself as a
23-30% increase in SR length compared to the control
variant.

Table 1. Root traits of wheat seedlings after 24 hours of germination on agar gel with different concentrations of cadmium

Variety

Triticum aestivum cv. 'Favorytka'

Triticum dicoccum cv. 'Holikovska'

Variant, n = 36

Concentrations of cadmium, pM

0 25 50

100 0 25 50 100

Primary root length, mm

Seminal roots length, mm 5.41+125 481+0.74
Seminal root angle, degrees 61+1° 64 +8° 63 +5°
Area of exudation activity, cm*>  76.25 + 15.75 N/A N/A

7.91+146% 6.18+1.15° 869+1.22° 575+0.91° 1251 +1.74° 13.22+2.46* 1143 +2.22% 11.01 +1.91°
765+1.11% 6.22+0.86° 11.73+1.06* 11.78 +1.36° 14.47 +1.20* 12.38 + 1.45*

68+ 6°
8.5 +1.50°

48+ 5 88 +5° 85+ 8 62+11°
N/A 101.75+2.02° 16.75 + 2.75" 13.01 + 1.50°

Data represented as mean values with standard deviation. Lower-case letters in the rows of each variety differ significantly by the Tukey’s test

(P < 0.05). N/A — not available

Table 2. Root traits of wheat seedlings after 48 hours of germination on agar gel with different concentrations of cadmium

Variety

Triticum aestivum cv. 'Favorytka'

Triticum dicoccum cv. 'Holikovska'

Variant, n = 36

Concentrations of cadmium, uM

0 25 50

100 0 25 50 100

Primary root length, mm
Seminal roots length, mm
Seminal root angle, degrees
Avrea of exudation activity, cm?

62 +3° 59 42
114.25+4.7% 8.75+2.05

16.47 £2.15% 17.75+1.96* 16.93+1.72% 11.07 +0.82" 1951 +1.71% 21.61 +2.43% 19.51 +2.45% 17.87 + 1.63*
1310+1.02% 1474+ 1.37* 16.14+1.38% 11.42+0.78" 22.78 +1.18* 22.72 + 1.55° 21.18 +1.43* 16.97 + 1.18
52+2°
5.75+1.9°

48+3°
1.6+1.02°

92+2° 86 + 4° 73£4° 75+2°
11550+ 2.86° 34.12 +4.32° 28,51 +2.81" 17.25+2.67°

Data represented as mean values with standard deviation. Lower-case letters in the rows of each variety differ significantly by the Tukey’s test

(P < 0.05).

Table 3. Root traits of wheat seedlings after 72 hours of germination on agar gel with different concentrations of cadmium

Variety

Triticum aestivum cv. 'Favorytka'

Triticum dicoccum cv. 'Holikovska'

Concentrations of cadmium, uM

Variant, n = 36 0 25 50

100 0 25 50 100

Primary root length, mm
Seminal roots length, mm

Seminal root angle, degrees 62+ 32 50+ 6° 45+2°

31.15+5.51% 29.36 + 4.68% 30.52 + 4.64% 15.59 + 1.61° 26.21 + 3.19% 32.37 + 4.53* 29.24 + 4.62% 23.05 + 2.36*
24.82 +2.28% 30.77 + 2.81° 32.14 + 3.31° 20.50 + 1.38° 34.96 + 2.05* 35.96 + 2.51% 29.39 + 1.97% 22.89 + 1.48"

38+4° 93+ 42 80 + 6% 73+5° 76 +5°

Avrea of exudation activity, cm® 132.0 + 5.96* 105.50 + 8.5” 54.25 + 3.75° 15.2 + 12.15% 130.5 + 3.52% 101.01 + 13.0° 42.02 + 7.06° 21.25 + 3.75"

Data represented as mean values with standard deviation. Lower-case letters in the rows of each variety differ significantly by the Tukey’s test

(P < 0.05).

T. dicoccum cv. 'Holikovska' was characterized by
rapid growth in the first 24 hours followed by a
moderate increase in root length — total increase in both
PR and SR of control variant were more than 200%.
High concentrations of Cd caused weak unreliable
inhibition of PR growth by 12% and pronounced inhi-
bition of SR growth by 35%. Low concentrations of Cd
did not influence SR growth, but light unreliable
stimulation of PR was observed.

For both cultivars, the first weak manifestations of
growth retardation as a result of exposure to high
concentrations of cadmium were noted at the time of
two days; however, it became possible to unambi-
guously confirm their manifestations only after 72
hours. Inhibition of root growth processes is typically
one of the first manifestations of cadmium toxicity
(Ismael et al., 2019). The light stimulating effect of low
cadmium concentrations was noted previously and is

associated with a hyper compensatory response of the
antioxidant system of plants (Carvalho et al., 20120.
Regarding the angle of root germination — seminal
root angle trait, a general tendency was observed,
expressed in its decrease as the metal concentration
increased. It should be noted that although this
parameter of the root system differs significantly
between the two species, the degree of their reaction
was close to each other. At 25 UM Cd on the third day,
the difference between the control and experimental
variants was 12 degrees for 'Favorytka' and 13 degrees
for 'Holikovska', at concentrations of 100 uM — 24 and
17 degrees, respectively. At medium concentrations,
SRA for 'Holikovska' was nearly identical to that at
100 uM, on the contrary, 'Favorytka' was closer to that
at 25 pM, which could be attributed to the higher
sensitivity of the seminal roots of 'Holikovska' to
cadmium addition. In contrast to the root growth
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inhibition processes, a visible change in the root angle
was noted already after 24 hours at high concentrations
of cadmium for the 'Favorytka' and medium-high for
'Holikovska'. The response of SRA could be interlinked
with disturbance of auxin homeostasis in roots, which
is typically observed under Cd-stress (Uga et al., 2015).

Evaluation of exudative activity showed that the
control variant of T. aestivum had lower, by 25%, the
extent of acidification of the medium in the first 24 h in
comparison with T. dicoccum, however, there was no
significant difference between control samples on the
second and third day. Upon exposure to 25 uM of Cd,
a sharp decrease in exudative activity was observed, up
to the complete absence of any visible changes in the
pH of the medium for T. aestivum and a decrease in the
area of pH change by 83% for T. dicoccum. After 72 h
samples with minimal cadmium concentrations did not
reach the control values, the area of synthetic activity
was 79% and 77% of the control, respectively. The
subsequent increase in cadmium concentration led to a
progressive decrease in the area of excretory activity, a
time delay in recovery of excretory activity was noted
for T. aestivum in comparison with T. dicoccum.

Discussion

Current data on the SRA in the early stages of
development and the root architecture of adult plants
indicate that cultivars with a small root angle tend to
develop a compact deep-rooting system (Manschadi et
al., 2008; Xie et al., 2017; Rich et al., 2020). Conside-
ring that the highest concentrations of bioavailable
forms of cadmium are found in the first 2040 cm of
topsoil (Sichorova et al., 2004; Wang et al., 2019), due
to oxidizing condition of topsoil, active use of phos-
phate-organic fertilizers, other similar agricultural
practices and anthropogenic activities in general
(Filipovi¢ et al., 2016; Wei et al., 2020), varieties with
a small root angle can be considered as potential
material for breeding low-cadmium accumulating
wheat. In addition, differences in the root morphology
of wheat varieties with high- and low-cadmium accu-
mulation have previously been noted: Berkelaar and
Hale (2000) reported that of the two durum wheat
(Triticum turgidum L.) cultivars, which had less root
surface area and fewer root tips tended to accumulate
less Cd per gram of dry weight, a similar result was
later acquired by Kubo et al. (2011) for two bread
wheat cultivars.

Since the role of low-molecular-weight organic acids
(LMWOA) in the mechanisms of extracellular protec-
tion against the toxic effects of metals is well known
(Osmolovskaya et al., 2018), in particular, the excre-
tion of malate by wheat in the response to aluminium
(Delhaize et al., 1993; Sasaki et al., 2006), the relative
excretory activity with Cd-stress has been evaluated.
The relationship between the release of LMWOA's and
resistance to cadmium through the exclusion mecha-
nism was previously observed in a small number of
plant species (Zhu et al., 2011; Guo et al., 2017), as

well as in a transgenic species with a modified malate
transporter (Ma et al., 2020).

In contrast to all other parameters described in the
article, the difference in the parameter of exudative
activity at concentrations of 0, 25, 50, and 100 uM Cd
is very explicit. From a theoretical standpoint, the
decrease in the area of pH change, which depends on
the active excretion of organic acids by the root system,
can be explained by one of the following assumptions
or their combination: Cd-stress leads to inhibition of a
group of membrane transporters, Cd-stress leads to
inhibition of the synthesis of LMWOA's in the roots as
such (Chaffai et al., 2006), there is active reabsorption
of previously excreted acids in the form of Cd-OA
conjugates. It is worth noting the available data
indicating that when exogenous organic acids are added
in medium, they are capable of forming soluble
complexes with cadmium, which can be easily absor-
bed by plants without causing explicit phytotoxic effect
(Nigametal., 2000; Zhang et al., 2020; Lu et al., 2021).

Among other things, as can be seen from the above,
as well as from the data given in the tables, such
parameters as SRA and acidification of the medium,
with all the simplicity of their measurement, exhibit a
certain degree of specificity, thus, potentially, can be
used to rapid-asset responsivity of plant organisms to
low Cd-doses at a short period.

Conclusion

According to the received data on morphofunctional
parameters in wheat seedlings upon three-day exposure
to cadmium, genotype Triticum aestivum cv.
'Favorytka' was estimated to be more Cd-sensitive, as it
exhibited much stronger inhibition in primal root
growth, up to 50% compared to 12% in genotype
Triticum dicoccum cv. 'Holikovska'. Significant inhi-
bition in root grow was accompanied by a decrease in
seminal root angle by 24 degrees in T. aestivum, com-
pared to 17 degrees in T. dicoccum, and more promi-
nent, up to complete absence, decrease in root exuda-
tive activity. However, a visible inhibition in root exu-
dative activity was observed in both genotypes con-
cerning all cadmium concentrations, and the degree of
inhibition largely depended on the metal concentration.

The quality of the proposed phenotyping method,
considering all its simplicity, was stated to be satis-
factory, as it was found to be sensitive enough to
demonstrate the difference in test-objects response
depending on tested plant genotype and/or mental
concentration. Although the proposed agar-gel pheno-
typing method has several downsides, such as the
inability to model complex interaction between suppo-
sed stress-factor (in our case, Cd?*) and soil particles, it
still proposes an opportunity for non-invasive moni-
toring of early stages of root development and rapid,
real-time assessment of its response to edaphic stres-
sors. All while being cheap, cost-effective in terms of
labour and time, and flexible to modifications.
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ABSTRACT. The varieties of peas can realize about 50% of their
productive potential. One of the main reasons for this is the wrong choice
of variety for specific ecological growing conditions. Therefore, the
purpose and task of our research are to analyze the current range of peas,
included in the State Register of plant varieties suitable for cultivation in
Ukraine in terms of their real productivity and resistance to drought and
disease in the context of climate change in the direction of drought and
temperature rise. Assessment of agroecological stability of pea varieties
was carried out by elaboration of the State Register of Plant Varieties
Suitable for Distribution in Ukraine for 2020, 2010 and Official
Descriptions of Plant Varieties and Suitability Indicators submitted in the
official bulletins "Protection of Plant Variety Rights" published in
Information and reference system "Variety". The most resistant to disease
in Ukraine are varieties of peas 'Verbal', 'Prystan’, 'Eco’, 'Atanas’, 'Haiduk'.
Varieties are marked by the highest drought resistance 'Verbal', ‘Album’,
'Alssas’, 'Kampus'. The most productive varieties were peas 'Kosmai',
‘Album’, 'Haiduk', 'Trendy'. The increase in the average annual air
temperature in Ukraine during 2001-2020 by 19.3% (8.2-9.9 °C) led to a
decrease in the yield of peas by 13.7%, but an increase in the score of
resistance of pea varieties to diseases by 25.0%, the score of drought
resistance — by 18.8%. Comparison of indicators of disease resistance,
drought resistance and productivity of pea varieties for 2020 and 2010
showed that the score of resistance of pea varieties sown to diseases in the
period from 2010 to 2020 increased from 6.3 to 8.4 points, i.e. by 25.0%.
Drought resistance of pea varieties in 2020 compared to 2010 increased
from 6.5 to 8.0 points, which is 18.8%. At the same time, the grain
productivity of pea varieties in 2020 compared to 2010 decreased from
3.57 t ha to 3.08 t ha't, which is 13.7%.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Among grain legumes grown in Eastern Europe, peas
occupy the largest area — about 5 million hectares,
which is about 30% of the world's area of this crop. This
is due to the high average yield, valuable food and
fodder qualities of peas, as well as the important agro-
ecological impact of pea plants due to symbiotic
nitrogen fixation to increase soil fertility and as an
optimal precursor for winter crops (Mazur et al., 2019.

In Ukraine, peas are grown in all soil and climatic
zones on a total area of 347 thousand hectares with an
average vyield of 2.28tha? (Pantsyreva, 2018;
Telekalo, 2018; Mazur et al., 2020; Palamarchuk,

Tkachuk, 2020a). The share of peas in the structure of
sown areas is slightly more than 1%, which requires a
significant increase in its crops because the potential of
the best varieties of peas can reach 5.5 t haX. However,
under adverse weather conditions during the growing
season, there is a significant decrease in its yield.

One of the promising areas to increase sown areas and
increase pea productivity is the introduction into
production of high-yielding varieties with increased
resistance to lodging, shedding, adapted to specific
growing conditions, in particular to adverse growing
conditions, among which drought has stood out in
recent decades.
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The variety must be characterized by a high adaptive
capacity, which allows restoring to the optimal level of
metabolic processes after the stress factor, which is
especially important due to changes and instability of
the climate. The main properties that determine the
level of adaptability of peas include high harvest index,
type of stem growth, ripening, resistance to disease,
resistance to shedding, high real yield.

According to the results of many years of research, it
is established that the high productivity of pea varieties
is possible under favourable weather conditions. Given
the extreme climate in Ukraine, the constant annual
increase in average annual air temperature and reduced
rainfall, to realize the potential for productivity in
varieties of peas is quite difficult. The level of pea yield
and its stability by 48% depends on the influence of
weather conditions under the optimal parameters of the
influence of other factors.

Meteorological conditions that develop during the
growing season, largely determine the effectiveness of
a particular agronomic technique, which also affects the
productivity of pea crops. The results of research by
many scientists (Peltonen-Sainio et al., 2009; Kolesnik,
2012; Karkanis et al., 2016; Witold, Cylwester, 2020)
on modern technologies of pea cultivation are aimed at
maximizing the biological potential of the crop, which
cannot be achieved without taking into account the
meteorological conditions of a particular region, which
play an important role, and without optimizing pea
growing technologies.

The determining factor in the expansion of sown
areas under sowing peas is the correct selection of
varieties taking into account modern environmental
conditions. One of the main indicators in the selection
of varieties of legumes for certain soil and climatic
conditions is their real yield and manufacturability.

In modern conditions, fundamental and applied
research has deepened, in which the problems of the
greening of agriculture by optimizing the elements of
varietal cultivation technology are the subject of special
attention of scientists. In particular, the development of
this issue includes many scientific works of Ukrainian
scientists (Vdovenko et al., 2018a; Mazur et al., 2019;
Pantsyreva, 2019; Didur et al., 2020; Honcharuk,
Pantsyreva, 2020; Mazur et al., 2020; Razanov et al.,
2020b; Petrychenko et al., 2021; Puyu et al., 2021).

The main indicators of the manufacturability of
legumes are the resistance of plants against lodging,
shedding of beans, the suitability of plants for direct
combining, the height of attachment of the lower beans,
plant height and others (Ermakov et al., 1987; Maetal.,
2001; Kolesnik, 2012; Yanovych et al., 2018; Bandura
et al., 2019; Kaletnik, Lutkovska, 2020; Kuznietsova et
al., 2020; Mazur et al., 2020; Pantsyreva et al., 2020;
Razanov et al., 2020a; Tkachuk, 2020b; Tkachuk,
Telekalo, 2020; Didur et al., 2021;).

It is also necessary to take into account the maturity of
varieties, their reaction to weather and soil conditions.
Climate change in recent years has led to the fact that some
varieties of peas have become severely depressed by

drought, and this has affected their resistance to diseases,
pests, and most importantly — their productivity.

Therefore, the ecological indicators of suitability of
varieties of peas should include their drought resis-
tance, as well as resistance to the most common disea-
ses and pests (Yanovych et al., 2017; Pantsyreva, 2019;
Mazur et al., 2019; Mazur et al., 2020; Pantsyreva et
al., 2020; Razanov et al., 2020a; Gunko et al., 2021).

The varieties of peas can realize about 50% of their
productive potential. One of the main reasons for this is
the wrong variety for specific ecological growing
conditions (Melnychuk, Patyka, 2011; Mazur et al.,
2019; Solona et al., 2020).

The purpose of the research was to develop compe-
titive varietal technologies for growing peas seeds,
which provides for the development of elements of the
application of a set of alternative fertilizers for their
cultivation in terms of short-term and long-term action
and basic superstructure factor assessment of soil
fertility, hydrothermal conditions.

The task of the paper was to analysis of the assort-
ment of peas, included in the State Register of plant
varieties suitable for cultivation in Ukraine in terms of
their potential productivity and resistance to drought
and disease in the context of climate change in the
direction of drought and rising temperatures; formation
of a new method for assessing the bioadequate produc-
tivity of arable land to determine the possibility of
adaptation of plants to bioorganic technologies for
growing legumes, in particular peas.

Material and Methods

Assessment of agroecological sustainability of pea
varieties was carried out by elaboration of the State
Register of Plant Varieties Suitable for Distribution in
Ukraine for 2020 and Official Descriptions of Plant
Varieties and Suitability Indicators submitted in the
official bulletins "Protection of Plant Variety Rights"
published in the Information Reference system
"Variety" (Palamarchuk et al., 2018; Vdovenko et al.,
2018b; State Register ..., 2021).

Varieties of legumes in the state qualification exa-
mination to determine the indicators of suitability for
distribution in Ukraine are assessed, among other things,
by grain yield, resistance (tolerance) against disease, to
adverse weather conditions and other indicators.

The parameters of agri-environmental sustainability,
which are covered in official documents, are the rela-
tionship of plants to the effects of disease and drought.
Quantitative stability was established on a relative
nine-point scale (1-9 points), where 9 points corres-
pond to the highest stability, and 1 point — the lowest
stability. The following gradation of grades by points
was used: 9 points — the grade is excellent; 7 points —
good variety; 5 points — the variety is satisfactory; 3
points — bad grade; 1 point — unsatisfactorily. Pea seed
yield levels were also analyzed. We compared the
studied indicators with the use of mathematical-
statistical correlation-regression analysis.
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These indicators of sown peas were established based
on the Methodology of examination of plant varieties
of cereals, cereals and legumes for suitability for
distribution in Ukraine. All experiments are performed
on plots of 10-25 m? with four repetitions.

Establishment of resistance of pea plants to diseases:
peronosporosis  (Peronospora pisi  Syb.), Root rot
(Fusarium Link), ascochitosis (Ascochyta pisi Libert.)
and anthracnose (Colletotrichum pisi Pat.) was carried
out by methods: peronosporosis (Peronospora pisi Syb)
phase of filling the bulk of beans by the percentage of the
affected surface; root rot (Fusarium Link) — in the phase
of full flowering by the percentage of affected plants and
the development of the disease in points; ascochytosis
(Ascochyta pisi Libert.) — during the period of filling the
bulk of beans and before harvesting by the percentage of
damage to leaves, stems and beans; anthracnose
(Colletotrichum pisi Pat.) — in the phase of filling the
bulk of beans by the percentage of affected plants and the
development of the disease in points.

Assessment of varieties resistance to adverse weather
conditions, in particular drought, was carried out by
general guidelines. During the growing season, pea
varieties are visually assessed for drought resistance. To
determine the yield of plants, they are harvested separately
or directly by combining, when the humidity was in the
range of 30-35%, at grain moisture of 16-17%.

Results and Discussion

In Ukraine, as well as all over the world, the deve-
lopment of crop production is ensured by the creation
and implementation of new breeding studies. Selection
for resistance to climate change requires constant moni-
toring of plant growth and development. It is necessary
to constantly study and identify reliably resistant varie-
ties of peas — sources of resistance. One of the promising
ways to address the issue of creating varieties with long-
term resistance to climate change in the direction of
warming is the use in the selection of sources charac-
terized by genetic resistance to drought. The gene pool
of plants is the basis for the identification of these
sources with their subsequent introduction into breeding
programs (Peltonen-Sainio et al., 2009; Karkanis et al.,
2016; Witold et al., 2020; Puyu et al., 2021).

The results of the research show that in Ukraine there
is a steady decline in yields of pea varieties in the period
from 2001 to 2020. The ecological reason for this is the
increase in the average annual air temperature in
Ukraine, which causes the development of pea plants in
a less favourable temperature range than required by its
biological characteristics. This leads to the fact that the
central zone of the Forest-Steppe of Ukraine after some
time will be unsuitable for growing peas, and its
favourable sowing zones will move to the north. In
Ukraine, such a zone is Polissya, where pea crops have
long been significantly affected by the disease.

At the same time, the selection of modern varieties of
peas is developing in the direction of increasing their
drought resistance. During the twenty-year observation
period, the drought resistance of pea varieties increased
by almost two points. The creation of more drought-
resistant varieties of peas reduces their dependence on
elevated temperatures and allows to keep the yield of
pea seeds at a stable level, but in the long run, the yield
of modern varieties of peas, despite increasing their
drought resistance, decreases. In parallel with the
increase in the score of drought resistance of pea
varieties, their resistance to disease increases over the
study period. An increase in the average annual air
temperature objectively worsens the conditions for the
development of fungal diseases in pea crops. Therefore,
there was a lower level of disease in pea plants in 2020
compared to 2001. However, the increased score of
resistance of pea varieties to diseases did not affect the
yield, because, in conditions of elevated temperatures,
the damage from them on pea plants is negligible.

Based on this, it follows that the increase in drought
resistance and disease resistance of pea varieties did not
increase or stabilize their yield. The main factor
influencing the level of the yield of pea varieties was
the average annual air temperature.

We analyzed the indicators of agroecological resis-
tance varieties of peas to disease and drought, as well
as their productivity according to the State Register of
Plant Varieties of Ukraine, which were introduced
during 2015-2020 and in comparison with pea varie-
ties, which were introduced during 2005-2010.

The most common diseases of peas, resistance to
which was analyzed, were downy mildew (Pernospo-
rosis pisi Syb.), root rot (Fusarium Link), ascochitosis
(Ascochyta pisi Libert.) and anthracnose (Colleto-
trichum pisi Pat.).

During the period 2015-2020, 39 varieties of sown
peas were entered into the State Register of Plant
Varieties of Ukraine. The range of scores of resistance
to diseases varieties of peas, which were included in the
State Register during 2015-2020, was 7.8-8.8 points
out of 9 maximum possible. The highest resistance to
disease was characterized by varieties of peas 'Verbal',
'Prystan’ — 8.8 points; 'Eso’, 'Atanas’, 'Haiduk' — 8.7
points each. The lowest resistance to disease was found
in 'Kentso' pea varieties — 7.8 points; 'Kosmai', 'Impuls’,
Trendy' — 8.0 points each. The average score of resis-
tance varieties of peas to disease was 8.4 points
(Table 1).

Drought resistance varieties of sown peas were in the
range of 7.0-8.8 points out of 9 maximum possible. The
highest drought resistance was noted by 'Verbal' — 8.8
points, 'Album’, 'Alssas' — 8.7 points, 'Kampus' — 8.6
points. "Yump', 'Impuls', 'Malahit' varieties had the
lowest drought resistance — 7.0 points each. The ave-
rage score of drought resistance of all varieties of peas
was 8.0 points.
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Table 1. Indicators of agroecological sustainability and
productivity of pea varieties according to the State Register of
Plant Varieties of Ukraine for 2020

Varieties Stability to Drought Real
diseases, points stability, points  yield, t ha!
'Abars' 8.3 7.8 2.68
'‘Album'’ 8.6 8.7 3.78
'‘Alex YU.L. 8.3 8.0 3.19
'Alssas’ 85 8.7 2.92
'Astronavt' 8.2 8.2 2.96
'Atanas’ 8.7 8.3 2.90
'Avenger’ 8.2 8.2 2.96
'‘Bokser' 8.3 8.2 3.18
'‘Bosfor’ 8.5 7.5 2.47
'Darunok stepu' 85 8.3 3.29
'Eco’ 8.7 8.3 3.53
'Haiduk' 8.7 8.5 3.76
'Hambit' 8.2 8.2 2.95
'Heizer' 8.3 7.7 2.41
'Impuls' 8.0 7.0 3.16
'Kampus' 8.6 8.6 3.23
'Kareni' 8.3 8.0 3.14
'Karpaty' 8.3 8.0 3.37
'Kentso' 7.8 7.8 244
'Korvet' 85 8.3 2.69
'Kosmai' 8.0 8.0 4.70
'Kruiz' 8.4 8.2 2.64
‘Lessna’ 8.4 7.6 2.55
'‘Malahit' 8.3 7.0 291
'Mazepa' 8.4 7.8 2.72
'Metsenat' 8.3 8.2 3.00
‘Prystan’ 8.8 8.5 3.25
'Salamanka’ 8.4 8.0 291
‘Slovan' 8.4 7.8 2.72
Tip' 8.4 8.1 2.83
Trendy' 8.0 8.0 3.75
‘Velvet' 8.3 8.0 3.19
‘Verbal' 8.8 8.8 3.67
"Yump' 8.3 7.0 3.29

Grain productivity of pea varieties in 2020, according
to the State Register of Plant Varieties of Ukraine, was
2.44-4.70 t ha. 'Kosmai' varieties in 2020 have the
highest grain productivity — 4.70 t ha?, 'Album' —
3.78 tha'?, 'Haiduk' — 3.76 t ha', 'Trendy' — 3.75 tha™.
The least productive varieties were 'Heizer' — 2.41 t ha'?,
'Kentso' — 2.44 t ha'l, 'Bosfor' — 2.47 t ha™®, 'Lessna’ —
2.55 that. The average yield of all varieties of peas
was 3.08 t ha™.

In 2010, 40 varieties of peas were presented in the
State Register of Plant Varieties of Ukraine. The score
of resistance of these varieties to diseases was in the
range of 5.0-8.0. 'Harde', 'Yezero', 'Kardiff', 'Lavr',
'‘Maskara', 'Ulus’, 'Chehbek’, 'CHBL-5' pea varieties had
the highest resistance to diseases — 8.0 points each.
'‘Damyr 3, 'Krasnodarskii 8', 'Lazer', 'Lord’, 'Namysto',
'Poltavets-2' pea varieties were characterized by the
lowest disease resistance — 5.0 points each. The average
score of resistance of all varieties of sown peas, which
were in the State Register of Plant Varieties of Ukraine
in 2010, was 6.3 points.

Drought resistance of pea varieties, which were in the
State Register of Plant Varieties of Ukraine for 2010,
was 5.0-8.0 points. The most drought-resistant varie-
ties were 'Zekon', 'Kaddi', 'Kardiff', 'Menhir', 'Maskara',
‘Madonna’, 'Nord', 'Stepovyk', 'Kharkivskii etalonnyi' —
8.0 points each. The lowest drought resistance varieties
'Krasnodarskii 8', 'Konto', 'Camelot’, 'Namysto' — 5.0

points each. The average score of drought resistance of
all varieties of sown peas in 2010 was 6.5 points
(Table 2).

Table 2. Indicators of agroecological sustainability and
productivity of pea varieties according to the State Register of
Plant Varieties of Ukraine for 2010

Varieties Stability to Drought Real yield,
diseases, points stability, points  tha*
‘CHBL-5' 8.0 6.0 3.08
‘Chehbek’ 8.0 75 3.06
‘Damyr 3' 5.0 6.0 3.64
‘Deviz' 6.0 75 3.87
‘Efectnyi’ 6.0 6.0 3.60
‘Elehant' 6.0 6.0 3.12
‘Fargus’ 6.0 75 3.85
‘Glyans' 6.0 6.0 3.90
'Harde' 8.0 6.0 4.10
‘Hardi* 6.0 6.0 4.14
'Hotivskii' 7.0 6.0 4,16
'Kaddi' 6.0 8.0 3.86
‘Kamelot' 6.0 5.0 3.08
'Kamerton' 6.0 6.0 3.56
'‘Kardiff" 8.0 8.0 4.05
'Keo' 6.0 6.0 3.50
'Kharkivskii etalonnyi' 6.0 8.0 3.60
'Kombainovanyi' 6.0 6.0 3.54
'Konto' 6.0 5.0 3.08
'Krasnodarskii 8' 5.0 5.0 2.60
‘Lavr' 8.0 6.0 3.08
‘Lazer' 5.0 6.0 3.64
'Madonna' 6.0 8.0 4.64
'‘Maskara' 8.0 8.0 4.06
‘Menhir' 6.0 8.0 3.62
'MoDus' 6.0 6.0 3.64
‘Namysto' 5.0 5.0 2.53
‘Nord' 5.0 8.0 3.57
'Petroneun’ 6.0 6.0 4.06
'Poltavets-2' 5.0 6.0 3.11
‘Rialto’ 7.0 6.0 3.07
'Santana’ 7.0 7.0 3.09
'Stepovyk’ 6.0 8.0 3.58
'Svit' 6.0 7.0 3.10
‘Tsarevych' 6.0 6.0 3.10
‘Ulus' 8.0 6.0 3.12
"Yavor' 6.0 6.0 4.10
'Yezero' 8.0 6.0 4.10
‘Zekon' 6.0 8.0 4.12
‘Zinkivskii' 6.0 6.0 3.90

Productivity of pea varieties for 2010 was 2.53—
4.64tha’ The most productive varieties were
'Madonna' —4.64 t ha™?, 'Hotivskii' —4.16 t ha™, 'Hardy'
—4.14 tha', 'Zekon' - 4.12 t ha'?, 'Yavor' — 4.10 t ha™™,
The lowest yields were 'Namysto' — 2.53 tha™? and
'Krasnodarskii 8' — 2.60 t ha™. The average seed yield
of pea varieties for 2010 was 3.57 t ha™.

Of the forty varieties of peas that were in the State
Register of Plant Varieties of Ukraine for 2010,
currently (2021) there are 9 varieties in this article:
'Hotivskii', 'Glyans', 'Zekon', 'Zinkivskii', 'Madonna’,
‘Namysto', 'Svit', 'Ulus', "Tsarevych'. Among them,
‘Ulus' had the highest disease resistance score, 'Zekon'
and 'Madonna' had the highest drought resistance score,
and 'Madonna’, 'Hotivskii', 'Zekon', 'Zinkivskii' and
‘Glyans' had the highest yield.

Comparison of indicators of disease resistance,
drought resistance and productivity of pea varieties for
2020 and 2010 showed that the score of resistance of
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pea varieties sown to diseases in the period from 2010
to 2020 increased from 6.3 to 8.4 points, i.e. by 25.0%.
Drought resistance of pea varieties in 2020 compared
to 2010 increased from 6.5 to 8.0 points, which is
18.8%. At the same time, the grain productivity of pea
varieties in 2020 compared to 2010 decreased from
3.57 tha to 3.08 t ha?, which is 13.7%.

A comparison of agroecological indicators of pea
varieties that remained in the state register from 2010
to the present with other sowing pea varieties that were
in the register at that time showed that the score of
disease resistance of these varieties was 1.6% lower
than the average of all varieties, the drought resistance
score was 1.5% lower than the average of all varieties,
but 1.1% higher yield.

Correlation-regression analysis revealed an average
positive relationship between the score of disease
resistance and the score of drought resistance of
varieties of peas, which are in the State Register of
Ukraine for 2020 (r = 0.142; P >0.05) (Fig. 1). The
average positive relationship between the score of
disease resistance and the score of drought resistance of
pea varieties shows that there was no direct relationship
between the studied factors, but there was a tendency to
increase the resistance of pea varieties to disease with
increasing drought resistance.

Correlation-regression analysis revealed an average
positive relationship between the score of drought resis-
tance and the yield of pea varieties that were in the State
Register of Ukraine in 2010 (r = 0.442; P <0.01) (Fig. 2).
The average positive relationship between the drought
resistance score and the yield of pea varieties shows that
with increasing drought resistance of pea varieties, their
yield increases. Given the increase in the average annual
air temperature in Ukraine, the conditions of pea deve-
lopment are deteriorating, as peas belong to cold-resis-
tant crops, with moderate moisture, which leads to a
decrease in its yield. The direction of breeding science to
create more drought-resistant varieties provides high
productivity in drought conditions. The coefficient of
determination (R?=0.1954) shows that increasing the
score of drought resistance of pea varieties per unit
contributes to increasing its yield by 0.19 tha™. The
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Figure 1. Regression between the score of drought resistance
and the score of resistance to diseases of pea varieties included
in the State Register of Plant Varieties of Ukraine for 2020

average seed yield of pea varieties for 2010 was
3.57 that

At the same time, separate combinations of both
positive and positive with negative characteristics of
pea varieties have been established. In particular, the
'‘Album’ pea variety combined high seed productivity
with the highest drought resistance score, the 'Haiduk'’
variety with high disease resistance, the 'Kosmai' and
‘Trendy' varieties with the highest seed yield with the
lowest plant resistance, and the 'Kentso' variety with the
lowest productivity and the lowest resistance to
diseases.

The pea varieties on the state register as of 2010, such
as 'Madonna’ and 'Zekon', combining high productivity
with high drought resistance, and 'Namysto' and
'Krasnodarskii 8' combined low productivity with the
lowest score on disease and drought resistance.

According to the Central Geophysical Observatory of
Ukraine. Central Geophysical Observatory of Ukraine,
named by Borys Sreznevsky from 2001 to 2010, the
average annual air temperature in the middle part of
Ukraine was in the range of 8.2-9.9 °C. The average
temperature for ten years was 9.0 °C. During the second
decade — from 2011 to 2020, the average annual air
temperature increased by 0.8 °C and amounted to
9.8 °C with an amplitude of 9.0-10.9 °C (Table 3).

Table 3. Dynamics of average annual air temperature in the
Forest-Steppe conditions of the Right Bank of Ukraine during
2001-2020 (Central Geophysical Observatory of Ukraine,
named by Borys Sreznevsky)

Years Tempera- Years Tempera-
ture, °C ture, °C

2001 88 2011 9.2
2002 93 2012 9.0
2003 82 2013 9.4
2004 8.7 2014 9.4
2005 8.7 2015 10.5
2006 84 2016 95
2007 99 2017 9.8
2008 9.6 2018 9.5
2009 94 2019 10.6
2010 9.4 2020 10.9
Average for 2001-2010 9.0  Awverage for 2011-2020 9.8
Average perennial 7.7 Average perennial 7.7
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Figure 2. Regression between the score of drought resistance

and yield of pea varieties included in the State Register of Plant
Varieties of Ukraine for 2010
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Figure 3. Dynamics of average daily air temperature, the score
of disease resistance and drought resistance and yield of pea
varieties in Ukraine during 2001-2020.

Thus, over the last ten years, the average annual air
temperature has risen by 0.8 °C, and compared to the long-
term average — by 1.6 °C. Graphic representation of the
dependence of changes in average annual air temperature
over twenty years on productivity and resistance to disease
and drought resistance of pea varieties showed that the
growth of average annual air temperature in Ukraine
during 20012020 by 19.3% led to a decrease in pea yield
by 13.7%, but the increase in the score of resistance of pea
varieties to diseases by 25.0%, the score of drought
resistance — by 18.8% (Fig. 3).

Correlation-regression analysis revealed a strong
positive relationship between the average annual air
temperature and the score of resistance to diseases of
pea varieties (r = 0.754; P <0.001); drought resistance
score (r = 0.728; P <0.001); the strong negative
relationship between average annual air temperature
and seed yield of pea varieties (r = —0.712; P <0.001).

The mathematical relationship between the average
annual air temperature and seed yield of pea varieties is
described by the correlation-regression chart and the
regression equation presented in Figure 4.

The presence of a strong negative relationship bet-
ween the average annual air temperature and seed yield
of pea varieties (r = -0.712) shows that with increasing
average annual air temperature in Ukraine there was a
decrease in the yield of pea varieties under observation
for a period of twenty years (2001-2020). The
coefficient of determination (R? = 0.5075) shows that
an increase in the average annual air temperature by
1 °C causes a decrease in the average pea yield by
0.5 t ha? in the twenty-year dynamics of observations.

Conclusion

In 2020 the most diseases resistant in Ukraine are pea
varieties 'Verbal', 'Prystan’, 'Eso', 'Atanas’, 'Haiduk'.
‘Verbal', 'Album’, 'Alssas’, 'Kampus' varieties have the
highest drought resistance. The most productive varieties
of peas were 'Kosmai', 'Album’, 'Haiduk’, "Trendy'. The
increase in the average annual air temperature in Ukraine
during 2001-2020 by 19.3% led to a decrease in the yield
of peas by 13.7%, but an increase in the score of
resistance of pea varieties to diseases by 25.0%, the score
of drought resistance — by 18.8%.

y =-0,1561x + 4,7547
R2=0,5075

Yield, t ha™t

w w w
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Average annual air temperature, °C

Figure 4. Regression between the average annual air
temperature and yield of varieties of peas in 2001-2020
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ABSTRACT. Growing vegetable transplants under shade nets are
currently becoming more popular to protect high intensities of light and
high temperature. This study was undertaken to evaluate the influence of
shading net at 30% shading and an unshaded control, methods of the
planting, direct sowing, transplanting, and foliar application of a biozyme
fertilizer at 0 and 0.5 ml L2 production, and quality of muskmelon. These
treatments were laid out in a randomized complete block design (RCBD)
and were arranged in a split-split plot with three replications. Results
showed that 30% shading treatment produced the highest leaf chlorophyll
content (57.07 SPAD) and TSS (13.05%). Direct sowing gives a higher
value for fruit weight (3583 g), most yield per plant (3772 g) and most
total yield (3772 g). Transplanting produced the highest fruit per plant
(1.58 fruit). The 0.5 ml L fertilizer treatment had the least time to
maturity (92.08 days). The interaction between shading treatment,
establishment methods and biozyme fertilizer improve the fruit quality and
yield of muskmelon.

planting methods, biozyme.

DOI: 10.15159/jas.21.38
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Introduction

The melon referred to as "Cantaloupe” is classified as
amisnomer that is used widely in the vegetable industry
as muskmelon (Cucumis melo var. reticulatus). True
cantaloupe (C. Melo var. cantalupensis) is grown in
Europe and is a small fruit with a hard is known for its
unique flavour and taste (Mossler, 2010). Muskmelon
is a herbaceous annual plant that thrives in dry, sunny,
and hot environments (Fontes, Puiatti, 2005).

Due to the extreme heat of the summer season in lIraq,
the usage of shade nets has become popular increa-
singly. Crops are typically protected from excessive
sun radiation by netting (Taiz, Zeiger, 2004; Degri,
Samalia, 2014) which improves the thermal environ-
ment due to the efficiency of photosynthesis can be
diminished when some plants are exposed to high
amounts of radiation. Photosynthesis, respiration,
transpiration and climatic conductance are all variables
that impact muskmelon development and production
(Teitel et al., 2008; Silva, Costa, 2013). Providing
protection from the elements such as wind and
preventing the spread of viral illnesses carried by birds

and insects can affect the growth and production of
muskmelon (Martinez, 1996). Only a few articles
showed the influence of shade to achieve maximum
growth and yield. The shaded plant had a significantly
higher height and internode length than the non-shaded
plants (Rungruksatham, Khurnpoon, 2016; Sankhala et
al.,, 2019). While the shaded plant's stem diameter,
chlorophyll content from middle leaves and closest
fruit were all considerably smaller than the non-shaded
plants. Compared to the shaded plant, the non-shaded
plant exhibited considerably larger fruit weight,
volume, TSS, and thickness (Rungruksatham,
Khurnpoon, 2016). In previous decades, many studies
were conducted to show the effect of the muskmelon
establishment methods on the development of plants
and if there was a reflection on the growth and
production of muskmelon and can be either direct
sowing or transplanted (Andersen, 2018). The earliest
harvested melons command top market prices
(Mossler, 2010). Producing seedlings for transplanting
seeds are usually sown under-protected conditions
which improve germination; poor germination which is
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a problem in cold soils. In the greenhouse, germination
contributes to reducing crop length, early flowering in
the field, economies in seed rate, and time saved.
Ecological considerations and defence against pests are
controlled with direct sowing (Andersen, 2018).

Plant biostimulants, which are natural chemicals
other than fertilizers and pesticides that can enhance
plant growth, yield, and yield quality when given to the
crop in small amounts, are among the most promising
solutions to address these increasing issues (Colla,
Rouphael, 2015; Du Jardin, 2015).

Thus, the purpose of this work was to study the
impact of the shading net, transplanting and foliar
application of biozyme on the growth and yield in
muskmelon cv. 'Gena’.

Materials and Methods

Experiments were conducted using muskmelon
plants in a greenhouse at the University of Diyala in
Baqubah, Irag. Between 2 February and 30 May 2020.
The soil of the study site is classified as well-drained
sandy loam. The chemical properties of the soil were
CaCOs (273.4g kgt), EC11 (6.12 dS m™), organic
matter (1.12 g kg™), and nitrogen, phosphorous, and
potassium as 55, 255, and 9.5 mg kg, respectively.
Bulk density was 1.45 M mg m3. Field capacity was
25%. The EC of irrigation water was 0.82 dS m.

The experimental design was laid out in a 450 m2 area
arranged in a split-split plot, in a randomized complete
block design, replicated in 3 blocks. The number of
experimental units was 24. Each experimental unit
included 20 plants and the total number of plants for the
experiment was 480.

The first factor was shading which included an
unshaded control (So) and coloured nets that were white
(30% shade) (Si1). The second factor was the planting
methods (direct sowing and transplanting) as the
subplot. Transplanting and direct sowing were done at
the same time. The third factor was the level of biozyme
at 0 and 0.5 ml L. The composition of the biozyme

Seedlings were transplanted at the 3-5 leaf stage to
withstand against adverse effects of wind and frost. Later,
when plants had three true leaves, plants were thinned to
1 seeding per hole. For the transplanting method, the seed
was sown in plastic trays, 0.50 x 1 m, with 104-cells per
tray, containing peat moss as a medium on 21 January
2020 in a greenhouse and seedlings were ready to trans-
plant when they had 3 true leaves on 2 February 2020.

Traits measured

Data were taken from eight randomly selected plants
from each plot to determine index chlorophyll in leaves
with a chlorophyll meter (SPAD-502 Plus, Konica
Minolta, Japan), early maturity (days), number of fruits
per plant, fruit weight (g), total yield (t greenhouse™
(504 m?) and total soluble solids (TSS) of muskmelon
juice were determined with a handheld refractometer
(PR-32, Co. Ltd.,, Tokyo, Japan) with automatic
temperature compensation.

Data analysis

The statistics analysis was done using the SAS
program; the LSD test was set up to determine the
significant differences between means and the confi-
dence level was (0.05).

Results

Table 2 shows that all measured traits in this study was
significantly influenced by the single factor of shading
(S), methods of planting (G), or foliar spray with
biozyme (F). The S1 gave the highest value for leaf
chlorophyll content (57.07 SPAD) and TSS (13.05%)
which was significantly different from SO for early
maturity, number of fruits per plant, fruit weight, plant
yield and total yield there was found a non-significant
difference among levels of (S) treatment. The GO gave a
higher value for fruit weight (3583 g), most yield per
plant (3772 g) and most total yield (3772 g).

Table 2. Effect of shading methods, establishment methods
and biozyme fertilizer on production, and quality of muskmelon

o : . . Fac- SPAD Early No.of Fruit Plant Total TSS,
fertilizer .as prowded by t.he prodgcmg company 1S tors  index matu- fruits weight, yield, yield, %
reported in (Table 1). The first spraying was after three fity,  per g g thouse!
weeks from the planting then this process was repeated days  plant
every 10 days until the fruits attained their maturation 22 g?-gg gi-gg igg g;‘rgg g;ig 3-;3 g-gg
stage or maturity. LSD 1.227 3586 0.621 4494 619.6 0.619 0.271

" . X . GO 5559 88.75 1.08 3583 3772 3.77 1218
Table 1. Composition of the fertilizer biozyme (as provided by Gl 5637 9208 158 1125 1752 175  11.94
the producing company) LSD 202 4627 0327 3323 2476 0247 _ 0505
Nutrient Percent, wt vol. Nutrient Percent, wt vol.™ FO 55.87 8875 125 2385 2645 2.64 11.69
Plant hormones 78.87 S 0.44 F1  56.09 92.08 142 2325 2879 2.88 12.43
1AA 32.2 B 0.30 LSD 1.285 2.354 0.544 407 596.5 0597 0.934
GA""_ 32.2 Fe 0.49 So — non-shading, S; — 30% shading, Gy — direct sowing, G; —
Zeatins 83.2 Mn 0.12 transplanting, Fo — without foliar spraying and F, — foliar spraying
Nutrient minerals 1.86 Zn 0.37
Mg 0.14 other 19.20

Biozyme TF (French company Arista Life Science)

The soil was fertilized with nitrogen (N), phosphorus
(P), and potassium (K) at 150 kg ha™, respectively,
using 10-10-10 granular fertilizer was mixed and
placed 20 cm deep in the centre of the bed.

The G1 gave the highest value for fruit per plant (1.58
fruit), significantly different from GO. The F1 had less
time to maturity (92.08 days) which was significantly
different from FO. However, the leaf chlorophyll
content, number of fruits per plant, fruit weight, plant
yield, total yield, and TSS there were found a non-
significant difference among levels of (F) treatment.
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Table 3 shows the interaction between two factors
(S*G, S*F or G*F), there was a significant difference
among treatments for all measured traits. The S1*G1
has observed the highest value of leaf chlorophyll
content (57.45 SPAD) which was significantly diffe-
renced from others. The S0*GO0 was given the highest
value of fruits weight (3740 g) and less time to maturity
(87.5 days) which was significantly different from
others. The S0*G1 gave the highest value of fruit per
plant (1.67 fruit). The S1*GO gave the highest value of
yield plant (3803 g), higher total yield (3.8 t house™),
and highest TSS (13.63%) which was significantly
differenced from others. The S1*F1 gave the highest
leaf chlorophyll content (57.08 SPAD) and TSS
(13.18%), significantly different from others. For the
other measured traits, there were found non-significant
between S*F interaction. The GO*F0 gave less time to
maturity (87.5 days) and heavier fruit (3663 g). The
highest value of fruit per plant and TSS was observed
in G1*F1 (1.67 fruit and 12.47%). The highest value of
yield per plant and total yield was observed in G1*FO
which was significantly different from others.

For the three-factor interactions (S*G*F), there was a
significant difference among treatments for all
measured traits (Table 4). The treatment S1*G1*F0
was observed the highest value of leaf chlorophyll
content (57.57 SPAD), which was significantly diffe-
renced from others. The treatment SO*GO*F0 gave less
time to maturity (86.67 days), which was significantly

different from others. The highest fruit weight was
observed in the treatment SO*GO*F0 (3787 g). The
highest yield, total yield, and TSS was observed in the
treatment S1*GO*F1 (3973 g, 3.97 t house?, and
13.8%, respectively). However, the treatment
S1*G1*F0 was given the lowest value (1478 g and
1.47 t house?, respectively). The lowest value of TSS
was observed in the treatment SO*G1*FO.

Table 3. Effect of the interaction shading x establishment
methods, shading x biozyme fertilizer and establishment
methods x biozyme fertilizer on production, and quality of
muskmelon

Fac- SPAD Early No.of Fruit Plant Total TSS,
tors  index matu- fruits weight, vyield, yield, %

rity, per g g thouse?

days plant
S0GO 54.48 875 1 3740 3740 3.74 1073
SOG1 55.28 91.67 1.67 1072 1823 182 1142
S1G0 56.7 90 1.17 3428 3803 38 13.63
S1G1 5745 925 15 1178 1680 1.64 1247
LSD 2884 4.649 0494 3929 4938 0.494 0.588
SOF0 54.67 88.33 133 2372 2733 273 1047
SOF1 55.1  90.83  1.33 2441 2830 2.83 11.68
S1F0 57.07 89.17 117 2397 2556 255 1292
S1F1 57.08 9333 15 2209 2928 293 1318
LSD 1395 3.038 0.619 4584 660.5 0.661 0.938
GOFO0 55.33 875 1 3663 3663 366 11.97
GOF1 56.4 90 15 1106 1626 1.62 11.42
G1FO0 55.85 90 1.17 3505 3880 388 124
GI1F1 56.33 94.17 1.67 1145 1877 1.88 12.47
LSD 2877 4.613 0.579 4648 611.9 0612 1.005

So — non-shading, S; — 30% shading, Gy — direct sowing, G; —
transplanting, Fo — without foliar spraying and F; — foliar spraying

Table 4. Effect of the interaction shading x establishment methods x biozyme fertilizer and establishment methods x biozyme

fertilizer on production, and quality of muskmelon

Factors SPAD index Early maturity, days Number of fruits per plant  Fruit weight, g Plant yield, g Total yield, t house™ TSS, %
SOGOFO 54.10 86.67 1.00 3693 3693 3.69 10.5
SOGOF1 54.87 88.33 1.00 3787 3787 3.78 10.6
S0G1F0 55.23 90.00 1.67 1050 1773 1.77 104
S0G1F1 55.33 93.33 1.67 1095 1873 1.87 12.4
S1GOFO 56.57 88.33 1.00 3633 3833 3.83 134
S1GOF1 56.83 91.67 1.33 3223 3973 3.97 13.8
S1G1F0 57.57 90.00 1.33 1162 1478 1.47 12.4
S1G1F1 57.33 95.00 1.67 1195 1882 1.88 12.5
LSD 3.034 5.167 0.834 640 890 0.891 1.366

So — non-shading, S; — 30% shading, G, — direct sowing, G; — transplanting, F, — without foliar spraying and F, — foliar spraying

Discussion

It is important to note that the nature of the growth of
the root system is of great importance in determining
its efficiency in absorbing water and nutrients from the
soil and the available depth of the soil for these roots.
Using the seeds in cultivation directly in the soil allows
the formation of a deep root system that has greater
efficiency in providing the plant with the requirements
of growth and production. High solar radiation in the
Middle East causes heat stress that increases the rate of
respiration of plants and thus loses a percentage of
water and sugars manufactured in the plant, which
negatively affects the inhibition of growth rate. In this
study, the weight of fruits increased when seeds were
directly sowed in the soil. This may be due to the
formation of a deep root system that is highly efficient
in absorbing water and nutrients from the soil, thus

stimulating an increase in the metabolism process
within the plant and then depressing more of it in the
developing fruits. The muskmelon is usually directly
planted by using the seeds since the roots will partially
be damaged during transportation from containers to
soil and which will affect the development of the roots
naturally (Andersen, 2018).

The positive effect of shading on chlorophyll, TSS,
and the positive combination effect on the yield
indicators, maybe due to the impact of shading that
reduced the excess solar radiation than the plant needs
to reduce excess heat (Taiz, Zeiger, 2004; Pacharane,
2016; Abu-Zahra, Ateyyat, 2016; Diliprao, 2018;
Utkhede et al., 2019). Therefore, reducing solar radia-
tion makes the ideal temperature for growth. Other
results indicated that the 30% shading improved most
of the vegetative characteristics and the yield of
muskmelon plants compared to the plants exposed to

Agraarteadus | Journal of Agricultural Science 2 e XXXII @ 2021 284-288



Effect of shading net, planting methods and bio-extract on production of muskmelon

287

full solar radiation. A significantly negative effect in
the early maturity of the fruits, when compared to
untreated plants, resulted from the continuity of the
vegetative growth of the plants for the longest time
(Francisco et al., 2011). Other previous studies have
indicated the importance of foliar spraying in
improving the growth and yield of vegetable plants. In
limited experimental investigations, considering the
impact of biostimulants under open-field and green-
house settings, a rise in early and total marketable fruit
yields has been observed for various crops. (Halpern et
al., 2015; Ali et al., 2016; Rouphael et al., 2017).

Conclusion

1. Planting of the muskmelon in plastic house by the
transplant method had a significant effect on the
number of the fruits, at the expense of decreased;
weight of the fruit to levels that exceeded their
positive impact on the number of fruits. More-
over, this effect caused decreasing in the plant's
yield.

2. Shading of the plants had a significant effect on
the index of chlorophyll (spad-502) and TSS in
the fruits and significantly superior by their treat-
ments combination such as increasing the yield
and improving the quality of the fruit.

3. Plants treated with biozyme had a negative effect
that delayed fruits maturity compared with the
untreated plants.

Recommendation

Using the seeds directly in the planting of the
muskmelon is recommended since it improves their
growth and productivity, as well the shading which
reduces solar radiation and thermal stress on plants in
the spring season.

Conflict of interest

The author declares that there is no conflict of interest
regarding the publication of this paper.

Author contributions

AO 25%, HA 25%, KH 25%, GH 25% — study conception
and design;

HA 50%, AO 50% — acquisition of data;

AO 50%, AH 25%, KH 25% — analysis and interpretation of
data;

AO 25%, HA 25%, KH 25%, GH 25% — critical revision and
approve the final manuscript.

References

Abu-Zahra, T.R., Ateyyat, M.A. 2016. Effect of various
shading methods on cucumber (Cucumis Sativus L.)
growth and yield production. — International Journal of
Environment and Sustainability, 5(1):10-17. DOI:
10.24102/ijes.v5i1.659

Ali, N., Farrell, A., Ramsubhag, A., Jayaraman, J.
2016. The effect of Ascophyllum nodosum extracts on

the growth, yield and fruit quality of tomato under
tropical conditions. — Journal of Applied Phycology,
28:1353-1362. DOI: 10.1007/s10811-015-0608-3

Andersen, C.R. 2018. Home gardening series.
Muskmelon. — University of Arkansas Division of
Agriculture Research & Extension, FSA6071,
Fayetteville, 4 p.

Colla, G., Rouphael, Y. 2015. Biostimulants in
horticulture. — Scientia Horticulturae, 196:1-2. DOI:
10.1016/j.scienta.2015.10.044

Diliprao, U.A. 2018. Response of Muskmelon to
spectral modification and irrigation levels under
shading nets'. — MS. Thesis. Mahatma Phule Krishi
Vidyapeeth, Rahuri. Indian, 263 p.

Du Jardin, P. 2015. Plant biostimulants: Definition,
concept, main categories and regulation. — Scientia

Horticulturae, 196:3-14. DOI: 10.1016/j.scienta.
2015.09.021
Degri, M.M., Samalia, A.E. 2014. Impact of

intercropping tomato and maize on the infestation of
tomato fruit borer (Helicoverpa armigera). — Journal
of Agricultural and Crop Research, 2:160-164.

Fontes, P., Puiatti, M. 2005. Cultura do mel&o. In:
Olericultura: teoria e pratica (Ed. P.C.R. Fontes). —
Vigosa: Universidade Federal de Vigosa, pp. 407—
428.

Francisco, H.F.P., Puiatti, M., Finger, F.L., Cecon, P.R.
2011. Growth assimilates partition and yield of melon
charenthais under different shading screens. —
Horticultura Brasileira, 29:91-97. DOI: 10. 1590/
S0102- 05362011000100015

Halpern, M., Bar-Tal, A., Ofek, M., Minz, D., Muller,
T., Yermiyahu, U. 2015. The use of biostimulants for
enhancing nutrient uptake. — Advances in Agronomy,
130:141-174. DOI: 10.1016/bs.agron.2014. 10.001

Martinez, C.A. 1996. Fotoinibicdo da fotossintese. —
Vicosa: UFV, 69 p. (In Portugese)

Mossler, M. 2010. Crop profile for muskmelon in
Florida. — University of Florida. USA, 16 p.

Pacharane, S.B. 2016. Effect of different shadenet
colours and foliar application of potassium on
growth, yield and quality of muskmelon. — M.S.
Thesis. Mahatma Phule Krishi Vidyapeeth, Rahuri.
India, 143 p.

Rouphael, Y., De Micco, V., Arena, C., Raimondi, G.,
Colla, G., De Pascale, S. 2017. Effect of Ecklonia
maxima seaweed extract on yield, mineral
composition, gas exchange, and leaf anatomy of
zucchini squash grown under saline conditions. —
Journal of Applied Phycology, 29:459-470. DOI:
10.1007/s10811-016-0937-x

Rungruksatham, P., Khurnpoon, L. 2016. Effect of
shade net and fertilizer application on growth and
quality in muskmelon (Cucumis melo. L. var.
reticulatus) after harvest. — International Journal of
Agricultural Technology, 12(7.1):1407-1417.

Sankhala, G.K., Verma, P., Nandre, B.M., Vadodaria,
J.R., Joshi, P.C., Vani, F.B. 2019. Effect of different
shadenet on growth, flowering, yield and quality of
muskmelon (Cucumis melo L.) cv. GMM3. -

Agraarteadus | Journal of Agricultural Science 2 e XXXII ® 2021 284-288



288 Abdulraheem A. Obaid, Hassan H. Al-Alawy, Kadhum Daley Hassan, Ghassan Jaafar Hamdi

International Journal of Agriculture Sciences, Teitel, M., Liron, O., Haim, Y., Seginer, . 2008. Flow

11(5):7950-7952. through inclined and concertina shape screens. — Acta
Silva, H.R., Costa, N.D. 2003. Exigéncias de clima e Horticulturae, 801:99-106. DOI: 10.17660/Acta

solo e época de plantio. In: Mel&o producdo: aspectos Hortic.2008.801.5

técnicos (H.R. Silva, N.D. Costa). — Brasilia: Utkhede, A.D., Gadge, S.B., Gorantiwar, S.D. 2019.

Embrapa Informacdo Tecnologica, pp. 23-28. (In Response of muskmelon to spectral modification of

Portugese) shading nets under different drip irrigation regimes. —

Taiz, L., Zeiger, E. 2004. Fisiologia Vegetal (Eds. E.R. International Journal of Current Microbiology and
Santarém et al.) 3. ed. — Porto Alegre: Artmed, 719 p. Applied Sciences, 8(2):419-428. DOI: 10.20546/
(In Portugese) ijcmas.2019.802.047

Agraarteadus | Journal of Agricultural Science 2 e XXXII @ 2021 284-288



TEADUSARTIKLID / RESEARCH ARTICLES

289

Agraarteadus

2 o XXXII ¢ 2021 289-295

Journal of Agricultural Science
2 o XXXII o 2021 289-295

GENOTYPE AND NITROGEN EFFECTS ON GRAIN YIELD AND
YIELD-RELATED TRAITS OF MAIZE (Zea mays L.) HYBRIDS

Ganga Paudel!, Maya Bhatta®, Mohan Mahato?, Darbin Joshi?, Jiban Shrestha®

Prithu Technical College, Institute of Agriculture and Animal Science,
Tribhuvan University, Bangaun, Ward No. 3, Lamahi Municipality, Dang, 22414, Nepal
2International Maize and Wheat Improvement Center (CIMMYT),
Khumaltar, Ward No. 15, Lalitpur Metropolitan City, Lalitpur, 44700, Nepal
3Nepal Agricultural Research Council, National Plant Breeding and Genetics Research Centre,
Khumaltar, Ward No. 15, Lalitpur Metropolitan City, Lalitpur, 44700, Nepal

Saabunud: 01.11.2021
Received:

Aktsepteeritud:

Accepted: 17.12.2021
Avaldatudveebis:

Published online: 18.12.2021
Vastutavautor: Ganga
Corresponding author: Paudel

E-mail: gangapaudel73@gmail.com

ORCID:
0000-0002-1631-3621 (GP)
0000-0001-6355-2505 (MB)
0000-0002-1883-7402 (MM)
0000-0003-1566-3598 (DJ)
0000-0002-3755-8812 (JS)

Keywords: grain yield, growth,
hybrids, maize, nitrogen.

DOI: 10.15159/jas.21.37

ABSTRACT. Genotype and nitrogen application are important
determinants of grain yield in maize. This experiment was carried out in
split-plot design with two factors (maize hybrids as the main factor and
nitrogen rates as the sub factor) arranged in randomized complete block
design (RCBD) with three replications. The maize hybrids including
Rampur Hybrid-2, Rampur Hybrid-4 and Rampur Hybrid-6 were main
plots, and four nitrogen rates of 0, 140,160, and 180 kg N ha were sub-
plot. Results revealed that hybrids had significant effects on the days to
50% tasselling, cob circumference, number of kernel rows per cob and
grain yield. Similarly, nitrogen rates had significant effects on all
parameters except on the days to 50% tasselling and silking. The highest
values of cob length (18.31 ¢cm), no of kernel rows per cob (13.22), no of
kernels per cob (33.36), cob circumference (13.90 cm) was recorded from
the plot fertilized with 180 kg N hat. Rampur Hybrid-2 produced the
highest yield (6.19 t ha*), whereas the lowest yield was found in Rampur
Hybrid-6. Similarly, 180 kg N ha* produced a significantly higher yield
(7.06 t ha™) which was followed by 160 kg ha™ (6.71 t ha'?), 140 kg ha™
(6.30 t ha?) and the lowest yield (3.93 t ha) with 0 kg N ha*. Therefore,
among the hybrids evaluated, Rampur Hybrid-2 could be an appropriate
hybrid variety for the cultivation at Dang district and similar conditions in
Nepal. This study suggests that maize production can be maximized by
cultivating Rampur Hybrid-2 with the use of 180 kg N ha™ in the inner
Terai region of Nepal.

© 2021AkadeemilinePdllumajanduseSelts. | © 2021 Estonian Academic Agricultural Society.

Introduction

In terms of area and productivity, maize is Nepal's
second most important crop after rice. In Nepal, the
maize production area is currently 8.915 million
hectares with a productivity of 2.50 t ha™* (MOAD,
2016). According to Oad et al. (2004), the biggest
obstacles to boosting grain yield, include an insufficient
supply of fertilizers. Among the plant nutrients,
nitrogen (N) management is one of the most essential
factors for increasing crop yield and profitability
(Amanullah, 2016). N is the most yield-restraining
nutrient in crop production worldwide Guo et al.
(2016). Nitrogen is a major component of amino acids,
which function as the building blocks of proteins. It is
a vital nutrient for maize, and its role in photosynthesis

and other biological activities such as water and
mineral absorption, vacuole storage, and xylem trans-
port is a key determinant of grain yield (Asibi et al.,
2019). Nitrogen (N) fertilizer affects dry matter produc-
tion in maize via regulating leaf area development, leaf
area maintenance, photosynthetic ability, and, as a
result, yield, and grain quality (Muchow, Sinclair,
1994). Nitrogen improves grain yield in all hybrids,
mostly by increasing the number of kernels, which
increases productivity (Uribelarrea et al., 2004; Khalig
et al., 2009). Nitrogen (N) deficit results in pale,
yellowish-green maize plants with thin stalks. Because
nitrogen is a mobile nutrient in plants, symptoms
appear first on the older, lower leaves and proceed up
the plant if the deficiency is not corrected. A V-shaped
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yellowing appears on leaves, starting at the tip and
moving down the midrib toward the leaf base (Sawyer,
2004). The increase in maize grain production after
nitrogen fertilization is mostly due to an increase in the
number of ears per plant, total dry matter distributed to
the grain, and average ear weighing (Nxumalo et al.,
1993). Hybrid maize varieties are more nitrogen-
responsive than local varieties of maize (Shrestha et al.,
2018b). Maize grain production and quality are affected
by nitrogen application rate and fertilizer N source. In
hybrid maize varieties, nitrogen fertilizer at a rate of
150 kg ha™ enhanced grain production and yield
attributing factors such as the number of cobs per
hectare and thousand-grain weight (Sharma et al.,
2019). Urea is becoming more popular because it offers
several advantages over other forms of nitrogen
fertilizer in terms of manufacturing, transportation, and
marketing (Biswas, Ma, 2016). Another source of N is
Di-ammonium phosphate.

Crop yield is also heavily influenced by variety. To
acquire the best yield, cultivars that are suitable to
specific agro-ecological locations, seasons, and matu-
rity should be chosen (Adhikari et al., 2021). The
reason for differences in grain yield and vyield
attributing traits among the maize genotypes was due to
their variation in their genetic makeup. Prasai et al.
(2015) reported significant differences among maize
cultivars for grain yield and yield attributing traits.
Dhakal et al. (2017) observed the difference in the days
to tasseling and silking among maize genotypes.
Shrestha et al. (2021) found that promising maize
hybrids namely KWM-91 x KWM-93 produced the
maximum values of grain yield (9.99 t ha?) followed
by KWM-93 x KWM-91 (9.63 t ha?) and KWM-92 x
KWM-93 (9.40 t ha!) at Khumaltar, Lalitpur, Nepal.
Similarly, Kandel and Shrestha (2020) found that their
two years of field experiments showed that P3396,
Shresta, and Rampur Hybrid 6 in 2018 and P3396,
Shresta, and Ganga Kaveri in 2019 was promising
maize hybrid in inner terai condition in Nepal.

The hybrid variety with appropriate nitrogen doses is
most important to maximize maize yield. The optimum
N fertilizer rates and maize hybrids have not been
determined for the newly developed hybrids in the
district. Therefore, this study was carried out to deter-
mine the optimum nitrogen rates and maize hybrid.

Table 1. Physico-chemical properties of the soil of the
experimental location

S.N. Properties
1 Physical properties

Content Category

Sand (%) 21.6
Silt (%) 58.80
Clay (%) 19.60
Soil texture Silt loam
2 Chemical properties
pH 6.67 Slightly Acidic
Total Nitrogen (%) 0.10 Medium
Available Phosphorus (P,0s kg ha™) 45  Medium

Available Potassium (KO kg ha™)  190.78 Medium
Organic matter (%) 21 Low

Materials and Methods

Experimental location

The experiment was conducted in Lamahi municipality,
Dang district in Lumbini province of the inner Terai re-
gion of Nepal from June to September 2017. Geographi-
cally, it is located at 27.9904° N Latitude and 82.3018° E
Longitude and has an elevation of 725 masl. The Physico-
chemical properties of the soil of the experimental site are
given in Table 1. The meteorological data for the growing
season of 2017 is presented in Figure 1.

The soil analysis results showed (Table 1) the soil was
silt loam, pH 6.67 and low in organic matter (2.1%).

Plant materials

The plant materials used in the experiment were
received from National Maize Research Program,
Rampur, Chitwan, Nepal. The details of plant materials
are given in Table 2. These three maize hybrids are
recommended for the Terai region of Nepal. The
experimental location is in the Terai region of Nepal.
These hybrids were favoured for cultivation because of
their higher productivity by farmers. The effects of
different rates of nitrogen on these maize hybrids were
not evaluated in Lamahi, Dang district; therefore, these
hybrids were selected for this study.

Table 2. The details of maize hybrids used in the experiment

S. N. Name of hybrids  Parentage Type

1 Rampur Hybrid-2 RML-4/NML-2  Single crops hybrid
2 Rampur Hybrid-4 RML-32/RML-17 Single crops hybrid
3 Rampur Hybrid-6 RML-4/RML-17  Single crops hybrid

Experimental design and cultural practices

Twelve treatments were laid out in a split-plot design
with two factors (Hybrids as the main factor and
nitrogen rates as the subfactor) arranged in a rando-
mized complete block design (RCBD) with three repli-
cations. The maize hybrids of Rampur Hybrid-2,
Rampur Hybrid-4 and Rampur Hybrid-6 were main
plots, and four nitrogen rates Of 0, 140,160, and 180 kg
N ha* were sub-plot. Field data were collected from the
two middle rows of each plot leaving the outside rows
and a distance of 25 cm at the ends of each middle row
to serve as borders. Each plot size measured 2.4 m x
4m (9.6 m?) consisting of four rows of 0.60 m apart and
4 m in length. The individual plots and replication were
separated by 0.5 m. We tested four levels of N (0, 140,
160 and 180 kg N ha™*) on three maize hybrids (Rampur
Hybrid-2, Rampur Hybrid-4, and Rampur Hybrid-6).
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Figure 1. Climatic records of the experimental location
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The fertilizer was applied into soil rowsby hands. The
nitrogen (N), phosphorus (P20s), and potassium (Kz0)
were applied via Urea, Diammonium Phosphate
(DAP), and Muriate of Potash (MOP). Half dose of the
Nitrogen (0, 70, 80 and 90 kg N ha ') and a full dose of
phosphorus (60 kg P,Os ha') and potassium (40 kg
K20 ha™) were applied at the basal dose at the time of
seed sowing. The remaining N was applied in two
splits; first dose (0, 35, 40, and 45 kg N ha!) at six-leaf
stages and second dose (0, 35, 40, and 45 kg N ha?) at
the ten-leaf stage. During the maize growing season,
two manual weeding and hoeing operations were
carried out. On 18 days after sowing, the first weeding
was done, and 36 days later, the second weeding was
done. Irrigation was used at three different periods of
growth: knee-high stage, tasseling stage, and milking
stage. Other crop management practices such as
irrigation and pest management were carried out as per
the recommendation of the National Maize Research
Program (NMRP) Rampur, Chitwan, Nepal.

Data collection and observations

Field data were collected from the two middle rows
of each plot leaving the outside rows and a distance of
25cm at the ends of each middle row to serve as
borders. Data obtained included days to 50% silking,
days to 50% tasseling, plant height, cob length, and cob
circumference, ear weight, kernel rows per cob, and the
number of kernels per row. The moisture content was
determined on all harvested cobs in representative cobs
(central two rows). Wile-Model 55-Grain Moisture
Meter was used to take the reading on the moisture
content of grain.

The following formula (Eqg.1) was used to compute
grain yield (t ha) at 12% moisture content using fresh
ear weight:

oy = FW X (100 — GMP) x S x 10 000 1)
h (100 — DMP) x NPA ’

where

GY — grain yield, kg ha™;

FW — fresh weight of ear in kg per plot at harvest, kg
plot™;

GMP — grain moisture percentage at harvest, %;
DMP — desired moisture percentage, i.e., 12%;

NPA — net harvest plot area, m?;
S — shelling coefficient, i.e., 0.8.

Grain yield was converted to t ha from kg ha ™.

Data analysis

All collected data were entered into Microsoft Excel
2016 and analyzed by using GENSTAT (version14®
edition; VSN International, Hemel Hempstead,UK).
All the data collected were statistically analyzed using
the analysis of variance (ANOVA) procedure described
by Gomez and Gomez (1984) for Split plot design
experiments. Separation of treatment means for the
significant difference was performed by using the
Fisher's least significant difference (LSD) procedure at
0.05 probability level (Obi, 1986).

Results and Discussion

Effect of genotypes

The plant height, days to 50% silking, cob length, and
no. of kernels per row were non-significant. The plant
height varied from 167.03 (Rampur Hybrid-4) to
168.08 (Rampur Hybrid-6) and days to 50% silking
varied from 61 days (Rampur Hybrid-4) to 63.17
(Rampur Hybrid-2). The cob length differed from
16.32 cm (Rampur Hybrid-6) to 16.49 cm (Rampur
Hybrid-2). The number of kernels per row varied from
29.10 (Rampur Hybrid-4) to 31.93 (Rampur Hybrid-2).
The days to 50% tasselling, cob circumference, no. of
kernel rows per cob and grain yield were found
significant (Table 3). Significantly, the maximum days
to 50% tasselling was found in Rampur Hybrid-2
(58.67 days) and the minimum days to 50% tasselling
(58 days) in Rampur Hybrid-6. The cob circumference
was significantly biggest (13.61 cm) in Rampur
Hybrid-2 and the smallest (13.09 cm) in Rampur
Hybrid-4. The maximum no. of kernel rows per cob
was found in Rampur Hybrid-2 (13.36) and the
minimum no. of kernel rows per cob (13.07) in Rampur
Hybrid-6. The maximum grain yield was found in
Rampur Hybrid-2 (6.19 t ha™) and Rampur Hybrid 6
produced the minimum grain yield (5.80 t ha™)
(Table 4).

Table 3. Mean squares from ANOVA for grain yield and other agronomic traits of maize hybrids

Sources df Plant Daysto50%  Daysto Coblength, Cob circum- No. of kernel No. of kernels Grain yield,

height,cm  tasselling  50% silking ference, cm  rows per cob per row tha™
Replication 2 6.04 14.08** 23.69 0.17 1.88* 0.94 0.90 0.01
Hybrid (H) 2 4.20 7.58* 15.44 0.10 0.80 3.83 30.16 0.44
Error (a) 4 60.21 0.66 5.23 2.46 0.25 0.64 37.09 0.11
Nitrogen (N) 3 2462.35** 2.54 7.29 25.66** 2.95%* 1.65* 56.59** 17.94**
HxN 6 12.36 0.76 1.18 1.06* 0.05 0.88 0.65 0.006
Error (b) 18 17.60 1.13 4.27 0.33 0.15 0.45 3.10 0.03
Total 35

df — degree of freedom, * statistically significant at the level of 0.05, ** statistically significant at level 0.01

The above ANOVA (Table 3) showed that days to
50% tasselling was significant with the use of geno-
type. The use of genotypes showed the non-significant
for the plant height, days to 50% silking, cob circum-

ference, no. of kernel rows per cob, no. of kernels per
row and grain yield. The days to 50% tasselling, days
to 50% silking were non-significant with the appli-
cation of nitrogen. The no. of kernel rows per cob
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showed a significant effect with the application of
nitrogen. The traits namely plant height, cob circum-
ference, cob length, no. of kernels per row and grain
yield were found highly significant for plant height, cob
circumference, no. of kernels per row and grain yield.

The interaction (nitrogen x genotype) effect for cob
length was found significant but non-significant for
plant height, days to 50% tasselling, and days to 50%
silking, cob circumference, no. of kernel rows per cob,
no. of kernels per row and grain yield.

Table 4. Effect of various levels of nitrogen and genotypes on growth, grain yield and yield attributing traits in maize hybrids

Traits Plant Daysto 50%  Daysto  Cob length, Cob circum- No. of kernel No. of kernels Grain yield,
height,cm  tasselling  50% silking cm ference, cm  rows per cob per row that
Maize hybrids
Rampur Hybrid-2 167.07 58.67° 63.17 16.49 13.61° 13.36° 31.93 6.19%
Rampur Hybrid-4 167.03 57.08° 61.00 16.48 13.09° 12.27° 29.10 5.99
Rampur Hybrid-6 168.08 58.00% 62.66 16.32 13.37%® 13.07* 31.75 5.80°
CV% 4.64 141 3.67 9.56 3.78 6.24 19.69 5.54
P value 0.93 0.02 0.16 0.959 0.02 0.05 0.51 0.04
LSD (0.05) - 0.93 - - 0.35 0.59 - 0.18
Nitrogen levels
N @ 0 kg ha™* (Control) 147.07¢ 58.55 63.55 14,28 12.60° 12.27° 27.53¢ 3.93¢
N @ 140 kg ha 161.71° 58.11 62 16.12¢ 13.24° 13.03* 30.71° 6.30°
N @ 160 kg ha* 176.08° 57.66 62.11 17.01%® 13.68° 13.07° 32.11%® 6.71°
N @ 180 kg ha™ 184.71* 57.33 61.44 18.31° 13.90° 13.22* 33.36% 7.06%
CV% 251 1.84 3.32 351 2.95 5.22 5.70 3.17
P value 0.00 0.12 0.20 0.00 0.00 0.03 0.00 0.00
LSD (0.05) 4.16 - - 0.99 0.39 0.67 1.75 0.19

Means with the same letter in the column are not significantly different at P = 0.05 by DMRT. LSD -least significant difference, and CV —

coefficient of variance

Effect of nitrogen levels

Nitrogen levels showed no significant differences for
days to 50% tasselling and days to 50% silking. Plant
height, cob length, cob circumference, no. of kernel
rows per cob, no. of kernels per row and grain yield
were significantly affected by different levels of nitro-
gen (Table 3). The plant height (184.71 cm) was signifi-
cantly highest with the application of nitrogen level of
180 kg N ha* and the lowest plant height (147.07 cm)
was produced with the application of 0 kg N ha. The
plant height significantly increased with the increase in
the rate of nitrogen from 0 to 180 kg ha™*. Significantly
longest cob length (18.31cm) was recorded with the
application of a nitrogen level of 180 kg N ha™ and the
lowest cob length (14.28 cm) was produced with the
application of 0 kg N ha™. The cob length significantly
increased with the increase in the rate of nitrogen from
0 to 180 kg ha™. The cob circumference (184.71 cm)
was the biggest with the application of nitrogen level of
180 kg N ha and the smallest cob circumference
(147.07 cm) was produced with the application of 0 kg
N ha™. The cob circumference significantly increased
with the increase in the rate of nitrogen from 0 to
180 kg hat. The maximum no. of kernel rows per cob
(13.22) was recorded with the application of nitrogen
level of 180 kg N ha™ and the minimum no. of kernel
rows per cob (12.27) was produced with the application
of 0 kg N ha. No. of kernel rows per cob significantly
increased with the increase in the rate of nitrogen from
0to 180 kg ha™. The no. of kernels per row (33.36) was
the maximum with the application of nitrogen level of
180 kg N ha* and the minimum no. of kernels per row
(27.53) was produced with the application of 0 kg N ha ™.
The no. of kernels per row significantly increased with
the increase in the rate of nitrogen from 0 to 180 kg ha™.
The grain yield (7.06 tha') was the highest under
nitrogen level of 180 kg N ha? and the lowest

(3.93 t ha) was produced under 0 kg N ha™ The grain
yield significantly increased with the increase in the
rate of nitrogen from 0 to 180 kg ha* (Table 4).

Correlation study

Estimates of the phenotypic correlation for traits are
shown in Table 5. Grain yield was negatively correlated
with days to 50% tasselling (r =-0.253) and days to
50% silking (r = -0.291). Days to 50% tasselling were
positively correlated with days to 50% silking
(r=0.73**). Grain yield was positively and signifi-
cantly correlated with plant height (r = 0.883**), cob
length (r = 0.812**), cob circumference (r = 0.689**),
No. of kernel rows per cob (r = 0.397*), No. of kernels
per row (r = 0.593**).

Table 5. Pearson's correlation coefficient among growth, grain
yield and its attributing traits of maize hybrids

Traits PH TD SD CL
PH 1

CC NKRPC NKR GY

TD -0.297 1
SD -0.222 0.73 1
*%x
CL 0.805 -0.177-0.214 1
*k
CcC 0.659 —0.005-0.045 0.500 1

NKRPC 0.362 0.043 -0.092 0.166 0.430 1
* *%

NKR  0.587 -0.375-0.461 0.433 0.444 0.078 1
*%x * *%x *%x *%x
GY 0.883 —0.253-0.291 0.812 0.689 0.397 0.593 1

PH-plant height, cm; TD- days to 50% tasselling; SD—days to 50%
silking; CL—cob length, cm, CC—cob circumference, cm, NKRPC —
no. of kernel row per cob, NKR- no. of kernels per row, GY- grain
yield, t ha®. * —significant at P <0.05, ** — significant at P <0.01
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Discussion

Hybrid maize is a heavy feeder with a higher
nutritional response (Sarkar et al., 2000). Commercial
maize hybrids demand high nitrogen levels and fertile
soils, according to Muza et al. (2004) and Shrestha et
al. (2018a), hybrids respond well to nitrogen fertilizer.
The highest grain yield (7.06 tha*) was obtained when
the nitrogen level was 180 kg N ha™, whereas the
lowest grain yield (3.93 t ha*) was obtained when the
nitrogen level was zero kg N ha. Increased nitrogen
rate from 0 to 180 kg ha? resulted in a considerable
increase in grain yield (Table 4). Maize received
increased nutrition because of nitrogen application,
resulting in higher grain production. The increased
grain production due to nitrogen application could be
linked to the plant's enhanced growth. The increased
growth resulted in a significant rise in yield parameters
such as the number of cobs per plant, grains per cob,
cob length and girth, and test weight, all of which
contributed to a higher grain yield with nitrogen
application. Sahoo and Mahapatra (2004) have also
reported on the favourable effects of nitrogen on maize
grain yield. The results of this experiment showed a
positive response of various yield attributes to
increased nitrogen fertilization, which was consistent
with the findings of several researchers (Chillar,
Kumar, 2006; Bindhani et al., 2007; Prodhan et al.,
2007) who found a higher green cob yield with
increased nitrogen application. Nitrogen has a major
effect on the crop's vegetative and reproductive growth.
Increased nitrogen rates improved yield attributes,
which could be related to the fact that nitrogen treat-
ment to maize plants kept the leaves greener for longer,
allowing for more dry matter accumulation and so
improving yield attributes (Asaduzzaman et al., 2014)

Various hybrids differed in terms of growth, yield,
and yield-related traits. The grain yields of the hybrids
were different. Of all the hybrids, Rampur Hybrid-2
(6.19 t ha™) produced the maximum grain yield. The
findings of Kandel et al. (2018) and Prasai et al. (2015),
who reported considerable differences in grain yield
between maize varieties, are supported by these data.
Differences in days to tasselling and silking among
maize genotypes were found by Prasai et al. (2014),
Dhakal et al. (2017). Hussain et al. (2011) found that
maize varieties differed in plant height. Maize geno-
types had distinct genetic makeup, resulting in variation
in grain yields in different locations. The most impor-
tant and complex quantitative trait in maize is grain
yield, which is affected by numerous genes. Both
genetic and environmental factors may have contribu-
ted to the increase in maize yield under varied environ-
mental conditions. Researchers have found a lot of
variation in maize populations, including top-crosses
and open-pollinated cultivars (Sampoux et al., 1989).
These findings are consistent with those of Grzesiak
(2001), who found significant genotypic variability
across maize genotypes grown in various locations.

The correlation coefficient is used to measure the
degree of relationship as well as the degree of

interconnection between traits (Bocanski et al., 2009;
Nagabhushan et al., 2011). Selection based on yield
components is thought to be more successful than
selection based solely on yield (Shamsuddin, Ali,
1989). Plant height, ear height, and the number of
kernel rows per ear all indicate a positive and signifi-
cant correlation with maize grain yield, according to the
study (Sadek et al., 2006). Grain yield was negatively
correlated with days to 50% tasselling and days to
50%silking. Grain yield and days to blooming have a
significant negative correlation, according to De Souza
etal. (1997). Grain yield was positively correlated with
plant height, cob length, cob circumference, number of
kernel rows per cob, and number of kernels per row.
Alvi et al. (2003) and Nzuve et al. (2014) reported
similar findings. There was a positive correlation
between days to 50% tasselling and days to 50%
silking. This result is similar to the findings of Chase
and Nanda (1967). If these traits have a strong and
positive correlation, it means that genotypes are being
chosen for grain yield indirectly.

Conclusion

Nitrogen fertilizer had profound effects on growth,
grain yield and yield attributing traits of hybrids of
maize. Nitrogen rate @180 kg ha™ produced the higher
grain yield in Rampur Hybrid-2. Therefore, the use of
this level of nitrogen in this hybrid is beneficial to get
the higher maize production.
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ABSTRACT. The aim of the research was to investigate feed nutrient
digestion and slaughter indicators of broiler chickens fed a probiotic
supplement based on lactic acid bacteria. The experiment lasted for 42 days.
Four groups of one-day-old broiler chickens of the Ross-308 cross were
selected by the method of analogous groups, each group contained 50 birds.
Broilers were kept in group cages considering all zoohygienic requirements.
The control group consumed a basic diet (BD), i.e., a complete feed. The
experimental groups were additionally fed different doses of a probiotic
supplement (by percentage mass of feed). The broiler chickens fed the
probiotic supplement had increased digestibility of dry matter, protein, fibre
and nitrogen-free extractives (NFE) compared with the control group. The
application of probiotic supplement in broiler feeding increases the
availability of essential amino acids, i.e. lysine, histidine, arginine,
threonine, valine, methionine, isoleucine compared with the control. The
absorption of Ca, P, Mg, and Mn increased with the probiotic supplement.
The probiotic supplement application in the diet of broiler chickens
increased the pre-slaughter live weight by 16.7%, the un-gutted body weight
by 15.0% and gutted body weight by 17.3%. Probiotic supplement had a
positive effect on the digestibility of feed nutrients, increased the absorption
of amino acids and minerals in the body broiler chickens.

probiotic, digestibility, amino acids,
mineral elements, slaughter qualities.
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Introduction

Numerous feed additives such as probiotics, pre-
biotics, phytobiotics, enzymes, vitamins etc. have been
used in animal diets in recent years (Park et al., 2014;
Mookiah et al., 2014; Anggraeni et al., 2020). How-
ever, they do not always have a positive effect on
product quality. This issue is important because of
advanced technologies for new feed application, the
application of chemical and microbiological synthesis
products in animal nutrition (Dunkley, 2008; Alavi et
al., 2012; Meremée et al., 2015; Sobolev et al., 2019).
Probiotics have become widespread among feed addi-
tives of natural origin. They create an unfavourable pH
environment for pathogenic and opportunistic micro-
flora and stimulate the growth and biological activity of
normal intestinal microflora, having a positive effect on
the composition of the microbiocenosis, probiotic
microorganisms also produce biologically active sub-

stances and amino acids (Liu et al., 2012; Salim et al.,
2013; Park et al., 2014).

The microbiological industry is actively developing
the creation of new and effective feed additives, inclu-
ding probiotic additives based on lactic acid bacteria
(Lactobacillus and Enterococcus). It is known that the
hydrolysis of feed nutrients to monomers is carried out
using enzymes and acids, and symbiotic microorga-
nisms that are in the digestive tract (Chudak et al.,
2020). Some research results have shown the promise
of using such probiotic supplements in the diets of farm
animals (Dunkley, 2008; Urdzik, 2010; Mookiah et al.,
2014; Park et al., 2014; Balukh, 2016; Poberezhets,
2020). However, how the new probiotic supplements
that are made according to improved recipes affect the
productivity of broiler chickens has not yet been fully
studied. Moreover, digestibility of nutrients depends on
the species and the animal age, chemical composition,
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preparation methods for fee- ding, feeding level and
other factors. The aim of this study was to investigate
feed nutrient digestion and slaughter indicators of
broiler chickens fed a probiotic supplement based on
lactic acid bacteria (Lactobacillus and Enterococcus).

Material and Methods

Formation of groups

The study was carried out on the research farm of
Vinnytsia National Agrarian University (Ukraine). The
experiment lasted for 42 days, by the method of analogue
groups four groups were selected (I — control group, II,
Il, IV — experimental groups) of one-day broiler
chickens "Ross-308" with 50 birds per group, the mean
body weight was 62 + 2 g (Hamungalu et al., 2020).

Ethical statement

The protocol and procedures used in this research
were ethical for the animals tested and complied with
Directive 2010/63 / EC of the European Parliament.

Description of housing conditions

Broilers were kept in TBB-AV cage batteries (manu-
factured by VO TECHNA, Kyiv, Ukraine) with a
nipple watering system with a stocking density of 20
birds per m?. The dimensions of the cage were: 1,200 x
1,604 x 408 mm. The cage consisted of flooring, side
mesh walls and doors. The floor of the cages was made
of a galvanized metal mesh (diameter of the coated
wire, 2.2 mm) with holes the size of (16 x 25) mm,
which eliminated the possibility of manure soiling, as
well as injury to the legs of the bird. Temperatures were
as follows: from days 1 to 5 — 32-35 °C, from days 6 to
42 days — 20 °C. Relative humidity 60—70%. Lighting
intensity 10-20 lux.

Feed ration and composition

Compound feed TM "Multigain" of joint-stock
company "Kyiv-Atlantic-Ukraine™ Myronivka, Kyiv
region was used. The full-ration compound feeds for
broilers PC 5-4 / 7 (Table 1) was used.

The control group consumed a basic diet (BD) as
complete feed. The experimental groups were additio-
nally fed different doses (percentage to mass of feed) of
a probiotic supplement (Table 2).

Probiotic supplements

Feed additive "Entero-active™ is a homogeneous
loose mixture without solid lumps coloured from light
grey to dark grey colour. The probiotic contains lactic
acid bacteria of the genus Lactobacillus bulgaricus —
2.0x10% CFU per kg and Enterococcus faecium —
2.0x10% CFU per kg. The probiotic "Entero-active",
due to the formation of lactic and acetic acids, creates
an unfavourable pH environment for pathogenic
microflora, stimulates the growth of intestinal normal
flora, which has a positive effect on the composition of
the microbiocenosis. In addition, probiotic micro-
organisms produce biologically active substances,
enzymes and amino acids.

This feed additive was created in the PE "BTU-
centre” Ladyzhyn, Vinnytsia region. The owner of the
patent for feed additive "Entero-active™ is Vinnytsia
National Agrarian University (Podolian et al., 2011).
All rights to the results of the study on the impact of
Enteroactive on lethal properties belong to Vinnytsia
National Agrarian University. The obtained results of
scientific research were used during the development of
technical conditions: Probiotic "Entero-active” TR (IS)
U 15.7-00497236-001: 2012 (Chudak et al., 2012).

Table 1. Composition of compound feed for broiler chickens aged 4-5 weeks

Composition of the diet, %

Corn 30 Soybean oil 3.0 Vitamin and mineral mixture 1.0
Wheat 275 Fodder yeast 34 Antioxidant 0.0125
Soybean meal 15.0 Defluorinated phosphate 1.55 Mould inhibitor 0.009
Sunflower meal 12.0 Limestone 1.2 Coccidiostat 0.0097
Fishmeal 5.0 Table salt 0.3 Granule fixer 0.0108
Chemical composition, %
Crude protein 21.0 Phosphorus 0.7 Linoleic acid 321
Crude fiber 5.0 Chlorides 0.307 Sodium 0.2
Methionine + cystine 0.89 Crude fat 6.2 Methionine 0.45
Lysine 1.15 Tryptophan 0.26
Calcium 0.9 Threonine 0.17
Vitamins and trace elements, mg kg*

Vitamins Salts
A 3.00 PP 20.0 Copper 4.8
D3 0.04 E 20.0 Iron 20.0
Bl 2.0 K3 2.5 Cobalt 0.48
B24.0B6 25 Pantothenic acid 10.0 Zinc 48.0
BI2 0.01 Folic acid 0.5 lodine 0.8

Biotin 0.05 Selenium 0.28

Table 2. Composition of experimental diets

Group  Duration, days Feeding characteristics by age, days

1-10 11-28 29-42
Control 42 BD (complete feeds)
I 42 BD + 0.062% Probiotic supplement BD + 0.025% Probiotic supplement BD + 0.0125 % Probiotic supplement
1] 42 BD + 0.125% Probiotic supplement BD + 0.05% Probiotic supplement BD + 0.025% Probiotic supplement
I\ 42 BD + 0.25% Probiotic supplement  BD + 0.1% Probiotic supplement ~ BD + 0.05% Probiotic supplement
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The probiotic supplement was fed in the dry form.
The preparation and verification of the homogeneity of
the mixture of feed and probiotic additives was carried
out in the laboratory of Technological Processes of
food and processing industry of Vinnytsia National
Agrarian University. Mixing took place in the chamber
of a vibrating machineVM-5.0 the manufacturer is
Ukraine (in the absence of grinding bodies) to homo-
geneity in the range of 96-98% (Clark et al., 2007).

Measurements and analysis of samples

During the physiological trial, which lasted forfive
days, the birds were kept in separate cages. The
digestibility of feed nutrients was determined by the
difference between their content in the consumed feed
and the excreted manure (Kozyr et al., 2002). Consu-
med feed and manure were analysed. Compound feed
samples were taken daily for analysis. Feed samples
were taken in accordance with DSTU 1SO 6497: 2005.
Twice a day, morning and evening, manure was collec-
ted, which was preserved with toluene and stored in a
closed glass container in the refrigerator at +5 °C
(Ibatullin et al., 2017). Assessment of morphological
and biochemical parameters of the blood were made at
the end of the experiments. Four animals were selected
by average live weight per group from each group, from
which blood was taken in the morning before feeding
(Levchenko et al., 2002).The amino acid composition
was determined with Automatic Amino acid Analizator
(AAA) T-339 (Microtechna, Czech Republic) auto-
matic analyser using LG ANB cation exchange resin
with SOs active group (Kozyr et al., 2002). Haemato-
logical parameters were determined as follows: haemo-
globin content — hemoglobin cyanide method using a
hemoglobinometer type HG-202 (APEL, Japan),
erythrocytes and leukocytes — counted using Goryaev's
camera (grid contains 225 large squares; 15 rows of 15
large squares each), to study the feeding efficiency
(such as slaughter qualities) of the experimental birds
were carried out at the end of the experiment after
slaughter — four birds from each group by average live
weight per group (Ibatullin et al., 2017).

Slaughter was by cutting the sublingual vein after
stunning. Slaughter qualities were investigated accor-
ding to the following indicators: pre-slaughter live
weight of poultry after 12 hours of fasting; mass of
ungutted carcass — mass of carcass exsanguinated and
without plumage; mass of half-gutted carcass — carcass
exsanguinated, without plumage and intestines; the
mass of the gutted carcass — the mass of the exsangui-
nated carcass, without plumage, head, legs, wings,
intestine; mass of edible and inedible parts (Ibatullin et
al., 2017).

During the experiment, the preservation of livestock
was recorded according to the count of dead birds.

Statistical analysis

Processing of experimental data and statistical
analysis of the results were performed on a PC using
MS Excel 2019 software (Microsoft, USA) and
Statistica 12.6 (Dell Technologies, USA) using built-in

statistical functions. Statistical functions are functional
software modules that implement individual statistical
formulas (calculation of average values, correlation
coefficient, etc.), and can be used in formulas. The
small sample method was used. The method of small
samples provided for the determination of the arith-
metic mean values (X) and the deviation of the arith-
metic mean values (x SD). The data in the tables are
presented in the form of x + SD (mean * standard
deviation). Statistical evaluation of differences was
performed using Student's t-test. The difference was
considered significant if the calculated criterion for the
reliability of the difference (experimental) is equal to or
exceeds the standard value of the Student’s t-test.The
results of the average values were considered statisti-
cally significant at * P<0.05; ** P<0.01; ***
P < 0.001 (Rudenko, 2012).

Results

It was found that feed consumption per kg of growth
decreased by 7.7% in the 111 group, and by 12.9% in the
IV group (compared to control group). There was no
significant effect of the probiotic supplement for group
Il (Table 3).

Poultry fed additional Entero-active probiotic increa-
sed feed conversion in proportion to the dosage of
probiotic supplements. However, feed consumption per
kg of gain were lower in all of the groups than in the
control group.

Table 3. Effect of probiotic supplement on feed consumption, kg
Indicators Group
Control 1l 11 v

Feed consumption during the experiment:
- total for the group 1922 189.4 193.8 195.0

- per bird 384 378 3.88 3.90
Feed consumption per 1 kg gain:

- total for the group 195 189 180 1.70
- compared (%) to the control group - -0.06 0.15 0.25
- compared (%) to the control group ~ — 3.07 77 129

The highest digestibilities of protein and nitrogen-
free extractives (NFE) were observed when the average
dose of the additive was additionally fed; they were
higher by 3.4% and 4.0% (P < 0.001) than the control.
The broilers of the Il and IV groups had increased
digestibility of protein, although a significant diffe-
rence with the control was not found (Table 4).

Table 4. Effect of probiotic supplement on coefficients of feed
nutrients' digestibility, % + SD

. Group
Traits - —c ol 0 M v
DIy 7704039 797+101  80.3+0.24%% 80.2 +0.45%
matter

Protein 84.1+0.32 85.6+0.70 87.5+0.11*** 84.8+0.95
Fat 948+0.08 94.6+0.30 95.0+0.10 93.5+0.22**
Fibre 6.1£2.05 26.3+343** 221+ 1.14*** 37.2.+2.26***
NFE  86.6+0.24 88.1+0.57* 90.6+0.16*** 87.9+0.17**

* significant at P < 0.05 compared with control group; ** significant
at P < 0.01 compared with control group; *** significant at P < 0.001
compared with control group. NFE — nitrogen-free extractives
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Feeding the probiotic maximum dose increased the
dry matter digestibility (P < 0.01), the average dose
also increased the dry matter digestibility (P <0.01)
relative to the control group. The maximum dose of the
additive caused the highest digestibility of fibre by
broilers (P < 0.001). However, in groups Il and 111 the
fibre digestibility was higher than in the control by
20.2% (P < 0.01) and 16.0 % (P < 0.001), respectively.
Group Il consumed the lowest dose of probiotic
supplement; they outperformed NFE digestibility in the
control group by 1.5% (P < 0.05). The consumption of
probiotics in group IV increased NFE digestibility
(P <0.01). However, it caused a decrease of fat digesti-
bility (P <0.01). Probiotics application for broiler
chicken feeding had a positive effect on the digestibility
of amino acids (Table 5). The broiler chickens fed the
average dose of the supplement had the highest diges-

tibility of amino acids. The digestibility of such essen-
tial amino acids as lysine, histidine, arginine, valine,
methionine, isoleucine and leucine in group Il signifi-
cantly exceeded the control group values (P < 0.001).
In group 1l the absorption of phenylalanine was lower
(P <0.001) than the control sample.

Feeding the minimum dose of probiotics caused a
decrease in the coefficients of digestion of amino acids
compared to control values. The highest digestibility of
aspartic and glutamic acids was found in group III,
which was higher (P < 0.001) compared to the control
group. The digestibilities of threonine (P < 0.001),
serine (P <0.001), proline (P <0.001), glycine (P
< 0.001), alanine (P <0.001) and cystine (P < 0.001)
were higher in group 11l compared to the control. The
highest content of tyrosine was observed in group 1V
(P <0.01). The retention of mineral elements in the
feed of broiler chickens are listed (Table 6).

Table 5. Effect of probiotic supplement on digestibility of amino acids by broiler chickens, % + SD

Amino acids Group

Control 1 1l \Y
Lysine 87.0+0.24 84.3 £0.74* 91.8 £0.15%** 88.5+0.21**
Histidine 90.5+0.22 87.7 £0.49** 94.3 £ 0.09%** 91.8 +0.45*
Arginine 88.1+0.09 82.7 £0.90** 93.0 £0.21*** 91.4 £ 0.24***
Aspartic acid 83.4+1.52 79.0 £1.52* 88.7 £0.14*** 86.0 £ 0.30**
Threonine 81.9+0.29 76.1 £ 0.93** 89.4 £ 0.29%** 85.5 £ 0.28***
Serine 82.8+£0.49 72.9 £1.25%** 88.8 £0.19*** 85.8 £ 0.40**
Glutamic acid 83.9+0.34 86.2 £ 0.65* 93.6 £0.12%** 90.9 £ 0.21***
Proline 85.9 +0.334 79.5 + 0.53*** 90.2 + 0.10*** 88.2 +0.21**
Glycine 76.9£0.44 61.1 +1.88*** 83.2 £ 0.45%** 78.1+0.42
Alanine 76.1+0.75 58.4 £ 2.29%** 82.7 £0.48*** 74.5+0.43
Cystine 89.8+0.10 85.2 + 1.16** 92.2 £0.19*** 88.3£0.55
Valine 84.5+0.35 71.4 £ 1.49%** 88.6 £ 0.36*** 86.2 £0.43*
Methionine 93.9+0.07 92.9+0.43 96.5 + 0.40%** 92.9 +0.28*
Isoleucine 78.4+0.29 75.0 £ 0.95* 86.0 + 0.30*** 82.1 + 0.35%**
Leucine 85.8 +0.26 75.7 £ 0.81%** 89.9 + 0.11%** 87.9 + 0.23***
Tyrosine 86.6 +£0.49 75.2 £ 0.85*** 88.7 £0.51* 91.2 £ 0.60**
Phenylalanine 88.9+£0.45 57.0 £ 1.30*** 89.5+0.23 88.0 £0.28

* significant at P < 0.05 compared with control group; ** significant at P < 0.01 compared with control group; *** significant at P < 0.001

compared with control group.

Table 6. Effect of probiotic supplement on retention of mineral feed elements, % + SD

Mineral elements Group

Control 1 Il v
Calcium 17.9 £ 1.53 39.9 £ 2.82*%** 40.1 £ 0.91*** 41.4 + 1.49%**
Phosphorus 60.8 £ 1.42 67.7 £ 1.95* 66.8 + 1.02* 66.4 +2.18
Magnesium 31.8+1.14 32.7+3.95 40.8 + 0.68*** 44,0 +1.69**
Manganese 7.2+245 31.8 +£3.29** 26.0 £ 1.13*** 40.3 + 1.36***

* significant at P < 0.05 compared with control group; ** significant at P < 0.01 compared with control group; *** significant at P < 0.001

compared with control group.

Broilers additionally fed probiotic additive had
increased retention of Ca and Mn in the all treatment
groups (P <0.001 and P <0.001) compared to the
control group.

A significant difference in increase in the phosphorus
absorption was observed in groups Il and 111 (P <0.05)
compared to the control group. The probiotic
supplement had a positive effect on Mg content in
groups Il and IV (P <0.001) compared to the control.

The effect of probiotic supplement on morphological
analysis of the blood in broilers are presented in Table 7.

Table 7. Effect of probiotic supplement on morphological
parameters of broiler blood

Parameters Group

Control 1 11 \
Leukocytes, G 18.1+0.96 20.8+0.92 20.1+080 21.0+1.88
Erythrocytes, TI* 3.0+£017 29+0.08 28+007 28004

Haemoglobin, g I* 106.5+5.28 122.0 +4.97 121.5+2.60* 116.0 +2.49
ESR, mm h™* 17+055 15+033 17+055 15+0.33

* results of the mean values + SD were considered significant at
P <0.05 compared with control group. ESR - erythrocyte
sedimentation rate
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The highest number of leukocytes relative to the
control group was recorded in group 1V, it was higher by
16.0%, but no significant difference was found. The
erythrocyte level of the treatment groups did not differ,
neither was the erythrocyte sedimentation rate (ESR)
affected by the experimental diets. The highest
haemoglobin contents were observed in groups 1l and 111
(P <0.05). The probiotic additive had a positive effect
on the slaughter indicators of broiler chickens (Table 8).

Broilers in groups Il and IV had a higher pre-
slaughter live weight (P <0.001) compared to the
control and group Il. The broilers in groups Il and IV
had an increased weight of ungutted and gutted
carcasses compared with chickens in the control group
and group Il. The weight of semi-gutted carcass was not
affected by the probiotic supplementation.

Table 8. Effect of probiotic supplement on slaughter qualities indicators + SD of broiler chickens

Indicators Group

Control 1 11l v
Pre-slaughter weight, g 2064.5+15.3 2104.0+14.8 2258.0 + 26.7*** 2410.7 + 95.6**
Ungutted carcass weight, g 1867.2+8.3 1923.0+55.9 2 031.0 + 24.8*** 2148.0 £ 93.1**
Semi gutted carcass weight, g 1650.5+53.0 1652.5+73.0 1793.2+30.0 1918.0 +101.6
Gutted carcass weight, g 1406.0 +18.2 14125+89.5 1540.5 + 29.5** 1650.0 + 82.14*
Mortality of broiler chickens, % 4.0 3.0 25 2.0

* significant at P < 0.05 compared with control group; ** significant at P < 0.01 compared with control group; *** significant at P < 0.001

compared with control group.

Discussion

This research showed that probiotic supplement
application caused a reduction of feed consumption and
increased broiler productivity. The results are consis-
tent with the study by Podolian (2016) showing the
effective action of a probiotic feed additive on live
weight, the growth and slaughter indices of cross Ross-
308 broiler chickens. The feed consumption per kg of
growth was higher in the control group chickens. How-
ever, it was found that the administration of probiotic
feed additive increased the live weight, the undressed
carcass weight, half-dressed carcass weight and dressed
carcass weights compared to the control group. Cengiz
et al. (2015) have also reported a positive effect on the
productivity and growth of broilers fed probiotic
additives.

It is conjectured that the better slaughter rates of
broilers fed probiotic supplement was caused by increa-
sed feed intake and improved digestibility of feed
nutrients, amino acids and minerals (Rajesh et al.,
2020). According to He et al. (2019), the probiotic is
able to improve the activity of digestive enzymes of
poultry. Slaughter rates of broilers of groups Il and IV
increased, in particular preslaughter live weight and
gutted carcasses live weight.

The results are consistent with research results that
were carried out with other broilers. The positive effect
of probiotics on slaughter rates has been previously
mentioned, in particular, that their use increases
slaughter qualities and improves the development of
internal organs and digestive organs (Patreva,
Shevchenko, 2010; Otchenashko, 2012). The addition
of probiotics (500 mg/kg in the first phase and 300
mg/kg in the second phase) could improve broilers'
growth performance, nutrient retention, and serum
antioxidant capacity, improve their intestinal health via
improving jejunal mucosal barrier function and
intestinal morphology.

Previous studies (Urdzik, 2010; Balukh, 2016) con-
firm the positive effect probiotic additives have on

amino acid absorption and retention of mineral feed
elements in poultry. The findings on increased nutrient
digestibility under the influence of probiotic additives
are consistent with previous studies (Belova et al.,
2009; Urdzik, 2010; Fedorchenko, 2017; Azemraw,
Sewalem, 2017).

Haemoglobin increased in the blood of broiler
chickens that consumed a probiotic during the experi-
ment. The results are consistent with studies that have
shown a positive effect of probiotic feed additives on the
animals' haemaglobin (Mashkin, 2010; Poberezhets,
2020).

The positive effect of probiotics on slaughter yield has
been noted previously (Patreva, Shevchenko, 2010;
Otchenashko, 2012) in particular, that their use increases
slaughter live, weight of ungutted and gutted carcasses.

Translocation of probiotic bacteria from the intestine to
the blood and the following bacteraemia is one of the
critical issues that should be considered when probiotics
are supplemented in the diet (Lopetuso et al., 2017).
According to Zaghari et al. (2020), probiotic bacteria do
not enter the bloodstream following use of a probiotic
feed additive for poultry feeding. So there is no likeli-
hood of complications from high microbial count and
septicaemia arising from the presence of these bacteria
and bacteriocin produced by them in the blood of broiler
chickens. Thus, probiotic feed additives have a positive
effect on the productivity, digestibility of nutrients in
broiler feed and are safe for poultry.

Conclusion

This study has shown the use probiotic supplement
had a positive effect on the digestibility of feed
nutrients, increased the absorption of amino acids and
minerals in the body and enhanced metabolic processes
in broiler chickens. In addition, the feed consumption
per kg of growth was lower when probiotic supplement
was used. Additionally, the pre-slaughter live weight
increased and the weight of ungutted carcasses and
gutted carcasses also increased.
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ABSTRACT. In recent years bacterial diseases of agricultural plants have
reached a new level of epiphytoty and they appear as an essential factor
that influences crop yield. It is important to use products, which provide
the eradication of pathogenic agents and the prevention of their
development and propagation. The objective of our study is to define the
effect of probiotics, based on Bacillus subtillis, on bactericidal and
fungicidal activities, and to develop the recommendations for probiotics
application in a biological system of plant protection. The results show
that studied solutions Sviteco-PPW, Sviteco-OPL and Sviteco-Agrobiotic-
01 affect phytopathogenic bacteria. Sviteco-Agrobiotic-01 either is the
most active product, in its native state or diluted. It has demonstrated high
antagonizing activity against all studied phytopathogenic bacteria. Hence,
Sviteco-Agrobiotic-01 has the best potential to be used in the biological
protection system of grain crops, grain legumes, vegetables from the most
dangerous and widely spread pathogenic bacteria. Research results don't
show a significant effect of studied probiotics on phytopathogenic
fungicidal activity.
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Introduction

Pathogenic organisms, invaders or weeds are the main
factors that do not allow to obtain high crop yield. Eco-
logical conditions of ecosystem development are chan-
ging significantly and that is why scientists are more likely
to consider either plant resistance support or to take advan-
tage of the natural potential of agroecosystems. On the
other hand, the harmful impact of plant protection pro-
ducts on the agroecosystem and, more precisely on hu-
mans, stimulate the industry to use biological or micro-
biological methods of plant protection against pathogens.
These approaches are ecologically safe for the ecosystems
and human beings (Patyka et al. 2014a, Patyka et al
2014b).

Microbiological techniques of plant protection
against diseases and pathogens have an important role
in ecologically sustainable agriculture. The demand for
such drugs is growing in recent years. Biological

methods of protection permit significantly reduce the
costs of the production technology. Moreover, combi-
ned methods of protection prevent the uprise of resis-
tances that are only observed upon the usage of
chemical pesticides.

There is a sustainable market of different products
based on probiotic cultures, which indicates the benefit
of them. The scientific research proves the mechanisms
of their action. The capacity of spore-forming bacteria
to perform probiotic activity has led to the development
of probiotic-based products, which are considered to be
a new generation of antagonists (Green et al., 1999).
The unique feature of this bacterial group is the high
G—+C ratio (from 32% to 69%) (Nakano et al., 1998).

Bacillus is a genus with about 77 species that create a
large group of Gram-positive chemoorganotrophic rod-
shaped aerobes or facultative anaerobes forming endo-
spores (List of Prokaryotic names with Standing in
Nomenclature). The representatives of this genus have
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a high and diverse spectrum of biological activity. Very
often it is also characterized by antagonizing activity
against pathogens.

The crucial features of probiotic strains are a high
antagonism to pathogens and opportunistic microorga-
nisms, the resistance to low pH of the environment, low
adhesive activity, the absence of genes of antibiotic
resistance and virulence.

As for today, we know about microbiological manure
based on nitrogen-assimilating and phosphate-mobili-
zing bacteria. Many strains used in these fertilizers have
an antagonizing effect on phytopathogenic flora. There-
fore, a new and perspective way of disease prevention
and crop yield increase is the application of probiotics.

The research aimed to determine the influence of
microbiology products, based on Bacillus subtilis on
bactericidal and fungicidal activity and their further usage
in the biological system of agrophytocenosis protection.

Materials and Methods

Our experiment envisaged the study of three pro-
biotic-based products: Sviteco-PPW, Sviteco-OPL,
Sviteco-Agrobiotic-01  (Chrisal NV,  Lommel,
Belgium), based on Bacillus subtillis. Was made the
determination of their antibacterial and fungicidal acti-
vity on phytopathogenic bacteria.

The bacterial sensibility was determined using a serial
dilution method on a solid medium — potato dextrose
agar. The product has been applied using a disc diffu-
sion method (instead of a disc with an antibiotic we
have used a drop of a probiotic drug). Petri dish with
potato dextrose agar (PA) was inoculated with 0.1 ml of
a bacterial suspension of studied bacteria (the concent-
ration of suspension was 1x109 CFU ml™") and then we
used a spreader to homogenize the pathogen culture.
Afterwards have added 0.1 ml of a tested drug in

different concentrations. After 24-48 hours in an
incubator at 28 °C, we have made the accounting of
inhibition zones. Every experiment has been repeated
three times. The absence of inhibition zones indicated
the resistance of pathogens to this concentration of a
product. Zones with a diameter higher than 15 mm
signify the low sensitivity to a product. Inhibition zones
with a diameter of 15-25 mm are characteristic of
sensible bacteria. Highly sensible bacteria show the
inhibition zones with a diameter of more than 25 mm
(Dankevych et al, 2014). Bactericidal action of
solutions was determined using test cultures: Pseudo-
monas syringae — UKM B-10277 (IMB 8511); Pseudo-
monas fluorescens, Pectobacterium carotovorum —
UKM B-1095" (IMB 8982); Xanthomonas campestris
pv. campestris — UKM B-1049 (IMB 8003); Clavi-
bacter michiganensis subsp. michiganensis 10,; Agro-
bacterium tumefaciens (Rhizobium vitis) 8628.

The fungicidal activity was determined using a wort
agar (Merck, Germany). Phytopathogenic strains of
Fusarium oxysporum and Alternaria sp. were used to
determine the fungicidal action of the products. For this
experiment, we have used products in a 100% concent-
ration and diluted state (1:10, 1:100, 1:1000 and
1:10000). The conclusion about the biocide activity
was made from inhibition zones on the third and fifth
day of incubation.

Results

Identification of influence of probiotics on bacteri-
cidal activity

Obtained results indicate, that Sviteco-Agrobiotic-01
is the most effective among the three tested products.
Both in native state and diluted it has shown high
antibacterial activity against all tested phytopathogenic
bacteria (Table 1).

Table 1. Effect of probiotics on phytopathogenic bacteria (diameter of the inhibition zones, mm)

Native state

Concentration

Phytopathogenic bacteria

1:10 1:10°? 1:10° 1:10* 1:10° 1:10°°
Sviteco-PPW
P. syringae 20 15 0 0 0 0 0
P. fluorescens 0 0 0 0 0 0 0
P. carotovorum 0 0 0 0 0 0 0
X. campestris pv. campestris Full BA 40 28 0 0 0 0
C. michiganensis Full BA 35 22 5 0 0 0
A. tumefaciens 0 0 0 0 0 0 0
Sviteco-OPL
P. syringae 15 13 10 BsA-18 BsA-9 0 0
P. fluorescens 0 0 0 0 0 0 0
P. carotovorum 30 20 0 0 0 0 0
X. campestris pv. campestris 50 40 15 13 0 0 0
C. michiganensis 50 35 24 15 0 0 0
A. tumefaciens 20 13 0 0 0 0 0
Sviteco-Agrobiotic-01

P. syringae 50 30 25 25 10 weak BsA 0
P. fluorescens 30

P. carotovorum 50 25 22 27 0 0 0
X. campestris pv. campestris 40 35 30 15 10 0 0
C. michiganensis 60 30 18 15 13 0 0
A. tumefaciens 50 35 15 5 0 0 0

BA — bactericidal action, BsA — bacteriostatic action
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It was found, that bacterial species Pseudomonas
syringae, Xanthomonas campestris and Clavibacter
michiganensis is sensible even to a solution diluted
1:10000. Sviteco-Agrobiotic-01 diluted in 1000 times
has shown high antibacterial activity against Pseudo-
monas syringae and Pseudomonas fluorescens; mode-
rate antibacterial activity on Xanthomonas campestris
and Clavibacter michiganensis; weak activity against
Agrobacterium tumefaciens. To limit the spread of
phytopathogenic bacteria Pseudomonas syringae and
Pectobacterium carotovorum Sviteco-Agrobiotic-01,
diluted 1:1000, can be used.

Sviteco-PPW and Sviteco-OPL have shown selective
antibacterial activity against certain pathogens. Hence,
Sviteco-PPW has antibacterial activity on Pseudo-
monas syringae only in a native (non-diluted) state and
in a 1:10 dilution. Xanthomonas campestris and Clavi-
bacter michiganensis were not sensible to a product
neither in the native state nor in 1:10 or 1:100 dilutions.
There was no toxic action observed against Pseudo-
monas fluorescens or Agrobacterium tumefaciens.

Sviteco-OPL has a selective activity to phytopatho-
genic bacteria mostly in a native state. The exception is
the antibacterial activity on Xanthomonas campestris
and Clavibacter michiganensis, which has been revea-
led even using a 1:1000 dilution.

Thus, 1:100 or 1:1000 dilutions of Sviteco-Agro-
biotic-01 can be used to develop biological methods of
plant protection against all tested phytopathogenic
bacteria. Sviteco-OPL can be employed to protect
plants only against Xanthomonas campestris and Clavi-
bacter michiganensis.

Identification of influence of probiotics on fungi-
cidal activity

The results of our study of fungicidal activity prove
that probiotics have no toxic action against all tested
phytopathogenic fungi (Table 2).

Table 2. Effect of probiotics on phytopathogenic bacteria
(diameter of the inhibition zones, mm)

Micromycete Native Concentration
state  1:10" 1:10° 1:10° 1:10*
Sviteco-PPW
Fusarium oxysporum 0 0 0 0 0
Alternaria sp. 0 0 0 0 0
Sviteco-OPL
Fusarium oxysporum 15 0 0 0 0
Alternaria sp. 15 0 0 0 0
Sviteco-Agrobiotic-01
Fusarium oxysporum 10 0 0 0 0
Alternaria sp. 10 0 0 0 0

During the examination of Sviteco-PPW all the
dilution and in the native state has no zones of growth
inhibition. Products Sviteco-OPL and Sviteco-Agro-
biotic-01 show fungicidal activity only in a native state.
However, the diameter of inhibition zones was not
bigger than 15 mm, which indicates the pathogen
resistance to this probiotics. Hence, products, based on
probiotics, do not affect to the development of Fusa-
rium oxysporum and Alternaria sp.

Discussion

Scientific research (Vandenberghe et al., 2017)
showed probiotic microorganisms, as bioprotectants,
bio-controllers, biofertilizers, or biostimulants, are
beneficial microorganisms that offer a promising
alternative and reduce health and environmental prob-
lems. These microorganisms are involved in either a
symbiotic or free-living association with plants and act
in different ways, sometimes with specific functions, to
achieve satisfactory plant development. The use of
probiotics as an alternative soil fertilization source in
agriculture improves nutrient supply and conserves
field management and causes no adverse effects.

Another research (Barriuso et al., 2008; Zhang et al.,
2008) confessed salt tolerance in plants, a decrease in
the disease index of 61.2%, and a reduction in mortality
due to salt stress of 72.4% after application Bacillus sp.
strain. Additionally, significant differences were found
in the growth of plants and photosynthesis. Showed an
increase in dry biomass, total soluble sugars and proline
content in wheat crops (Upadhyay et al., 2012).

The study of the potential of Bacillus sp. as a pro-
biotic was made by Khadieva et al. (2018). The strains
were resistant to a wide range of the ambient pH,
characterized by antagonistic properties against phyto-
pathogenic micromycetes, as well as against patho-
genic and opportunistic enterobacteria. Therefore, were
concluded to be promising strains for use as probiotics.
Bacillus subtilis strain showed strong ability against
many common plant fungal pathogens in vitro (Gong et
al., 2006).

The research results of Avdeeva et al. (2015) has
defined high antagonizing activity of B. Subtilis against
Shigella flexnery, Proteus vulgaris, P. Vulgaris,
Staphylococcus aureus as well as a moderate level of
antagonism on Salmonella thyphimurium, Ecsherichia
coli and a low level of antagonism against S. enteri3a,
S. Derby, Pseudomonas aeruginosa. Hrabova et al.
(2015) have found out the antagonizing effect of 100
strains of genus Bacillus against ancient and actual
strains of phytopathogenic bacteria and fungi. It was
identified that the level of antagonizing activity against
phytopathogenic bacteria has varied depending on the
genus of pathogens. The average level of antagonism
against fungi has been revealed among 30% of bacilli.
The strain Bacillus sp. has been isolated. It has a high
and moderate level of antagonism against bacterial and
fungal phytopathogens. Hence, this strain is considered
to have a lot of potential for biological drug develop-
ment for plant growth.

High antimicrobial activity of B. Subtilis has been
studied by Cutting (2011); Karlsson et al. (2017);
Khadieva et al. (2018). They have characterized the
perspective of these cultures to be used as probiotics.
The resistance to a wide range of pH has been confir-
med along with the identification of antagonizing effect
on phytopathogenic micromicelles.
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Thus, studies of scientists confirm our research of
antagonizing effect of probiotic cultures. So, the appli-
cation of these probiotic-based drugs to control phyto-
pathogens is a perspective and innovative approach.

Prospects for future research is field investigation of
probiotic products depending on the type of crops and
method of application.

Conclusion

Research results show that studied probiotics affect
phytopathogenic bacteria. Sviteco-Agrobiotic-01 has a
high antibacterial activity on bacteria species Pseudo-
monas syringae, Pseudomonas fluorescens, Pectobac-
terium carotovorum subsp. carotovorum in a 1:1000
dilution; or on Xanthomonas campestris pv. campestris
and Clavibacter michiganensis subsp. michiganensis in
a 1:100 dilution. Sviteco-PPW and Sviteco-OPL have a
selective antibacterial activity in a 1:100 dilution.

Studied products Sviteco-PPW, Sviteco-OPL and
Sviteco-Agrobiotic-01 haven’t fungicidal activity
against fungal test cultures: Fusarium oxysporum and
Alternaria sp.

Therefore, among studied products, Sviteco-Agro-
biotic-01 has the best potential to be used in the
biological protection system of grain crops, grain legu-
mes, vegetables from the most dangerous and widely
spread pathogenic bacteria.
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However, the activity of urease and catalase — increases in the soils of
the organic system of agriculture. Discriminant analysis of biological
activity identified three groups of soils, corresponding to different
farming systems. This confirms the possibility of using the studied
indicators for soil biodiagnostics.
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Introduction of a significant part of biomass and nutrients contribute
to the development of degradation processes of soil
cover, such as the formation of the arable horizon,
erosion, destruction of structural aggregates, compac-
tion, decarbonization, desertification, salinization,
reduction of biological diversity etc. (FAO and ITPS,
2017; Tikhonenko, 2011; Medvedev, 2008).

In soil biodiagnostics, the most complex sections are
biochemical and microbiological characteristics of
soils. Microbial communities are a certain ecolotrophic
combination of microorganisms of different species
that directly affect soil fertility. It is established that a
significant part of microorganisms take a active part in
the transformation of organic matter and mineral part
of the soil. A close positive relationship between crop
yields and soil biological activity has been noted by

At the present stage of soil genesis, the most influen-
tial factor there is a human agricultural activity, as
evidenced by the huge area ploughed lends and
unprecedented rates of soil degradation not only in
Ukraine but also around the world (National report...,
2010; FAO, 2020). Agrogenic soil formation is funda-
mentally different from natural, especially the rate of
transformation of organic and mineral parts of the soil.
Human agricultural activity often leads to the suppres-
sion of soil biosphere functions and harms the eco-
system. The most striking example is arable land,
where there is a radical change in the entire biogeo-
cenosis. Intensive tillage, application of mineral fertili-
zers and pesticides, change of vegetation and alienation
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many researchers (Karpenko et al., 2020; VVolkohon et
al., 2017). The microorganisms studied by us take an
active part in the processes of mineralization-synthesis
of organic substances in the soil. For example, the
number of ammonifying and amylolytic microbiota,
which reflect the intensity of mineralization processes,
are good indicators of microbiological processes
occurring in the soil (Volkohon et al., 2019). Also,
various researchers have found that in arable soils there
is a decrease in the number of microscopic fungi, but
increases the number of phytopathogenic fungi and
actinomycetes (Pesakovic et al., 2009; Stanojkovi¢ et
al., 2011).

Nowadays, scientists, not only in Ukraine but all over
the world, agree that living organisms are the most
informative indicators of changes occurring in the soil
(Paz-Ferreiro et al., 2016). Therefore, the study of soil
biological activity under different farming practices is
especially relevant.

Materials and Methods

Typical deep medium loamy chernozems on the loess
(molik, mollisol) located on the territory of Zinkiv district
of Poltava region were selected for research (forest-steppe
zone, Ukraine). The soils are located on the plateau of the
watershed between the rivers Psel and Vorskla.

The selection of individual soil samples took place
during 2018-2020 in the fields of farms operating
under two radically different systems of agriculture.
Organic technology farms abandoned ploughing in
1975, herbicides and other agrochemicals in 1978, and
mineral fertilizers a few years later. On another farm,
working on traditional technology, a system of different
tillage is used: deep loosening, ploughing, disking and
cultivation. The technology of growing crops involves
the use of seeds, fertilizers and plant protection
products only from the best domestic and foreign
producers. New agricultural machinery is used in farms
and elements of precision agriculture are introduced
into production: GPS-monitoring systems, autopilo-
ting, remote sensing methods, yield monitoring, variab-
le sowing rates and differentiated fertilizer application.

The first soil profile is located on a field with an area
of 143 hectares, wherein the crop rotation link a vetch
yara (Vicia sativa L.) is grown for green manure — is a
variant of the organic farming system (green manure).
The crop rotation is shown in Table 1, and techno-
logical operations in Table 2.

The second soil profile is located on a plot that has
not been cultivated for over 30 years — it is variant
fallow. Legumes, cereals and other wild plants grow in
this area. The variant of fallow is controlled.

The third soil profile is located on a field with an area
of 94 hectares, where the compost made from cattle
manure is applied at a dose of 20 t ha* — is a variant of
the organic farming system (compost).

The fourth soil profile is located on a field with an
area of 125 hectares, where use the full range of plant
protection products and fertilizers (intensive).

Table 1. Crop rotation and fertilizer system during the research
period

Variant Year
2018 2019 2020
Organic Vetch yaraon  Winter wheat Wintering peas
farming system  green manure (green manure, — moved corn
(green manure) 15tha™ of to silage
green mass)

Fallow Weeds
Organic Corn for grain Oat Soybeans
farming system (20 t ha*of
(compost) compost from

cattle manure)
Intensive Corn for grain Sunflower Corn for grain
farming system  (N130P30Ks0) (N3sP15K30) (N130P30K30)

The selection of individual soil samples was carried
out in the first decade of May, August and November
during 2018-2020. Soil sampling was performed from
depths of 0-10, 10-20, 20-30, 30—40 cm. Soil sampling
for the study of mesofauna was performed with
cylinders with a volume of 1 dm?3. Catch of springtails
and oribatides samples were performed in simple
Tulgren funnels, followed by their fixation in aqueous-
alcohol solution with the addition of 3% glycerol. The
number of microarthropods was recalculated by 1 dm?®
in the corresponding soil layer, this method was
described by Gilyarov (1975) and Bater (1996).

The number of microorganisms was determined by
the method of deep sowing of soil suspension on dense
nutrient media, all methods described by Volkohon et
al. (2010), Shchukovs'kyy et al. (2002) and Titova et
al. (2012). The number of representatives of different
ecological and trophic groups of microorganisms was
taken into account by sowing dilutions of soil suspen-
sion on the following elective nutrient media: meat-
peptone agar (MPA), starch-ammonia agar (SAA),
peptone-glucose agar — Waxman's agar (PGA), hangry
agar (HA), Ashby’s agar (ASH), nitrite agar (NA).

The activity of the following soil enzymes was
studied: catalase, urease, dehydrogenase, protease and
cellulase, all methods described by Khaziev (2005) and
Titova et al. (2012).

The activity of the enzyme catalase was determined
by the gasometric method by Galstyan (Khaziev,
2005). The essence of the method is to determine the
amount of oxygen released during the decomposition of
hydrogen peroxide. The activity of the enzyme inver-
tase was determined by a modified photocolorimetric
(UNICO 1205, USA) method of Khaziev (Khaziev,
2005). The essence of the method is to determine the
optical density of the solution after the reduction of
copper by glucose and fructose, released during the
hydrolysis of sucrose. Urease activity was determined
by the colourimetric method of Scherbakova (Khaziev,
2005), by determining the amount of ammonium
released using Nessler's reagent (BASF, Germany).
Dehydrogenase activity was determined by Galstyan's
method, by photocolorimetric determination of the
amount of formed triphenylformazan (TFF). Protease
activity was determined by the method of Galstyan-
Harutyunyan (Khaziev, 2005), a method based on the
ability of proteases to decompose the protein substrate

Agraarteadus | Journal of Agricultural Science 2 e XXXII @ 2021 307-313



Biological activity of chernozems typical of different farming practices

309

into amino acids, followed by photocolorimetric
(UNICO 1205, USA) determination of their amount
using ninhydrin (Biochem, France). Cellulase activity
was determined based on the ability of the enzyme to
decompose biopolymers to glucose, the amount of

Table 2. Technological operations for the period 2018-2020

which is determined iodometrically by back titration
with sodium hyposulfite (Merck).

Mathematical analysis of the data was performed with
Microsoft Excel 2010 and Statgraphics 18.1 trial. Multi-
factor ANOVA and Discriminant Analysis were used.

2018

2019

2020

Variant organic farming system (green manure)

- harvest of the predecessor in 2017 -
earnings of crop residues by a disk cultivator -
to a depth of 6-8 cm

disking (12-14 cm)

early spring cultivation (4 cm)
pre-sowing cultivation (4 cm)
sowing of vetch yara (continuous sowing) -
disking of green manure to a depth (6-8 cm) -
in two tracks

- pre-sowing cultivation (5 cm)

sowing of winter wheat

harvesting of straw

(10-12 cm)
cultivation (6-8 cm)

early spring harrowing
harvesting by direct combining -

earnings of crop residues by a disk cultivator -

pre-sowing cultivation (5 cm) -
sowing of winter peas

- cultivation (6-8 cm)

earnings of crop residues by a disk cultivator
to a depth of 12-14 cm

pre-sowing cultivation (6 cm)

- sowing corn for silage because the peas are
gone

two inter-row cultivation

- collection of green mass on a silo
cultivation (12-14 cm)

Variant organic farming system (compost)

- harvest of the predecessor in 2017 -
earnings of crop residues by a disk cultivator
(6-8 cm)

disking (12-14 cm)

rolling by heavy ring- spur rollers (spring)
export and application of humus (compost)
cultivation to a depth of 6-8 cm

pre-sowing cultivation (6 cm)

sowing of corn

- harrowing of ladders

three inter-row cultivation, and the last with
hilling

harvesting

earnings of crop residues by a disk cultivator
(6-8 cm)

cultivation to a depth of 12-14 cm

sowing of oats

harvesting of straw

(10-12 cm)

spring provocative cultivation (3—-4 cm) -
pre-sowing cultivation (4 cm) -

post-emergence harrowing -
harvesting by a separate method -

earnings of crop residues by a disk cultivator -

early spring harrowing

pre-sowing cultivation (4 cm)

- soybean sowing

pre-sowing cultivation (4 cm)

new soybean sowing

- post-emergence harrowing

three inter-row cultivation

- harvesting by direct combining

- earnings of crop residues by a disk cultivator
(12-14 cm)

- deep loosening to a depth of 26 cm

Variant intensive farming system

harvest of the predecessor in 2017
disking (12-15 cm)

deep loosening 35-37 cm (autumn) -
application of urea 250 kg ha™ (spring)
- cultivation (12-15 cm)

discussing (8-10 cm)

harrowing

- sowing of corn together with the -
introduction of a diamophos of 120 kg ha™
10:26:26 -

introduction of soil herbicide

care 1-2: application of insurance herbicide
+ foliar fertilization

care 3: application of insecticide (on the
panicle) -
harvesting by direct combining
disking (12-15 cm)

ploughing (25-28 cm)

disking (12-15 cm)

(12-15cm)

application of Ammonium Sulfate 100 kg ha™* -
cultivation (12-15 cm)

sowing of sunflower with the introduction of

complex fertilizers 115 kg ha™ 8:24:24 -
introduction of soil herbicide -
care 1: herbicide around the perimeter of the

field and inter-row tillage -
care 2: application of graminicide, fungi- -
cide, growth regulator and feeding on the

leaves (4-5 pairs of true leaves) -
care 3: application of insecticide, fungicide -
and foliar fertilization (asterisk) -
harvesting by direct combining -

harrowing

- sowing of corn together with the
introduction of a diamophos of 125 kg ha™*
9:25:25

introduction of soil herbicide

care 1: application of insurance herbicide +
foliar fertilization (3-5 leaves)

care 2: foliar fertilization (7-8 leaves)

care 3: application of insecticide (on the
panicle)

harvesting by direct combining

disking (1215 cm)

deep loosening (35-37cm)

application of urea 250 kg ha™

- cultivation (12-15 cm)

deep loosening (35-37cm)
application of urea 250 kg ha™ — cultivation

Results and Discussion

Results (Table 3) indicate a decrease in the number of
collembolas and a simultaneous increase in the number
of oribatids in the soils of agrocenoses, and their ratio
(Acari / Collembola) is 0.5-1.4, which according to
other researchers (Ponge et al., 2003; Kalynovskyi,
2014; Coulson et al., 2015) is characteristic of forest
cenoses and disturbed soils. Under the fallow area, on
the contrary, the number of colembols is 2.2-3.4 times
greater. The application of organic fertilizers, especial-
ly green manures, in the variants of the organic system
of agriculture contributes to the increase in the number

of collembolas and oribatids compared to the variant of
intensive farming practices.

Studies have shown that the number of microarthro-
pods has a weak correlation with ecolotrophic groups
of microorganisms. There was also a moderate corre-
lation between the number of oribatides and cellulase
activity r = 0.43 and a significant correlation between
the number of colembols and invertase activity r = 0.53.

The largest number of microscopic fungi was recorded
in the soil layer of 0—10 cm variant of fallow (PGA =5.39
CFU*10% per 1 g dry soil). Agricultural use of soils
reduces the number of micromycetes by 1.5-2.0 times.
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Table 3. The average number of microarthropods in typical
chernozems under different farming practices (2018—2020)

Variant Depth, Collembola, indiv. Oribatida, indiv.
cm dmé dmét
0-10 50 125
Green 10-20 47 70
manure 20-30 30 51
30-40 22 51
0-10 55 75
Compost 10-20 56 53
20-30 39 28
30-40 29 27
0-10 101 43
Fallow 10-20 111 32
20-30 71 27
30-40 59 27
0-10 50 82
Intensive 10-20 56 89
20-30 37 86
30-40 49 53
S.E. 4.02 4.17
Farm F-Ratio 9.1 14.32
system P-Value >0.001 >0.001
LSDys 11.18 11.59
S.E. 3.9 4.05
Soil | F-Ratio 28.74 27.23
OTAYET b vzalue >0.001 >0.001
LSDys 10.85 11.26

Organic farming, especially the application of green
manures, increases the number of amylolytic microbiota
(Green manure, 0-10 cm — 2.84 CFU*10° per 1 g dry soil).

Mathematical and statistical analysis (Table 4)
showed no significant difference between the options
for the number of actinomycetes, ammonifying and
oligotrophic microbiota (P-Value: MPA = 0.9964,
ASH = 0.6772, HA = 0.9678, NA = 0.937, SAA
actinomycetes = 0.0746). A significant difference was
recorded only in the number of micromycetes and
amylolytic microbiota (P < 0.05).

The number of aerobic microbiota decreases sharply
from a depth of 20-30 cm. An intensive farming system
causes a decrease in the number of microorganisms in
the soil layer 0-10 cm and an increase in their number
in the soil layer 20-30 cm compared to other options.
This is due to ploughing and mixing different layers of
soil with plant debris. Our data are consistent with the
results of research by other scientists: Bulyhin et al.
(2018), Tsova (2016), Araujo et al. (2010).

Table 4. The average number of ecological and trophic groups of microorganisms in chernozems typical of different farming

practices (2018-2020)

Variant Depth, cm PGA SAA actinomycetes SAA MPA ASH HA NA
CFU*108 per 1 g dry soil CFU*10° per 1 g dry soil
0-10 2.75 25.43 2.84 2.62 291 4.99 0.69
Green 10-20 2.14 19.00 1.86 2.69 1.42 4.55 0.44
manure 20-30 1.08 10.09 0.72 0.63 0.88 1.01 0.26
30-40 0.86 4.32 0.42 0.53 0.51 0.76 0.20
0-10 3.06 21.52 2.08 2.45 2.07 4.19 0.58
Compost 10-20 2.15 16.47 1.72 2.48 1.92 411 0.50
20-30 1.09 7.13 0.73 0.92 0.83 0.52 0.25
30-40 0.63 5.28 0.44 0.62 0.54 0.37 0.20
0-10 5.39 16.06 1.78 2.45 1.72 4.26 0.58
Fallow 10-20 2.96 11.25 1.07 2.63 1.23 4.69 0.45
20-30 1.75 5.48 0.63 0.64 0.74 0.61 0.23
30-40 0.91 3.63 0.30 0.46 0.48 0.47 0.19
0-10 3.20 14.02 1.55 2.06 1.70 3.50 0.50
Intensive 10-20 2.55 12.61 1.60 2.54 1.55 4.49 0.50
20-30 1.46 6.05 0.92 1.17 111 0.71 0.41
30-40 1.13 5.73 0.49 0.79 0.75 0.43 0.26
S.E. 0.16 1.00 0.09 0.17 0.14 0.54 0.03
Farm system F-Ratio 2.77 2.32 4.36 0.02 0.51 0.09 0.14
P-Value 0.0411 0.0746 0.0048 0.9964 0.6772 0.9678 0.937
LSDys 0.45 2.78 0.23 - - - -
S.E. 0.16 0.97 0.09 0.16 0.14 0.52 0.03
Soil layer F-Ratio 49.29 42.42 51.86 31.61 21.17 11.25 29.31
P-Value 0,0000 >0.001 >0.001 >0.001 >0.001 >0.001 >0.001
LSDgs 0.44 2.7 0.26 0.46 0.39 1.46 0.09

The obtained data indicate a decrease in the activity
of such enzymes as invertase, protease, dehydrogenase
and cellulase under agricultural use of chernozems
typical compared to the fallow (Table 5). However, in
organic farming, the activity of urease and catalase is
much higher than in fallow. The activity of enzymes
with depth decreases. Only in the case of an intensive
system of agriculture because of mixing and rotation of
the formation (ploughing), there is a homogenization of
the 0—30 cm layer, which leads to a partial alignment of
indicators at these depths. A feature of the intensive
farming system is not a typical increase in urease

activity at a depth of 10-20 cm, which is a consequence
of the introduction of urea (14.6 mg NHs per 10 g of
soil for 24 hours). The application of organic fertilizers
in the variants of the organic system of agriculture
(especially the use of green manure) increases the
activity of all studied enzymes in comparison with the
soil of the variant of the intensive system of agriculture,
similar results were obtained in studies Kwiatkowski et
al. (2020), FlieRbach et al. (2007), Wozniak (2019).
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Table 5. Enzymatic activity of chernozems under different farming practices, the average for the years 2018-2020

Depth, Catalase, cm®* O, Invertase, mg of Urease, mg NH; Dehydrogenase,  Protease, mg of  Cellulase, pg of

cm per 1 g of soil for glucose per 1 g of per 10 g of soil mg of TFF per 10 glycine per 1 g of glucose per 10 g

Variant 1 min soil for 24 hours for 24 hours g of soil for 24 soil for 24 hours of soil for 48

hours hours

0-10 7.54 29.89 25.61 11.68 17.10 5.93

Green 10-20 7.36 20.94 18.55 9.43 5.42 5.84

manure 20-30 7.00 12.82 14.03 6.11 3.59 2.60

3040 5.79 7.78 12.20 4.28 4.08 2.10

0-10 6.35 22.47 16.07 11.83 11.65 6.20

Compost 10-20 6.24 18.83 16.15 9.37 5.91 5.22

20-30 6.12 11.45 13.28 7.32 3.55 2.60

30-40 5.46 8.44 11.93 5.90 2.44 1.76

0-10 5.63 35.83 14.62 12.37 21.96 6.37

Fallow 10-20 4.92 19.41 11.96 9.92 6.70 5.30

20-30 5.02 15.56 12.05 7.82 3.81 3.08

30-40 4.39 9.40 10.47 4.73 2.04 1.86

0-10 428 15.92 13.71 8.88 4.72 6.13

Intensive 10-20 4.03 16.12 14.60 9.11 3.66 3.76

20-30 3.97 15.78 12.34 8.68 3.23 3.13

30-40 3.57 10.64 12.20 6.84 1.70 2.34

S.E. 0.11 0.5 0.59 0.18 0.27 0.16

Farm F-Ratio 88.65 6.35 6.79 3.58 26.97 1.99
system P-Value 0.0000 0.0003 0.0002 0.0138 0.0000 0.1151

LSDos 0.29 1.39 1.64 0.51 0.76 0.43

S.E. 0.1 0.49 0.57 0.18 0.27 0.15

Soil layer F-Ratio 38.48 225.49 50.77 289.18 232.63 127.13
P-Value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

LSDos 0.28 1.35 1.59 0.49 0.74 0.42

Discriminant analysis (Fig. 1) of indicators of
biological activity of chernozem soils makes it possible
to distinguish different farming systems by a set of
predictors, the values of the canonical correlation are
0.24-0.73 under conditions of statistical significance

Equation of discriminant functions:

P < 0.05. As a result of mathematical and statistical
analysis, only those indicators were selected that
significantly affect the differentiation of chernozems of
different uses (F < 4.0), and normalized coefficients of
discriminant functions were determined.

1) 1,03302*Catalase + 0,343788*Urease — 0,567763*Dehydrogenase + 0,227503*Protease — 0,346053*PGA —
0,484932*MPA + 0,280742*ASH + 0,504131*HA — 0,398958*Collembola + 0,0209006*Oribatida

2) 0,337853*Catalase  —0,681677*Urease + 0,0231899*Dehydrogenase + 0,666935*Protease  +
0,0159984*PGA -0,554784*MPA -0,214321*ASH + 0,717943*HA + 0,741564*Collembola —

0,851151*Oribatida

3) 0,266271*Catalase —0,434354*Urease + 1,18612*Dehydrogenase —0,677315*Protease —0,603386*PGA +
0,629841*MPA-0,0744966*ASH —0,491181*HA —0,051398*Collembola —0,52884*Oribatida

Plot of Discriminant Functions

5.3

— Farming system
9 |@ Intensive
B Compost
4 | Green manure
1|t Fallow

0, 00338983

Function 2

art, 0, oopewoen

-3.4 -1.4 0.6

Function 1

Figure 1. Discrimination of chernozems is typical according to different farming practices on the basis of indicators of biological

activity of chernozems (built on Function 1 and Function 2)
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According to the equations of functions, the most
indicative is the data on the activity of catalase and
dehydrogenase, the number of micromycetes, oligo-
carbophilic and ammonifying microbiota and micro-
sarthropods. Some of these indicators are actively used
by other researchers in attempts to mathematically
model the relationship of microbiological activity with
indicators of fertility and soil formation processes and
the impact of weather conditions on them (Steinweg et
al., 2012; Demyanyuk et al., 2017; Demydenko, 2021;
Hryhoriv et al., 2021; Kvitko et al., 2021).

As a result of the performed discriminant differen-
tiation, 66.5% of the data sample by agricultural sys-
tems were reliably classified. For the most part, classi-
fication errors occurred between samples of the organic
farming system using green manure and compost.
According to the above figure, among the clusters of
predictors, three groups of indicators are quite clearly
distinguished, which are variants of the intensive
system of agriculture, fallow and organic system of
agriculture

Conclusions

Mathematical modelling development of chernozem
soils under different farming practices indicates signifi-
cant changes in soil formation processes under the
influence of human agricultural activity and allows
distinguishing "agrochernozem" from natural analogues.

It is recommended to use 10 indicators of potential
biological activity for bioindication of chernozem soils,
namely: the number of microarthropods, micromy-
cetes, ammonifying and oligotrophic microbiota, cata-
lase activity, dehydrogenase, urease and protease.

Agrogenic soils are characterized by a decrease in the
number of colembols with a simultaneous increase in
the number of oribatids.

Agrogenic soils are characterized by a decrease in the
number of micromycetes and vice versa by an increase
in the number of actinomycetes and amylolytic micro-
biota.

Soils in the conditions of the intensive system of agri-
culture are characterized by a decrease in the activity of
soil enzymes in comparison with a fallow. Whereas the
organic farming system helps to increase the activity of
urease and catalase, even in comparison with fallow
land.
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ABSTRACT. The objective was to examine the effect of drought and
flood on barley plants' biomass and growth rate in early vegetative
development while comparing the stress adaption of different varieties. A
greenhouse trial was conducted in the Estonian Crop Research Institute
(ECRI) in 2021, where five Estonian grown spring barley varieties were
grown in optimal, drought and flood treatments for six weeks to measure
plants' projected leaf area (PA) and relative growth rate (RGR) through
phenotyping. Both drought and flooding stress have a strong negative
impact on plant biomass in early vegetative growth phases, causing PA at
the end of the trial to decrease 26% and 49% respectively. Meanwhile,
RGR throughout the trial decreased 6% in drought treatment and 16% in
flood treatment. This indicates the greater impact of flood stress on plant's
growth compared to drought stress. Genetic variation related to adaption
to extreme water regimes in varieties is rather low, especially in drought
stress conditions. In drought treatment, the variation coefficient (CV) was
14%, and in flood treatment 25%. Even as most varieties' PA and RGR
varied between treatments, the difference between varieties in specific
stress treatments was minimal. Estonian grown spring barley varieties are
susceptible to extreme water regime related stress caused by potential
climate change. This indicates the importance of assessing water-related
stress tolerance in breeding material, adapting more accurate innovative
evaluation approaches, and integrating climate-resilient genetic material
into breeding programs, to hedge the risk caused by unfavourable growth
environments in Estonian barley production.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Even though global population growth is projected to
slow down by the end of the 21st century (Vollset et al.,
2020), the persistence and irreversibility of anthropo-
genic negative influence on the global ecosystem must
be acknowledged. In the meantime, forecasted climate
change and increasing demand for food will put even
more pressure on plant breeders to develop cultivars
with higher yields, quality, and climate resilience. In
addition to changes in temperature and atmospheric gas
composition, precipitation patterns will also be altered,
affecting global and local hydrological cycles
(Konapala et al., 2020). This altogether increases the
likelihood of extreme weather conditions with exces-
sive or lacking precipitation, resulting in drought or
flood induced abiotic stress in plants. Exposure of crops
to abiotic stress thereby limits the biomass and yield of
crops, which is something we can't afford.

At present, a great amount of crop plants' genetic
diversity to adapt to the environment has been lost due
to the long-term yield-oriented selection bottleneck
(Dawson et al., 2015). To improve adaption to abiotic
stress, the suitable genetic material must be screened
for and transferred to new varieties. With the help of
non-destructive phenotyping, adaption of plants'
phenotypes to abiotic stress can be observed in time on
a larger scale, making it possible to evaluate breeding
material and to connect its phenotype with a respon-
sible QTL (quantitative trait locus) or a gene.

In this experiment, a cost-effective greenhouse
phenotyping platform was used to measure the relative
growth rate (RGR) and projected leaf area (PA) of
Estonian grown barley varieties in extreme water
regimes. Evaluating varieties' adaption to extreme
water regimes gives an overview of their climate


https://orcid.org/0000-0003-1181-7924
https://orcid.org/0000-0002-0258-2951
https://orcid.org/0000-0001-6635-8740
https://dx.doi.org/10.15159/jas.21.29

Is Estonian barley ready to tackle climate change-induced water regimes?

315

resilience at present, making it possible to prepare
better for future challenges.

The objective was to examine the effect of drought
and flood on barley plants' biomass and relative growth
rate in early vegetative development while comparing
the stress adaptions of different varieties.

Material and Methods

A six-week trial (04.01.-16.02.2021) was conducted
in controlled greenhouse conditions at the Estonian
Crop Research Institute (ECRI) in JB6geva, Estonia
(58.759097° N, 26.406711° E). Five common Estonian
grown spring barley varieties of various origins were
used: 'Maali' (ECRI), 'Tuuli' (ECRI), 'Katniss' (Nordic
Seed A/S), 'Feedway' (Nordic Seed A/S) and 'Bente’
(Nordsaat Saatzucht GmbH).

An experiment was carried out with five replicates
per genotype in each of the three treatments: control,
drought and flood. Single plants were grown next to
each other in two-litre plastic pots with 1.7 kg of the
growth substrate, in a randomized design. For growth
substrate, a mix of soil, peat and sand was used in a
volume ratio of 3:2:1.

Three seeds were sown into each pot and trimmed to
a single plant two weeks later. For light conditions, 16:
8 h light regime was secured with plant growth lamps
and temperature between 15-25 °C. At the end of the
experiment, the shoots were cut from basal conjunction
to determine wet and dry biomass.

Induced stress lasted for two weeks in drought
treatment and a week in flood treatment. For the first 14
days after sowing (DAS), all treatments were kept at a
water level of 20% gravimetric water content (GWC). In
the control treatment, 20% GWC was sustained through-
out the experiment. To induce drought, watering was
reduced until 10% GWC was achieved, starting from 14
DAS and kept until 28 DAS. For flood treatment, a water
level of 1cm above soil level was sustained from 14 DAS
to 21 DAS. Both stress treatment's water level of 20%
GWC was restored post-stress until the end of the
experiment at 42 DAS. This method is based on the trial
conducted by Honsdorf et al. (2014), and modified to
add flood treatment conditions.

Phenotyping was done weekly from 14 DAS to 42
DAS. Every week, three pictures of each plant were
captured (front, side 90° and top). Captured photos
were analysed in the program EasylLeafArea, where
green pixels were separated from the background and
summed. To calculate RGR, the formula:

In (Ilz—ji)
t2 —tl

where PA is projected area (pix) at time t (Armoniené
etal., 2018).

RGRPA = was used, (1)

For descriptive statistics of PA and RGR, average and
standard error were calculated. Tukey HSD was used to
calculate the significant difference between varieties
and treatments. One-way ANOVA and variation

coefficient (CV) were used to determine variation in
treatments and varieties. All data analysis and statistical
tests were done in R (R Core Team 2021).

Results and Discussion

Relative growth rate (RGR) and projected area
(PA)(pix) of five Estonian grown barley varieties were
measured through phenotyping in control and extreme
water regime conditions.

Effect of stress

In both drought and flood treatment, PA was
significantly lower than control treatment from the end
of stress until the end of the experiment (P < 0.001).
When the decrease in the first post-stress week of
drought plants was only 7%, it slumped for the second
and third post-stress week to 31% and 42% (Fig. 1). By
the end of the experiment, PA in drought treatment was
26% lower in the control treatment. In flood treatment,
PA decreased 28% by the first post-stress week,
decreasing even more in the following weeks to 52%
and 55% accordingly. At 42 DAS flood treatment, PA
was 49% lower compared to the control treatment.
Variation between both stress treatments and control
treatment at 42 DAS was 97%, while variation within
groups was 3% (P < 0.001).

In the meantime, RGR decreased 6% overall in
drought treatment and 16% in flood treatment
(P <0.001). Although the decrease of RGR was greater
in flood than drought treatment, in both treatments the
significant effect of stress appeared only during the
stress and the following week. By the last week of the
experiment, RGR in both flood and drought exceeded
control treatment by 48% and 21% (P <0.001),
compensating the former stress with faster growth.
Here we can conclude that flood had a more severe
effect to plant biomass growth than drought, as a
greater decrease in PA and RGR indicate.

Different physiological processes targeted by stress
cause the difference. As known, growth reduction in
drought treatment can be explained by dehydration of
cells due to the plant's limited access to water, harming
basic growth-related physiological processes like
cell/leaf expansion and metabolic activities. Mean-
while, excess water in flood treatment leaves plants'
roots in anoxic conditions, inhibiting their respiration
and energy availability, which is necessary to provide
water and nutrients for the growth and metabolism of
above-ground parts.

The effect of abiotic stress on the biomass of barley
varieties from different backgrounds has been
measured before by Honsdorf et al. (2014) and Zhao et
al. (2010) with drought and Yordanova and Popova
(2001), Bertholdsson (2013) and Luan et al. (2018)
with the flood, where uneven severity depends strongly
on the origin of varieties, developmental stage of
exposure and other methodical approaches. Overall,
that points to the presence of genetic variation and even
resistant varieties in-between different gene pools
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tested, which can be exploited for climate-resilient
breeding in other regions.

Here we can conclude that there is the widespread
vulnerability of juvenile barley to potential climate

change-induced flood and drought stress, which could
inhibit achieving sustainable development goals if
action is not taken in time.
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Figure 1. Average projected leaf area (PA-columns) and relative growth rate (RGR-lines) of control, drought, and flood treatments
(all varieties). (I represent + SE (standard error); different capital letters represent statistical difference P < 0.05 between

treatments; DAS — days after sowing)

Varieties in stress treatments

The effect of stress caused by extreme water regimes
depends on the plant's genotype. Drought stress did not
decrease PA of all varieties. The PA of varieties "Tuuli’
and 'Maali' did not differ significantly from the control
treatment (P > 0.05), while "Tuuli"s average PA value
exceeded the control treatment by 9%. A negative
effect of drought was observed with varieties 'Katniss'
(28%), 'Feedway' (40%) and 'Bente’ (34%) (P < 0.001).
The latter's PA was significantly decreased from the
end of stress exposure to the end of the experiment (28—
42DAYS), in the situation where "Tuuli' and 'Maali' were
significantly lower than the control treatment only the
week after the stress (35DAS). Flood stress decreased
PA in all varieties from the second post-stress week
until the end of the trial. PA decreased in varieties:
'‘Maali' (67%), Tuuli' (42%), 'Bente' (41%), 'Katniss'
(45%) and 'Feedway" (46%) (P < 0.001).

Variation between varieties in flood treatment was
85% and in drought, treatment was 79% (P <0.05).
Meanwhile, the variation coefficient (CV) between
varieties in drought treatment was 14% and 25% in
flood treatment (P < 0.05). Wild barley introgression
varieties tested for drought by Honsdorf et al. (2014)
showed a variation coefficient of 72%. The higher
variation in response to flood treatment in this
experiment indicates greater genetic variation related in
genotypes than in drought treatment, while still staying
relatively low for both treatments compared to wild
relatives. That points out the stronger negative effect of
flood stress to plant growth together in combination
with to some extent greater genetic variance in the
phenotypic response.

A similar pattern to PA occurred with RGR, wherein
drought treatment ‘Tuuli' and 'Maali' did not differ
significantly (P > 0.05), while other varieties had 28—
44% lower RGR compared to the control treatment
(P < 0.05). On the other hand, "Tuuli' and 'Maali' did not
show the highest PA in the control treatment of all
varieties, pointing out their robustness in their biomass
growth. In flood treatment, RGR decreased unevenly
across all varieties between 14-35DAS in between 29—
58% (P <0.05), without a single variety indicating
resistance.

For the most part, varieties in treatments did not differ
from each other in stress treatments (Fig. 2). In drought
treatment, PA of "Tuuli' was 37% higher than 'Feedway'
and in flood treatment, PA of 'Bente' was 36% higher
than "Tuuli' and 49% higher than 'Maali' (P < 0.05).

Varieties' low CV with the scarce significant diffe-
rence in RGR and PA affirm relatively narrow genetic
variation in their genotypes for these specific abiotic
stress responses, common to modern top-yield varie-
ties. Low genetic variation for early flood and drought
tolerance was also pointed out with local varieties in
neighbouring Finland by Hakala et al. (2012), where all
other climate change risk-related traits had variation in
local genotypes. That points out the demand and need
for more climate-resilient breeding material for spring
barley in the region.

A better overview of individual varieties' growth in
control and stress treatment is seen while comparing the
performance in both. As seen, 'Maali' had the second
highest average PA in control and drought treatment
compared to other varieties, despite great variation in-
between replications (Fig. 3). At the same time, the
variety 'Feedway' had one of the lowest PA in control
and drought treatment.
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In flood and control treatment, '‘Bente' performed
above varieties' average, meanwhile Tuuli' stayed
below. Indeed, it also shows the complexity of breeding
material evaluation for abiotic stress resistance, which
could benefit from the use of stress indexes and yield
data in future studies, to get output that is even more
accurate.

Based on the results, we can state that Estonian grown
spring barley varieties are overwhelmingly susceptible
to extreme water regimes caused by water-related
abiotic stress, an effect, which is likely caused by their
narrow gene pool common to high-performing varie-
ties. Even though breeding for extreme weather events
still has a limited capacity (Olesen et al., 2011), it will
become more relevant with pessimistic climate change
scenarios already becoming reality.

For more accurate evaluation in future studies, plants'
grain yield data can also be collected, which makes it
possible to better understand the effect of abiotic stress
growth in time and its relation to grain yield formation
(Ciancio et al., 2021). In addition, adapting other
phenotyping stress indexes and developing genetic
markers combined with gene expression measurements
will make it feasible to precisely determine the nature
of yield-limiting bottlenecks in plant physiology. Thus,
having a deeper insight into limitations of growth and
yield-formation, more efficient selection of crossing
parents can be done.

Conclusion

The spring barley varieties tested were vulnerable to
potential climate change-induced water regime changes
in juvenile growth. Genetic variation of abiotic stress
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response-related genes is relatively low, drawing atten-
tion to the need for more climate-resilient breeding
material. To achieve climate-smart barley production,
better screening of abiotic resistance and integration of
resistance-related traits must be adopted in plant bree-
ding.
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ABSTRACT. Sixteen single-cross hybrids of maize were evaluated in a
randomized complete block design with three replications to investigate
genetic variability and correlation among growth and vyield traits at
Khumaltar, Lalitpur, Nepal from March 13 to September 05, 2021. The
hybrids were grouped into four clusters using Euclidean Average Linkage
method. The cluster analysis showed the presence of genetic variability in
the evaluated hybrids. The maximum distance between cluster centroids
(194.28) was found between cluster 2 and cluster 4, indicating genetic
dissimilarity. Grain yield had the maximum values of phenotypic coefficient
of variation (PCV) (35.02%), followed by ear height (17.82%) and plant
height (12.22%). Similarly, grain yield had the maximum values of
genotypic coefficient of variation (GCV) (26.24%) followed by the number
of kernel rows/cob (8.77%) and days to 50% silking (8.72%). Days to 50%
silking and days to 50% tasseling had the highest values of heritability (86%)
followed by cob diameter (84%) and no. of kernel rows in cob (68%). The
leaf area per plant had the maximum values of genetic advance (GA)
(74.87 cm?), followed by plant height (27.80 cm) and days to 50% silking
(9.66 days). Similarly, the maximum values of genetic advance as percent
of the mean (GAM) was found for grain yield (40.50%) followed by days to
50% silking (16.70%) and days to 50% tasseling (16.17%). The hybrids
namely KWM-91 x KWM-93 produced the maximum values of grain yield
(9.99 t hat) followed by KWM-93 x KWM-91 (9.63 t ha ) and KWM-92
x KWM-93 (9.40 t ha). Grain yield showed positive and significant
phenotypic correlation with days to 50% silking (r = 0.41), days to 50%
tasseling (r = 0.39), plant height (r = 0.37), cob diameter (r = 0.49) and the
number of kernel rows in cob (r = 0.38). Therefore, utilization of present
genetic variability along with indirect selection for traits having significant
association with grain yield, high heritability and GAM could aid in the
improvement of maize productivity.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Maize (Zea mays L.) is Nepal's second most impor-
tant cereal crop, with an area of 9 40 886 ha and a yield
of 26 53 243 t (MoALD, 2020). It contributes 3.15% to
the national gross domestic product (GDP) and 9.5% to
agricultural GDP. It covers 27.39% area of total food
crops and contributes 24.97% of total cereal production
(MoALD, 2020). There is a considerable gap between
the yield potential of the improved varieties and the
national average yield. So far, seven hybrid maize
varieties have been released in the country. Maize
breeding efforts are focusing on developing high-
yielding hybrid maize varieties to boost the yield
potential furthermore.

The understanding of germplasm diversity among
elite breeding materials has a major impact on crop
improvement (Hallauer et al., 1988). Crop improve-
ment relies on variability (Welsh, 1981). Maize germ-
plasm has been found to have a large genetic diversity
in terms of growth, development, and grain yield, and
this variability has fueled the search for the develop-
ment of new genotypes with desirable characteristics
(Betran etal., 2003; Liu et al., 2003). Khan et al. (2018)
and Khalil et al. (2011) found variation among the traits
in maize hybrids. Similarly, Hallauer and Schos (1973)
and Grzesiak (2001) found significant genotype diver-
sity among maize genotypes for various traits. The
genetic makeup of maize genotypes influences maize
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growth, development, and productivity. Furthermore,
critical environmental factors like soil fertility and
climatic change-related parameters can have a major
impact on maize growth and productivity (Oseni,
Masarirambi, 2011). Grain yield is determined by a
combination of genetic and environmental factors.
Genetic variability across maize genotypes is a major
determinant of grain yield (Tahir et al., 2008). Herita-
bility and the genetic advance of the individual trait
determine the efficiency with which genotypic varia-
bility can be utilized by selection. Understanding the
association between yield and its component traits can
help breeders to improve the effectiveness of selection
(Kalla et al., 2001; Zeeshan et al., 2013).

The present study was conducted to quantify the
variability, heritability, genetic advance, and the corre-
lation between yield and its contributing traits among
single-cross maize hybrids.

Material and Methods

Plant materials

Sixteen single-cross hybrids of maize were selected
and used for this study (Table 1). National Plant
Breeding and Genetics Research Centre (NPBGRC),
Khumaltar, Lalitpur, Nepal, was the source of geno-

types.

Table 1. List of single-cross hybrids of maize used in the
experiment

S. No. Maize hybrids
1 KML-1A x RML-4

2 KWM-91 x KWM-93
3 Rampur Hybrid-2

4 KWM-93 x KWM-91
5 Khumal Hybrid-2
6

7

8

9

KML-2A x KYM-86
KML-4A x KYM-86
KML-5A x RML-4
KML-8A x RML-4
10 KML-4A x RML-4
11 Super-951
12 KML-3B x RML-4
13 KML-5A x KYM-33
14 KML-8A x KYM-33
15 KML-4B x KYM33
16 KWM-92 x KWM-93

Experimental site

The study was conducted at the research field of the
National Plant Breeding and Genetics Research Centre
in Khumaltar, Lalitpur, Nepal from March 13 to
September 05, 2021. It is located at 27°40'0" north
latitude, 85°20'0" east longitude, and 1350 m above sea

level. The soil of the research plot was clay loam type.
The climatic data of the site during the experiment
period (2021) is given in Table 2.

Table 2. Climate data of the experimental location in 2021

Maximum Minimum  Precipitation,  Sun
Month temperature, temperature, (mm) Hours,
°C °C h
March 24 10 75.4 364.8
April 27 13 2229 3515
May 27 14 447.9 3475
June 27 16 705 324.7
July 25 17 1097.5 314.8
August 26 16 995.6 320.3
September 25 15 599.6 330.2

F.W., kg plot™ x (100 — HMP) x S x 10 000

(Source: Meteorology station, National Agronomy Research Centre,
Khumaltar, Lalitpur)

Experimental design and cultural practices

The experiment was laid out in a randomized
complete block design (RCBD) with three replications.
Individual plots comprised four rows of five meters
each, with a 60 cm x 25 cm spacing (row to row x plant
to plant). One week before sowing, well-decomposed
farmyard manure was incorporated @ 6 t hatinto the
soil and the chemical fertilizer @ 180:60:40 kg N:P,Os:
K20 [(nitrogen (N), phosphorus (P), and potassium
(K)] hat was applied via Urea, Diammonium Phos-
phate (DAP), and Muriate of Potash (MOP). During
final land preparation, as a basal dose, a half dose of N,
full dose of P,Os and K,O was applied. The remaining
half dose of N was divided into two parts and
administered 45 and 90 days after sowing. Two manual
weeding and hoeing operations were completed during
the maize growing season. The first weeding was
performed 18 days after sowing, and the second
weeding 36 days later. The irrigation was applied at
three important growth stages: knee-high stage,
tasseling stage, and milking stage.

Data collection and observations

Data were collected for all traits from ten plants
chosen at random from each experimental plot. The
phenological traits (days to 50% silking, days to 50%
tasseling) of these selected plants, as well as biometri-
cal variables (plant and ear height, leaf area per plant,
cob length, and cob diameter), yield, and vyield
attributing traits (Number of kernel rows in cob), were
observed. The following formula (Eq. 1) was used to
compute grain yield (kg ha™) at 12% moisture content
using fresh ear weight:

M

Grain yield,tha™! =

where

F.W. — the fresh weight of ear per plot (kg) at harvest;
HMP — moisture percentage of grain at harvest;

DMP — desired moisture percentage, i.e. 12%j;

NPA — the area of net harvest plot, m?;

S —shelling coefficient, i.e. 0.8.

(100 — DMP) x NPA x 1000 ’
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The phenotypic coefficient of variation (PCV) and
genotypic coefficient of variation (GCV) provide infor-
mation on the level of variability in a population,
whereas heritability depicts the component of a character
that is passed down to future generations (Girma et al.,
2018; Pal et al., 2016). The phenotypic coefficients of
variation (Eqg. 3) and genotypic coefficients of variation
(Eq. 2) were estimated using the formula given by Singh
and Chaudhary (1985). The estimation of heritability (in
the broad sense) (Eq. 4) was carried out using the
formula given by Johnson et al. (1955). Similarly, gene-
tic advance (Eq. 5) was calculated using the formula
given by Burton (1952), and genetic advance as a
percentage of the mean (GAM) (Eq. 6) was calculated
using the formula given by Johnson et al. (1955).

GCV, % = @ x 100, 2
PCV,% = /& 100, (3)

X
where
829 — genotypic variance;

8%p — phenotypic variance;
X — Sample mean.

Heritability in board sense (h?bs) = gz—i, 4

Genetic advance (GA) = (K)(8%p) (h?), )

where

GA — expected genetic advance;

K — selection differential that varies depending upon
the selection intensity and stands at 2.056 for
selecting 5% of the genotypes;

dp — phenotypic standard deviation;

h? — heritability (in the broad sense).

According to Shukla et al. (2006), the expected
genetic advance as a percentage of the mean (GAM)
was estimated as below (Eq. 6);

GAM = =% 100, (6)
where x — grand mean.

The correlation coefficient aids in determining the
degree of relationship as well as the degree to which
traits are interdependent (Bocanski et al., 2009;
Nagabhushan et al., 2011). By examining genotypic
and phenotypic differences in yield and yield compo-
nents of many crop genotypes, a breeder will be able to
determine how much the environment influences yield
(Ullah et al., 2012). The correlation between traits in
this study was assessed using Pearson's correlation
coefficient approach.

Multivariate analysis is the most used method for
assessing genetic variability. Crop plant genetic diver-
sity is required to maintain high levels of productivity
(Tripathi et al., 2013). Multivariate analysis of various

agro-morphological traits has successfully been emp-
loyed by numerous researchers to delineate the inherent
diversity in the germplasm (Nachimuthu et al., 2014;
Ravikumar et al., 2015). Cluster analysis with Eucli-
dean distance is an effective statistical technique for
evaluating genetic diversity. The Euclidean average
linkage Method was used in this study.

Statistical analysis

The experimental data were processed using MS
Excel 2010, and the data was analyzed using R-studio
3.5.0 and SPSS 20. The data were analyzed using a
randomized complete block design (RCBD) with one-
way ANOVA. The least significant difference (LSD)
was used to compare the treatment means at a 5% level
of significance (Gomez, Gomez, 1984). The Pearson
correlation coefficient of growth, yield and its attri-
buting traits was worked out using SPSS 20.

Results and Discussion

Agro-morphological variability

The presence of significant variation in genotypes for
most of the traits was given in Table 3. The non-signi-
ficant difference was found for ear height, cob length
and the number of kernel rows in cob, whereas a
significant difference (P <0.05) was found for plant
height and grain yield. Days to 50% silking, days to
50% tasseling, leaf area per plant and cob diameter had
highly significant differences (P < 0.01) (Table 3). The
maximum coefficient of variation (17.5%) was found
in ear height followed by grain yield (13.1%). The
minimum coefficient of variation (2.3%) was found in
cob diameter (Table 3).

The hybrids namely KWM-91 x KWM-93 produced
the maximum grain yield (9.99 t ha?) followed by
KWM-93 x KWM-91 (9.63 tha?) and KWM-92 x
KWM-93 (9.40 t ha?) (Figure 1).
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Figure 1. Bar diagram showing mean and standard deviation
of grain yield of sixteen single-cross hybrids of maize

These findings support those of Akbar et al. (2009),
Prasai et al. (2015), Shrestha (2016), Adhikari et al.
(2018), Dhakal et al. (2018), Shrestha et al. (2019),
Kafle et al. (2020), Shrestha et al. (2018) and Bastola
et al. (2021) who found significant changes in grain
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production between maize genotypes. The genetic
makeup of maize genotypes varied, which resulted in
variances in grain yield.

Table 3. Mean sum of squares for different traits of sixteen
single-cross hybrids of maize

Traits Mean SE CV, LSD Signifi-
%  (0.05) cance
Plant height, cm 267.10 17.67 9.4 53.27 *
Ear height, cm 143.20 17.77 175 53.57 NS
Days to 50% silking 57.81 141 35 426 Fkx
Days to 50% tasseling 55.91 131 33 397 Fkx
Leaf area per plant, cm? 676.6 ~ 24.25 51 7311  ***
Cob length, cm 2195 091 59 274 NS
Cob diameter, cm 492 0.08 23 024 F**
Number of kernel rows
in cob 14.50 061 6.0 1.86 NS
Grain yield, t ha* 8.25 0.76 131 2.29 *

NS — not significant, *-significant at P <0.05, ***-significant at
P <0.001, SE - standard error of the mean, CV — coefficient of
variation, LSD — least significance difference

Phenotypic and genotypic coefficients of variation

The GCV values were smaller than PCV values for
all traits studied, showing that the characters were more
influenced by their surrounding environments.
Deshmukh et al. (1986) grouped the PCV and GCV
values as low (0-10%), moderate (10-20%), and high
(>20%). The maximum values of GCV were observed
in grain yield (26.24%), followed by the number of
kernel rows in cob (8.77%). The minimum values of
GCV were observed in ear height (3.07%) followed by
cob length (3.40%) (Table 4). Similarly, the maximum
values of PCV were observed in grain yield (35.02%),
followed by ear height (17.82%). The minimum PCV
values were observed in cob diameter (5.86%) followed
by cob length (6.79%) (Table 4). Similar findings were
found by Kandel et al. (2017) and Sharma et al. (2018).
The difference between phenotypic and genotypic
variance was larger in the leaf area showing that these

features were substantially impacted by the environ-
ment. The results were the same as those of Ojo et al.
(2006) and Kashiani et al. (2010).

Heritability and genetic advance

Heritability estimates are classified as low (5-10%),
medium (10-30%) and high (30-60%) (Dabholkar,
1992). The maximum values of broad-sense heritability
values were observed in days to 50% silking (86%),
days to 50% tasseling (86%) and cob diameter (84%).
The minimum value of heritability value was found in
ear height (3%) (Table 4). Alemu et al. (2017) found
similar results. Cob diameter produced the maximum
values of heritability, according to Swamy et al. (1971)
and Lias et al. (1987). Most of the factors had high
estimates of heritability, showing that variations were
handed down to progeny, implying that a high-yielding
variety may be generated by choosing suitable geno-
types. Because of the high values of heritability, there
were more alternatives for picking plant material that
had the desired characteristics.

Estimation of genetic advance (at 5% selection inten-
sity), and the corresponding genetic advance as a per cent
of the mean (GAM) were estimated for each measured
character. The leaf area per plant had the maximum
values of genetic advance (GA) (74.87 cm?), followed by
plant height (27.80 cm) and days to 50% silking (9.66
days) (Table 4). Similarly, the maximum values of
genetic advance as per cent of the mean (GAM) was
found for grain yield (40.50%) followed by days to 50%
silking (16.70%) and days to 50% tasseling (16.17%)
(Table 4). In our study, high values of heritability did not
associate with genetic advances. Najeeb et al. (2009)
found that high values of heritability are not always
associated with high genetic advances. Since high values
of heritability do not always indicate high genetic
advance, it is recommended to consider heritability in
conjunction with genetic advance to predict the effect of
selecting superior plant varieties.

Table 4. Estimation of PCV, GCV, heritability, genetic advance and GAM for growth, yield and its attributing traits of sixteen single-

cross hybrids of maize

Traits Vg Vp PCV, % GCV, % h2bs, % GA GAM, %
Plant height, cm 440.45 1065.15 12.22 7.86 41 27.80 10.41
Ear height, cm 19.35 651.05 17.82 3.07 3 1.56 1.09
Days to 50% silking 25.43 29.43 9.38 8.72 86 9.66 16.70
Days to 50% tasseling 22.27 25.75 9.08 8.44 86 9.04 16.17
Leaf area per plant, cm? 2071 3247 8.42 6.73 64 74.87 11.07
Cob length, cm 0.56 2.22 6.79 3.40 25 0.77 3.52
Cob diameter, cm 0.07 0.08 5.86 5.38 84 0.50 10.18
Number of kernel rows in cob 1.62 2.38 10.65 8.77 68 2.16 14.88
Grain yield, t ha* 9.34 10.7 35.02 26.24 56 3.78 40.50

Vg — genotypic variance, Vp — phenotypic variance, h?os — heritability in the broad sense, GCV — genotypic coefficient of variation, PCV —
phenotypic coefficient of variation, GA — genetic advance at 5% intensity of selection, GAM — genetic advance as per cent of mean

Cluster analysis

The statistical distances between clusters are an
indicator of genetic diversity. The inter-cluster distan-
ces were larger than the intra-cluster distances which
indicated wider genetic diversity among the genotypes
of different groups. The 16 single-cross hybrids of
maize were grouped on four clusters based on growth
and yield traits (Table 5, Figure 2). Among all the

clusters, cluster 2 was the largest containing 6 hybrids
followed by clusters 1 (5 hybrids), 3 (4 hybrids) and 4
(1 hybrid) (Table 5). Mounika et al. (2018) found
similar results after grouping 47 maize inbred lines into
seven clusters. In a study by Alom et al. (2003), twenty-
five maize genotypes were categorized into seven
clusters based on morphological traits. Similarly,
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Rafique et al. (2018) used morphological traits to sepa-
rate 40 maize inbred lines into ten clusters. Azam
(2012) discovered five clusters from 49 maize geno-
types. Cluster analysis can be effective for locating
high-yielding genotypes, according to Ali et al. (2008).

Hybrids of cluster 4 had the maximum values of plant
height (318.00 cm), ear height (177.30 cm), leaf area per
plant (800.20 cm?), cob length (23.84 c¢m), number of
kernel rows in cob (16.00) and grain yield (9.40 t ha™).
The hybrids of cluster 2 had the minimum values of plant
height (245.03 cm), ear height (126.32 cm), leaf area per
plant (627.85 cm?), cob length (21.63 cm), number of
kernel rows in cob (13.83) and grain yield (7.90 t ha™®)
(Table 6). Chakma et al. (2012) obtained similar results.

Distance between cluster centroids ranged from 49.83
to 194.28 (Table 7). The minimum distance (49.83)
between cluster centroids was found between cluster 3

Dendrogram

and cluster 2 indicating genetic similarity and the
maximum distance was found in the cluster 4 (KWM-
92 x KWM-93) and cluster 2 (KML-2A x KYM-86,
KML-4A x KYM-86, KML-5A x RML-4, KML-8A x
RML-4, KML-4A x RML-4, Super-951) (194.28)
indicating genetic dissimilarity (Table 7).

The maximum distance of cluster 1 from centroid was
37.98 and the minimum distance of cluster 4 (0.00)
(Table 8). Debnath (1987) found that the inter-cluster
distance was greater than the intra-cluster distance in
maize genetic variability. Abedin and Hossain (1990)
found similar results in maize. To generate a wide
spectrum of genotype variation, Yadav et al. (2011),
Vennila et al. (2011), and Latif et al. (2011) recom-
mended employing a distantly dispersed cluster geno-
types in hybridization procedures.

Average Linkage, Euclidean Distance

30.77

53.85

Similarity

NI
&Ny > 8 o & oy W
4—@*“ &

Single-cross hybrids of maize

Figure 2. Dendrogram of sixteen single-cross hybrids of maize using Euclidean average linkage method

Table 5. Grouping of sixteen single-cross hybrids of maize by Euclidean average linkage method

Cluster 1 Cluster 2

Cluster 3 Cluster 4

KML-1A x RML-4,
KWM-91 x KWM-93,
Rampur Hybrid-2,
KWM-93 x KWM-91,
Khumal Hybrid-2

KML-2A x KYM-86,
KML-4A x KYM-86,
KML-5A x RML-4,
KML-8A x RML-4,
KML-4A x RML-4,
Super-951

KML-3B x RML-4,
KML-5A x KYM-33,
KML-8A x KYM-33,
KML-4B x KYM33

KWM-92 x KWM-93

Table 6. Cluster means for nine traits of sixteen single-cross hybrids of maize

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4 Centroid
Days to 50% tasseling 60.80 51.50 55.88 58.00 55.91
Days to 50% silking 63.00 53.17 57.50 61.00 57.81
Plant height, cm 287.64 245.03 261.73 318.00 267.08
Ear height, cm 159.80 126.32 139.39 177.30 143.23
Leaf area per plant, cm? 713.69 627.85 672.50 800.20 676.61
Cob Length, cm 21.78 21.63 22.18 23.84 21.95
Cob Diameter, cm 4.90 4.74 5.17 5.17 4.92
Number of kernel rows in cob 14.60 13.83 15.00 16.00 14.50
Grain yield, t ha™ 8.29 7.90 8.45 9.40 8.25
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Table 7. Distances between cluster centroids in sixteen single-cross hybrids of maize

Clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4
Cluster 1 0 102.42 53.29 93.44
Cluster 2 49.83 194.28
Cluster 3 144.68
Cluster 4 0

Table 8. Different statistics of Euclidean distance and cluster analysis of sixteen single-cross hybrids of maize

Cluster No. of observations  Within clusters sum of square Average distance from centroid Maximum distance from centroid
Cluster 1 5 3194.15 23.32 37.98

Cluster 2 6 2981.63 21.51 29.82

Cluster 3 4 1820.05 19.15 33.94

Cluster 4 1 0 0 0

Correlation coefficient

The coefficient of variation represents the degree of
variability present in a wide range of qualities, but it
excludes the heritable component. In maize, traits like
plant height, ear height, and the number of kernel rows
per ear are reported to have a positive and substantial
link with grain yield, according to the study (Sadek et
al., 2006). The values of the phenotypic correlation of
traits are shown in Table 9. Cob length was negatively
correlated with days to 50% silking, days to 50%
tasseling and the Number of kernel rows in cob. This
result was similar to Selvaraj and Pothiraj (2011) who
reported a negative correlation between cob length and

the number of kernel rows in cob. The positive and
significant phenotypic correlation was found between
grain yield and days to 50% silking (r = 0.409), days to
50% tasseling (r = 0.386), plant height (r = 0.367), cob
diameter (r = 0.490) and the number of kernel rows in
cob (r = 0.382) respectively. Alvi et al. (2003), Prakash
et al. (2006), Sharma et al. (2021), and Bartaula et al.
(2019) reported similar findings. The ear height and
plant height were both positively and strongly
correlated with grain yield (Nzuve et al., 2014). If there
is a positive and high correlation between such traits, it
would show an indirect selection of genotypes for grain
yield.

Table 9. Pearson’s correlation coefficient among growth, yield and its attributing traits of sixteen single-cross hybrids of maize

Traits 1. 2. 3. 4. 5. 6. 7. 8. 9.
1. Days to 50% tasseling 1

2. Days to 50% silking 0.993** 1

3. Plant height, cm 0.609** 0.635** 1

4. Ear height, cm 0.569** 0.592**  0.715** 1

5. Leaf area per plant 0.545 0.559**  0.619**  0.552** 1

6. Cob length, cm -0.025 -0.055 0.104 0.04 0.24 1

7. Cob diameter, cm 0.419* 0.401* 0.215 0.188 0.291 0.424 1

8. No. of kernel rows in cob  0.445* 0.475**  0.296 0.294 0.199 —-0.086 0.294 1

9. Grain yield, t ha™* 0.386* 0.409* 0.367* 0.218 0.127 -0.082 0.490**  0.382** 1

* — correlation is significant at the 0.05 level, ** — correlation is significant at the 0.01 level

Conclusion

Significantly differed traits were observed except ear
height, the number of kernel rows in cob and cob
length, implying that maize hybrids have genetic
diversity that can be used to increase yield. In all traits,
PCV was bigger than GCV, indicating that there was an
environmental influence. Days to 50% silking, days to
50% tasseling, plant height, cob diameter and the
number of kernel rows in cob were found to have a
maximum correlation with grain yield; these traits may
boost grain yield. The cluster analysis revealed that the
hybrids had genetic variability. The maximum distance
between cluster centroids was found between cluster 2
and cluster 4, showing genetic dissimilarity. The
hybrids namely KWM-91 x KWM-93 followed by
KWM-93 x KWM-91 and KWM-92 x KWM-93 was
identified as a superior hybrid for grain yield. The grain
yield production can be maximized by growing these
maize hybrids.
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ABSTRACT. Twelve genotypes of common bean were evaluated against
anthracnose under natural epiphytotic conditions. This study was carried
out in a randomized complete block design with three replications at the
research field of Agriculture Research Station (ARS), Vijaynagar, Jumla,
Nepal from June to September 2018. The area under the disease progress
curve (AUDPC) and disease severity were calculated. In laboratory
conditions, artificial inoculation was carried out on detached leaves of
twelve genotypes using a pure culture suspension of Colletotrichum
lindemuthianum (1.2x 10° conidia ml?) in a completely randomized
design with three replications. The results showed that bean genotypes
varied significantly for disease severity both in the field and laboratory
conditions. In the field, bean genotypes showed resistance to highly
susceptible reactions. Their AUDPC value ranged from 120.55 to 502.31.
The lowest mean AUDPC value was recorded in KBL-1 (120.55) followed
by KBL-3 (123.79) and KBL-2 (124.44). Similarly, the lowest severity
value was recorded with KBL-1 (0.51), KBL-2 (0.52) and KBL-3 (0.53).
Detached leaf assay in laboratory experiment showed that the lowest mean
AUDPC was found in KBL-2 (16.67) and KBL-3 (16.67). Therefore,
KBL-2 and KBL-3 could be utilized as resistant varieties to anthracnose
disease under Jumla and similar field conditions.

© 2021AkadeemilinePdllumajanduseSelts. | © 2021 Estonian Academic Agricultural Society.

Introduction

proanthocyanidins, flavonols, phenolic acids and

Beans are a good source of protein with 2—3 times the
amount of cereal grains (Siddiq et al., 2010). Starch,
dietary fibre, minerals and vitamins are all abundant in
foods with a high dry matter content (Kutos et al., 2003;
Costa et al., 2006). Beans also include a wide range of
phytochemicals, antioxidant activity and a wide range
of flavonoids, including anthocyanins, flavonoids,

isoflavones (Beninger, Hosfield, 2003; Choung et al.,
2003; Granito et al., 2008; Lin et al., 2008). Dry edible
beans are grown and eaten in large quantities all over
the world (Sathe, 2002). Bean is an indigenous crop of
the Jumla and Karnali zones of Nepal (Subba et al.,
2016). It can also be interpreted as local Rajma. Jumli
simi, the indigenous bean's name, is gaining popularity.
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Indigenous bean plants come in a wide range of colour,
shape, size and growth habit (Subba et al., 2016). Local
Jumli simi cultivars are high in minerals and have a
high antioxidant potential. Because of its high polyphe-
nol content, Jumli simi is a nutritious food. When com-
pared to light-coloured beans, dark-coloured beans are
found to have higher phytochemicals and antioxidant
activity (Subba et al., 2016).

Both biotic and abiotic constraints are responsible for
reducing the production of common beans. Among
them, anthracnose caused by Colletotrichum linde-
muthianum (Sacc. & Magn.) is an important disease of
the beans (Muimba-Kankolongo, 2018). It is the major
yield-limiting disease impacting seed quality and
marketability (Schwartz, Pastor-Corrales, 1989). The
disease can cause 95-100% yield loss when the
infected seed is used for cultivation and favourable
weather conditions occur during the crop cycle (Yesuf,
Sangchote, 2007). The disease is particularly important
in relatively cool, wet areas of tropical and temperate
regions (Schwartz, Pastor-Corrales, 1989). In Nepal, it
causes a huge loss in the temperate and sub-tropical
areas (Manandhar et al., 2016). The disease symptoms
are seen in all the above-ground parts including leaf,
stem, pods and seeds (Agrios, 2005). On leaves,
symptoms generally occur on the underside as linear,
dark brick-red to black lesions on the leaf veins. As the
disease progresses, discolouration appears on the upper
leaf surface. Leaf symptoms often are not obvious and
may be overlooked when examining bean fields
(Kelley, Vallejo, 2004). The most striking symptoms
develop on the pods. Small, reddish-brown to black
blemishes and distinct circular, reddish-brown lesions
are typical symptoms on bean pods. Since, the disease
is mostly visible in the fields from flowering (R6) to
pod filling stage (R8), disease scoring is mostly recom-
mended during this stage (Manandhar et al., 2016).

Adopting various methods such as the use of disease-
free certified seeds, use of resistant varieties, crop
rotation (of 2 to 3 years), field sanitation and chemical
application, this disease can be managed (Tesfaye,
Pretorius, 2005). Crop rotation, intercropping, field
sanitation and plant debris removal, altering planting
dates, applying compost and blending diverse cultivars
have all been shown to reduce disease severity (Joshi et
al., 2009). However, because these treatments have
both economic and environmental limitations, the most
cost-effective and environmentally sustainable option
is to use host plant resistance to reduce anthracnose
disease in beans.

Plant resistance is also the most efficient, simple,
secure and cost-effective alternative for small, resour-
ce-poor farmers (Opio et al., 2006), Since, Jumla was
declared as an organic district by the District Develop-
ment Committee of Jumla in 2007, plant resistance can
be an effective option for disease management where
the use of chemicals is prohibited. In comparison to
other management practices, Pastor-Corrales (1995)
found that using genetically resistant cultivars is the

most effective, least expensive and the easiest method
for farmers to implement. Therefore, this study was
conducted to determine the level of anthracnose resis-
tance in promising common bean pipeline genotypes
appropriate for the high hills of Nepal.

Materials and Methods

Field experiment

Field screening was carried out from June to Septem-
ber 2018 at the research field of Agriculture Research
Station Vijaynagar, Jumla (27°38'51.8" north longitude
and 84°20'52.5" east latitude with an elevation of
2 370 masl). The experimental site falls in the tempe-
rate climate zone of the high hills where the maximum
summer temperature goes up to 26 °C, the minimum
temperature reaches —6 °C. The experimental location
receives the highest amount of rainfall up to 180 mm.
The meteorological data during the experiment is given
in Figure 1.
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Figure 1. Meteorological data of Jumla during experiment in
2018 at Vijaynagar, Jumla, Nepal (RH — relative humidity)

Twelve bean genotypes were evaluated in a rando-
mized complete block design with three replications in
a 6 m? plot size with the spacing of 50 cm x 10 cm (row
to row and plant to plant spacing) for each entry. The
list of genotypes used in this experiment is given in
Table 1. The source of these genotypes is Agriculture
Research Station (ARS), Jumla, Nepal.

Fertilizer was applied at a rate of 100:60:40 kg N:
P20s5:K20 [N (100 kg ha™); Urea and Di-Ammonium
Phosphate, P,Os (60 kg ha™; Di-Ammonium Phosphate)
and K,O (40 kg ha'; Murate of Potash)] with the full
dose of phosphorus and potassium as a basal dose.
Nitrogen was applied in two split with half dose as
basal and the remaining half dose was top dressed just
after first weeding (one month after sowing). Staking of
trailing beans was done according to the need. The crop
was grown under rain-fed condition. On the first week
of June 2018, the crop was planted. All plots were
surrounded by a spreader area of one meter in width
planted with the highly susceptible local variety
(Farmer's variety).
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Table 1. List of bean genotypes used in the experiment in 2018 at Vijaynagar, Jumla, Nepal

Genotype Growth habit  Flower colour Seed colour Pod colour Seed shape
PB0001 Bushy Light pink to white Dark red with white streaks Green Kidney
PB0002 Trailing Dark pink Creamy white with purple streaks Green with dark-purple streaks Elongated
PB0048 Trailing Very light pink to white  Dark red Green Elongated
KBL-1  Trailing Dark pink Black Green Elongated
KBL-2  Trailing White Dark red Reddish green Elongated
KBL-3  Trailing Very dark pink Dark purple with white streaks Green Elongated
KBL-4  Trailing Dark pink Creamy to very light brown Green Flattened, elongated
KBL-5  Bushy Pink Light brown Green Elongated
KBL-6  Trailing White White Green Elongated
KBL-7  Trailing Whitish pink to dark Creamy to very light brown Green Oval
KBL-8  Bushy Very light pink to white  White with dark red streaks Green Kidney
KBL-9  Trailing Dark pink Light to dark grey Green Elongated

Disease assessment

Disease severity. Disease scoring was done by using
a 1-9 scale given by (CIAT, 1987) which was conver-
ted to disease severity percentage. Disease severity
(Eqg. 1) was calculated by using the formula given by
(Wheeler, 1969).

DS, % = 100 Q)

S
_—X
TNR x MR
where,

DS — disease severity,

SNR —a sum of all numerical ratings,

TNR — total number of plants observed and

MR — maximum rating.

Before analysis severity percentage data were arcsine
transformed to improve variance inequality.

AUDPC values. AUDPC value was calculated by
using the following formula (Eq. 2) as given by Das et
al. (1992).

(Y4 Y
AUDPC = Zf:l [{%} X (tasn) — t)] @)

where,
AUDPC — area under the disease progress curve,
Yi — disease severity on the it date,
tj — time on which Y;j is recorded and
n — number of time observations were taken.

Based on the mean AUDPC values, the genotypes
were categorized into 4 groups of resistance levels as
below (Magar et al., 2015):

Mean AUDPC value  Resistance category Code
1-30 Resistant R
31-60 Moderately resistant MR
61-90 Susceptible S
>90 Highly susceptible HS

Anthracnose disease scoring was carried out on a
scale of 1-9 (CIAT, 1987).

Laboratory experiment

Detached leaf assay

A modified detached leaf technique was used to
screen the common bean genotypes (Tu, 1986).

Inoculum preparation. A small piece of the infected
pod was surface sterilized in 1% sodium hypochlorite

solution for 25-30 seconds, washed three times in steri-
lized distilled water under aseptic conditions, excess
water was drained out and the sample was placed in
sterilized moist blotter paper and incubated at 22 + 1 °C
for seven days in Biological Oxygen Demand (B.O.D)
incubator. A stereomicroscope was used to inspect the
incubated materials and a single acervulus was trans-
ferred to a Potato Dextrose Agar (PDA) plate in a lami-
nar flow hood. Commercial PDA manufactured by
HiMedia Laboratories Pvt. Ltd., Mumbai, India was used
for inoculum preparation purposes. The culture was
obtained after ten days and then sub-cultured in PDA.
Using a hemocytometer, the concentration of the coni-
dial suspension was adjusted to 1.2 x 10° conidia mI*
(Mahuku, Riascos, 2004).

Inoculation. Bean plants of test genotypes grown in a
screen house were used for this assay where apical leaf-
lets from one-week-old plants were washed with steri-
lized distilled water and placed abaxial surface up in
Petri dishes containing two layers of water-soaked blot-
ting papers and glass slides (to avoid rotting). The spore
suspension was brushed gently onto the leaves as descri-
bed by (Tu, 1986). The plate was covered with a
transparent lid and the inoculated leaflets were incubated
at 22 +1 °C with 12 hours light cycle. On the 7" day
after inoculation, the severity of the disease was scored
based on the percentage of veins diseased. The disease
scoring was carried out on a scale from 0 to 3 (Table 2).

Table 2. Scoring scale for anthracnose disease based on leaf
area affected (Inglis et al., 1988).

Scale Plant parts affected
0  Nodisease
1 1-10% veins with lesions
2 11-25% veins and veinlets with lesions
3 26% or more veins and veinlets with lesions

Disease severity and AUDPC were calculated s as
mentioned previously.
The Pearson correlation coefficient was estimated.

Data analysis

The analysis of variance (ANOVA) was performed
for all parameters in GenStat (version 15.0, VSN
International Ltd., England & Wales). Duncan's
Multiple Range Test (DMRT) was used for mean
separation and was performed at a 5% level of
significance (Gomez, Gomez, 1984).
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Results and Discussion

Field experiment

Disease severity

Twelve bean genotypes varied significantly in the
severity of anthracnose at 63, 70, 77, 84 and 91 DAS
(Table 3). Anthracnose severity was found 0.51 to 1.27.
On 91 DAS, The lowest disease severity was obtained
in KBL-1(0.51) followed by KBL-2 (0.52), KBL-3
(0.53) and PB-0001 (0.53) (Table 3).

Table 3.Severity of anthracnose disease on bean genotypes in
2018 under field condition at Vijaynagar, Jumla, Nepal

Genotype 63 DAS 70DAS 77DAS 84 DAS 91 DAS
KBL-1 0.352 0.38° 0.422 0.46%® 0.51%
KBL-2 0.36% 0.39%® 0.44%® 0.46%® 0.52%®
KBL-3 0.36% 0.40° 0.44%® 0.447 0.53°
PB0001 0.342 0.40° 0.45% 0.48° 0.53°
KBL-4 0.38™ 0.44% 0.47¢¢ 0.52¢ 0.61°
KBL-6 0.39¢ 0.42° 0.46" 0.52¢ 0.62°
KBL-7 0.38™ 0.44¢ 0.48% 0.52¢ 0.62°
KBL-9 0.40¢ 0.45¢ 0.49¢ 0.54¢ 0.65¢
PB0002 0.38™ 0.59¢ 0.79 0.84¢ 0.97¢
PB0048 0.40° 0.59° 0.77° 0.88° 0.97°
KBL-5 0.72¢ 0.91¢ 1.039 1.15 1.27°
KBL-8 0.72¢ 0.87f 1.049 1.15f 1.27°

DAS: Days after sowing, Means in a column followed by different
letter's are significantly different at P <0.05. Mean values derived
from arcsine transformation of percentage data.

Area Under the Disease Progress Curve (AUDPC)

Resistance category of bean genotypes based on total
AUDPC, mean AUDPC and AUDPC day- are given in
Table 4. The genotype KBL-1 had the lowest mean
AUDPC value (120.5). Similar observations were
recorded for AUDPC day* values with the lowest
AUDPC day* was observed in KBL-1 (17.2) which
was at par with KBL-3 and KBL-2. Among them, four
genotypes (PB-0001, KBL-2, KBL-3, KBL-1) were
categorized into resistant, four genotypes (KBL-6,
KBL-9, KBL-7, KBL-4) into moderately resistant, two
moderately susceptible (PB-0048 and PB-0002) and
two susceptible (KBL-8, KBL-5) categories based on
mean AUDPC values (Table 4).

Table 4. Resistance category of bean genotypes based on
total AUDPC, mean AUDPC and AUDPC day™ in 2018 at
Vijaynagar, Jumla, Nepal

Genotype Total AUDPC  Mean  AUDPC day' Resistance
AUDPC category

KBL-8 2009.2 502.3 71.7 S

KBL-5 1973.0 493.2 70.5

PB0048 1292.9 323.2 46.2 MS

PB0002 1265.2 316.3 45.2

KBL-9 661.1 165.3 23.6

KBL-7 617.0 154.2 22.0 MR

KBL-4 604.0 151.0 21.6

KBL-6 598.9 149.7 21.4

PB0001 513.3 128.3 18.3

KBL-2 497.8 124.4 17.8 R

KBL-3 495.2 123.8 17.7

KBL-1 482.2 120.5 17.2

S — Susceptible, MS — moderately susceptible, MR — moderately
resistant, R — Resistant, AUDPC — area under disease progress curve

Grain yield

The effect of anthracnose on the grain yield of
different genotypes is given in Figure 2. Grain yield
varied significantly among the genotypes. The highest
grain yield was found in KBL-9 (6.02 t ha'?) followed
by KBL-2 (5.41 t ha!) while the lowest yield was
obtained in PB-0048 (3.46 t ha™t) followed by KBL-6
(3.61 t hal) (Fig. 2).
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Figure 2. Bar graph illustrating the mean and standard
deviation (error bars) of grain yield of bean genotypes in 2018
under field conditions at Vijaynagar, Jumla, Nepal

Laboratory experiment

Final AUDPC and mean AUDPC in detached leaf
assay

Final AUDPC and mean AUDPC differed signifi-
cantly (P<0.01) among genotypes (Table 5). The final
AUDPC was found the lowest in KBL-3 (50.0) and
KBL-2 (50.0) which was followed by KBL-9 (66.7)
and PB-0001(66.7). The minimum mean AUDPC was
found in KBL-3 (16.67) and KBL-2 (16.67) followed
by PB0001 (22.2) and KBL-9 (22.2) (Table 5).

Table 5. Final AUDPC and mean AUDPC of bean genotypes
in detached leaf assay in 2018 at Vijaynagar, Jumla, Nepal

Genotype Final AUDPC Mean AUDPC
KBL-5 222.2 74.0
KBL-8 233.3 77.8
KBL-9 66.7 22.2
PB0048 177.8 59.2
KBL-6 144.4 48.1
KBL-4 133.3 44.4
KBL-7 88.9 29.6
PB0002 233.3 77.8
KBL-2 50.0 16.7
KBL-3 50.0 16.7
KBL-1 88.9 29.6
PB0001 66.7 22.2

AUDPC — Area under disease progress curve

Correlation analysis

The correlation studies showed highly significant
correlations between different parameters (Table 6).
Grain yield showed a negative and significant correla-
tion with mean AUDPC (r = -0.452), disease incidence
(r =-0.512) and disease severity (r =-0.442) (Table 6).
The correlation values between mean AUDPC and
disease incidence (r=0.960), mean AUDPC and
disease severity (r = 0.991), and disease incidence and
disease severity (r = 0.959) were significantly positive.
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Table 6.Pearson's correlation coefficient between parameters
of different genotypes of bean grown in the field in 2018 at
Vijaynagar, Jumla, Nepal

Parameter Mean Disease Disease
AUDPC incidence severity

Mean AUDPC

Disease incidence 0.960™

Disease severity 0.991™ 0.959™

Yield —-0.452" -0.512" —-0.442"

* —significant at P <0.05, ** — significant at P <0.01

Discussion

Common bean provides an important source of fibre,
protein and energy to the people of Jumla district. Bean
is one of the important pulse crops with good economic
value and high export. They are usually used as dal,
soup and porridge. In common bean growing areas, the
incidence of anthracnose disease has posed a serious
threat to bean production (Choudhary et al., 2018;
Goncalves-Vidigal et al., 2020). Jumla is known as an
organic district, the use of pesticides for the control of
insect pests and diseases is prohibited in this district.
Therefore the development of a disease-resistant
variety of beans is important for this district. Agri-
culture Research Station (ARS), Jumla have been
evaluating many local and exotic bean genotypes for
disease screening. Due to lack of laboratory and man-
spower, successful resistant breeding works have not
been achieved yet rather than screening works. This
study can contribute to developing a potential resistant
variety to boost productivity. The leaf detachment
assay showed that the final AUDPC and mean AUDPC
were found the lowest in KBL-3 and KBL-2. The field
screening showed the KBL-2, KBL-3 and PB-0001 had
lower disease severity. Variation of the genotypes
against anthracnose disease was reported by Prasad et
al. (2016). The leaf detachment assay could be used to
screen beans for anthracnose disease in an efficient and
time-saving manner. Detached leaf assay is an alterna-
tive to inoculating whole plants that allow breeders to
test for diseases or races without destroying the plant,
reduces the time between inoculation and disease
assessment and confines the pathogen to the lab
(Miller-Butler et al., 2019).

In the development of resistant plant lines, screening
for and selecting resistant plant sources is important
(Geetha et al., 2013; Sharma et al., 2012). In our study,
based on mean AUDPC values, genotypes were
categorized into four categories; four (PB-0001, KBL-
2, KBL-3, KBL-1) were categorized into resistant, four
genotypes (KBL-6, KBL-9, KBL-7, KBL-4) into
moderately resistant, two moderately susceptible (PB-
0048 and PB-0002) and two susceptible (KBL-8, KBL-
5) categories.KBL-9 which showed a moderately
resistant reaction to the disease produced the highest
yield which was also reported as a high yielder by
Bhujel et al. (2014). In the case of yield, the result
wasn't regarding the resistance category as the highest
yield was obtained in the moderately resistant one. This
might be because, in common beans, yield is a complex
character brought about by other pod quality traits as

well (Singh et al., 2015). According to Nkalubo (2006),
yield differences differed significantly between diffe-
rent accession types but not between resistant classes.

In our study, there was a positive correlation between
AUDPC and disease severity. Similar results were
observed by (Viriyasuthee et al., 2019). A negative
correlation between seed yield and AUDPC, disease
severity score and percent disease severity was recor-
ded in faba bean (Zebire, Tadesse, 2018). The grain
yield showed significant and negative correlations with
AUDPC values in Lay Gorebela and Mush in faba bean
(Wondwosen et al., 2019).

Conclusion

According to the findings, the disease-resistant
promising bean genotypes namely KBL-2 and KBL-3
can be recommended for Jumla conditions in terms of
both anthracnose disease resistance and grain yield
potential. The bean genotypes found promising under
Jumla conditions can be considered for multi-location
experiments in other high hill areas. This finding will
help the bean farmers in enhancing the yield of
common beans and minimizing economic loss.
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ABSTRACT. The application of nitrogen (N) and farmyard manure (FY M)
greatly affects the growth and production of spinach. The objective of this
study was to evaluate the effect of various levels of nitrogen and farmyard
manure on the growth and yield of spinach. This study was conducted in the
research field of the Institute of Agriculture and Animal Science, Lamjung,
Sundarbazar, Lamjung, Nepal from November 2019 to January 2020. The
treatments were: 0 kg N ha®, 30 kg N ha?, 60 kg N ha?,60 kg Nhat+10t
FYMha?, 60 kg Nhal+20tFYMha?, 90 kg N ha?and 120 kg N ha*.
These treatments were laid out in a randomized complete block design
(RCBD) with three replications. The results showed that higher N levels
gave better results for all parameters studied. The increasing N fertilization
rates increased the vegetative characters and yield of spinach. The maximum
plant height (22.68 cm), leaf width (6.69 cm), number of leaves (12.93),
fresh weight of leaves (17.07 g) and leaf length (14.94 cm) were recorded
with the application of the highest level of nitrogen (120 kg N ha™). The
spinach yield (3.2 t ha™) was the highest with the application of 120 kg
N ha™t. However, the growth and vyield traits were not significantly
differed with the application of 60 kg N ha + 20 t FYM ha™. Therefore,
this study suggests that spinach production can be maximized by the
application of 60 kg N ha+ 20t FYM ha™.

© 2021 AkadeemilinePdllumajanduseSelts. | © 2021 Estonian Academic Agricultural Society.

Introduction

Soil fertility is one of the key factors that have a direct
effect on the yield of horticultural crops (Sherchan,
Karki, 2006). Spinach (Spinacia oleracea L.) due to its
shallow root system is more susceptible to nutrient
deficiency than any other crops (Schenk et al., 1991).
Heavy feeder Spinach demands high nutrients nitrogen
(N) in particular, to grow rapidly and to ensure a high
and profitable yield (Zaman et al., 2018). The produc-
tivity of spinach in Nepal (10.10 t ha?) is compara-
tively lower than that of its neighbouring countries
(MOALD, 2017). Inadequate application of the nut-
rients including N and organic matter in the soil is

believed to be the main reason for low spinach yields in
Nepal (Sherchan, Karki, 2006).

Nitrogen is one of the most yield-limiting nutrients in
plants (Dehariya et al., 2019). It is a constituent of
protein that builds cell material and chlorophyll which
are known to enable photosynthesis. This most vital
biochemical process accelerates the growth process in
spinach (Torres-Olivar et al., 2014). Smolders and
Merckx (1992) demonstrated the linear relationship
between the relative growth rate and the N level in the
spinach for exponentially growing plants. Abdelraouf
(2016) and Zaman et al. (2018) found that higher N
levels resulted in a higher number of leaves, leaf area,
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plant height, and yield in spinach. Different Iranian
spinach varieties also showed significantly greater
vegetative attributes and yield attributes at the
application of higher N compared to no application of
N (Ahmadi et al., 2010). When N deficiency occurs, it
affects the function of enzymes, causes the breakdown
of nucleic acids and proteins, hastens senescence, and
inhibits plant growth resulting in reduced quality and
quantity of spinach. N deficiency in spinach plants is
often expressed as stunted growth and leaf yellowing
(Torres-Olivar et al., 2014). The amount of N and
chlorophyll per unit leaf area was decreased by 60% by
N deficit in spinach (Evans, Terashima, 1988). There
was a two-fold decrease in the number of leaves per
plant in the control application of N compared to
130 kg N ha *(Shormin, Kibria, 2018). The deficiency
of N in the plant can be attenuated by the application of
inorganic and organic sources of N into the soil.
Mineral nutrients due to their readily available N are
widely popular. Readily available farmyard manure
(FYM) in rural areas for marginal farmers contains all
the nutrients needed for crop growth including N (0.5—
1.5%) is also used widely for soil N fertility
enhancements. Along with N, FYM makes other
elements more readily available to the plants increasing
soil fertility status of soil (EI-Habet, 2018).

Most Nepalese farmers have low financial resources
to purchase a sufficient amount of inorganic fertilizers
to supply N nutrients adequately which hinder
achieving the desired yield. Further, financially well-
being farmers lack proper knowledge about the
optimum dosages of N fertilization in spinach. They
tend to rely on the misconception of using higher
dosages of N fertilizer for higher productivity. This
irrational use of N causes toxic compound accumu-
lation on edible products which may be harmful to
humans and cause environmental pollution. Moreover,
it increases the cost of production and causes economic
loss (Canali et al., 2008). Thus, knowledge of the
judicious use of N is required to overcome these
challenges. A study by Hashimi et al. (2019) indicated
that application of the N and FYM singly or combined
on soil improve soil N and positively influenced the
overall growth parameters and yield parameters in
spinach. However, little research is conducted on the
effective level of N usages for spinach in the context of
Nepal. So, it is best to have rational knowledge about
the optimum dosage of N fertilizer as well as look for
an alternative approach to alleviate such problems.

The objective of this study was to determine the
effects of different levels of nitrogen and FYM on
vegetative growth and yield characteristics of the
spinach plant.

Materials and Methods

Description of the study area

This experiment was carried out in the research field
of the Institute of Agriculture and Animal Science
(IAAS), Lamjung Campus, Sundarbazar, Lamjung,
Nepal from November 1 2019 to January 1 2020 to

investigate the effect of N and FYM on the growth and
yield of spinach plant. The research field is located at
28.13°N latitude, 84.42°E longitude and 630.02 m
altitude. The maximum and the minimum temperature
recorded during the experiment was given in Figure 1.
Similarly, the average relative humidity and rainfall
were 44%, and 3 mm respectively.

30

OMaximum EMinimum
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Figure 1. Meteorological data during
(November 1, 2019, to January 1, 2020).

the experiment

Baseline soil samples were taken from the different
homogenous units of the field by driving the auger to a
plough depth of 15 cm. 20 samples were collected and
thoroughly mixed and foreign materials like roots,
stones, pebbles and gravels were removed. Then the
thoroughly mixed sample was divided into four equal
parts. The two opposite quarters were discarded and the
remaining two quarters were remixed out until we
reached the required amount of sampled soil. Finally, it
was air-dried under room conditions and the sample
was analyzed at National Soil Science Research Centre,
Khumaltar, Lalitpur, Nepal for soil physicochemical
analysis (Table 1).

Table 1. Soil physical and chemical properties of the
experimental site

Soil Component Values Remarks
pH 5.93 Acidic
N% 0.18 Medium
P, kg hat 355 Medium
K, kg hat 1098.8 High
oM 3.63 Medium
Sand 56.0

Slit 29.7

Clay 14.3

Soil texture Sandy Loam

Description of experimental materials

The spinach variety 'All Green' was used for the
experiment. This variety can be grown in the Lamjung
district of Nepal. The seeds were obtained from Dawadi
Agrovet, Narayangarh, Chitwan, Nepal. The source of
the nitrogen fertilizer was urea (46% N). The urea was
obtained from the same Agrovet.

Treatments, experimental design and cultural
practices

There were seven different levels of treatments: T1:
Okg N ha, T2: 30kg N ha?, T3: 60 kg N ha?, T4:
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60kgN+10tFYMha?, T5: 60 kg N + 20 t FYM ha'?,
T6: 90 kg N ha*and T7: 120 kg N ha™*. The area of
98 m? field was divided into 21 plots with each plot
having an area of 4 m? and the spacing between each
plot was 0.5 m. Three replications of the treatments
were arranged in Randomized complete block design
(RCBD). Before sowing seeds of spinach var. (30 x 20
cm spacing), P (20 kg ha™; Di-Ammonium Phosphate)
and K (40 kg ha; Murate of Potash) and 50% of N
(Urea and Di-Ammonium Phosphate) and as per
treatment listed full dosages of FY M was supplied. The
remaining N (Urea) was supplied in equal proportion in
the 2"@and 4" weeks after sowing as per treatment level.
The farmyard manure (FYM) used in this experiment
was cattle FYM. It was matured after 5 months of
decomposition. The FYM consisted of 1.33% total
nitrogen, 0.23% available phosphorous, 0.5% K0,
2.38% exchangeable K, 0.14% exchangeable Fe,
0.78% exchangeable Ca and 0.38% exchangeable Mg.

Data observation

Fifty-six days after sowing, observations were carried
out in randomly selected five plants per plot in the
following parameters: plant height (cm), number of
leaves per plant, leaf length (cm), leaf width (cm), leaf
fresh weight per plant (g), yield per hectare (t ha™)
(Eq. 1). The plant height was measured as a distance
from the ground level to the maximum vertical point of
the foliage. The leaf length was measured as the
distance between the petiole and leaf apex. Leaf width
was measured as the average of three expansions in the
25%, 50%, and 75% parts of the leaf.

The fresh weight of leaves was taken and yield per
hectare was computed by using the following formula:

Leaves weight, gplant™ X total plant popul. ha™
. -1 — 1
Vield,tha 1000 x 1000 @

Data analysis

Data were recorded and entered into MS-Excel 2016.
The data were analyzed using SPSS 16.0 and R studio.
Data were statistically analyzed according to RCB
design, One-way ANOVA was used to analyze data.
The differences among treatments were separated using
Duncan at a 5% level of significance.

Results and Discussion

Growth Attributes

Table 2 illustrates the results of the effects of various
levels of N and FYM on plant height, number of leaves,
leaf length and leaf width. Plants were the tallest at
120 kg N ha? (22.68 cm) and the value was not
significantly different from those at 90 kg N ha™,
60 kg N + 20 t FYM hat. More or less similar trends
appeared in the case of the number of leaves and leaf
length in the plants. In 8" weeks after sowing, the
significantly higher no. of leaves (12.93) was observed
when the plants were grown with 120 kg N ha* which
was statistically par with 90 kg N ha (12.16) and
60 kg N + 20t FYM ha (11.4). Leaf length was also
found the longest at 120 kg N ha™ (14.94cm) which
was statistically par with 90 kg N ha and 60 kg N +
20t FYM ha™t. Similarly, significantly wider leaves
were observed at 120 kg N ha* (6.69 cm) which was
statistically par with 90 kg N ha™ (5.94 cm), 60 kg N +
20tFYMha (5.39 cm) and 60 kg N + 10 t FYM ha?
(5.35cm). Hence, the values for these parameters
improved with the addition of the nutrients tended to
level off at 60 kg N+ 20 t FYM hat. Compared to the
Control of no N and FYM application, an increase in
the value of mean plant height and mean number of the
leaves were found to be 40% and 68% higher at 60 kg N
+ 20t FYM hat. Similarly, mean leaf length and mean
leaf width was found to be 56% and 14% higher
respectively at 60 kg N + 20 t FYM ha* over control
treatment of no nutrient addition.

Table 2. Effect of different levels of nitrogen and FYM on the growth attributes of spinach (Spinacia oleracea L.)

Treatments Plant height, cm No. of leaves  Leaf length, cm  Leaf width, cm Fresh weight per leaf, g Yield, t ha™®
0kg N hat 15.18 + 2.76¢ 6.77 +1.38¢ 7.62 +1.90¢ 4.65+0.93° 8.94 + 1.82¢ 1.68 + 0.34¢
30 kg N hat 16.35 + 2.36™ 8.55 + 1,52 8.41 + 2,57 5.02 + 1.49" 11.29 + 2.00% 2.12 +0.37¢
60 kg N ha?t 19.17 +1.80% 9.79 +1.23% 9.68 +0.83% 5.28 +0.74%® 12.92 +1.63% 2.42 +0.30%
60kgN+10tFYMha?'  20.01 +1.40%® 10.13 £2.61% 10.73 £2.26° 535+ 1.09% 13.37 £ 3.44% 2.51 +0.64"
60 kg N + 20tFYM hat 21.28 +1.80° 11.40 + 0.91% 11.91 +1.72%® 5.39 £ 0.29° 15.04 + 1.20® 2.82 +0.22%
90 kg N ha?t 21.67 +2.05% 12.16 +1.18%® 13.50 + 1.35%® 5.94 + 1.56% 16.06 + 1.56® 3.01 £0.29®
120 kg N ha! 22.68 + 1.47* 12.93 +0.61* 14.94 + 1.37° 6.69 +1.32° 17.07 £ 0.80° 3.20 +0.15°
Mean 19.48 10.25 10.97 5.47 13.53 2.53
SEM+ 417 2.00 3.50 1.20 0.986 0.184
CV % 10.48 13.82 17.06 19.99 12.60 12.60
LSD (0.05) 3.63 2.52 3.33 1.95 3.039 0.569
F test *% *% *% *% *% *%

Means in a column followed by different lowercase letter/s are significantly different according to Duncan multiple range test at P = 0.05. **
Highly significant at 0.01 level of significance, SEM+ — standard error of the mean, CV — coefficient of variation. Mean in a column followed

by + standard deviation.

The obtained results align with the findings of Mirdad
(2009) where plant height and number of leaves per
plant with the addition of high N level resulted in
significant increments in these characters of spinach
plants. Similarly, Zaman et al.(2018), Solangi et al.

(2015) and Shormin and Kibria (2018) recorded taller
plant height and higher number of leaves per plant with
the higher application of 150 kg N ha* compared to
other lower levels of N treatment. Zheng (2009)
reported that N plays a pivotal role in cellular carbon
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and N metabolism, which must be tightly coordinated
to sustain optimal growth and development for plants.
Application of N to spinach might have favoured
vegetative growth increasing plant vigour and shoot
growth rate increasing spinach growth attributes
overall. Nevertheless, beyond the optimum level of N,
it will be harmful to plants as it creates osmotic
imbalances due to luxury nitrogen absorption (nitrogen
accumulation) in plant tissue leading to toxic effects of
nitrates on the plants (Ng’etich et al., 2014). It also can
create favourable conditions for the development of
various diseases due to its lush foliage and succulent
(Torres-Olivar et al., 2014). Gulser (2005), Nemadodzi
et al (2017) and Rodriguez-Hidalgo et al. (2010)
reported that N treated plant has significantly higher
leaf length compared to no nutrient treatments.
Cytological development and differentiation for the
development of the leaf are dependent on the
availability of N and it has a significant effect on the
leaf size (Roggatz et al., 1999). Thus, the observed
increase in leaf length might be due to adequate N for
plant growth rate. Also, a significant response was
shown in leaf width at a different level of N treatments
and the highest leaf width value was obtained at 120 kg
N ha? (6.69 cm). Gusewell (2004) suggested that
adequate input of N increases the level of cytokinin in
the plant. This increased level of cytokinin may have
stimulated shoot growth rate resulting in leaf length and
leaf breadth of the plant. Our findings confirm with
Cruz and Boval (2009) where leaf width increases
along with nutrient increment.

Crop yield

The results showed the significant differences
(P<0.01) were observed in the fresh weight of leaves
and yield of spinach at different levels of treatments.
However, the significantly higher fresh weight
observed in 120 kg N ha™ (17.07 g) compared to
control, showed non-significant differences with 90 kg
N ha (16.06 g) and 60 kg N + 20 t FYM ha* (15.04 g)
(Table 2). Concomitant to the fresh yield, spinach yield
was obtained significantly higher at treatment 120 kg
N ha? (3.20 t ha*) over control treatment but was sig-
nificantly par with a yield of 90 kg N ha? (3.01 t ha?)
and 60 kg N + 20 t FYM ha (2.82 tha™) (Table 2).
These results indicated that adding nutrients to boost
yield trait has a beneficial impact to some degree, but that
it eventually levels out at 60 kg N + 20 t FYM ha™. The
increase in the yield and fresh weight of spinach at
60 kg N + 20 t FYM ha* were 67.8% and 68.2% higher
compared to control where the application of N and
FYM was not done.

These results are in line with Zaman et al.(2018) where
they showed an increase in fresh weight of leaves and
yield along with increasing N fertilizer rates, which was
added to the spinach plants. The highest weight of the
fresh leaves and yield was observed at 240 kg N ha™.
Similar to our findings, Hashimi et al. (2019) reported that
spinach yield was significantly higher than other lower
level N treatments, but no significant difference was
observed at 150 kg N ha™ and 5t CM + 80 kg N ha?,

concluding that the non-significant difference in yield
is correlated with increased N nutrients supply from
FYM source. This is supported by Sajirani et al. (2012)
where they reported a higher yield in spinach in the
combination of N and FYM. Conforming preceding
statements, Stagnari et al. (2007) result showed that N
fertilizers significantly increased yield concerning the
untreated control even when sources were different.
Since photosynthesis rates are N-dependent, an
increase in photosynthetic rates has a direct impact on
plant growth and biomass accumulation (Zheng, 2009).
This rapid plant growth may have resulted in
significantly increased plant height, the number of
leaves, and the fresh weight of leaves, all of which led
to increased yield. But the application of N above the
optimum level may not improve the crop growth, or
even damages the plant. Greenwood et al. (1980) indi-
cated that although the yield of each crop initially
increased with an increase in N fertilizer compared to
the control, the yield later remained the same or decline
with further increment.

Conclusion

The growth and yield of spinach were influenced by
different levels of nitrogen and FYM. The increasing
application rate of N fertilization up to 120 kg N ha™
increased the growth and yield of spinach, however,
these traits are not significantly differed from the
application of 60 kg N + 20 t FYM ha*. Therefore, the
application of 60 kg N + 20 t FYM ha* was found to
be the optimum level for the cultivation of spinach.
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ABSTRACT. The main parameters of the microclimate of pig farms are
regulated by the norms of technological design. Naturally, such micro-
climate parameters at real energy prices require high costs, but these are the
most favourable conditions for the life of suckling piglets. According to the
presented analysis, the problem of research is the need to provide a micro-
climate in the room for comfortable keeping of pigs, which is currently
achieved through high energy. The purpose of the development is to increase
the efficiency of the microclimate of pig farms by using a mechatronic
control system, rational use of utilized air energy and soil thermal potential
with reduced energy costs of the ventilation system. The problem is solved
by creating such a mechatronic system to ensure the microclimate of pig
farms, which can: switch the direction of airflow to ensure the operation of
the system in winter and summer; to control the movement of air, which
must be disposed of according to the parameters of its quality; to provide a
local microclimate in each place where animals are kept; rational use of soil
thermal energy as a source of alternative energy; to carry out automatic
pumping of the water necessary for humidification of air, and its utilization.
The article presents the results of research of parameters of the developed
mechatronic system of providing microclimate of pig premises, which were
carried out in three stages: research of heat exchanger of side-evaporating
type; substantiation of the ventilation system of polluted air intake;
substantiation of the ventilation system for injecting clean air taking into
account it's geothermal heating/cooling. The advantage of the proposed
mechatronic system of the microclimate of pig farms is that it allows
increasing the efficiency of microclimate by rational use of energy of
utilized air (due to the use of side-evaporator type heat exchanger based on
Maisotsenko cycle) and soil heat potential (geothermal energy) at low
operating costs of the ventilation system through the additional provision of
mechatronic elements. The presented results of numerical simulation of the
indirect evaporative heat exchanger allow us to state that the cooling effect
obtained in indirect evaporative channels can be quite high in comparison
with traditional air conditioning patterns. The presented heat exchanger
based on the Maisotsenko cycle (M-cycle) of considered heat carrier flow
scheme is characterized by its high cost-effectiveness, low specific cost,
small operational costs and structural simplicity, which is confirmed in the
works. The models obtained in the Star CCM +software package can be used
for optimization analysis of air-cooling with variations in the Reynolds
number, humidity, channel length and geometric dimensions of channels.
Because of analytical investigations of the contaminated air intake
ventilation system, the method was developed and on its basis — the
algorithm was implemented for the determination of geometrical
arrangement of holes in the air duct of the mechatronic system for pigsty
microclimate maintenance.

© 2021 Akadeemiline P8llumajanduse Selts. | © 2021 Estonian Academic Agricultural Society.
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Introduction

Pigsty microclimate is determined by the combi-
nation of air temperature, relative humidity, chemical
and mechanical composition. Each of these parameters
individually has a significant impact on livestock
productivity and should be maintained within a strict
framework conditioned by livestock physiological
needs and capabilities (Van Wagenberg, 2005; Gunko
et al., 2021).

In livestock breeding, microclimate is primarily
understood as the climate of livestock building, which
is defined as the totality of the air environment's
physical state, its gas, microbial and dust contami-
nation, taking into account the state of the building
itself and the process equipment. In other words,
microclimate means meteorological conditions in
closed livestock buildings, the concept of which
includes temperature, humidity, chemical composition
and air velocity, as well as dust content and illumi-
nation intensity. Optimal microclimate allows increa-
sing livestock productivity, reducing the feed expendi-
tures per production unit, contributes to better mainte-
nance of livestock health. Microclimate in the building
depends on local (zonal) climate and season, thermal
and moisture resistance of buildings' enclosing struc-
tures, ventilation conditions, the intensity of the buil-
ding' illumination and heating, sewerage conditions and
manure removal quality, livestock management techno-
logy, species and age composition of livestock (Huynh
et al., 2005). Basic parameters of pigsty microclimate
are regulated by technological designing standards
(Godyn et al., 2020). The room temperature for bree-
ding boars should be indoors — from 13 °C to 18 °C, for
pregnant sows — from 13 °C to 18 °C, for suckling —
from 18 °C to 22 °C, for repair young stock — from
18 °C to 22 °C, for weaned piglets up to 30 days — from
24 °C to 30 °C, in 60 days — 22 °C, for piglets on rea-
ring —from 15 °C to 20 °C, for fattening young animals
depending on age — from 12 °C to 20 °C. At local hea-
ting of piglets in the first week of life the temperature
in a lair should be 30 °C, in the second — 28 °C, in the
third — 26 °C, in the fourth — 24 °C, in the fifth — 24 °C.
Naturally, such microclimate parameters at real energy
prices require high costs, but these are the most
favorable conditions for the life of suckling piglets.

At below-critical temperatures, the body has no time
to produce heat, based on forage energy, so hypo-
thermia occurs followed by possible colds and even
death. At above-critical temperature, convective heat
exchange between the body and the environment
decreases sharply, so the risk of overheating and heat-
stroke arises. When temperature conditions are violated
(hypothermia, overheating), natural resistance decrea-
se, as well as pulmonary and gastrointestinal diseases
are observed (Godyn et al., 2020). However, sharp
temperature fluctuations during the day produce a
stronger negative impact on the body than permanently
elevated or reduced temperatures, and this primarily
affects the young stock. Protective humoral factors in
first day's livestock are poorly developed, their skin and

mucous membranes being very sensitive to pathogenic
microbes (Renaudeau et al., 2010).

Ambient humidity also significantly affects livestock
body thermoregulation, and particularly its heat
elimination, and high relative humidity (85% and
above) produces a negative effect on the body and heat
elimination at both high and low ambient temperatures
(Johnston et al., 2013). High humidity suppresses
metabolism and redox processes in the body and redu-
ces pigs' resistance. When livestock is kept in the buil-
ding with high humidity during the cold season, such
diseases as bronchitis, pneumonia, gastrointestinal
diseases are often observed in young livestock. High
humidity contributes to the preservation of microorga-
nisms, particularly pathogenic and fungal microflora, in
the building, this frequently giving rise to skin diseases
— ringworm, eczema, scabies and others. In addition,
high humidity and low temperature increases the
consumption of feed per unit of output, livestock appe-
tite is deteriorating (Kozlovski, 1984).

Air velocity ensures air exchange in the building,
enhancing the cooling capacity of the air. Therefore,
low air velocities lead to microclimate deterioration,
with high ones being able to cause colds at low tempe-
ratures (II'in et al., 2011). Increasing air velocity along
animals' body surfaces reduces the "perceived body
temperature” — that is, the temperature the animals feel.
When using this method, one must monitor the cooling
effect, as there is the risk of hypothermia in livestock.
Increasing air velocity reduces body temperature, so
even during the warm season, one needs to ensure that
livestock does not over cool. Normally, excessive air
velocity causes drafts. Hence, the evaluation of the
cooling effect depending on air velocity is as follows.
For 0.2 m s air velocity along the animal body, the
perceived temperature decrease is 4 °C, for that of
05ms? — 7°C, and 1.5 ms? — 10°C (Forcada,
Abecia, 2019; Song et al., 2013).

In its turn, optimal microclimate maintenance in
pigsties is associated with significant heat and electri-
city consumption, which makes up to 15% of produ-
cers' costs. During the heating period, pigsties heat-
generating devices for various purposes consume up to
90% of total fuel and energy costs, while in summer air
coolers consume up to 50% thereof. In addition, even a
partial reduction of these costs will result in a signifi-
cant reduction in energy-related production expendi-
tures, thus reducing its self-cost. Ever-increasing
energy cost complicates the situation and exacerbates
the issue of energy-saving technologies implementa-
tion, as well as actualizes the economic problem of
reducing the specific energy consumption for the
manufacture of livestock products (Kaletnik et al.,
2020; Braun et al., 2020).

Existing equipment meant for pigsty microclimate
maintenance either entirely meets the requirements
outlined in the Table 1 while consuming large amounts
of energy, or is cost-saving but unable to maintain
optimal microclimate parameters (lvanov, Novikov,
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2020). For example, disadvantages of known equip-
ment (Patent UA 129759, 2018) may include the non-
use of utilized air's thermal energy and lack of
automatic switching of the microclimate system for
summer (supply air-cooling) and winter (supply air
heating) periods. This leads to an increase in energy
consumption for pigsty microclimate maintenance.
Except when using this equipment (Patent UA 102567,
2009), utilized air thermal energy is used inexpediently,
while this can be used to cool the supplied air in
summer and heat the same in winter. Lack of airflow's
local regulation does not allow creating an individual
microclimate for different livestock groups. Disadvan-
tages of (Patent UA 144887, 2020) and (Patent US
2017/0016645, 2017) equipment include the absence of
the system for microclimate parameters' automatic
regulation, insufficient degree of airflow cooling and
heating, which can be compensated by the use of
alternative energy sources. Each of these units operates
exclusively to cool or heat the supply airflow, i.e. no
provision is made for switching between operating
modes. In addition, these units' structural and process
flow diagrams provide for no automatic pumping of
water required for air humidification and its disposal.
According to the presented analysis, the problem of
research is the need to provide a microclimate in the
room for comfortable keeping of pigs, which is
currently achieved through high energy consumption
therefore, the development project is aimed at
increasing the efficiency of pigsties microclimate by
using a mechatronic control system, expedient use of
utilized air energy and thermal soil potential
(geothermal energy) with reduced energy costs for
ventilation system functioning.
The designated problem was solved by the generation
of such mechatronic system for pigsty microclimate
maintenance, which provides for the opportunity to:
o switch between airflow directions to ensure the
system's operation in winter (0 °C) and summer
(25 °C) periods;

¢ control air movement, which must be disposed of
according to its quality parameters (hydrogen
sulfide, carbon dioxide and ammonia content);

e maintain local microclimate in each stall, where

livestock are kept;

o expediently to use thermal soil energy as an

alternative energy source;

e carry out automatic pumping of water required for

air humidification and its disposal.

Methods

To solve the designated problem, a structural and process
flow diagram of the mechatronic system for pigsty
microclimate maintenance has been developed (Fig. 1).

The mechatronic system for pigsty microclimate
maintenance operates as follows. The operator on
control unit (5) sets given ranges of local microclimate
parameters (temperature, humidity, airflow rate) for
each stall, where livestock are kept. The operator of
control unit (5) also sets air quality limits in terms of
hydrogen sulfide, carbon dioxide and ammonia content.
Next goes the launch of the mechatronic system for
pigsty microclimate maintenance. Information on
temperature, humidity and air quality values (hydrogen
sulfide, carbon dioxide and ammonia) from tempera-
ture, humidity and air quality sensors (9), temperature
and humidity sensors (14), external temperature and
humidity sensors (36) is transmitted to control unit (5)
via electrical wire devices (10). These data are compa-
red between each other and with the data set by the
operator.

The operator must set the temperature in the pigsty
higher than the temperature on the outside of the pigsty
(winter period), the control unit transmits a signal to
rotating servo-operated rotating valve (18), with the
valve having been set to the position that allows
connecting contaminated air intake ventilation system
(1) with inner working air pipe (20) of the indirect
evaporative heat exchanger (3). In its turn, clean air
charging ventilation system (2) is connected to inner
recycled air pipe (22) of the indirect evaporative heat
exchanger (3). Control unit (5) starts blower fan (24) in
the direction of air supply from the pigsty to its outer
side, and exhaust fan (25) in the opposite direction of air
supply from the outside of the pigsty.

Depending on the air quality above the place where
the pigs are kept, as determined using temperature,
humidity and air quality sensors (9) and the limit values
set by the operator, control unit (5) via electrical wires
transmits the signal to servo-operated intake valves (8).
Measured air quality parameters should be less than the
limit values set by the operator, servo-operated intake
valve (8) is closed. Otherwise, the servo-operated in-
take valve (8) opens at an angle that is directly
proportional to the corresponding difference between
air quality parameters and limit parameters. Air is
sucked into air intake nozzles (7) and formed into the
stream that moves along central air intake duct (6) of
contaminated air intake system (1). Next, the airflow
enters nozzles (16) and central cavity (17) of four-way
valve (4). After that, the airflow enters inner working
air pipe (20) and then to cross-channel set (23) of the
indirect evaporative heat exchanger (3). This airflow
passes through working channels (26), where it is
cooled and its humidity is reduced along with conden-
sate generation. This process occurs due to heat
exchange through the walls connecting working chan-
nels (26) and wet channels (27). Next, cooling airflow
is supplied to the pigsties outside through the outer
working air pipe (19).
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Figure 1. Structural and process flow diagram of the mechatronic system for pigsty microclimate maintenance: 1 — contaminated
air intake ventilation system; 2 — clean air charging ventilation system; 3 — indirect evaporative heat exchanger; 4 — four-way valve;
5 — control unit; 6 — central air intake duct; 7 — air intake nozzles; 8 — servo-operated intake valves; 9 — temperature, humidity and
air quality sensors; 10 — electrical wires; 11 — central air injection duct; 12 — branch air injection pipes; 13 — servo-operated
discharge valves; 14 — temperature and humidity sensors; 15 — heating elements; 16 — nozzles; 17 — central cavity; 18 — servo-
operated rotating valve; 19 — outer working air pipe; 20 — inner working air pipe; 21 — outer recycled air pipe; 22 — inner recycled
air pipe; 23 — cross-channel set; 24 — blower fan; 25 — exhaust fan; 26 — working channels; 27 — wet channels; 28 — dry channels;
29 — water injection nozzles; 30 — pipeline system; 31 — water pump; 32 — water intake tank; 33 — electromagnetic water top-up
valve; 34 — electromagnetic water draining valve; 35 — level sensor; 36 — external temperature and humidity sensors

Simultaneously with the foregoing, cold and dry
airflow from the pigsties outside enters the outer
recycled air pipe (21). Next, cold and dry air flow
moves to cross-channel set (23) of the indirect evapo-
rative heat exchanger (3), where it continues moving
first along dry channel (28) and then along wet channel
(27). In dry channel (28), cold and dry airflow is heated
due to heat exchange through the walls connecting wet
channels (27) and dry channels (28), and in wet channel
(27) already warm and dry airflow is enriched with
moisture, continuing to be heated.

Under the action of gravity, excess moisture flows to
the bottom of water intake tank (32). Initially, control
unit (5) via electrical wires closes electromagnetic
water draining valve (34). In addition, the control unit
(5) turns on water pump (31), which supplies collected
water from water intake tank (32) and directs the same
through pipeline system (30) to water injection nozzles
(29). Water from water injection nozzles (29) washes
wet channels (27). The water level in water intake tank
(32) is determined using level sensor (35), which via
electrical wires (10) transmits this information to
control unit (5). The water level should be lower than
the intended one, the control unit (5) opens electro-
magnetic water top-up valve (33), and water from the

pigsty's water consumption system enters pipeline
system (30). Otherwise, the control unit (5) closes
electromagnetic water top-up valve (33) and opens
electromagnetic water draining valve (34), and the
water from water intake tank (32) enters the manure
removal system.

After wet channels (27), warm and wet airflow enters
inner recycled air pipe (22), which is connected to
nozzles (16) and central cavity (17) of four-way valve
(4). Next, warm and wet airflow enters central air
injection duct (11) where through branch air injection
pipes (12) enters the pigsty's middle part directly into
the stalls, where livestock is kept. Since central air
injection duct (11) is located under the floor below the
soil freezing level, the process of geothermal heating of
warm and wet airflow additionally occurs.

Information from temperature and humidity sensors
(14) via electrical wires (10) is supplied to control unit
(5), where it is compared with local microclimate
parameters set by the operator for each stall. Where
additional airflow heating is required in some particular
stall, control unit (5) switches on respective heating
element (15) and opens servo-operated discharge valve
(13) entirely. Air temperature should be above or equal
to the one required, control unit (5) switches off
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respective heating element (15) and closes servo-
operated discharge valve (13) partially. The servo-
operated discharge valve (13) closure degree is directly
proportional to the difference between the pre-set and
the measured temperature.

Let us consider the case when the temperature pre-set
by the operator is lower than the temperature on the
pigsty's outside (summer period). The control unit
transmits the signal to servo-operated rotating valve
(18), which is set to the position that allows connecting
contaminated air intake ventilation system (1) with
inner recycled air pipe (22) of the indirect evaporative
heat exchanger (3). In its turn, clean air charging venti-
lation system (2) is connected to inner working air pipe
(20) of the indirect evaporative heat exchanger (3).
Control unit (5) starts blower fan (24) in the direction
of air supply from the pigsty's outside to the pigsty's
middle part, while exhaust fan (25) does the same in the
opposite direction of air supply from the pigsty to its
outer side.

Depending on air quality above the stalls, as deter-
mined using temperature, humidity and air quality
sensors (9) and limit values set by the operator, control
unit (5) via electrical wires transmits the signal to
servo-operated intake valves (8). Measured air quality
parameters should be lower than limit values set by the
operator, servo-operated intake valve (8) is closed.
Otherwise, the servo-operated intake valve (8) opens at
an angle that is directly proportional to the respective
difference between air quality values and limit values.
Air is sucked into air intake nozzles (7), being formed
into the stream that moves along central air intake duct
(6) of contaminated air intake system (1). Further,
airflow enters nozzles (16) and central cavity (17) of
four-way valve (4). After that, airflow enters inner
recycled air pipe (22) and then cross-channel set (23) of
the indirect evaporative heat exchanger (3). This air-
flow passes through dry channel (28) and wet channel
(27), where it is heated using heat exchange through the
walls adjacent to working channel (26). Further,
airflow is supplied to the pigsties outside through outer
recycled air pipe (21).

Simultaneously with the foregoing, warm and dry
airflow from the pigsties outside enters the outer
working air pipe (19). Next, warm and dry air flow
moves to cross-channel set (23) of indirect evaporative
heat exchanger (3), where it continues to flow through
working channels (26), where it is cooled and its
humidity is reduced along with condensate generation.
This process occurs due to heat exchange through the
walls that connect working channels (26) and wet chan-
nels (27).

Under the action of gravity, excess moisture flows to
the bottom of water intake tank (32). Initially, control
unit (5) via electrical wires closes electromagnetic
water draining valve (34). In addition, control unit (5)
turns on water pump (31), which supplies collected
water from water intake tank (32) and directs the same
through pipeline system (30) to water injection nozzles
(29). Water from water injection nozzles (29) washes

wet channels (27). The water level in water intake tank
(32) is determined using level sensor (35), which via
electrical wires (10) transmits this information to
control unit (5). The water level should be lower than
the intended one, the control unit (5) opens electro-
magnetic water top-up valve (33), and water from the
pigsty's water consumption system enters pipeline
system (30). Otherwise, control unit (5) closes electro-
magnetic water top-up valve (33) and opens electro-
magnetic water draining valve (34), and the water from
water intake tank (32) enters the manure removal
system.

After wet channels (27), warm and wet airflow enters
inner working air pipe (20), which is connected to
nozzles (16) and central cavity (17) of four-way valve
(4). Next, warm and wet airflow enters central air
injection duct (11) where through branch air injection
pipes (12) enters the pigsty's middle part directly into
the stalls, where livestock are kept. Since central air
injection duct (11) is located under the floor below the
soil freezing level, the process of geothermal heating of
warm and wet airflow additionally occurs.

Information from temperature and humidity sensors
(14) via electrical wires (10) is supplied to control unit
(5), where it is compared with local microclimate
parameters set by the operator for each stall. Where
additional airflow heating is required in some particular
stall, control unit (5) switches on respective heating
element (15) and opens servo-operated discharge valve
(13) entirely. Air temperature should be above or equal
to the one required, control unit 5 switches off respec-
tive heating element (15) and closes servo-operated
discharge valve (13) partially. The servo-operated dis-
charge valve (13) closure degree is directly propor-
tional to the difference between the pre-set and the
measured temperature.

Investigation of parameters of the developed mecha-
tronic system for pigsty microclimate maintenance was
carried out in three stages:

e investigation of the indirect evaporative heat

exchanger;

e substantiation of the contaminated air intake

ventilation system;

e substantiation of clean air charging ventilation

system taking into account its geothermal heating/
cooling.

The first investigation stage was intended for
determining the feasibility of using an indirect
evaporative heat exchanger based on the Maisotsenko
cycle (M-cycle) in the proposed mechatronic system.
Heat and mass transfer processes taking place in such
heat exchangers are close to thermodynamically inver-
se processes, thus allowing obtaining maximum air
cooling effect with minimum energy consumption. The
dew point temperature is the theoretical limit of wet air-
cooling in such a device. The invariability of airflow
concentration also is a positive effect of cooling in the
working channel. Studies of this heat exchanger were
conducted based on numerical simulations in the Star
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CCM+ software package (Aliev et al.,, 2018;
Honcharuk et al., 2021). The diagram for simulating
the channels of the indirect evaporative heat exchanger
is shown in Fig. 2.

The second investigation stage, and namely the subs-
tantiation of the contaminated air intake ventilation
system, was carried out based on analytical calcula-
tions. The model for determining the geometrical arran-
gement of holes in the contaminated air intake venti-
lation system is shown in Fig. 3.

As the abscissa axis, the air duct axis with coordinate
origin in the centre of its end section was selected. Air
duct length is L, along which there are n holes of the
same plane . The airflow rate at the duct's beginning
is vn. It is necessary to establish how the distance
between the holes varies along the air duct length to
ensure air's uniform distribution between the holes.
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Figure 2. Diagram for simulating the channels of the indirect
evaporative heat exchanger
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Figure 3. A computational model for determining the geometrical arrangement of holes in the contaminated air intake ventilation

system

To determine distance x;, velocity wi, hole area ¢
and the number of holes n, let us make the method
(Fig. 4) consisting of the following steps (Yaropud,
Aliyev, 2015, Solona, Kupchuk, 2020).

1. The setting of parameters: air duct length L, hole
discharge ratio @, shock smoothing ratio o,
friction resistance ratio «, air duct effective

diameter de, airflow rate at air duct beginning vn,
air duct's cross-sectional area A, the rate of the
airflow passing through hole wj, the airflow rate
at air duct's cross-section v;.

2. Setting the hole area variation increment ¢ =
0.001-j, where j is the hole number.

3. Calculation of distance x; using the formula where
i is the hole number.

L(pz(szvi (KXi_l + de)

Xj = -
' Vn((pzcz(KXi_1+de +2aae)—A2de) )
B \/Lz(p464Vi2(KXi_l + de)2 - (LZK(pzcsZVizxi_1 + szﬁdexiz_lX(pzoz(Kxi_l +dg + 2001, ) - Azde)
v, ((pZGZ(KXi_l +dg + 2001, ) - Azde)
4. Calculation of distance w; using the formula 5. Calculation of the sum of distances
_Xi-A-vy n
Wi= c-L ) Lcatc = in ©)
i=1
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is the difference between the sum of distances and
accepted air duct length | Leaic — L | <0.01, clause
9 action is performed, otherwise clause 2 is
fulfilled.

9. Determination of hole area ccac = o.

10. Determination of n, scalc, xi, wi Parameters.

6. Meeting the condition: if the sum of distances Lcaic
> L, then clause 7 actions of is performed, other-
wise clause 3 is fulfilled.

7. Determining the number of holes n =i.

8. To ensure required convergence of the air duct's
total length, we fulfil the condition: if the modulus

( Beginning >
v
/ L, o, a, k, de, vy, A, Wy, vy /

v
| §=0, L~ Legg =1 |
!

[ §=j+1,6=0.001,i=1, Lege =0 }:
v
| i=i+1 -

v

.« - Lo'cv,(ix,, +d,) B
v (ot (kx,, +d_+2ad ) - A'd)

B JUo's'V (kx,, +d.) - (Ukgic’vix,, + A'v:d X2, N ¢'c’(kx,, +d, +2ad,)- A'd,)
v (0o’ (kx,, +d_+2ad )-A'd )

XAV,
W, =
c-L
¥

| Leatc = Leale + Xi |

No

Leae>L

/ N, Geales Xis Wi /

v

( End )

Figure 4. Algorithm for calculating the geometrical arrangement of holes in the microclimate system’s air duct

The method so developed and the algorithm imple-
mented on its basis (Fig. 4) are implemented in the
Mathematica software package.

The third stage of investigations, and namely the
substantiation of clean air charging ventilation system
taking into account its geothermal heating/cooling, was
conducted based on analytical studies in the Mathe-
matica software package (Aliev et al., 2018). To
develop the mathematical model for heat elimination
process in clean air charging ventilation system taking
into account it's geothermal heating/cooling, we make
the following assumptions: heat elimination process

through air duct walls takes place in their thickness
only; the process of heat elimination through air duct
walls is instantaneous; due to a slight change in airflow
pressure (Ap = 10-200 Pa) during its movement along
the air duct, the system's thermodynamic process is
considered isobaric; airflow in air ducts is homoge-
neous and isotropic; the air duct is at the depth of 3—
5m from the surface (soil temperature ranging from
7 °C to 13 °C depending on the season). To investigate
the heat elimination process, the computational model
was generated, which is shown in Fig. 5.
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Figure 5. A computational model for heat elimination process in clean air charging ventilation system taking into account it's
geothermal heating/cooling

According to Newton-Richman's law (Schmidt,
2019) and the equation for heat elimination through a
cylindrical wall (Kreith et al., 2010) we obtain a
differential equation for heat elimination process within
clean air charging ventilation system taking into
account its geothermal heating/cooling:

mlcpdTl(X)_ TCKl(TZ - Tl(X))dX =0, 4)

where X is the coordinate, m; m; = V1 - p(T1) — mass
air consumption in the air duct, kg s 3"s%; Vi = viA; —
volumetric air consumption in the i-th air duct, m3s?;
vi — air velocity in the air duct, ms%;, A; = - r? —air
duct's cross-sectional area, m?; r; — air duct radius, m;
Cyp — specific air heat; T, — air flow temperature in the
air duct, K; T, - soil temperature, K;
Ki = ((0a(2rs — 8)) ™ + (au(2r1 + 8)* + g((2r1 + 8)/
(2r1 — 8))/(21))* — linear heat elimination ratio for a
cylindrical air duct can be calculated using the formula;
oa = A - Nug/d; — heat elimination ratio in the air duct,
W (m?-K)™%; § is the air duct wall thickness, m; A is the
air duct wall specific thermal conductivity, for
polyethene; Nu; = 0.018 Re?® — Nusselt number for air
flow in the i-th air duct; d; = 2r; — air duct diameter, m;
Re; = d1vip(T1)/l— Reynolds number for air flow in the
air duct; p — dynamic air viscosity; vi — air velocity in
the i-th air duct, m s%; p(T1) = 273po/T1 — air density in
the i-th air duct at constant pressure, which is associated
with its temperature, kg m®-%; po. — air density under
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normal conditions (Tnc. =273 K, Po= 101325 Pa), po =
1.293 kg m®-L; L is the air duct length, m. According to
Fig. 5, boundary conditions are T1(0) = T, where T —
the temperature at air duct inlet, K.

Results

As a result of the first stage of investigations, and
namely, the numerical simulation, obtained was the
field of temperatures and mass concentrations in the
channels of the indirect evaporative heat exchanger
(with Reynolds number Re = 100, the temperature at
the working channel inlet to = 30 °C, initial humidity oo
= 30% shown in Fig. 6. It follows from the figure that
the average air temperature in the working channel
(under these conditions) is lower than the wet channel
temperature (P-value for numerical simulation was
0.05). At the same time, the mass concentration of air
in the wet channel increases. The data also indicate that
a fairly large part of the heat exchange area in the wet
channel is in the saturation state. Moreover, tempera-
ture change along the wet channel length is not mono-
tonous, and at a certain distance from the inlet, its
minimum is observed. Reduction of relative humidity
value at the inlet to the heat exchanger will increase the
intensity of water film evaporation in the wet channel,
and therefore, will reduce temperatures parameters in
the dry and the working channels.

K10°
185
175
16,5
155
145

il 35

25
15
10,5

9,5
85
7.5

0 10 20 30 40 x/d

Figure 6. Fields of temperatures (a) and mass concentrations (b) in channels of the indirect evaporative heat exchanger (Re =

100, to = 30 °C, ¢o = 30%)

As a result of the second stage of investigations, and
namely the substantiation of the contaminated air
intake ventilation system, taking into account its
structural and process parameters (L = 5.8 m; ¢ = 0.65;
o=0.4; k= 0.01717 m; r; = 0.14 m; r3 = 0.2 m; Vo =
0.14 m¥s?; x; =0.9 m; vy = 0 ms?), determined was
the number of holes n = 7 and their area 6 = 0.011 my,

as well as the distribution of distance between the holes
according to Figure 7 and air velocities through the
holes.

Analyzing Figure 7, one can state that the distance
between the holes gradually decreases from 0.94 to 0.6
m in the direction opposite to the airflow. However, at
the end of the duct, observed is a slight decrease in the
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distance by 0.04 m, which is caused by back airflow,
which collides with the muffled end. A similar
phenomenon is also observed with the distribution of
air velocities through holes.

As a result of the third stage, and namely the solu-
tion of the differential equation (4) together with boun-
dary conditions in Mathematica software package and

X;, m
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assuming the structural and process parameters (L = 20
m; ;. =0.25m; V1 =0.14 m®s?; § =0.0002 m) of the
clean air charging ventilation system air, we obtain the
temperature distribution of air flows along the air duct
length for different periods of the year (Fig. 8).
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Figure 7. Distribution of distance between the holes (a) and air velocities through them (b) along the length of the air duct of the

contaminated air intake ventilation system
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Figure 8. Distribution of air flow temperature in the air duct of the ventilation system for injecting clean air along its length in

summer (a) and winter (b) periods of the year

As can be seen from Figure 8 (a), in the summer
period (soil temperature — 13 °C) the airflow from the
indirect evaporative heat exchanger (temperature —
25 °C), moving inside the air duct (length 20 m) of the
clean air charging ventilation system, reduce its
temperature down to 17.8 °C. In its turn, in the winter
period (soil temperature — 8 °C) the airflow from the
indirect evaporative heat exchanger (temperature —
25 °C), moving inside the air duct, reduces its tempera-
ture down to 15.1 °C.

Discussion

The presented results of numerical simulation of the
indirect evaporative heat exchanger allow us to state
that the cooling effect obtained in indirect evaporative
channels can be quite high in comparison with traditio-
nal air conditioning patterns. The presented heat
exchanger based on the Maisotsenko cycle (M-cycle)
of considered heat carrier flow scheme is characterized
by its high cost-effectiveness, low specific cost, small
operational costs and structural simplicity, which is
confirmed in the works (Mahmood et al., 2016). The

models obtained in the Star CCM +software package
can be used for optimization analysis of air-cooling
with variations in the Reynolds number, humidity,
channel length and geometric dimensions of channels.
One can assume that similar trends will be observed at
other temperature and air humidity parameters at the
heat exchanger inlet, but this conclusion requires
additional calculations. These calculations will allow
you to build an automated control system of the heat
exchanger side-evaporator type to control the humidity
in the room depending on the temperature. Indoor
humidity is very significant and must be constantly
adjusted depending on the temperature. At low humi-
dity, livestock tolerates high temperatures more easily.
Pigs are most resistant to high humidity. At the
temperature of 32 °C, pigs weighing 100 kg respond
equally both to the humidity of 30% and to that of 90%
(Zhizhka, Povod, 2019).

Because of analytical investigations of the contami-
nated air intake ventilation system, the method was
developed and on its basis — the algorithm was imple-
mented for the determination of geometrical arrange-
ment of holes in the air duct of the mechatronic system
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for pigsty microclimate maintenance. It was established
that the distance between the holes gradually decreases
to a certain value in the direction opposite to airflow
movement. However, a slight reduction in the distance
at the air duct end is observed due to the backflow of
air colliding with the muffled end. Previous experimen-
tal studies allowed concluding that generated algorithm
for the calculation of geometrical arrangement of holes
in the air duct of the mechatronic system for pigsty
microclimate maintenance is adequate and may be used
in engineering calculations, as evidenced by a high
correlation between theoretical and experimental data
R =0.92-0.98.

Because of theoretical investigations of the clean air
charging ventilation system taking into account its
geothermal heating/cooling, developed was the mathe-
matical model of the heat transfer process in the pipe
heat exchanger, which allows determining the distri-
bution of airflow temperature along its length. Further
investigations will be aimed at optimizing the results of
theoretical studies to determine the dependence bet-
ween structural parameters of the clean air charging
ventilation system (length, radius and air duct material)
and volumetric consumption of the air passing through
the same under the condition of maximum useful heat
output.

Presented results of numerical simulation, analytical
and theoretical investigations allow asserting the feasi-
bility of using the indirect evaporative heat exchanger
based on the Maisotsenko cycle, the contaminated air
intake ventilation system and the clean air charging
ventilation system taking into account its geothermal
heating/cooling.

In addition, it is expedient to use the indirect evapo-
rative heat exchanger based on the Maisotsenko cycle
not only as a cooler but at the same time as a humidifier
of airflows. It should also be noted that in the manage-
ment of the above processes, only mechanical energy is
consumed to drive fans to blow air through respective
channels.

Conclusion

The advantage of the proposed mechatronic system
for pigsty microclimate maintenance is that it allows
increasing the efficiency of microclimate maintenance
thanks to expedient use of recycled air energy (due to
the use of indirect evaporative heat exchanger based on
Maisotsenko cycle) and thermal potential of soil (geo-
thermal energy) with the ventilation system's reduced
energy costs thanks to the additional provision of
mechatronic elements.

It was established as a result of analytical investi-
gations of the expedient geometrical arrangement of
holes in the contaminated air intake ventilation system
that the option of hole arrangement (as obtained accor-
ding to the calculation algorithm so developed) is the
most efficient one, as it ensures a uniform airflow
distribution along the air duct length.

Analysis of results of theoretical investigations of
heat elimination process in the clean air charging

ventilation system taking into account its geothermal
heating/cooling has proved its feasibility and effi-
ciency, which allows reducing the specific energy
consumption for maintenance of the entire micro-
climate system.
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70 AASTAT EESTI POLLUMAJANDUSE AKADEEMIA MOODUSTAMISEST.
ARENGUD OPPETEGEVUSES

NoOukogude korra taaskehtestamise jarel toimus
pdllumajandusliku kdrgharidusega spetsialistide et-
tevalmistamne Tartu Riikliku Ulikooli (TRU) juures
asuvas Pdllumajandus-, Metsandus- ja Loomaarsti-
teaduskonnas. Ent uues olukorras ei suuthud see
enam katta vajadust p6llumajanduse eriteadlaste ja-
rele.

1951 — Eesti P6llumajanduse Akadeemia

NSV Liidu Ministrite Noukogu 1950. aasta 4. no-
vembri maaruse nr 4516 "Eesti NSV pdllumajanduse
edasiarendamise abindudest" pdhjal antud NSV
Liidu kérgema hariduse ministri kaskkirjaga loodi 1.
jaanuarist 1951 Tartusse Eesti P6llumajanduse Aka-
deemia.

Rektoriks méérati dots Richard Antons, kes taitis
ka Oppeprorektori Ulesandeid. Haldusprorektoriks
sai Eduard Hunt.

Akadeemia asutati TRU P&llumajandus-, Metsan-
dus- ja Loomaarstiteaduskonna ja kahe &ppe-katse-
majandi baasil. Ulikoolist tuli akadeemiasse iile 95
Oppejéudu ja 850 ulidpilast. Samal aastal toodi le
ka Tallinna Politehnilise Instituudi (TPI) Pélluma-
janduse Mehhaniseerimise Teaduskonna (lidpila-
sed. Akadeemia pidulik avamine toimus Gppeaasta
algusele piihendatud akadeemia kollektiivi koosole-
kul 31. augustil 1951 (tabel 1).

Eesti P6llumajanduse Akadeemia loomisega pandi
alus kdrgema pdllumajandusliku haridusega spetsia-
listide ja teaduslik-pedagoogilise kaadri ettevalmis-
tamisele, teaduslikule uurimistédle ning selle mate-
riaal-tehnilise baasi rajamisele.

Tabel 1. Ulidpilaste arv Eesti Pdllumajanduse Akadeemias 1951 a

Teaduskond Erialad Ulidpilaste arv
Agronoomiateaduskond Agronoomia sh kd 234
Dekaan prof August Marland Aiandus 97
Zootehnikateaduskond Zootehnika sh kd 159
Dekaan dots Evald Peebsen Piimasaaduste tehnoloogia 25
Veterinaariateaduskond Veterinaaria 295
Dekaan dots Evald Peebsen
Hidromelioratsiooni ja maakorralduse teaduskond ~ Maaparandus 25
Dekaan dots Herbert Muischneek Maakorraldus 50
Metsamelioratsioon 86
Metsamajanduse teaduskond Metsamajandus 165
Dekaan dots Teodor Krigul Metsatodstus 110
P&llumajanduse mehhaniseerimise teaduskond P&llumajanduse mehhaniseerimine 75
Dekaan v.-0p. Hermann Tamm
Kokku Ulidpilasi 1251

Eesti P6llumajanduse Akadeemia oli NSVL P&lluma-
jandusministeeriumi otsealluvuses ja Oppetdd toimus
NSV Liidu Kdrgema- ja Keskerihariduse Ministee-
riumi poolt kinnitatud 8ppeplaanide alusel. Oppeaeg oli
5 aastat, sellest 3,5-4 kuud praktikat.

Tood alustas Ulidpilaste Teaduslik Uhing (UTU),
mille eesmérk oli Ulidpilaste kaasamine teadustddsse.
UTU tegevus oli suunatud lisaks kateedrites tehtavale
uurimistédle ka kolhooside ja sovhooside tootmisega
seotud kusimuste teaduslikule lahendamisele ning oli
pbhiliselt eksperimentaalse iseloomuga. Korraldati iga-
aastaseid konverentse, anti vélja teaduslike td6de kogu-
mikke.

1952. aastal I6petas EPA esimene lend; 157 tlidpilast
sh 43 dpetatud agronoomi, 22 Gpetatud zootehnikut, 34
veterinaararsti, 21 metsamajanduse inseneri, 24 metsa-
toOstuse inseneri, 13 metsamelioratsiooni inseneri.

1953. aastal avati aspirantuur (3 aastat) sh sihtaspi-
rantuur teiste kdrgemate dppeasutuste, eeskétt Lening-
radi ja Moskva dppeasutuste juures. 1962. aastal avati
Uhiskondlik aspirantuur, kuhu vdeti 6ppima tootmises
tootavaid spetsialiste. Aspirantuuri |8petajatele anti

kandidaadikraad (nt p6llumajandusteaduste kandidaat),
mis oli teaduskraad. Doktori teadusliku kraadi/tea-
duskraadi saamiseks tuli kaitsta doktorivaitekiri. Koik
kandidaadi- ja doktorivéitekirjad vaadati labi ja kinni-
tati Moskvas asuva Korgema Atestatsioonikomisjoni
poolt.

1954. aastal avati EPAs esimene venekeelne osakond
p6llumajanduse mehhaniseerimise teaduskonnas.

Kaugdppeteaduskond loodi 1955. aastal. Teaduskon-
nas oli neli osakonda: agronoomia-, zootehnika-, htd-
romelioratsiooni- ja pdllumajanduse mehhaniseerimise
osakond.

1955. aastal dppis kaugdppes kokku 445 ulidpilast.
Kaug0ppes oli dppeaeg Uhe aasta vorra pikem kui stat-
sionaarses Gppes. Suureks soodustuseks kaugdppetea-
duskonnas dppivatele meestdotajatele oli see, et neile
anti pikendust Ndukogude armeesse kutsumisel kuni
Oppeasutuse 18petamiseni. Alates 1959.-ndast aastast
said kaugdppes dppivad Ulidpilased palgalist puhkust
Oppe- ja eksamisessioonidest osavdtuks. 1965. aastal
tootas enamik (86%) kaugdppeteaduskonna ulidpilas-
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test péllumajanduses. Seega téitis teaduskond oma pea-
mise (lesande — tosta erialal todtavate keskharidusega
spetsialistide kvalifikatsiooni.

Ulidpilased, kes astusid statsionaarsesse Gppesse,
saadeti esimesel dppeaastal septembri algul kolhoosi-
desse/sovhoosidesse terveks kuuks suigis-/p6llutéddele.
Selline kord kehtis 1980-ndate aastate 18puni.

1961. aastal Oppis EPA-s 2348 (libpilast sh 847
kaugOppeteaduskonnas ja 61 dhtuses osakonnas pollu-
majanduse mehhaniseerimise teaduskonna juures.

Kolmes teaduskonnas (zootehnika-, veterinaaria-,
p6llumajanduse mehhaniseerimise) oli avatud ka vene
osakond.

1961 — Eesti P6llumajanduse Akadeemia

Rektor Minna Klement. Oppeprorektor dots August
Eenlaid. Teadusprorektor dots Valentin Matin. Haldus-
prorektor Eduard Hunt.

Tabel 2. Ulidpilaste arv Eesti Pdllumajanduse Akadeemias 1961 a

Teaduskond Erialad Ulidpilaste arv  LOpetajate arv
Agronoomiateaduskond. MitSurini tn 30 Agronoomia 345 71
Dekaan dots Arnold Sau P&llumajanduslik raamatu- 50 3

pidamine

P&llumajandusliku toot-

mise Opetaja (tootmisdpe- 25 -

taja)
Zootehnikateaduskond. MitSurini tn 30 Zootehnika 240 32
Dekaan dots Karl Kurm
Veterinaariateaduskond. Leningradi mnt 84 Veterinaaria 176 39
Dekaan dots Paul Saks Liha- ja piimasaaduste teh- 40 3

noloogia
Metsamajanduse ja hiidromelioratsiooni teadus- Metsamajandus 134 26
kond. Vanemuise tn 46 Hiidromelioratsioon 106 19
Dekaan dots Endel Laas Maakorraldus 16 1
P(_)_Iluma]anduse mehhaniseerimise teaduskond. PoII_um_aJanduse mehhani- 308 + 61 Shtune
Riia mnt 12 seerimine osakond 56
Dekaan dots Gleb Bichele
Kaug0@ppeteaduskond. Riia mnt 12 Agronoomia 374 32
Dekaan dots Helmut Raig Zootehnika 121 13

Liha- ja piimasaaduste teh- 48 B

noloogia

Hiidromelioratsioon 60 7

P6llumajanduslik raamatu- 2%

pidamine

Pm mehhaniseerimine 218 13
Kokku ulidpilasi/ldpetajaid 2348 sh 847 309 sh 65

kaug6ppes kauglppes

Alates 1964. aastast oli ppeaeg 4 aastat ja 4-10
kuud. Kdikides teaduskondades Opetati esimesel kursu-
sel peamiselt Gldhariduslikke Gppeaineid (NLKP aja-
lugu, markistlik-leninlik filosoofia, vene keel ja vo&r-
keel, keemia, fiilisika, kdrgem matemaatika). Teisel
kursusel alustati erialaste Gppeainete dpetamist.

Agronoomia eriala Ulidpilased Oppisid jargmisi dp-
peaineid: botaanika, mikrobioloogia, taimefisioloogia,
pdllumajanduse mehhaniseerimine, geodeesia ja mulla-
teadus, maaviljelus, agrokeemia, maaparandus, entomo-
loogia, fltopatoloogia, keemiline taimekaitse, aiandus,
loomakasvatus, taimekasvatus, sordiaretus ja seemne-
kasvatus, rohumaaviljelus, sookultuurid, p&llumajan-
duse 6konoomika, pdllumajanduse teaduslik organisee-
rimine ja planeerimine, pdllumajandussaaduste tehno-
loogia jne. Opetati ka agronoomile vajalikke naabertea-
dusi (metsandus, p6llumajanduslikud ehitised, statistika,
raamatupidamine). Teoreetiliste teadmiste kinnitamiseks

ja praktiliste kogemuste omandamiseks toimusid erine-
vad suvepraktikad. Agronoomia eriala tlidpilased oman-
dasid ka Il liigi traktoristi-masinisti ning 1V liigi auto-
juhi kvalifikatsiooni. Sellele jargnes Il kursuse suvel
mehhaniseerimisalane té6praktika vabariigi majandites,
kus Ulidpilased tootasid traktoritel, kombainidel, veoau-
todel ja teistel pdllutbémasinatel, et omandada vajalikke
votteid mehhanismidega t66tamisel. Kolmandal kursu-
sel oli tahtsamaks Bppepraktikaks sordikulvide tunnusta-
mise kursus, mille Ipetamisel ja eksami sooritamisel
said ulidpilased p6llukultuuride sordikilvide tunnustaja
kvalifikatsiooni. Suvel toimunud katsetehnilise praktika
ajal rajasid tliGpilased individuaalkatse (taimekasvatuse,
maaviljeluse, aianduse vm alal), mida nad hooldasid
kogu vegetatsiooniperioodi jooksul. Sel viisil omandasid
tulevased agronoomid vajalikud kogemused pdllumajan-
duslikuks katsetdoks ning teaduse saavutuste juurutami-
seks pdllumajandusse. Neljanda kursuse suvel toétasid
tlidpilased tootmise juhtimise ja planeerimise praktikal
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(menetluspraktika) vabariigi paremates sovhoosides ja
kolhoosides.

Agronoomiateaduskonna I6petamine toimus diplomi-
tooga vBi komplekssete riigieksamitega agronoomias
(haaras mullateadust, agrokeemiat, maaviljelust, taime-
kasvatust jne) ning 6konoomilistes ainetes (poliitiline
6konoomia, pdllumajandusdkonoomika, tootmise or-
ganiseerimine, statistika ja raamatupidamine jne).

Praktika zootehnika, veterinaaria, metsanduse ja
maaparanduse erialadel: | ja Il kursusel — 4-10 nada-
lat toopraktikat, 20—22 nadalat Gppepraktikat, 111 ja IV
kursusel 19-20 n&dalat menetluspraktikat EPA 6ppe-
majandites, vabariigi uurimisinstituutide majandites,
vabariigi sovhoosides ja kolhoosides/veterinaariaosa-
kondades/loomade haiguste tdrje jaamades/liha ja pii-
matdostuse ettevotetes/metsamajandites jm. Ulidpila-
sed omandasid Il kursusel Il liigi traktoristi-masinisti
ning Il liigi autojuhi kvalifikatsiooni.

Praktika p6llumajanduse mehhaniseerimise eria-
lal: 1 kursusel 4 nadalat dppetddkojas (omandasid lukk-
sepa kvalifikatsiooni ja traktoristi oskused). Il kursusel
4 nadalat t66d NSV Liidu suuremates auto- vGi trakto-
ritehastes (omandasid eriala metallilGikepinkidel toota-
miseks), 5 n&dalat t66d kombainide ja traktoritega
(omandasid laiaprofiiliga traktoristi-masinisti kutse).
111 kursusel — autojuhipraktika (omandasid 111 liigi au-
tojuhi kutse), 18 nadalat t66d majandis autojuhina,
traktoristina ja kombainerina. 1V kursusel — 9 nadalat
t66d masina-traktoripargi tédjuhina, peainseneri abina.
V kursusel — 6 nédalat masinate remondi praktikat suu-
remates todkodades ja tehastes.

1964. aastal moodustati Uhiskondlike Erialade Tea-
duskond (UET). UET eesmargiks oli stivendada ilidpi-
laste teadmisi ning avardada nende silmaringi véljaspool
kohustuslikku erialast dppetddd eesméargiga rakendada
omandatud teadmisi ja oskusi pdrast kdrgkooli 18peta-
mist oma toGkohal. Ulidpilastel oli véimalik omandada
lektori, kodukultuuri, looduskaitse, ehisaianduse voi
spordiinstruktori tunnistus, tavandijuhi, liiklus- vdi mat-
karingi jt ringide (20) juhendaja tunnistus.

Paralleelselt spetsialistide ettevalmistamisega statsio-
naarses Oppes ja kaugdppes organiseeriti tootmises t66-
tavatele spetsialistidele kvalifikatsiooni tdstmise kursu-
seid. 1966. aastal loodi kvalifikatsiooni tdstmise tea-
duskond. 6-kuulistel tdienduskursustel kaisid pohiliselt
kolhooside ja sovhooside juhtivad to6tajad. 1970. aas-
tal loodi ettevalmistusosakond, mille lesandeks oli
abistada tddlisnoori ja armeest demobiliseerituid
EPAsse sisseastumisel.

1971. aastal Gpetati pdllumajandusspetsialiste seits-
mes teaduskonnas (agronoomia-, zootehnika-, veteri-
naaria-, majandusteaduskond, metsanduse- ja maapa-
randuse teaduskond, pd&llumajanduse mehhaniseeri-
mise teaduskond ja kaug@ppeteaduskond) kokku 12
erialal (agronoomia, rohumaaviljelus ja seemnekasva-
tus, zootehnika (eesti ja vene osakond), veterinaaria
(eesti ja vene osakond), piima- ja piimasaaduste tehno-
loogia, liha- ja lihasaaduste tehnoloogia, p6llumajan-
duslik raamatupidamine, pdllumajanduse ékonoomika
ja organiseerimine, metsamajandus, maaparandus,
maakorraldus, p6llumajanduse mehhaniseeriming).
Ulidpilasi oli kokku 3641 sh kaugdppeteaduskonnas (9
erialal) 1550.

1971. aastal oli I6petajaid 501 sh 103 &petatud agro-
noomi, 53 Gpetatud zootehnikut, 35 veterinaararsti, 7
liha- ja lihasaaduste tehnoloogiainseneri, 19 piima- ja
piimasaaduste tehnoloogiainseneri, 47 metsamajandu-
sinseneri, 35 hidrotehnikainseneri, 26 maakorraldusin-
seneri, 106 mehaanikainseneri, 37 Gpetatud agronoom-
Okonomisti, 33 pdllumajanduse 6konomist-raamatupi-
dajat.

1981. aastal dppis Eesti P6llumajanduse Akadeemias
juba 4035 ulidpilast sh kaugbppes 1635. Vorreldes
1971. aastaga suurenes veterinaariat Gppivate Ulidpi-
laste arv ning ulidpilaste arv pdllumajanduse mehhani-
seerimise teaduskonnas, kus 1972. aastal avati pdllu-
majanduse elektrifitseerimise eriala.

Joonis 1. Zooinseneriteaduskonna venekeelse riilhma ehk rah-
vusvahelised ulidpilased. Keskel kursuse juhendaja Anne Lupsik

1981 — Eesti P6llumajanduse Akadeemia

Rektor dots Nikolai Kozlov. Oppeprorektor dots Enn
Altosaar. Teadusprorektor dots Armand Sukamégi.
Kvalifikatsiooniprorektor v.-8p. Kaljo Tein. Haldus-
prorektor Raivo Sein.

Tabel 3. Ulidpilaste ja Idpetajate arv Eesti Péllumajanduse Akadeemia 1981. aastal

Teaduskond Erialad, Ulidpilaste Ldpetajate
arv arv

Agronoomiateaduskond. MitSurini 34 Agronoomia 341 55

Dekaan dots Arnold Sau

Zooinseneriteaduskond. MitSurini tn 30 Zootehnika 249 37

Dekaan prof Ulo Oll

Veterinaariateaduskond. Leningradi mnt 84 Veterinaaria 360 59

Dekaan dots Aadu Kolk Liha- ja piimasaaduste tehnoloogia 123 23

Majandusteaduskond. Riia mnt 12 P&llumajanduslik raamatupidamine 97 25
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Teaduskond Erialad, Ulidpilaste Ldpetajate
arv arv
Dekaan dots Harri Piho Pm 6konoomika ja organiseerimine 125 30
Metsanduse ja maaparanduse teaduskond. Metsandus 239 48
Riia mnt 12 Maakorraldus 119 25
Dekaan prof Endel Laas Maaparandus 215 38
P&llumajanduse mehhaniseerimise teadus- P&llumajanduse elektrifitseerimine 197 26
kond. Kreutzwaldi tn 56 P6llumajanduse mehhaniseerimine
. " 334 53
Dekaan prof Heino Méller
Kaug06ppeteaduskond. Riia mnt 12 Agronoomia 372 45
Dekaan dots Enn Jaama Zootehnika 299 20
Metsamajandus 196 19
P&llumajanduslik raamatupidamine 152 22
Pm 6konoomika ja organiseerimine 283 38
Pm mehhaniseerimine 333 -
Uhiskondlike erialade teaduskond (UET)
Riia mnt 12
Dekaan dots Sinaiida Riives
Kvalifikatsioonitdstmise teaduskond
Riia mnt 12.
Prorektor v-6p Kaljo Tein
Kokku Ulibpilasi/lGpetajaid 4035sh 1635 563 sh 144
kaug6ppes kaug6ppes

1990/1991 Bppeaastal rakendus uus Gppekorraldus.
Oppetdd hakkas toimuma neljas tsiiklis ja igale tsiiklile
jargnes eksamite sooritamise nadal. Oppetdd mahtu ha-
kati arvestama ainepunkti-siisteemis; ks nadal ppe-
t66d (35 tundi auditoorset t66d) andis 1 ainepunkti
(AP).

Ulidpilased, kes immatrikuleeriti 1990. aastal, saadeti
I poolaastaks (st Il ja 1V tsiiklis) praktilisi teadmisi
omandama sovhoostehnikumidesse (Turi, Vana-Voidu,
Kehtna jt). 1991/1992 ja 1992/1993 6ppeaastal dppisid
esmakursuslased (v.a need, kes olid Idpetanud tehni-
kumi) kdrgemates pdllumajanduskoolides (Turi, Olust-
vere, Vana-Vdidu, Kehtna, R&pina) ja tehnikumides

(Luua, Védimela) terve aasta, seejarel jatkasid Gpinguid
Tartus.

1993/1994 6ppeaastal_immatrikuleeritud Glidpilased
olid stigissemestril p&llumajanduskoolides ja kevadse-
mestril Tartus.

1991. aasta 1. septembrist reorganiseeriti teaduskon-
nad. Moodustati 5 teaduskonda: p&llumajandusteadus-
kond, mille koosseisus oli 4 instituuti (agronocomia-, loo-
makasvatus-, majandus- ja liha-piimainstituut), veteri-
naariateaduskond, Inseneriteaduskond, mille koosseisus
oli 2 instituuti (tehnika- ja maainseneriinstituut), metsan-
dusteaduskond, humanitaarteaduskond. Erialasid oli
kokku 17, tlidpilasi 3957 sh kaug6ppes 1302 (tabel 4).

Tabel 4. Ulidpilaste ja Idpetajate arv Eesti Péllumajanduse Akadeemia 1991. aastal

Teaduskond/Instituut Erialad Ulidpilaste Lopetajate
arv arv
P&llumajandusteaduskond
Dekaan dots Armand Sukamaégi) sh 1062 160
1. Agronoomiainstituut. Viljandi mnt Eerika Agronoomia 352 51
Direktor dots Juhan J6udu Aiandus 45
2. Loomakasvatusinstituut. Lai tn 30 Loomakasvatus
Direktor dots Anne Lipsik 297 37
3. Majandusinstituut. Riia mnt 12 P&llumajanduse 6konoomika ja orga- 64 29
Direktor dots Harri Piho niseerimine
PoIIu“n]ajandusraamatupldamlne ja 24 21
-analiilis
4. Liha-piimainstituut. Narva mnt 84 Liha- ja piimatehnoloogia 137 29
Direktor dots Meili Rei
Veterinaariateaduskond. Narva mnt 84 Veterinaaria 368 48
Dekaan dots Aadu Kolk
Inseneriteaduskond
(dekaan prof kt Kuno Jirjenson) sh 947 119
1. Tehnikainstituut. Kreutzwaldi tn 56 P&llumajanduse mehhaniseerimine 461 58
Direktor dots Tonis Peets P&llumajanduse elektrifitseerimine 110 31
2. Maainseneriinstituut. Kreutzwaldi tn 5 Maam@dtmine 101 13
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Teaduskond/Instituut Erialad Ulidpilaste Lopetajate
arv arv
Direktor dots Vdino Tamm Maaparandus 69 17
Maaehitus 56 -
Maainseneri 118 -
Keskkonnakaitse 32 -
Metsandusteaduskond. Kreutzwaldi tn 5 Metsamajandus 253 38
Dekaan prof Ivar Etverk Metsatéostus 25 -
Kaugdppeteaduskond. Riia mnt 12 Agronoomia 273 9
Dekaan dots Matti Liiske Loomakasvatus 230 14
Metsamajandus 157 6
Pm 6konoomika ja organiseerimine 234 24
P&llumajanduslik raamatupidamine 154 19
Pm mehhaniseerimine 254 3
Humanitaarteaduskond. Riia mnt 12
Dekaan dots Albert Saunanen
Tdiendusdppeteaduskond. Riia mnt 12
Prorektor prof kt Kuno Jirjenson
Kokku 0lidpilasi/lGpetajaid 3957 sh 440 sh 75
1302 kaug- kaugdppes
dppes

Humanitaarteaduskond tihendas filosoofia ja sotsiaal-
teaduste, vBorkeelte ning kehakultuuri kateedrid. Tea-
duskonna eesmargiks oli anda Ulipilastele humanitaar-
teadmisi inimesest ja Ghiskonnast, rahvuskultuurist ja
ajaloost; et meie kdrgkoolis Oppijatest ei saaks mitte
lihtsalt kdrgharidusega oskustodlised, vaid isiksused,
kes aitaksid kaasa Eesti kiila taasarkamisele.

Doktoridppesse vastuvottu alustati 1991/1992 &p-
peaastal, kui rektori 19. juuni 1991 késkkirjaga avati in-
dividuaalplaani alusel toimuv doktoriGpe kestusega 4
aastat. Doktoridpe avati kaheksal erialal: taimekasva-
tus, mullateadus, rohumaaviljelus ja sdddatootmine,
loomakasvatus, veterinaarmeditsiin, metsamajandus,
pdllumajanduse mehhaniseerimine, pd&llumajanduse
6konoomika.

Ulikooli rektori 14.01.1991 kaskkirjaga moodustati neli
doktorindukogu: pdllumajandusteaduste ja majandustea-
duse ndukogu (esimees prof Olev Saveli), loodusteaduste
ndukogu (esimees prof Loit Reintam), tehnikateaduste
ndukogu (esimees prof Tonu Keskkila), veterinaaria ndu-
kogu (esimees prof Nikolai Kozlov).

MagistriGppe ja doktoribppe ldpetajatele anti teadus-
kraad, nt pdllumajandusmagister (Master of Agricul-
ture (M.Agr) taimekasvatuse erialal, filosoofiadoktor
(PhD) taimekasvatuse erialal, pd&llumajandusdoktor
(Doctor of Agiculture (D.Agr)) taimekasvatuse erialal.

26. septembril 1991 nimetati Eesti P6llumajanduse
Akadeemia Eesti P6llumajandusiilikooliks (EPMU).

Eesti Péllumajandusilikoolist sai akadeemilist hari-
dust ning selle taseme taiendusdpet ja nbuannet andev
Oppe- ja teadusasutus ning maamajanduse arenduskes-
kus. Opetamise aluseks oli teadus ja tihe loominguline
side maamajanduspraktikaga. Pdllumajandusspetsialis-
tide ettevalmistamise asemel sai Ulikooli eesmargiks
loovharitlaste kujundamine, teadlaste ettevalmista-
mine, missioonitunde sisendamine maakultuuri, maa-
majanduse ja loodussdbraliku elukorralduse siisteem-
seks arendamiseks.

EPMU oli Eesti Vabariigi riiklik tlikool ja 6ppetdd
toimus Ulikoolis koostatud dppekavade alusel.

Ulikooli ndukogu 30.04.1992 otsusega likvideeriti
p6llumajandusteaduskond ja inseneriteaduskond ning
kinnitati EPMU uus struktuur. Moodustati 10 instituuti
ja uks teaduskond: agronoomiainstituut, loomakasvatu-
sinstituut, majandusinstituut, liha- ja piimainstituut,
tehnikainstituut, maainseneriinstituut, keskkonnainsti-
tuut, metsandusinstituut, humanitaarinstituut, taime-
kaitseinstituut ja veterinaariateaduskond.

Ldpetati vastuvdtt kaugdppeteaduskonda ja vahendati
vastuvottu statsionaarsesse ppesse seniselt 550-It 275-
le.

Aastatel 1992 ja 1993 anti IGpetajatele diplom eriala
I6petamise kohta (nt on I8petanud tehnikainstituudi
p6llumajanduse mehhaniseerimise erialal).

Bakalaureusedppesse voeti esimesed Ulidpilased
vastu 1994. aastal; dppeaja kestus 4 aastat.

1994, aasta 1. juunil iihendati EPMU Loomakasvatu-
sinstituut (direktor dots Anne Lipsik) ja Eesti Looma-
kasvatuse ja Veterinaaria Teadusliku Uurimise Insti-
tuut (ELVI1) (direktori kt Toomas Vain). Moodustunud
EPMU Loomakasvatusinstituudile anti teaduskonna 6i-
gused.

Ulikooliseadusest (joustus 18.02.1995) tulenevalt ra-
kendus Ulikoolides alates 1995. aastast 4+2 Gppesus-
teem. 4-aastasele bakalaureusedppele (8ppekava maht
160 AP) jargnes 2-aastane magistridpe (80 AP) ja 4-
aastne doktoridpe (160 AP). Loomaarstidppe kestuseks
sai 5 aastat (200 AP). Oppetdd toimus ilikoolis koosta-
tud ja kdrgharidusstandardile vastavate Gppekavade
alusel.

Bakalaureusedppe dppekava (160 AP) koosnes jarg-
mistest moodulitest: ildéppemoodul (kuni 30 AP), suu-
nadppemoodul (20-25 AP), erialadppemoodul (60-70
AP), lisaBppemoodul (19-25 AP), vabaained (14-20
AP), 18putdd voi -eksam (kuni 10 AP). Uldéppemoo-
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dulis olid jargmised 6ppeained: kohanemiskursus, kor-
gem matemaatika, flilisika Gldkursus, majandus6petuse
alused, 6koloogia ja keskkonnakaitse, kodanikukaitse,
tookaitse Uldkursus, digusdpetus, vodrkeel, eesti keel,
filosoofia tldkursus.

Agronoomia eriala Ulidpilased 6ppisid jargmisi dp-
peaineid suunadppemoodulis: Uldkeemia, botaanika
pbhikursus, taimefusioloogia biokeemia alustega, ge-
neetika, mikrobioloogia ldkursus, informaatika, ja
erialadppemoodulis: mullateaduse pohikursus, Eesti
mullastik, muldade valiuurimine, agrokeemia pdhikur-
sus, maaviljelusteadus, maaviljeluse p&hikursus, seem-
neteadus, taimekasvatusteadus, eritaimekasvatus, sor-
diaretuse pdhikursus, seemnekasvatuse pohikursus, tai-
mekasvatussaaduste todtlemise, sdilitamise ja hinda-
mise pdhikursus, fltopatoloogia p8hikursus, plluma-
jandusentomoloogia, taimekaitse p&hikursus, teadustdo

metoodika, s66tmisdpetus, eriloomakasvatus koos dp-
pepraktikaga. Agronoomia eriala tlidpilased 6ppisid li-
sadppemoodulis jargmisi Oppeaineid: produktsioo-
nibioloogia, sooteadus ja -kultuur, integreeritud ja al-
ternatiivne maaviljelus, kéogiviljandus, agrometeoro-
loogia, p6llumajandusékonoomika uldkursus, ettevot-
luse alused, informaatika Il, metsanduse Uldkursus,
p6llumajandusmasinad.

1995. aastal 6ppis EPMU viies teaduskonnas (agro-
noomia-, majandus- ja sotsiaal-, metsandus- ja maain-
seneri-, tehnika-, veterinaariateaduskond) ja thes insti-
tuudis (loomakasvatusinstituut) kokku 2189 (lidpilast
sh kaugdppes 483 (tabel 5).

1995 — Eesti P6llumajandusulikool

Rektor Mait Klaassen, 6ppeprorektor prof Kuno Jir-
jenson, teadusprorektor prof Henn Elmet, halduspro-
rektor Rein Liblik.

Tabel 5. Ulidpilaste ja Iopetajate arv Eesti Pllumajandusiilikoolis 1995. aastal

Teaduskond/instituut Erialad Ulidpilaste arv  Ldpetajate arv
Agronoomiateaduskond Agronoomia 319 sh 88 ko 28
Viljandi mnt Eerika Aiandus 81 21
Dekaan dots Juhan J6udu Kodumajandus 35 4
Loomakasvatusinstituut Loomakasvatus
Kreutzwaldi 1 132 sh 55 k& 31
Direktor prof Olav Kért
Veterinaariateaduskond Veterinaarmeditsiin 179 56
Kreutzwaldi 62 Lihatehnoloogia 48 8
Dekaan dots Madis Aidnik Piimatehnoloogia 51 10
I\/I_gjandus— ja sotsiaalteaduskond Pollumajandusllk raamatupidamine 164 sh 59 k& 13
Riia mnt 12 ja rahandus
Dekaan prof Viktor Jullinen \Ijg::ltjyajanduse 6konoomika ja ette- 191 sh 79 K5 17
Metsandus ja maainseneriteaduskond Metsamajandus 197 sh 69 kd 29
Kreutzwaldi 5 Metsatoostus 51 -
Dekaan dots Hardi Tullus Maam@dtmine 111 14
Maaehitus 69 22
Veemajandus 53 7
Maastikuarhitektuur 37 —
Tehnikateaduskond Pdllumajanduse mehhaniseerimine 197 sh 41 k& 42
Kreutzwaldi 56 P&llumajandusenergeetika 64 13
Dekaan dots Matti Liiske Konstruktor 17 2
P&hidppes 1880 sh 391 317
kaug@ppes
MagistriGppes 261 sh 92 14
kaugGppes
Doktoridppes 48 6
Kokku dlibpilasi/ldpetajaid 2189 sh 483 337
kaugOppes

1996/1997 dppeaastal moodustati esimesed riigiee-
larvevilised (REV) ehk tasulised dppekohad statsio-
naarses oppes. REV 8ppekohtadele voeti lepingu alusel
vastu 14 (libpilast, 1997/1998 &ppeaastal 61,
1998/1999 dppeaastal 101, 1999/2000 dppeaastal 325.

Kdige enam oli REV 6ppekohtadel dppivaid ilidpi-
lasi pdllumajandusraamatupidamise ja rahanduse eria-
lal ning p6llumajanduse 6konoomika ja ettevdtluse

erialal. Teistel erialadel (aiandus, metsamajandus, met-
satdostus, liha- ja piimatehnoloogia, maastikuarhitek-
tuur, maastikukaitse ja -hooldus, maaehitus, maamdot-
mine, pdllumajanduse mehhaniseerimine) oli REV &p-
pekohal 6ppijaid vahem.

Statsionaarses dppes riigieelarvevilistel (REV) dppe-
kohtadel dppivad ulidpilased dppisid koos riigieelarve-
listel (RE) dppekohtadel Gppivate Ulidpilastega ning
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neile kehtisid k&ik ulidpilaste Gigused ja kohustused
v.a. 6igus saada riiklikku stipendiumi.

Kaug0pe avas uuesti uksed 1997. aastal, kui moodus-
tati dppeprorektori vastutusalasse kuuluv iseseisev osa-
kond — Avatud Ulikool, mille (iheks tegevusvaldkon-
naks sai riigieelarvevalise (REV) tasemekoolituse ehk
tasulise diplomi- ja bakalaureusedppe korraldamine
kaugOppe teel. 1997/1998 Gppeaastal voeti REV 6ppe-
kohtadele kaugdppesse 60 Ulidpilast, nendest 49 majan-
dus- ja sotsiaalteaduskonda, 3 maainseneri-, 1 metsan-
dus-, 1 agronoomia-, 4 loomaarsti- ja 2 tehnikateadus-
konda.

P&llumajandustlikooli ndukogu 22. juuni 1998. a ot-
susega nr 5-98 viidi riigieelarvevéline tasemekoolitus
(tdismahus diplomi-, bakalaureuse-, magistridpe) Ava-
tud Ulikooli vastutusalast iile Gppe- ja teadusosakonna
vastutusalasse. Avatud Ulikooli pdhiiilesandeks jai
tdienddppe korraldamine EPMU-s.

1998/1999 6ppeaastal vBeti kaugbppesse REV ehk ta-
sulistele 6ppekohtadele vastu 147 Glidpilast; nendest 16
diplomidppesse (12 liha- ja piimatehnoloogia, 4 ergo-
noomika ja vdikeettevotte tehnika). 1999/2000 GOp-
peaastal voeti kaugdppe REV dppekohtadele vastu 180
ulidpilast.

KaugOppe ulidpilased kuulusid vastava instituudi
juurde. UldGppe tunniplaan koostati Gppeosakonnas,
erialaainete tunniplaanid vastavas instituudis.

Bakalaureusedppe IBpetajatele, kes astusid Ulikooli
alates 1994. aastast, anti bakalaureusekraad. Diplomile
Kirjutati, et on tditnud nt agronoomia bakalaureusedppe
Oppekava tdies mahus ja talle on antud bakalaureu-
sekraad agronoomia erialal. Esimesed bakalaureu-
sekraadiga diplomid valjastati 1998. aastal.

Enne 1994. aastat bakalaureuseGppesse astunud
ulidpilased said diplomi ilma bakalaureusekraadita
(Glikooli kraadita diplom). Diplomile kirjutati, et on
taitnud nt veterinaaria eriala dppekava tdies mahus,
maaehituse eriala Gppekava tdies mahus.

MagistriGppe |Bpetajatele anti magistri teadus- voi
kutsekraad (nt pdllumajandusmagistri teaduskraad loo-
makasvatuse erialal, tehnikamagistri teaduskraad pdl-
lumajanduse mehhaniseerimise erialal), doktoribppe
IGpetajatele — doktorikraad (nt p6llumajandusdoktor;
Doctor of Agriculture (dr.Agr) taimekasvatuse erialal,
filosoofiadoktor (PhD) taimekasvatuse erialal).

EPMU ndukogu 16.05.1997 otsusega kinnitati agro-
noomiateadukonna kodumajanduse eriala 6petajakooli-
tuse dppekava ja kodumajanduse magistridppe Ulidpi-
lastel oli vBimalus omandada Opetaja kutsetunnistus.
Opetajakutset tdendav Opetaja kutsetunnistus kehtis
koos bakalaureuse diplomiga.

1999/2000 &ppeaastal oli Ulikoolis 6 teaduskonda
(agronoomia-, loomaarsti-, maainseneri-, majandus- ja
sotsiaal-, metsandus- ja tehnikateaduskond) ja 7 teadus-
ja arendusasutust (Eksperimentaalbioloogia Instituut,
Keskkonnakaitse Instituut, Loomakasvatusinstituut,
Metsanduslik uurimisinstituut, Polli aianduse instituut,
Zooloogia ja Botaanika Instituut ning Taimebiotehno-
loogia uurimiskeskus EVIKA).

2000. aastal 6ppis ulikoolis kokku 3625 tlidpilast (sh
kaugbppes 634), nendest magistridppes 291 ja dokto-
ridppes 114. 2001. aastal oli Glidpilasi 4019 (sh
kaugOppes 782), nendest magistridppes 352 ja dokto-
ridppes 129. Ulidpilased olid immatrikuleeritud vasta-
vasse teaduskonda voi loomakasvatusinstituuti.

Agronoomiateaduskonna dekaaniks oli dots Juhan
Joudu, prodekaaniks Hugo Roostalu, dekanaadi va-
nemmetoodikuks Koidu Veibri.

Loomaarstiteaduskonna dekaaniks oli dots Madis
Aidnik, prodekaaniks prof Jaan Praks, dekanaadi va-
nemmetoodikuks Maie Vassiljeva.

Maainseneriteaduskonna dekaaniks oli dots Venno
Paalmée, prodekaanideks dots Siim Maasikamée ja
dots Feliks Virma, dekanaadi vanemmetoodikuks Ele
Laas.

Majandus- ja sotsiaalteaduskonna dekaaniks oli prof
Viktor Jullinen, prodekaaniks dots Juri Krusealle, de-
kanaadi vanemmetoodikuks Jaana Orin.

Metsandusteaduskonna dekaaniks oli prof Hardi Tul-
lus, prodekaaniks dots Kalev Jdgiste, dekanaadi va-
nemmetoodikuks Vaike Reisner.

Tehnikateaduskonna dekaaniks oli prof Matti Liiske,
prodekaaniks prof Boris Reppo, dekanaadi metoodi-
kuks Eve Moller.

Loomakasvatusinstituudi direktoriks prof Olav Kart,
asedirektoriks 6ppe alal dots Einar Orgmets, dekanaadi
metoodikuks Piret Aus.

Eksperimentaalbioloogia Instituudi direktoriks oli
prof Aavo Aaviksaar, Keskkonnakaitse Instituudi di-
rektoriks prof Lembit Nei, Metsandusliku Uurimisins-
tituudi direktoriks oli Ulo Tamm, Polli Aianduse Insti-
tuudi direktoriks Toivo Univer, Zooloogia ja Botaanika
Instituudi direktoriks Urmas Tartes. Taimebiotehno-
loogia Uurimiskeskust (EVIKA) juhtis direktori kt Kat-
rin Kotkas.

Ulikooli ndukogu 21.12.2000 otsusega rakendus &p-
petdo kvaliteedi hindamise suisteem; pidev Gpetamise
hindamine Glidpilaste kusitluse alusel ning kinnitati
Opetamise hindamise juhend.

2000/2001 6ppeaastast arvestati Gppetdd mahtu aine-
punktides (AP). Uks ainepunkt vastas 40 tunnile ehk
Uihele dppenédalale Ulidpilase poolt dppeks kulutatud
toole, millesse arvestati auditoorne t66, praktiline t60,
iseseisev t60 ja teadmiste kontroll. 1 AP (40 tundi Gp-
petdod) sisaldas kuni 20 t auditoorset dppetddd, veteri-
naarmeditsiini erialal 24 tundi. Alates 2002. a vastuvé-
tust kehtima hakkavates uutes dppekavades hakati dppe
mahtu arvestama Euroopa ainepunktisiisteemis (ECTS)
st 1 EAP vastab 26 tunnile t66le, mille Glidpilane on
Oppeks kulutanud. See moodustab 1560 tundi ja 60 ai-
nepunkti dppeaastas.

Ulikooli ndukogu 28.06.2001 otsusega kKinnitati
EPMU tegevuse pdhivaldkonnas (loodusressursside
séastlik kasutamine) Gppetd6 ning teadus- ja arenduste-
gevuse labiviimiseks vajaliku 6ppetoolide (30) nimistu:
taimekasvatus; rohumaaviljelus ja so6datootmine;
aiandus; taimekaitse; mullateadus ja agrokeemia; loo-
mageneetika ja tuaretus; so6tmisteadus; eriloomakas-
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vatus; kalakasvatus ja kalandus; normaalne ja patoloo-
giline morfoloogia; flsioloogia, farmakoloogia ja loo-
matervishoid; sise- ja nakkushaigused; kirurgia ja stin-
nitusabi; toiduainete tehnoloogia; toiduhiigieen ja kva-
liteet; metsakasvatus ja metsadkoloogia; metsakorral-
dus; metsatddstus; keskkonnateadus; veemajandus;
maastikuarhitektuur; biostistemaatika; rakendushudro-
bioloogia; pdllumajandustehnika; pbllumajandusener-
geetika; geomaatika; maaehitus ja ehitustehnoloogia;
agraarékonoomika ja turundus; maamajanduse arves-
tus; maamajanduse juhtimine ja maasotsioloogia.

Satestati, et konkreetse Gppetooli avamise otsuse teeb
struktuuriiksuse ndukogus heakskiidetud Gppetooli
arendamise pdhjendatud kava alusel dilikooli ndukogu.
Esimesed viis dppetooli moodustati 2002. aastal loo-
maarstiteaduskonnas: morfoloogia 8ppetool, looma ter-
vise dppetool, teraapia dppetool, nakkushaiguste Gppe-
tool ja toiduhtgieeni dppetool.

Oppetool oli dpetamise ning teadusuuringutega tege-
lev akadeemiline struktuuritiksus, mis Uhendas lahe-
dase profiiliga 8ppeaineid. Oppetooli koosseisu vaisid
kuuluda ka muud dppe- ja teadustédga tegelevad tiksu-
sed. Oppetooli juhtis professor véi dppetooli hoidja,
kes valiti teaduskonna ndukogus ja nimetati dekaani
poolt ametisse kuni viieks aastaks, kuid mitte kauemaks
kui 65. aastaseks saamiseni seisuga 31. august. Oppe-
tooli juhiks oli 8igus kandideerida Gppetoolis tootavatel
professoritel ja dotsentidel, nende puudumisel vdis 6p-
petoolile valida hoidja lektorite hulgast kuni viieks aas-
taks.

Ulikooli ndukogu 30.10.2003 maérusega Eesti P6llu-
majandusulikooli pdhikiri sdtestati, et Gppetool kuulub
instituudi koosseisu ja on korralise professori erialane
ametikoht selle juurde kuuluvate tootajatega, kellele
korraline professor on todkorraldaja.

Alates 2002/2003 O6ppeaastast rakendus Eesti dli-
koolides sh Eesti PGllumajandustlikoolis 3+2 dppesuis-
teem. UliGpilaste vastuvdtt bakalaureusedppesse, loo-
maarstidppesse ja ehitusinseneridppesse (st pdhidp-
pesse) toimus uute (3+2 dppesusteemi) Gppekavade
alusel, magistri- ja doktoridppesse "vanade" ehk 4+2
dppestisteemi dppekavade alusel.

3+2 Oppesilisteemi magistri kvalifikatsioon on varrel-
dav spetsialisti kvalifikatsiooniga, mille said 4+2 Gppe-
susteemi bakalaureusedppe I6petajad ja kellele véljas-
tati 4- vBi 5-aastase Oppekava labimisel bakalaureu-
sekraad. 4+2 Oppesisteemi teadusmagistri kraadi and-
mine IGpetati alates 2012. aastast; ainsaks teaduskraa-
diks jai doktorikraad.

Uued Oppekavad Kkinnitati dlikooli  ndukogus
14.02.2002 ja esitati registreerimiseks haridusministee-
riumile. Loodi 10 bakalaureusedppekava (8ppe nomi-
naalkestus 3 aastat, dppekava maht 120 AP), 1 loo-
maarstibppekava (6 aastat, 240 AP), 2 ehitusinsene-
ribppekava (5 aastat, 200 AP), 24 magistridppekava (2
aastat, 80 AP). Oppeaja liihenemise tdttu vihenes 6p-
pekavades praktika maht.

Kdrghariduse | astme (p&hifppe) Gppekavad olid
jargmised: p6llu- ja aiasaaduste tootmine, loomakas-

vatussaaduste tootmine, metsandus, loodusvarade ka-
sutamine ja kaitse, veterinaarmeditsiin, keskkonna-
kaitse, rakendushiidrobioloogia, keskkonnamajandus,
maamajanduslik ettevdtlus ja finantsjuhtimine, geo-
maatika, maaehitus, veemajandus, tehnika ja tehnoloo-
gia.

Bakalaureusedppe 8ppekava (120 EAP, 3 aastat)
koosnes jargmistest moodulitest/osadest: valdkon-
nadpe, suunadpe, erialabpe, vabaained, bakalaureuse-
t606 voi -eksam.

Bakalaureusedppekava Pdllu- ja aiasaaduste toot-
mine UliGpilased 6ppisid 2005. aastal jargmisi 6ppeai-
neid: valdkonnadppes (27 AP) — informaatika, p6llu-
majanduse ajalugu, orgaaniline ja analtitiline keemia,
tldloomakasvatus, erialane v@drkeel, ©koloogia ja
keskkonnakaitse, majandusteaduse alused, 8igusOpe-
tus, riskianallilis ja t66keskkonna ohutus, pdllu- ja aia-
téomasinad; suunadppes (20,5 AP) — pbllumajandustai-
med, mullateaduse alused, agrokeemia, taimefiisioloo-
gia biokeemia alustega, geneetika, teadustdé metoo-
dika ja vormistamine, mikrobioloogia tldkursus, agro-
meteoroloogia; erialaBppes (27 AP) — rohumaaviljelus,
murud, aianduse tehnoloogiad, maaviljeluse pdhikur-
sus, taimekasvatuse uldkursus, teadust6o praktika I, tai-
mekahjustajad ja nende tdrje I, seemnekasvatus, pdllu-
majandusdkonoomika Uldkursus; spetsialiseerumisel
agronoomia erialale (20,5 AP) — Eesti mullastik, pdl-
lumajandustaimes 1l, muldade valiuurimine, sordiare-
tuse pdhikursus, rohnumaade tehnoloogiad, aia- ja pdl-
lusaaduste kvaliteet ja standardid, pdllukultuuride teh-
noloogiad, s66tmisdpetus.

MagistriBppekava Agronoomia (80 AP, 2 aastat)
ulidpilased Bppisid 2005. aastal jargmisi dppeaineid:
eksperimendi metoodika ja andmet6otlus, nduandetee-
nistus ja -susteemid, Euroopa Liidu uldkursus, taime-
saaduste tootlemine, séilitamine ja kvaliteet, metsan-
duse tldkursus, maaviljelusteadus, taimede toitumine
ja aineringed, rohumaateadus, seemneteadus ja -kasva-
tus, sooteadus ja -kultuur, taimekasvatusteadus, maaka-
sutuse strateegiad ja 6konoomika, taimebiotehnoloo-
gia, taimekahjustajad ja nende torje Il, aiasaaduste tu-
rustamine, teadustoo praktika Il, ettevotte ja personali
juhtimine, keskkonnaséastlik taimekasvatus ja mahe-
tootmine. Magistridpe I16ppes magistritdd (20 AP)
kaitsmisega.

Ulikooli ndukogu otsusega alustati vastuvéttu ma-
gistridppesse majandusarvestuse ja finantsjuhtimise
ning 6konoomika ja ettevtluse uutele (3+2) 6ppekava-
dele. Ulidpilased immatrikuleeriti riikliku koolitustelli-
muse vilistele (REV) st tasulistele 6ppekohtadele
kaugbppesse. Kaugdppe ulidpilased kuulusid vastava
instituudi juurde/alla.

2003. aastal dppis Ulikoolis kokku 4621 ulidpilast (sh
kaugbppes 1027), nendest magistridppes 434 ja dokto-
ridppes 161. Ulidpilaste arvu suurenemise pohjuseks
oli asjaolu, et 2002 ja 2003. aastal vdeti Ulidpilasi vastu
nii uue (3+2) dppesusteemi kui ka n.6 "vana" Gppesus-
teemi alusel (magistripe).

Ulikooliseadusest tulenevalt rakendus alates 2003.
aastast tis- ja osakoormusega Ope. Taiskoormusega
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Oppes tdidab tlipilane iga dppeaasta 16puks dppekava
kohaselt taitmisele kuuluva 6ppe mahust vahemalt 75
protsenti, osakoormusega 6ppes 50 kuni 75 protsenti.
Satestati, et RKT alusel moodustatud &ppekohtadele
vastuvdetud ulidpilastele kehtivad téiskoormusega
Oppe nduded. Taiskoormusega dppe ndudeid mitte-
téitva Ulidpilase viib Ulikool osakoormusega Gppesse.

Alates 2003. aasta 1. septembrist rakendus Gppetoe-
tuste ja Gppelaenu seadus. Ulidpilastel oli Gigus taot-
leda pdhitoetust, tdiendavat toetust (n.6 sGidutoetust,
kui elukoht asus kaugel) ning majanduslikku toetust.
Doktorantidel oli digus taotleda doktoranditoetust.

2003. aastal maksti dppetoetust kokku 564-le lidpi-
lasele; pOhitoetuse saajaid oli 118, tdiendava toetuse
saajaid 216, mblema so pdhi- ja taiendava toetuse saa-
jaid 192, doktoranditoetuse saajaid 38. PGhitoetuse ja
majandusliku toetuse suurus oli 800 krooni kuus, téien-
dava toetus suurus 400 krooni kuus, doktoranditoetuse
suurus 3000 krooni kuus.

1. jaanuaril 2005 rakendus ulikoolis uus akadeemiline
struktuur. Senise 14 akadeemilise struktuuritksuse ase-
mele loodi 5 instituuti. Akadeemilise struktuurireformi
eesmargiks oli: dppe- ja teadustéd lahendamine, mille
kaudu tBuseb dppettd kvaliteet; professuuri tugevda-
mine; teadustdérihmade suurendamine; kaalukamate
teadusprojektide saamine, teadus- ja arendustegevuse
kvaliteedi parandamine; jarelkasvu probleemi lahenda-
mine.

Ulikooli ndukogu 17.02.2005 otsusega kinnitati aka-
deemilise tegevuse 32 vastutusvaldkonda: taimekasva-
tus; rohumaaviljelus ja séddatootmine; aiandus; taime-
kaitse; mullateadus ja agrokeemia; loomageneetika ja
tBuaretus; sootmisteadus; eriloomakasvatus; kalakasva-
tus ja kalandus; normaalne- ja patoloogiline morfoloo-
gia; looma tervis; nakkushaigused; teraapia; toiduainete
tehnoloogia; toiduhiigieen; metsakasvatus ja metsadko-
loogia; metsakorraldus; metsatodstus; keskkonnateadus;
veemajandus; maastikuarhitektuur; bioloogiline mitme-
kesisus; rakendushiidrobioloogia; p6llumajandusteh-
nika; energeetika; geomaatika; maaehitus; agrodkonoo-
mika ja turundus; majandusarvestus ja -analliiis; maama-
janduse juhtimine ja maasotsioloogia; flitopatoloogia;
maastikukorraldus ja loodushoid.

Vastutusvaldkond ihendas endas teadus- ja arendus-
tegevust ja sellel tuginevat 6ppet6dd, mille seisundi,
konkurentsivGime ja arengu eest Eestis vottis Eesti PAl-
lumajandusulikool endale vastutuse v6i kandis kaas-
vastutust teiste Ulikoolidega kattuvates valdkondades.

Ulikooli ndukogu 04.05.2004 otsusega moodustati

Akadeemilisteks dppeasutusteks kinnitati tehnika ja
tehnoloogia instituut ning majandus- ja sotsiaalteaduste
instituut.

Agraar- ja keskkonnateaduste instituut moodustati
agronoomiateaduskonna (dekaan prof Juhan J6udu),
Eksperimentaalbioloogia Instituudi (dir Aavo Aavik-
saar), Keskkonnakaitse Instituudi (dir Lembit Nei),
Polli aianduse instituudi (dir Ave Kikas), Zooloogia ja
Botaanika Instituudi (dir Urmas Tartes) ja Taimebio-
tehnoloogia Uurimiskeskus EVIKA (dir Katrin Kotkas)
thinemise teel.

Loomaarsti- ja loomateaduste instituut moodustati
loomakasvatusinstituudi (dir prof Olav Kart), loo-
maarstiteaduskonna (dekaan prof Toivo Suuroja) ja ag-
robiokeskuse (dir Juri Kumar) Ghinemise teel.

Metsanduse ja inseneriteaduste instituut moodustati
metsandusliku uurimisinstituudi (dir Kalev Jagiste),
metsandusteaduskonna (dekaan dots Paavo Kaimre),
maainseneriteaduskonna (dekaan dots Siim Maasika-
mde) ning tehnikateaduskonna (dekaan prof Kuno Jir-
jenson) Uhinemise ja/vdi jagunemise teel.

Tehnika- ja tehnoloogia instituut moodustati tehnika-
teaduskonna ja maainseneriteaduskonna jagunemise ja
thinemise teel.

Majandus- ja sotsiaalteaduste instituut moodustati
majandus- ja sotsiaalteaduskonna (dekaan lektor Tiiu
Ohvril) tegevuse Gimberkorraldamise teel.

Ulikooli ndukogu véttis kuulda keeleekspertide arva-
must struktuuriliksuste nimede asjus, muutis oma
25.11.2005 otsusega nr 43 (likooli ndukogu
04.05.2004 otsusega nr 13 kinnitatud dlikooli struktuu-
riliksuste nimetusi ning kinnitas tlikooli akadeemiliste
struktuuritksuste uued nimetused: p6llumajandus- ja
keskkonnainstituut (PKI) (direktor Illar Lemetti, 6p-
pedirektor Are Selge), veterinaarmeditsiini ja looma-
kasvatuse instituut (VLI) (direktor Toomas Tiirats,
Oppedirektor Einar Orgmets), metsandus- ja maaehi-
tusinstituut (MMI) (direktor Paavo Kaimre, 6ppedi-
rektor Toomas Timmusk), tehnikainstituut (TI) (di-
rektor Margus Arak, dppedirektor Arvo Leola), majan-
dus- ja sotsiaalinstituut (MSI) (direktor Rando Var-
nik, dppedirektor Tiiu Ohvril).

Alustati 6ppekavade korrastamist. Moodustati 3+2
Oppekavade hindamise ja analuitisi komisjon koosseisus
prof Hugo Roostalu, van teadur Tiiu Kull ja dotsent
Arvo Viltrop. Komisjon esitas aruande 2005. aasta juu-
nikuus.

Oppekavade kvaliteedi tagamiseks moodustati 8ppe-
kavakomisjon ning maéarati dppekavade juhid. Lahe-

alates 01.01.2005 kolm teadus-ja arendusasutust, mille
pohikirjajargseks tegevuseks sai teadus- ja arenduste-
gevus ning dppetdd labiviimine ja korraldamine, ning
kaks akadeemilist 8ppeasutust, mille pbhikirjajargseks
tegevuseks sai Oppetdd labiviimine ja korraldamine
ning osalemine teadus- ja arendustegevuses.

Teadus- ja arendusasutusteks Kinnitati: agraar- ja
keskkonnateaduste instituut, loomaarsti- ja loomatea-
duste instituut ning metsanduse ja inseneriteaduste ins-
tituut.

dasi erialasid Uhendavate dppekavade juhtideks mé&a-
rati: prof Hugo Roostalu — pdllumajandus (pdllu- ja aia-
saaduste tootmine, loomakasvatussaaduste tootmine,
maamajanduslik ettev6tlus ja finantsjuhtimine); prof
Andres Kiviste — metsandus (metsandus, loodusvarade
kasutamine ja kaitse); prof Kalev Sepp — keskkonnatea-
dus ja rakendusbioloogia (keskkonnakaitse, keskkon-
namajandus, rakendushidrobioloogia, BIOLandMan);
dots Arvo Viltrop — veterinaarmeditsiin ja toiduteadus;
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dots Jiri Olt — tehnika- ja inseneriteadus (tehnika ja teh-
noloogia, maaehitus, veemajandus, geomaatika); dots
Are Selge — Opetajakoolitus.

2005. aastal_vahendati doktoridppekavade arvu 22-It
5-le. Ulikooli ndukogu otsusega Kinnitati 5 doktori6p-
pekava: keskkonnateadus ja rakendusbioloogia; pollu-
majandus; veterinaarmeditsiin ja toiduteadus; metsan-
dus; tehnikateadus.

Uuendati doktoridppekava struktuuri ja Gppeainete
sisu. Senise 6 kaitsmiskomisjoni asemele moodustati 3
doktoritddde kaitsmiskomisjoni, kaivitus doktorantide
juhendajate tasustamise stisteem doktoritd6 kaitsmise
eest. Uuendati akadeemiliste kraadide kaitsmise tingi-
musi ning kinnitati doktorikooli statuut. Doktorikool on
Ulikooli doktoridppekavade Uhisosa koordineeriv ja
arendav keskus, mille eesmargiks on efektiivse ja kvali-
teetse doktoridppe korraldamine ja arendamine ning
koostdd teiste ulikoolide doktorikoolidega. Doktorikool
tegutseb Bppeosakonna koosseisus ja seda juhib koordi-
naator; hilisema nimetusega doktoriGppe peaspetsialist.
EPMU iihines tilikoolidevaheliste doktorikoolidega; bio-
meditsiini ja biotehnoloogia doktorikooli ja 6koloogia ja
keskkonnateaduste doktorikooliga.

2005. aastal 18petas dlikooli kaks lendu; lisaks 4+2
Oppeststeemi bakalaureuse- ja diplomifppe IGpetaja-
tele ka esimene lend 3+2 Oppesusteemi bakalau-
reusedppe I6petajaid.

3+2 dppesiisteemi IGpetajatele anti bakalaureusekraad,
nt p6llumajandusteaduse bakalaureus (Bachelor of
Science in Agriculture (BSc)), loodusteaduse bakalau-
reus (Bachelor of Science (BSc)), tehnikateaduse baka-
laureus (Bachelor of Science in Engineering (BSc)) voi
magistrikraad nt pdllumajandusteaduse magister (Mas-
ter of Science in Agriculture (MSc)), loodusteaduse ma-
gister (Master of Science (MSc)), tehnikateaduse magis-
ter (MSc). EhitusinseneriGppe I6petajatele anti tehnika-
teaduste magistrikraad (Master of Science in Civil Engi-
neering (MSc)), loomarstidppe I6petajatele (Gppeaeg 5
aastat) anti loomaarsti kvalifikatsioon, 6-aastase loo-
maarstidppe IGpetajatele anti loomaarstikraad (Degree in
Veterinary Medicine (DVM)).

3+2 dppesisteemi bakalaureusekraad, magistrikraad
ja loomaarstikraad ei ole teaduskraad. Teaduskraad on
doktorikraad; filosoofiadoktor (Doctor of Philosophy
(PhD). Diplomile kirjutati, et on taitnud nt metsanduse
doktoridppe dppekava (80131) tdies mahus ja talle on
antud filosoofiadoktori kraad (metsandus).

2005. aastal vOeti pdhibppe 12-le dppekavale vastu
kokku 1014 ulidpilast, nendest kaugdppesse 299.

3+2 magistribppekavadele voeti vastu kokku 268
tlidpilast, nendest kaugBppesse 46.

Toimus viimane vastuvott 4+2 Gppesiisteemi ma-
gistridppekavadele (26) ja Gpetajakoolitusse (pdllu-
majanduslike erialade Gpetaja 6ppekavale).

Kdrghariduse Il astme (3+2 magistridppe) 6ppekavad
(22) olid jargmised: agronoomia, aiandus, péllumajan-
dussaaduste tootmine ja turustamine, loomakasvatus, ag-
rodkoloogia, kalakasvatus, liha- ja piimatehnoloogia,
metsamajandus, metsatddstus, loodusvarade kasutamine
ja kaitse, maastikukaitse- ja hooldus, maastikuarhitek-
tuur, keskkonnamajandus, 6konoomika ja ettevdtlus,
majandusarvestus ja finantsjuhtimine, p&llumajandus-
tehnika, ettevdttetehnika, ergonoomika, energiakasutus,
maakorraldus, geodeesia, kinnisvara planeerimine.

Haridus- ja teadusministeeriumi ning Eesti P8lluma-
jandusulikooli vahel s8lmitud 2005. aasta riikliku koo-
litustellimuse (RKT) lepinguga méa&ratud magistriGppe
I6petajate arv 2010. aastal oli 207. Ulikooli ndukogu
otsusega vBeti RKT taitmiseks bakalaureusedppesse
vastu 353 Ulidpilast, seega moodustati iga magistridppe
I6petaja kohta 1,7 bakalaureusedppe dppekohta.

2005. aasta RKT lepinguga maaratud loomaarstiGppe
25 I6petaja kohta voeti vastu 40 ja ehitusinseneriGppe 31
I6petaja kohta 40 lidpilast. Kui doktoridppe RKT oli
2003. aastal 23, siis 2004. ja 2005. aastal 18.

Konkurss pdhiGppesse astumiseks 2005. aastal oli
6.18 kandidaati Uhele dppekohale.

423-le riiklikule dppekohale esitati 2613 avaldust,
4+2 magistridppe 49-le dppekohale esitati 180 aval-
dust, 3+2 magistridppe 258-le Gppekohale esitati 334
avaldust, doktoridppe 18-le Gppekohale esitati 41 aval-
dust. Konkurss dppekohtadele oli suhteliselt suur, kuid
kuna kandideerijatel oli vdimalus avaldus esitada mit-
messe Ulikooli ja mitmele erialale, jai tegelik konkurss
suhteliselt tagasihoidlikuks.

EPMU néukogu tegi oma 25.11.2004 otsusega nr 42
haridus- ja teadusministrile ning Riigikogu kultuuriko-
misjonile ettepaneku muuta Eesti P&llumajandusili-
kooli nimi Eesti Maaiilikooliks.

17. novembril 2005 ilmus Riigi Teatajas Riigikogus
20. oktoobril 2005 vastu v6etud ning Vabariigi Presi-
dendi poolt 7. novembril allkirjastatud Ulikooliseaduse
§ 3 muutmise seadus, mille kohaselt asendati Ulikooli-
seaduse § 3 IGikes 1 sdnad "Eesti P8llumajandusili-
kool" sdnadega "Eesti Maalilikool".

Alates 27. novembrist 2005 on Glikooli nimeks Eesti
Maaiilikool (EMU). Maaiilikooli iilesandeks sai eden-
dada teadust ja kultuuri, osutada uhiskonnale vajalikke
Oppe- ja teadus ning muul loometegevusel p&hinevaid
teenuseid, teha nuldisaegsel tasemel teadus- ja aren-
dust6dd kdigis maaelu ja maamajanduse ning loodus-
ressursside saastliku kasutamisega seotud valdkonda-
des, korraldada teaduspdhist akadeemilist ja rakendus-
korghariduslikku ning tiiendusdpet. EMU oli ja on
Eesti Vabariigi avalik- Giguslik tlikool.

2005 — Eesti Maadlikool

Rektor prof Alar Karis, dppeprorektor prof Hardi Tul-
lus, teadusprorektor Andres Koppel, haldusdirektor
Juri Kirss (tabel 6).
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Tabel 6. Ulidpilaste ja Idpetajate arv Eesti Maaillikoolis 2005. aastal

Teaduskond

Oppekavad/spetsialiseerumised (erialad)

Uligpilaste arv  Ldpetajate arv

Pdllumajandus- ja kesk-
konnainstituut

Viljandi mnt Eerika
Direktor Illar Lemetti

Bakalaureusepe:

PGllu- ja aiasaaduste tootmine (agronoomia, aiandus,
p6llumajandussaaduste tootmine ja turustamine)
Keskkonnakaitse (maastikuarhitektuur, maastiku-
kaitse ja -hooldus)

Rakendushudrobioloogia

Opetajakoolitus: Pdllumajanduslike erialade dpetaja
Magistridpe:

Aiandus

Agronoomia

Pdllumajandussaaduste tootmine ja turustamine
Maastikuarhitektuur

Maastikukaitse ja -hooldus

Instituudis kokku
185 sh 17 teadus-
magistrit ja 2
doktorit

Instituudis kokku
946 sh 24 ko

Veterinaarmeditsiini ja
loomakasvatuse instituut
Kreutzwaldi 62

Direktor dots Toomas
Tiirats

Bakalaureusedpe:

Loomakasvatussaaduste tootmine (loomakasvatus,
kalakasvatus, liha- ja piimatehnoloogia)
Magistridpe:

Loomakasvatus

Agrodkoloogia

Kalakasvatus

Liha- ja piimatehnoloogia

Bakalaureuse- ja magistridppe integreeritud dpe:
Veterinaarmeditsiin

Instituudis kokku

96 sh 6 teadusma-

gistrit ja 4 dokto-
rit

Instituudis kokku
706 sh 25 ko

Majandus- ja sotsiaalins-
tituut

Kreutzwaldi 64

Direktor dots Rando
Varnik

Bakalaureusedpe: Keskkonnamajandus
Maamajanduslik ettevétlus ja finantsjuhtimine
(majandusarvestus ja finantsjuhtimine, 6konoomika
ja ettevdtlus)

Magistridpe:

Keskkonnamajandus

Majandusarvestus ja finantsjuhtimine

Okonoomika ja ettevdtlus

Instituudis kokku
210 sh 1 teadus-
magister ja 3 dok-
torit

Instituudis kokku
1084 sh 546 ko

Metsandus- ja maaehitu-
sinstituut

Kreutzwaldi 5

Direktor dots Paavo
Kaimre

Bakalaureusedpe:

Metsandus (metsamajandus, metsatdostus)
Loodusvarade kasutamine ja kaitse

Geomaatika (maakorraldus, geodeesia, kinnisvara
planeerimine)

Bakalaureuse- ja magistridppe integreeritud dpe:
Maaehitus

Veemajandus

Magistridpe:

Metsamajandus

Metsato0stus

Loodusvarade kasutamine ja kaitse
Maakorraldus

Geodeesia

Kinnisvara planeerimine

Instituudis kokku Instituudis kokku
1518 sh 461 kd 246 sh 14 teadus-
magistrit ja 5
doktorit

Tehnikainstituut
Kreutzwaldi 56
Direktor Margus Arak

BakalaureuseOpe:

Tehnika ja tehnoloogia (ergonoomika, energiakasu-
tus, ettevottetehnika, pdllumajandustehnika)
Magistridpe:

Ergonoomika

Energiakasutus

Ettevottetehnika P6llumajandustehnika

Instituudis kokku Instituudis kokku
530 99 sh 2 teadusma-
sh 79 kd gistrit ja 2 dokto-

rit

P6hidppes 3867 sh 1204 kd 768 sh 175 kd
Magistridppes 755 sh 460 4+2 43 sh 3+2 dppe-
Oppesusteemis, slisteemis 3
287 3+2 Oppestis-
teemis (sh 45 ko)
Doktoribppes 162 16
Kokku ulidpilasi/lpetajaid 4784 sh 1204 836 sh 9 Opetaja-
kaugOppes koolituses
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Eesti Maaiilikool, Tartu Ulikool, Tallinna Tehnika-
kdrgkool ja Tartu Teaduspark sGlmisid 24.11.2006
thiste kavatsuste protokolli eesméargiga koordineerida
nende asutuste vahelist tegevust tehnika- ja tehnoloo-
giaalase rakenduskd@rghariduse arendamiseks Tartus. 3.
jaanuaril 2007 liitus Uhiste kavatsuste protokolliga V&-
rumaa Kutsehariduskeskus. Maaulikooli  rektori
28.12.2006 korraldusega nr 187-RR moodustati tehni-
lise rakenduskoérghariduse andmise kaivitamiseks ja
sellega seotud tegevuste koordineerimiseks juhtkomi-
tee. Eesti Maatlikooli ndukogu 25.01.2007 otsusega nr
3 moodustati Eesti Maallikooli eesmérke ja tilesandeid
aluseks vottes alates 1. veebruarist 2007 Eesti Maauli-
kooli pohikirja punktile 21 vastav akadeemilise struk-
tuuritksuse staatuses dppeasutus — Eesti Maaulikooli
Tartu tehnikakolledzZ.

Vabariigi Valitsuse 18.12.2008 maadruse nr 178
"Kdrgharidusstandard" kohaselt pidid kdrgkoolid ta-
gama, et septembriks 2009 oleksid ulikooli dppekavade
eesmargid ja dpivéljundid sdnastatud nii, et nende alu-
sel oleks vBimalik hinnata 6ppekava I6petaja teadmisi
ja oskusi. Kdrgharidustaseme astmete pivéaljundid ehk
mida 0liGpilane peab bakalaureusekraadi, magistrik-
raadi, doktorikraadi v6i rakenduskérgharidusdppe dip-
lomi saamiseks teadma ja oskama/valdama, on Kkirjas
kdrgharidusstandardi lisas 1.

Ulikooli ndukogu 28.05.2009 otsusega nr 20 kinnitati
Eesti Maaulikooli 6ppekavade arendusena muudetud
n.6 padevuspdhised Gppekavad; 13 bakalaureusedppe-
kava, 1 loomaarstidppe Oppekava, 2 ehitusinseneridp-
pekava, 24 magistridppekava, 1 rakenduskargharidu-
sOppekava ja 5 doktoridppekava.

Padevuspohised 6ppekavad rakendusid alates 2009/
2010 dppeaastast tlikooli immatrikuleeritud tlidpilas-
tele ja enne 2009/2010 Gppeaastat immatrikuleeritud
nendele Glibpilastele, kes akadeemilisel puhkusel viibi-
mise tottu ei saanud alustada dpinguid immatrikuleeri-
mise aastal.

Alates 2009/2010 Gppeaastast on riiklikuks aine-
punktisiisteemiks Euroopa ainepunktististeem (EAP).
Selleks ajaks pidid varem kasutusel olevad ainepunktid
(AP) olema umber arvestatud ECTS siisteemi aine-
punktideks (EAP) arvestusega, et 1 AP vastab 1,5 EAP-
le. Oppeaasta mahuks arvestatakse 60 ainepunki
(EAP), mis on 1560 tundi td6d. 1 EAP vastab 26 tunnile
to6le, mille tlidpilane on Gppeks kulutanud.

Bakalaureusedppe maht on 180 EAP, magistribppe
maht 120 EAP, loomaarstiGppe maht 360 EAP, ehitu-
sinsenerioppe maht 300 EAP, rakenduskdrgharidus-
Oppe maht 240 EAP ja doktoridppe maht 240 EAP.

Ulikooli ndukogu 31.03.2009 otsusega kinnitati
EMU akadeemilise tegevuse 26 vastutusvalda: taime-
kasvatus ja taimebioloogia; aiandus; taimetervis; mul-
lateadus ja agrokeemia; maastiku- ja keskkonnakorral-
dus; maastikuarhitektuur; elurikkus; rakendushiidro-
bioloogia; loomageneetika ja tuaretus; so6tmisteadus;
vesiviljelus; morfoloogia ja fusioloogia; pidamiskesk-
kond; veterinaarne mikrobioloogia ja parasitoloogia;
kliiniline veterinaarmeditsiin; toiduteadus ja toiduhi-

gieen; metsakasvatus ja metsadkoloogia; metsakorral-
dus; metsatddstus; geomaatika; maaehitus; veemajan-
dus; biotehnilised stisteemid; tootmistehnika; energee-
tika; maamajanduse ékonoomika.

Satestati, et valdkonna tegevust juhib professor,
kes kannab vastutust valdkonna ja selle valdkonna raa-
mes tootava toorihma vai -rihmade liikmete taseme ja
arengu eest. Valdkonna juht nimetati instituudi ndu-
kogu poolt instituudi direktori ettepanekul.

Seoses dppekavade laheneva tleminekuhindamise ja
toiduainete tehnoloogia valdkonna dppekava reorgani-
seerimisega, esitas veterinaarmeditsiini ja loomakasva-
tuse instituut (VLI) taotluse bakakaureusebppes uue
Oppekava Toiduainete tehnoloogia loomiseks/ avami-
seks. Oppekava haakuks olemasoleva liha- ja piimateh-
noloogia magistridppekavaga, millele antakse riiklik
koolitustellimus (RKT) "tehnika, tootmine ja ehitus"
valdkonna "tehnika/tehnoloogia" dppesuuna alt. Senine
liha- ja piimatehnoloogia alane bakalaureusedpe on toi-
munud pdllumajanduse valdkonna 6ppekava Looma-
kasvatussaaduste tootmine spetsialiseerumisena.

Praeguse bakalaureuseGppekava muutmise vajadust
on korduvalt soovitanud ka rahvusvahelised akreditee-
rimiskomisjonid (nii loomakasvatuse kui tehnoloogia
oma) ning liha- ja piimat6ostuste spetsialistid, kes loo-
makasvatusliku suunaga bakalaureusedppe asemel soo-
viksid laiemapdhjalist toiduainete tehnoloogia Opet,
mis soodustakse tootearendust ja koostddd erinevate
toiduainetddstuse valdkondades. Oppekava muutmist
on soovinud ka Ulidpilased.

Ulikooli ndukogus Kkinnitati bakalaureusedppekava
Toiduainete tehnoloogia ja ka rakenduskdrgharidusdp-
pekava Biotehnilised stisteemid. Kehtestati doktoran-
tide atesteerimise tingimused ja kord.

2009. aastal voeti esmakordselt vastu 13 ulidpilast ma-
gistridppekavale Loodusturism kaug8ppesse tasumaaraga
22 000 eesti krooni aastas ja 9 tlidpilast RE dppekohtadele
magistridppekavale Okonoomika ja ettevotlus.

2010/2011. dppeaastal oli dlikoolis kokku 48 dppe-
kava sh bakalaureusedppes — 14, bakalaureuse- ja ma-
gistridppe integreeritud Gppes — 3, magistridppes 24,
rakenduskoérgharidusdppes — 2 ja doktoribppes — 5.
Ulidpilasi oli kokku 4847 (tabel 7).

Oppevaldkonnas P&llumajandus sh veterinaaria 6ppis
31,3% (lidpilastest, Oppevaldkonnas Tehnika, toot-
mine ja ehitus — 31,3%, Gppevaldkonnas Sotsiaalteadu-
sed, drindus ja Gigus — 18%, dppevaldkonnas Teenin-
dus — 17% ning dppevaldkonnas Loodus- ja tappistea-
dused — 2,4% (liBpilastest.

Ldpetasid esimesed bakalaureusedppekava lluaian-
dus ja P&llumajandusettevétte majandamine Glidpila-
sed; vastavalt 10 ja 6, ning esimesed magistridppekava
Linna- ja todstusmaastike korraldus Ulidpilased (10).
Ingliskeelse magistridppekava Elustiku mitmekesisuse
ja mitmefunktsiooniliste maastike korraldamine I6pe-
tas 6 lidpilast (kdik périt Kosovost).

Avati vastuvett bakalaureusedppekavale Toiduainete
tehnoloogia; RKT 23-le 8ppekohale vdeti vastu 35 (li-
Opilast. Avati vastuvdtt bakalaureusedppekava Pollu- ja
aiasaaduste tootmine aianduse erialale kaugdppesse;
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Oppima asus 10 Glidpilast. Alustati vastuvottu Euroopa  poolt finantseeritavatele dppekohtadele (10) vdeti vastu
Liidu Sotsiaalfondist rahastatava projekti raames vélja- 25 Glidpilast. Rakendus programm "K&rgharidus kat-
tootatud rakenduskdrgharidusppe dppekavale Bioteh-  kestanute haridustee jatkamine — TULE", mille raames
nilised siisteemid; projekti raames SA Archimedese vdeti vastu 36 Ulidpilast (tabel 8).

Tabel 7. Ulibpilaste ja |dpetajate arv Eesti Maaiilikoolis 2010. aastal

Instituut Ulidpilaste arv Ldpetajate arv dppeastmeti
bak mag int dokt  kokku

P&llumajandus- ja keskkonnainstituut 1303sh 344 ké 175 67 6 248
Veterinaarmeditsiini ja loomakasvatuse instituut 703 29 16 35 2 82
Metsandus- ja maaehitusinstituut 1321sh 251 k6 123 59 41 1 224
Majandus- ja sotsiaalinstituut 885sh 554 kd 106 44 - - 150
Tehnikainstituut 510 sh 80 k& 47 25 — 1 73
Tartu Tehnikakolledz 125 -
Kokku 4847 sh 1229 kd 480 211 76 10 777

Tabel 8. Vastuvdtuks avatud dppekavad, erialad ja vastuvdetud Ulidpilaste arv Eesti Maaiilikoolis 2010. aastal

Oppesuund Oppekava Erialad/Spetsialiseerumine Vastuvetud
ulidpilaste arv

Bakalaureusedpe

P&llumajandus, met- P3llu- ja aiasaaduste tootmine Aiandus
sandus ja kalandus P&llumajandussaaduste tootmine ja 92 sh 11 k&
turustamine
P&llumajandusettevdtte majandamine 26 ko

Loomakasvatussaaduste tootmine Loomakasvatus

Kalakasvatus 39
Metsandus Metsarrjz.yandus 83 sh 15 ko
Metsatoostus
Keskkonnakaitse ~ Loodusvarade kasutamine ja kaitse ~ Loodusvarade kasutamine ja kaitse 36 sh 12 k&
Taastuvenergia ressursid S °
Keskkonnakaitse Maastikukaitse ja -hooldus 68
Maastikuarhitektuur
Linna- ja todstusmaastike korraldus 25 ko
Loodusturism 46 sh 28 ko
Bioteadused Rakendushiidrobioloogia 11
Arindus ja haldus ~ Maamajanduslik ettevdtlus ja finants- Okonoomika ja ettevotlus
juhtimine Majandusarvestus ja finantsjuhti- 120 sh 48 ko
mine
Arhitektuur ja ehitus Geomaatika Maakorraldus
Geodeesia 50
Kinnisvara planeerimine
Tehnikaalad Tehnika ja tehnoloogia Ergonoomika
Energiakasutus 99 sh 14 kd
Tootmistehnika
Tootmine ja todtle- Toiduainete tehnoloogia m
mine
Bakalaureuse- ja magistridppe integreeritud dppekavadel pdhinev dpe
Veterinaaria Veterinaarmeditsiin 59
Arhitektuur ja ehitus Maaehitus 23
Veemajandus 26
Rakenduskdrgharidusdpe
Tehnikaalad Tehnotroonika 34
Biotehnilised susteemid 23
Kokku (libpilasi vastu vdetud kbrghariduse | astmesse 904 sh 179 kb
Magistridpe
P&llumajandus, met- Aiandus 16
sandus ja kalandus  P&llumajandussaaduste tootmine ja o5
turustamine
Loomakasvatus 6
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Oppesuund Oppekava Erialad/Spetsialiseerumine Vastuvdetud
ulidpilaste arv
Kalakasvatus 9
Metsamajandus 14
Metsat00stus 15
Keskkonnakaitse ~ Linna- ja td6stusmaastike korraldus 12 kd
Loodusturism 7 kb
Loodusvarade kasutamine ja kaitse 16
Taastuvenergia ressursid 3
Maastikukaitse ja -hooldus 16
Bioteadused Rakendushiidrobioloogia 10
Arindus ja haldus ~ Okonoomika ja ettevotlus 30 sh 14 ko
Majandusarvestus ja finantsjuhtimine 37 kd
Arhitektuur ja ehitus Maastikuarhitektuur 21
Maakorraldus 12
Geodeesia 10
Kinnisvara planeerimine 14
Tehnikaalad Ergonoomika 14
Energiakasutus 20 sh 8 kd
Tootmistehnika 14
Tootmine ja tdotle- Liha- ja piimatehnoloogia 13
mine
Kokku lidpilasi vastu vdetud magistridppesse 334 sh 78 kb
DoktoriGpe
P&llumajandus, met- Pdllumajandus 8
sandus ja kalandus  Metsandus 5
Veterinaaria Veterinaarmeditsiin ja toiduteadus 3
Keskkonnakaitse ~ Keskkonnateadus ja rakendusbioloo- 8
Bioteadused gia
Arhitektuur ja ehitus Tehnikateadus 5
Tehnikaalad
Kokku (libpilasi vastu vdetud doktoriGppesse 29

2013. aastal 6ppis Maadilikoolis kokku 4294 {ilidpilast,
nendest REV ehk tasulistel Gppekohtadel 922 ehk
21,5%. Statsionaarses Oppes Gppis kokku 3372 Glidpi-
last, nendest bakalaureusedppes 1698, ehitusinsenerifp-
pes 281, loomaarstidppes 315, rakenduskdrgharidusop-
pes 175, magistridppes 630, doktoridppes 225. Kaugdp-
pes Oppis 922 llidpilast (2012. aastal 1022; 2011. aastal
1109; 2010. aastal 1229), nendest bakalaureusedppes
547, ehitusinseneribppes 94 ja magistridppes 281.

Valistlidpilasi dppis 2013. aastal kdikides dppeast-
metes kokku 166. Kbige enam (141) oli vélisulidpilasi
loomaarstidppes.

Oppevaldkonnas Pdllumajandus (sh veterinaaria) &p-
pis 31,22% ulidpilastest, Bppevaldkonnas Tehnika,
tootmine ja ehitus 34,14%, dppevaldkonnas Sotsiaal-
teadused, &rindus ja 6igus 17,38%, Oppevaldkonnas
Teenindus 14,15% ning Oppevaldkonnas Loodus- ja
tppisteadused 3,11% ulidpilastest.

2013. aastal Idpetas Ulikooli 712 Glidpilast, nendest
394 bakalaureusedppe, 48 loomaarstidppe (sh 23 vali-
stlibpilast/soomlast), 39 ehitusinseneribppe, 205 ma-
gistridppe ja 12 rakenduskérgharidusdppe. Ldpetas |
lend bakalaureusedppekava Toiduainete tehnoloogia
I6petajaid (23 ulidpilast). Kaitsti 14 doktorittdd.

2013. aastal Haridus- ja Teadusministeeriumi ning
Eesti Maallikooli vahel s6lmitud halduslepingu koha-

selt vastutas ulikool kdrgel tasemel ja Uhiskonna vaja-
dustele vastava Gppe labiviimise, kvaliteedi ja arenda-
mise eest p6llumajanduse, metsanduse ja kalanduse
ning veterinaaria Oppekavagruppides. Ulikool jagas
kaasvastutust dppetegevuse osas keskkonnahoiu ppe-
kavagrupis TUga, tehnika, tootmise ja tehnoloogia
ning arhitektuuri ja ehituse dppekavagruppides TTUga.
Ulikool pidi tagama teiste asjaomaste (ilikoolide ning
td0andjatega maamajanduse 6konoomika spetsialistide
ettevalmistuse.

SA Kutsekoda Inseneride kutsenbukogu 5.06.2013
otsusega anti Maadlikoolile esmase kutse andja Gigus.
Maailikool omistas 2013. aastal Maaehituse 6ppekava
I6petajatele (22) diplomeeritud ehitusinseneri esma-
kutse, Veemajanduse Gppekava ldpetajatele (17) diplo-
meeritud hidrotehnikainseneri ning veevarustuse- ja
kanalisatsiooniinseneri esmakutsed.

2013. aastal toimus 6ppekavade hulgas mitmeid muu-
datusi. Vastuvotuks ei avatud P8llu- ja aiasaaduste toot-
mise bakalaureusedppekava, selle asemel toimus vastu-
vott kahele erinevale bakalaureusedppekavale: Aiandus
ning Pdllumajandussaaduste tootmine ja turustamine.
Avati vastuvétt uuele bakalaureusedppekavale Vee ja
maismaa Okostisteemide rakendusbioloogia (endise ni-
metusega Rakendushidrobioloogia). VastuvGtuks jéid
avamata ka bakalaureusedppe @ppekavad Linna- ja
toostusmaastike korraldus ning P6llumajandusettevdtte
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majandamine. Soovijate vahesuse tottu jai avamata
kaks magistrippekava (Taimesaaduste tootmistehno-
loogiad ja tootearendus ning Kalakasvatus).

Vastuv6tuks avati uued inglise Gppekeelega dppeka-
vad: Veterinaarmeditsiin (loomaarstidpe) ja Maas-
tikuarhitektuur (magistridppe dppekava). Ingliskeel-
sele veterinaarmeditsiini Gppekavale vdeti vastu 31 Uli-
Opilast, ingliskeelsele maastikuarhitektuuri magistridp-
pekavale 1 tlidpilane.

2013/2014 dppeaastal rakendus Gppekava statuudi
uus redaktsioon, millega kehtestati, et Gppekavade
arendustegevuses lahtutakse jargmistest valdkonda-
dest: p6llumajandus ja maamajanduse 6konoomika;
metsandus; keskkonnateadus ja rakendusbioloogia; ve-
terinaarmeditsiin ja toiduteadus; tehnika- ja inseneri-
teadus. Kinnitati 6ppekavade uus struktuur. Bakalau-
reusedppekava moodulid olid: alammoodul (22-35
EAP); suunamoodul 22-35 EAP); erialamoodul(id)
(45-100 EAP); eriala valikmoodul(id) ja/vdi eriala va-
likained (vdhemalt 12 EAP); vabaained (8 EAP); baka-
laureuset6d voi -eksam (8-15 EAP). Bakalaureuse-,
ehitusinseneri- ja loomaarstidppe Gppekavade alus-
moodulisse viidi sisse kohustuslikud tleulikoolilised
Oppeained: tkoloogia ja keskkonnakaitse (4 EAP), ris-
kianalliis ja tdokeskkonna ohutus (3 EAP), majandus-
teaduse alused (4 EAP), digusdpetuse alused (3 EAP),
inglise vdi saksa erialakeel (4 EAP), filosoofia ja/vdi
suhtlemispsiihholoogia (3 EAP).

Bakalaureusedppekava Pdllumajandussaaduste toot-
mine ja turustamine 6ppekava sisaldas jargmisi moodu-
leid ja dppeaineid: alusmoodul (28 EAP), suunamoodul
(30 EAP), erialamoodul (92 EAP), eriala valikmoodul
(24 EAP; valida 14 EAP), vabaained (8 EAP), bakalau-
reusetdo voi -eksam (8 EAP).

Alusmooduli (eesmark — laiap6hjaliste baasteadmiste
omandamine, mis aitavad kaasa avatud silmaringiga
spetsialisti kujunemisele ning erialaainete paremale
mdistmisele) dppeained olid: informaatika ja biomeet-
ria, péllumajanduse ajalugu, inglise vi saksa eriala-
keel, 6koloogia ja keskkonnakaitse, majandusteaduse
alused, 6igusBpetus, riskianalliis ja téokeskkonna ohu-
tus, filosoofia. Suunamooduli (eesmérk — omandada
teoreetilised ja praktilised alusteadmised ja oskused
mullast, taimedest ning ainete liikumisest p6llumajan-
duslikuks tootmiseks) 6ppeained olid: p&llumajandus-
taimed, mullateaduse alused, agrokeemia, taimefisio-
loogia biokeemia alustega, geneetika, agrometeoroloo-
gia. Erialamooduli (eesmérk — omandada teoreetiline ja
praktiline baas pdllumajanduslikuks tootmiseks ning
turustamiseks) dppeained olid: mikrobioloogia Uldkur-
sus, eritaimekasvatus, Eesti mullastik, maaviljeluse pd-
hikursus, muldade véliuurimine, nuldisaegsed masin-
tehnoloogiad, rohumaaviljelus, taimekasvatuse tldkur-
sus, aianduse tehnoloogiad, sordiaretus ja seemnekas-
vatus, taimekahjustajad ja nende tGrje, raamatupida-
mine mittemajanduse erialadele, p&llumajandusdko-
noomika, Uhistegevuse alused, eriloomakasvatus, prak-
tika ettevottes (9 EAP). Eriala valikmooduli (eesmérk
— omandada siivendatud teadmisi kas loomade aretuse
ja st6tmise alustest, ettevitte majandusanaltitisist voi

taimefiisioloogiast) dppeained olid: aretusbpetus, sdot-
misdpetus toitumise alustega, majandusanaliils, tai-
mede stressibioloogia, biogeensed lenduvad hendid).

Ulikooliseaduse kohaselt rakendus alates 2013/
2014 Oppeaastast Ulikooli astujatele 6ppekulude hii-
vitamise uus siisteem. Kdik eesti dppekeelega dppe-
kavale tdiskoormusega Oppesse sh kaugdppesse as-
tunud UliGpilased said esimesel semestril dppida ta-
suta. Esimese semestri I6puks pidid nad téitma 75%
ettendhtud 30 EAP-st. Jargmistel semestritel said nad
tasuta dppida juhul kui nad olid algavaks semestriks
taitnud kumulatiivselt eelmistel semestritel dppe-
kava kohaselt taitmisele kuuluva 6ppe mahu (Ul sea-
dus § 13%Ig 1). Kui semestri alguseks oli taitmata
rohkem kui 8 EAP-d, pidid nad maksma lile 8 EAP
puudu jadnud ainepunktide eest.

Osakoormusega Oppesse astujad ja osakoormusega
Oppes Gppivad Ulidpilased tasuta 6ppida ei saanud. Ne-
mad pidid maksma &ppeteenustasu ainepunkti hinna
alusel vastavalt semestri alguses registreeritud Gppeai-
nete mahule; 1 EAP eest 35 eurot, alates 2017/2018 6p-
peaastast 40 eurot. Oppeteenustasu pidid maksma ka
inglise Oppekeelega dppekava ulidpilased v.a dokto-
ridppe ulidpilased.

Ulidpilastel, kes Gppisid taiskoormusega Oppes, oli
vdimalus taotleda rahalist toetust hariduse omandami-
seks kaasnevate kulutuste katmiseks.

Alates 2013/2014 dppeaasta kevadsemestrist oli
tlidpilastel digus taotleda tulemusstipendiumi (100 eurot
kuus). Tulemusstipendiumi maksti vaga heade pitule-
muste eest alates 2013/2014 dppeaastast taiskoormusega
Oppesse immatrikuleeritud Glidpilastele. Alates 2016/
2017 Bppeaastast oli Gigus tulemusstipendiumi taotleda
ja saada ka neil, kes astusid Glikooli enne 2013. aastat.

2003. aastal rakendunud Gppetoetuste ja Gppelaenu
seaduse alusel saime 2014/2015 Gppeaasta sugissemest-
ril maksta Oppetoetusi jargmiselt: pdhitoetust 49-le
tlidpilasele, taiendavat toetust 39-le, pdhi- ja tdiendavat
toetust 162-le ning majanduslikku toetust 35-le Glidpila-
sele. Doktoranditoetust maksti kdikidele doktorantidele.

Ulidpilaste 6ppetoetuste maarad olid vaikesed: pohi-
toetus ja majanduslik toetus — 55,93 eurot, taiendav toe-
tus — 28,13 ja doktoranditoetus 383,47 eurot kuus. P8-
hitoetuse, taiendava toetuse ning majandusliku toetuse
maksmine l8petati 2015/2016 dppeaasta 16pul.

Alates 2014/2015 dppeaastast oli Ulidpilastel digus
taotleda ka erialastipendiumi, erivajadustega lidpi-
laste stipendiumi ja vajaduspdhist 6ppetoetust. Eria-
lastipendiumi maksti riigile prioriteetsetes valdkonda-
des téiskoormusega dppivatele tlidpilastele (160 eurot
kuus). Maalilikoolis oli selliseid n.6 nutika spetsialisee-
rumise erialasid/@ppekavasid 8; loomakasvatus (bak),
toiduainete tehnoloogia (bak), liha- ja piimatehnoloo-
gia (mag), metsamajandus (mag), metsatdostus (mag),
p6llumajandussaaduste tootmine ja turustamine (mag),
tootmistehnika (mag) ning tehnotroonika (rak). Eria-
lastipendiumi maksmisel arvestati Gpitulemusi. 2015/
2016 Oppeaastal maksti erialastipendiumi  108-le
lidpilasele, 2016/2017 Gppeaastal 134-le Glidpilasele.
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Vajadusp0hist dppetoetust on digus saada taiskoormu-
sega Gppes dppival Ulidpilasel (v.a doktorandil), kelle
pereliikme sissetulek ei lleta igaks aastaks riigieelar-
vega kehtestatud vajaduspdhise dppetoetuse saamiseks
arvestatava keskmise sissetuleku Glemmaéra. Sissetu-
leku Glemmédér oli 2015. aastal 329 eurot kuus, 2016.
aastal 358, 2017. aastal 394, 2018. aastal 429, 2019,
aastal 468, 2020. aastal 523 ja 2021. aastal 569 eurot
kuus. Toetust makstakse sGltuvalt pere sissetulekust 75
vBi 135 vBi 220 eurot kuus. Toetust taotletakse
www.eesti.ee kaudu. Need, kelle vajadusp8hine taotlus

Tabel 9. Ulidpilaste arvud Eesti Maallikooli instituutides/kolledzis

jaeti rahuldamata ja kui pere sissetulek vahenes viima-
sel kolme kuul, vdivad taotleda vajaduspohist eritoetust
(135 eurot kuus) dlikooli kaudu.

2014. aastal 6ppis ulikoolis 3927 ulidpilast. Ulidpi-
laste arv véhenes vorreldes 2010. aastaga 19%. 2014.
aastal ei avatud vastuvdtuks rakenduskdrgharidusdppe
Oppekava Biotehnilised susteemid. Samuti jai avamata
magistridppe 6ppekava Maakorraldus; see liideti 8ppe-
kavaga Kinnisvara planeerimine. Toimus esimene vas-
tuvott TTU ja EMU UhisGppekavale Hajaenergeetika.
Magistridppekava Hajaenergeetika haldajaks sai TTU,
kes korraldas ka lipilaste vastuvdtu (tabel 9).

10.2011)

Instituut

Ulidpilaste arv sh kaug8ppes
2014 2015

Metsandus- ja maaehitusinstituut (MI)
Majandus- ja sotsiaalinstituut (MS)
P&llumajandus- ja keskkonnainstituut (PK)

1003 sh 134 ko 939 sh 102 ko
701 sh 456 ko 647 sh 443 ko
1008 sh 185 kd 929 sh 155 ko

Tehnikainstituut (T1) 459 sh 82 kd 424 sh 101 ko
Veterinaarmeditsiini ja loomakasvatuse instituut (VL) 618 569
Tartu Tehnikakolledz (TS) 138 119
Kokku 3927 3627

Alates 2015. aastast on Maadilikoolil 6igus véljastada
energiakasutuse magistridppekava ldpetajatele diplo-
meeritud elektriinseneri esmane kutse (tase 7), alates
2016. aastast tootmistehnika magistridppekava I8peta-
jatele diplomeeritud mehaanikainseneri esmane kutse
(tase 7) ning rakenduskdrgharidusGppekava tehnotroo-
nika Idpetajatele mehhatroonikainseneri esmane kutse
(tase 6). 2015. aastal omistati diplomeeritud elektriin-
seneri kutse 8-le energiakasutuse magistridppe I6peta-
jale, 2016. aastal 14-le l18petajale (tabel 10). Diplomee-
ritud mehaanikainseneri esmased kutsed véljastatakse
alates 2017. aastast.

2015. aastal avati vastuvdtt kahele uuele 6ppekavale;
rakenduskdrgharidusdppekavale Puidutddtlemise teh-
noloogia ning magistridppekavale Maaettevdtete stra-
teegiline arendamine. Puidutddtlemise tehnoloogia &p-
pekavale vdeti vastu 21 Glidpilast.

Maaettevotete strateegilise juhtimise 6ppekava oli
mdeldud osakoormusega dppena kaugdppes. Oppekava

loomise algatus tuli EMU vilistlaskogu liikmetelt — te-
gevettevGtjatelt ja maapoliitika kujundajatelt. Oppe-
kava on suunatud maaettevdtete, pollumajandusettevo-
tete, kohalike omavalitsuste, tulundusthistute ja mitte-
tulundusiihingute juhtidele, spetsialistidele ja ettevdtete
omanikele, kes omavad véhemalt bakalaureusekraadi
(ei pea olema majanduserialal), kaheaastast valdkond-
likku tookogemust ja valmisolekut jagada parimaid
praktilisi kogemusi kaasdppuritega.

Lisaks Eesti Maaiilikooli ja Tartu Ulikooli 6ppejdu-
dudele oli plaanis kaasata Gppeprotsessi ka mitmete va-
lisiilikoolide (Rootsi, Norra, jne) professoreid, EMU
teiste instituutide dppejoude, kdrgeid riigiametnikke ja
mitmeid majanduspraktikuid.

Vastuvottu dppekavadele Maaettevdtete strateegiline
arendamine ja Biotehnilised slisteemid ei toimunud va-
hese arvu soovijate tottu.

Tabel 10. Oppekavade ja I8petajate arv 2016. aastal ehk 65 aasta méddumisel EPA asutamisest

Oppekavasid haldav insti- Oppekavade arv

Ulidpilaste arv sei- Ldpetajate arv

tuut suga 10.11.2016 2016. aastal
Pdllumajandus- ja kesk- 10 bakalaureusedppekava 472 sh 15 k& 111 sh 6 kd
konna|n§t|tuut (dir Aret 8 ma}gls_teroppekava sh 1 !ngllse_oppekeelega 309 sh 150 k& 61 sh 16 ko
VVooremae) magistridppekava (maastikuarhitektuur)
Veterinaarmeditsiini ja loo- 2 bakalaureusedppekava 114 24
makasvatuse instituut (dir 2 loomaarstidppekava sh 1 inglise dppekee- 338 40
Toomas Tiirats) lega

3 magistridppekava 42 12
Majandus- ja sotsiaalinsti- 1 bakalaureusedppekava 351 sh 185 kd 73 sh 23 kb
tuut (dir Ants-Hannes Viira) 3 magistriGppekava 250 sh 248 k& 34 sh 32 kb
Metsandus- ja maaehitu- 3 bakalaureusedppekava 298 sh 22 kb 76 sh 4 kd
sinstituut (dir Toomas 1 rakendus. 6ppekava (puiduttétlemise teh- 34 i

Timmusk) noloogia)
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Oppekavasid haldav insti- Oppekavade arv

Ulidpilaste arv sei-

Ldpetajate arv

tuut suga 10.11.2016 2016. aastal
2 e.hltu_smsenerlloppekava (maaehitus, vesi- 263 sh 54 k& 28 sh 1 k6
ehitus ja veekaitse)
8 magistridppekava sh 1 thisdppekava 153 (sh 29 hajaener- 48 sh 6 hajae-
TTUga (hajaenergeetika) geetika Gppekaval) nergeetika

Tehnikainstituut 1 bakalaureusedppekava 221 sh 102 k& 48 sh 13 kb

(dir Margus Arak) 3 magistridppekava 96 sh 17 ko 28

Tartu tehnikakolledz (dir kt 2 rakendus. dppekava 98 10

Margus Arak)

Kokku 17 bakalaureusedppekava 332 sh 44 kb
4 integreeritud dppekava 68 sh 1 kd
24 magistridppekava 3259 sh 793 kd 183 sh 52 kd
3 rakenduskdrg. 6ppekava 10
5 doktoridppekava 20

Ulidpilasi v@eti vastu 14-le bakalaureusedppekavale,
3-le bakalaureuse- ja magistridppe integreeritud 6ppeka-
vale (1 eesti dppekeelega ja 1 inglise dppekeelega vete-
rinaarmeditsiini Gppekava, maaehituse dppekava), 2-le
rakenduskdrgharidusdppekavale, 20-le magistridppeka-
vale sh TTUga (ihisppekavale, 5-le doktoridppekavale.

Kui 2012. aastal dppis ulikoolis 4514 alidpilast ja
vastuvott avati 47-le dppekavale, siis 2017. aastatel &p-
pis tlikoolis vastavalt 3006 Ulidpilast. Oppekavasid on
EHISe andmetel 2017. aastal kokku 50, vastuvotuks
avati 43 dppekava (tabel 11, 12).

Tabel 11. Oppekavade arv ja iilidpilaste arv 6ppekavasid haldavates Eesti Maadilikooli instituutides/kolledzis
Instituut  Oppekavade arv seisuga Ulidpilaste arv seisuga  Ulidpilaste arv seisuga

Ldpetajate arv

17.11.2017 10.11.2012 10.11.2017 2016/2017. 6a
PK 9 bakalaureusedppekava 750 sh 213 k& 450 sh 3 kd 83

8 magistridppekava sh 1 ing-

lise Gppekeelega magistridppe- 296 sh 40 ko 297 sh 152 ko 83

kava (maastikuarhitektuur)

Kokku tliopilasi: 1153 sh 107 doktoranti 849 sh 102 doktoranti 176 sh .

10 doktoranti

VL 2 bakalaureusedppekava 229 100 26

2 loomaarstiGppekava sh 1 327 328 sh 143 ingl. 56

inglise Gppekeelega

3 magistridppekava 88 24 12

Kokku dlidpilasi: 686 sh 42 doktoranti 497 sh 45 doktoranti 96 sh 2 doktoranti
MS 1 bakalaureuse6ppekava 551 sh 460 ko 316 sh 168 kd 64

2 magistridppekava 217 sh 183 k& 244 kb 29

Kokku ilibpilasi: 775 sh 7 doktoranti 568 sh 8 doktoranti 93
MI 3 bakalaureusedppekava 550 sh 119 k& 238 sh 51 kb 56

1 rakendus. Gppekava - 47 -

2 ehitusinseneridppekava 416 sh 116 kd 228 sh 37 kb 31

6 magistridppekava sh 1 this-

Oppekava TTUga (hajaener- 202 113 sh 13 hajaen 47 sh 10 hajaen

geetika)

Kokku UliGpilast: 1224 sh 56 doktoranti 670 sh 44 doktoranti 40 °" 0 dokt®-
Ti 1 bakalaureusedppekava 376 sh 70 k& 213 sh 105 kd 37

3 magistridppekava 116 sh 4 k& 108 sh 33 kd 22

Kokku ulidpilasi: 507 sh 15 doktoranti 343 sh 22 doktoranti 59
TS 2 rakendus. dppekava 169 79 21
Kokku 16 bakalaureusedppekava 2456 1317 266

4 integreeritud 6ppekava 743 556 87

22 magistridppekava sh 1

TTUga 919 786 193

3 rak. dppekava 169 126 21

5 doktoridppekava 227 221 18

Kokku tlidpilasi:

4514 sh 1022 kd

3006 sh 756 ko

585 sh 101 ko
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Tabel 12. Ulidpilaste arvud ja osakaal dppevaldkonniti Eesti Maadilikoolis

Oppevaldkond 2012. aastal Ulidpilaste 2017. aastal Glidpilaste
arv osakaal % arv osakaal %
P&llumajandus, metsandus, kalandus ja veterinaaria 1452 32,17 971 32,3
Loodusteadused, matemaatika statistika 772 17,10 563 18,73
Tehnika, tootmine ja ehitus 1522 33,72 912 30,34
Arindus ja haldus 768 17,01 560 18,63
Kokku 4514 100,00 3006 100,00

2019. aastal ei toimunud enam vastuvdttu magistri-
Oppe Oppekavale Maastikukaitse ja -hoolduse (490)
ning Linna- ja tdstusmaastike korraldus (80407). Op-
pekava Linna- ja tédstusmaastike korraldus baasil aren-
dati valja OGppekava Keskkonnakaitse ja -korraldus
(80407). Vee ja maismaa 0kosusteemide rakendusbio-
loogia (423) dppekava asemel ootas ulikool sisseastu-
jaid Kalanduse ja rakendusokoloogia (423) 6ppekavale.
Esmakordselt avati vastuvott uuele pikalt ette valmista-
tud inglise dppekeelega dppekavale Pllumajanduse ja
toiduainete tootmise arijuhtimine (163697), mis tootati
vélja kolme Balti riigi koost6ds: Eesti Maailikool, Lati
PGllumajandusilikooli ning Vytautas Magnuse Uli-
kooli P6llumajandusakadeemiaga.

2019. aastal I6petas esimene lend (20 valisulidpilast)
inglise Gppekeelega Gppekaval Veterinaarmeditsiin.

2019. aastal Haridus- ja Teadusministeeriumi ning
Eesti Maalilikooli vahel s6lmitud halduslepingu koha-
selt vastutab Ulikool kdrgetasemelise ja Uhiskonna va-
jadustele vastava Oppe l&biviimise, kvaliteedi, arenda-
mise ja populariseerimise eest jargmistes Oppeka-
vagruppides: p6llumajandus, metsandus ja kalandus,
veterinaaria, samuti bio- ja keskkonnateaduste Gppeka-
vagrupi keskkonna dppesuuna dppekavariihmades, tu-
gevdab ettevdtluse ja majandusainete Gpetamist nende
Oppekavagruppide dppekavades, et valmistada ette
maamajandusliku ettevotluse oskustega spetsialiste.

2019. aastal algas Gppekava statuudis 2018. aastal
tehtud muudatuste elluviimine. Oppekavade eesmargid
ja dpivaljundid kaasajastati ning dppekava Oppeainete
dpivaljundid seostati tugevamalt Gppekava eesmérkide
ja Opivéljunditega. Seoste paremaks ja selgemaks esile
toomiseks muudeti 8ppekavade Ulesehitus alammoodu-
lite pbhiseks koondades Gppeained mooduli 6pivéljun-
ditest lahtuvateks eesmargistatud kogumiteks. Oppeka-
vade Opivéljundid ajakohastati ka vastavalt tooturu ja
OSKA raportis esile toodud vajadustele sh tule-
vikuoskusi ning sadstva arengu eesmarke arvestades.

Oppekava spetsialiseerumistele kehtestati miinimum-
maht ja kbikidesse kdrghariduse esimese astme Oppe-
kavadesse lisati tlikooli visioonist ja eesmargist lahtu-
valt interdistsiplinaarne biomajanduse ja keskkonna
moodul (8 EAP) ning ettev6tlusmoodul (8 EAP). Suu-
rendati praktika mahtusid: bakalaureusedppekavades
suurenes ettevittepraktika min. maht 6 EAP-ni (vara-
sema 5 EAP asemel), loomakasvatuse Gppekavas on et-
tevottepraktikat 8 EAP-d, aianduse ja pdllumajandus-
saaduste tootmise dppekavades 10 EAP-d, toiduainete
tehnoloogia dppekavas 12 EAP-d. Oppepraktikat on
kdige rohkem metsanduse ja loodusturismi bakalau-
reusedppekavades.

Kdige enam on praktikat sh ettevottepraktikat looma-
arstidppe ja rakenduskdrgharidusdppe dppekavades.

Efektiivsema ja tulemuslikuma ettevéttepraktika kor-
ralduse tagamiseks sdlmitakse enne praktikale mine-
mist Ulidpilase, praktikaettevdtte ja tlikooli vahel ko-
hustuslik praktikaleping. Praktikalepingu lisana on ko-
hustus praktikakohapoolsel juhendajal téita tagasiside
kisimustik ja hinnata muu hulgas Ulidpilase eelnevate
teadmiste ja oskuste taset, suhtumist t66sse ning koha-
nemisvaimet.

Bakalaureusedppekavade, ehitusinseneri- ja loo-
maarstioppe ning rakenduskdrgharidusdppe Oppeka-
vade uued/téiustatud versioonid rakendusid alates
2020/2021 dppeaastast.

Magistri- ja doktoridppe dppekavade uued versioonid
rakendusid alates 2021/2022 &ppeaastast. Doktoridp-
pes ajakohastati Oppekavade eesmérke ja dpivaljun-
deid, erialadppe Gppeaineid, tlddpet, véhendati spetsia-
liseerumiste arvu. Muudatuste vajaduse theks ajendiks
oli Eesti tlikoolide kokkulepped ja erinevate osapoolte
(doktorantide, juhendajate, to6andjate, vélishindajate)
tagasisidena esile kerkinud probleemid ja kitsaskohad
ning vajadus ettevdtlusesse suunatud doktoribppe ja-
rele.

Bakalaureusedppekavad (180 EAP, nominaalkestus 3
aastat) koosnevad jargmistest moodulitest: ildmoodul,
erialamoodul, eriala valikmoodul, vabaained, 16put66
vGi -eksam. Uldmoodul sisaldab alammoodulit Kesk-
konnakorraldus ja biomajandus (8 EAP) ning alam-
moodulit Ettevdtlus (8 EAP).

Bakalaureusedppekava P&llumajandussaaduste toot-
mine ja turustamine uue versiooni moodulid/ Gppeained
on jargmised: Uldmoodul (30 EAP; eesmirk — vald-
konna alusteadmiste omandamine erialaainete omanda-
miseks): sissejuhatus erialasse ja teadustdo alused, in-
formaatika ja biomeetria, inglise erialakeel, riskiana-
l00s ja to6keskkonna ohutus, alammmooduli Keskkon-
nakorraldus ja biomajandus Oppeained: keskkonna-
kaitse ja korraldus, biomajanduse alused; Ettevdtlus-
mooduli dppeained: maaettevotluse alused, ideest &rip-
laanini.

Erialamoodul (117 EAP; eesmérk — omandada tead-
mised ja oskused maaviljelusest, taime- ja loomakasva-
tusest ning pdllumajandussaaduste tootmisest ja turus-
tamisest): alammoodul Muld ja véetamine (17 EAP):
Eesti mullastik, muldade véliuurimine, mullateaduse
alused, agrokeemia; alammoodul Maaviljelus ja masin-
tehnoloogiad (15 EAP): maaviljelus, taimekasvatuse
masintehnoloogiad, aianduse tehnoloogiad; alammoo-
dul Taimekasvatus (42 EAP): pdllumajandustaimed,
geneetika, taimefusioloogia, rohumaaviljelus, taime-
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kasvatus I, 1, I, kvaliteetne saak ja pdllumajandustai-
mede areng, sordiaretus ja seemnekasvatus; alammoo-
dul Taimetervis (13 EAP): taimekahjustajad ja nende
torje; alammoodul Majandus ja turundus (8 EAP): pdl-
lumajandustkonoomika, turundus pdllumajandustu-
runduse alustega; alammoodul Praktika (3+7 EAP):
praktika ettevdttes.

Eriala valikmoodul (28 EAP, valida tuleb vahemalt
15 EAP): aretusOpetus, raamatupidamine mittemajan-
duse erialadele, taimede stressibioloogia, agrometeo-
roloogia, Uhistegevuse alused, mikrobioloogia tldkur-
sus, kuivenduse ja niisutuse alused, 6igusdpetus.

Magistridpekavad (120 EAP, nominaalkestus 2 aas-
tat) koosnevad jargmistest moodulitest: erialamoodul,
valikmoodul, vabaained, magistritdo.

MagistriGppekava P6llumajandussaaduste tootmine
ja turustamine erialamooduli (72 EAP) alammoodulid
ja @ppeained: alammoodul Taimekasvatus (31 EAP):
keskkonnasééstlik taimekasvatus ja mahetootmine,
saagi formeerumise alused, integreeritud taimekaitse,
t&ppispdllumajandus, muldade kaitse ja jatkusuutlik ka-
sutamine, pollumajanduslik mikrobioloogia, kliima
muutused ja p8llumajandus; alammoodul Taimse toor-
aine véérindamine ja turustamine (12 EAP): taimse
tooraine véarindamine, rohumaade tehnoloogiad ja
sfodatootmine,  sodtmisprogrammid; alammoodul
Tootmise planeerimine ja juhtimine taimekasvatuses
(17 EAP): ratsionaalse maakasutuse ja pdllumajandus-
tootmise anallils ja planeerimine, nBuandeteenistus ja -
slisteemid, maamajanduse 6konoomika, &ristrateegiad;
alammoodul Taimekasvatusteadus (12 AP): eksperi-
mendi metoodika ja andmet6otlus, praktika ettevttes
(6 EAP). Valikmoodul (30 EAP, valida tuleb vahemalt
13 EAP): rakendusentomoloogia, fiitopatoloogia, bio-
geensed lenduvad (hendid, toidupoliitika ja stratee-
giad, biogaasi tootmine pdllumajanduses, ettevdtte ja
personali juhtimine, kompostide tootmine ja kasuta-
mine, taimede toitumine ja aineringed, projektijuhti-
mine.

2020. aastal I8petati vastuvatt bakalaureusedppe dp-
pekavadele Vee ja maismaa dkosusteemide rakendus-
bioloogia (377) ning Kalandus ja vesiviljelus (143997).
Nende asemel avati 2020. aastal vastuvétt uuele baka-
laureusedppe dppekavale Kalandus ja rakendusdkoloo-
gia (214638). 2021. aastal toimus kolmas vastuvdtt
2019. aastal avatud inglise dppekeelega magistriGppe-
kavale Pdllumajanduse ja toiduainete tootmise &rijuhti-
mine (163697).

Ulikooli ning haridus- ja teadusministeeriumi vahel
sOlmitud halduslepingu kohaselt véhendas likool
Ulidpilaste vastuvdttu bakalaureusedppe Oppekavale
Maamajanduslik ettev6tlus ja finantsjuhtimine (371)
alates 2019/2020. dppeaastast kahe aasta jooksul 50%
vOrreldes 2017/2018. Ga tegeliku vastuvdtuga. Haldus-
lepingu kohaselt vahendasime vastuv@ttu 2019. aastal
ka keskkonna @ppesuunas 10% vdrreldes 2017/2018.

Oa tegeliku vastuvGtuga. 2019. aastal avati vastuvatuks
keskkonna dppesuunas 86 Gppekohta, 2020. aastal 74
Oppekohta, 2021. aastal 81 Gppekohta.

Kdige populaarsemad st suurima konkursiga magist-
ridppekavad on Majandusarvestus ja finantsjuhtimine,
Okonoomika ja ettevotlus, Pdllumajandussaaduste
tootmine ja turustamine, Loodusturism, Keskkonna-
korraldus ja -poliitika.

Tabel 13. Vaiksema konkursiga dppekavad

Oppekava Vastu vdetud/Gppima asunud
(seisuga 10.11)
2018 2019 2020 2021
Loomakasvatus (mag) 13 9 6 4

Toiduainete tehnoloo-
gia (mag)

I"<alandu_s ja rakendus- 8 20 7 7
Okoloogia (mag)

Metsatddstus (mag) 3 15 7 5
Ergonoomika (mag) 5 7 9 9

9 12 15 5

2020. aastal loodi koost6os Tartu Ulikooliga uus ing-
lise Oppekeelega magistridppekava Keskkonnajuhti-
mine kliimamuutuste tingimustes. 2021. aasta vastuvo-
tuks loodi 20 dppekohta, dppima asus 15 valisulidpi-
last.

2021. aastal avatud magistridppe Gppekohtadest
73,3% olid sessioondppes, 26,7 paevadppes (2020. aas-
tal vastavalt 65 ja 35%, 2019. aastal 59 ja 41%). Kdrg-
hariduse esimese astme Gppekohtadest 9,3% olid ses-
sioondppe dppekohad (2020. aastal 9,4%, 2019. aastal
11,4%).

2021. aastal Gppis 27,3% ulidpilastest P6llumajan-
dus- ja keskkonnainstituudi hallatavatel Gppekavadel,
23,3% Metsandus- ja maaehitusinstituudi, 19,3% Vete-
rinaarmeditsiini ja loomakasvatuse instituudi, 15,6%
Majandus- ja sotsiaalinstituudi, 10,9% Tehnikainsti-
tuudi hallatavatel Gppekavadel. Tartu Tehnikakolledzi
hallataval dppekaval 6ppis 3,6% Ulidpilaste arvust.

Ulidpilastest 35,8% &ppis dppevaldkonnas pdlluma-
jandus, metsandus, kalandus ja veterinaaria, 34,0% 0p-
pevaldkonnas tehnika, tootmine ja ehitus, 14,9% 6ppe-
valdkonnas loodusteadused, matemaatika ja statistika
ning 15,3% &ppevaldkonnas sotsiaalteadused, arindus
ja digus.

2020/2021 Oppeaastal I6petas ulikooli kokku 457
kdrghariduse | ja Il astme Glibpilast (2019/2020 &p-
peaastal 410, 2018/2019 6ppeaastal 470, 2017/2018 6p-
peaastal 506, 2016/2017 Gppeaastal 567 ulidpilast),
nendest 219 bakalaureusedppe, 45 loomaarstiéppe (sh
31 valisulidpilast) 13 ehitusinseneridppe, 169 magist-
ridppe (sh 20 vélisilidpilast) ja 11 rakenduskérgharidu-
sOppe. 2021. aastal I8petas esimene lend (12 ulidpilast)
inglise dppekeelega magistridppekava P6llumajanduse
ja toiduainete tootmise arijuhtimine (tabel 14).
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Tabel 14. Haridus- ja teadusministri 11.06.2020 kaskkirja kohaselt Eesti Maadlikoolile antud dppedigused

Oppekavagrupp Ope Antav kraad Téhtaeg
1. Avrindus ja haldus Bakalaureusedpe Sotsiaalteaduse bakalaureus Tahtajatu
2. Arindus ja haldus MagistriGpe Sotsiaalteaduse magister Tahtajatu
3. Bio- ja keskkonnateadused Bakalaureusedpe Loodusteaduse bakalaureus Tahtajatu
4. Bio- ja keskkonnateadused MagistriGpe Loodusteaduse magister Tahtajatu
5. Bio- ja keskkonnateadused Doktoridpe Filosoofiadoktor Tahtajatu
6. Tehnika, tootmine ja tehnoloogia Rakenduskdrgharidus6pe Tehnikateaduse bakalaureus Téhtajatu
7. Tehnika, tootmine ja tehnoloogia Bakalaureuse6pe Tehnikateaduse bakalaureus Tahtajatu
8. Tehnika, tootmine ja tehnoloogia Magistridpe Tehnikateaduse magister Tahtajatu
9. Tehnika, tootmine ja tehnoloogia DoktoriGpe Filosoofiadoktor Téhtajatu
10. Arhitektuur ja ehitus Bakalaureusedpe Tehnikateaduse bakalaureus Téhtajatu
11. Arhitektuur ja ehitus Magistribpe Tehnikateaduse magister Téhtajatu
12. Arhitektuur ja ehitus Integreeritud bakalaureuse- ja Ehitusteaduste magister Téhtajatu
magistridpe
13. Péllumajandus, metsandus ja ka- Bakalaureusedpe P&llumajandusteaduse baka- Tahtajatu
landus laureus
14. Péllumajandus, metsandus ja ka- MagistriGpe Péllumajandusteaduse ma-  Tahtajatu
landus gister
15. P6llumajandus, metsandus ja ka- DoktoriGpe Filosoofiadoktor Tahtajatu
landus
16. Veterinaaria Integreeritud bakalaureuse- ja Loomaarstikraad Téhtajatu
magistridpe
17. Veterinaaria Doktoridpe Filosoofiadoktor Téhtajatu

Tabel 15. Ulidpilaste ja I6petajate arv Eesti Maaiilikoolis 2020. ja 2021. aastal

Oppekava haldav struktuuriiik- Oppekavad Ulidpilaste arv Ldpetajate arv
sus 10.11.2021 seisuga  (1.10.2019 —
30.09.2020)

P&llumajandus- ja keskkon-  Instituudis kokku 811 168
nainstituut Bakalaureusedpe: 427 sh 78sh
Kreutzwaldi 5 Aiandus 48 8
Direktor Aret Vooremée P&llumajandussaaduste tootmine ja tu- 100 18

rustamine

Loodusturism 55 11

Keskkonnakaitse 93 23

Keskkonnaplaneerimine ja maastikuku- 82 12

jundus

Vee ja maismaa 6koslisteemide raken- 15 5

dushioloogia

Kalandus ja vesiviljelus 2 1

Kalandus ja rakendusdkoloogia 32

Magistridpe: 293 sh 80 sh

Aiandus 36 sh 34 kb 12

Pollumajandussaaduste tootmine ja tu- 45 sh 40 ko 4

rustamine

Keskkonnakorraldus ja -poliitika 90 sh 76 ko 19

Loodusturism 37 kd 12

Maas_t|~ kuarhitektuur 29 13

(eesti Oppekeel)

Maastikuarhitektuur

L O 17 8

(inglise Gppekeel)

Maastikukaitse ja -hooldus 4 2

Kalandus ja rakendusdkoloogia 20 kd 10

Keskkonnajuhtimine kliimamuutuse tin- 15

gimustes

Doktoripe 91 sh 10 sh

P&llumajandus 41 4

Keskkonnateadus ja rakendusbioloogia 50 6
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Oppekava haldav struktuuriiik- Oppekavad Ulidpilaste arv Ldpetajate arv
sus 10.11.2021 seisuga  (1.10.2019 —
30.09.2020)
Veterinaarmeditsiini ja looma- Instituudis kokku 574 80
kasvatuse instituut Bakalaureusedpe: 121 sh 19sh
Kreutzwaldi 62 Loomakasvatus 58 7
Direktor Toomas Tiirats Toiduainete tehnoloogia 63 12
BakgIaL.Jreuse- ja magistridppe integreeri- 365 sh 45 sh
tud Gpe:
Veterinaarmeditsiin (eesti dppekeel) 161 14
Veterinaarmeditsiin (inglise Gppekeel) 204 31
Magistridpe: 38 sh 11sh
Loomakasvatus 13 kd 6
Toiduainete tehnoloogia 25 ko 5
Doktoridpe: 50 sh 5sh
Pdllumajandus 13 2
Veterinaarmeditsiin ja toiduteadus 37 3
Majandus- ja sotsiaalinstituut  Instituudis kokku 466 108
Kreutzwaldi 1a Bakalaureusedpe: 221 sh
Direktor Ants-Hannes Viira Eﬂrﬁ?r:gajandusllk ettevatlus ja finantsjuh- 291 sh 124 kG 58
Magistridpe: 236 sh 48 sh
Okonoomi Ka ja ettevtlus 81 ko 15
Majandusarvestus ja finantsjuhtimine 139 k& 21
Pdllumajanduse ja toiduainete tootmise 16 12
arijuhtimine (inglise 6ppekeel)
Doktoridpe 9sh
Pdllumajandus 9 2
Metsandus- ja maaehitusinsti- Instituudis kokku 692 65
tuut Rakenduskdrgharidus6pe 71 sh
Kreutzwaldi 5 Puidutétlemise tehnoloogia 71 8
Direktor Marek Metslaid Bakalaureusedpe: 265 sh 27 sh
Metsandus 163 18
Loodusvarade kasutamine ja kaitse 2 2
Geodeesia, kinnisvara- ja maakorraldus 100 7
Bakglagreuse- ja magistridppe integreeri- 294 sh 13 sh
tud Gpe:
Maaehitus 159 sh 4 ko 13
Vesiehitus ja veekaitse 65
Magistridpe: 95 sh 14 sh
Metsamajandus ja metsadkoloogia 32 5
Metsatddstus 22sh 12 ko 1
Geodeesia, kinnisvara- ja maakorraldus 41 sh 37 kb 8
Doktoridpe 37 sh 3sh
Metsandus 29 2
Tehnikateadus 8 1
Tehnikainstituut Instituudis kokku 325 54
Kreutzwaldi 56 Bakalaureusedpe: 201 sh
Direktor Margus Arak Tehnika ja tehnoloogia 201 sh 106 ko 37
Magistridpe: 96 sh 16 sh
Ergonoomika 20 ko 7
Energiakasutus 46 sh 42 ko 5
Tootmistehnika 30 sh 26 kb 4
Doktoridpe: 28 sh
Tehnikateadus 28 1
Tartu Tehnikakolledz Kolledzis kokku 106 7
Kreutzwaldi 56 Rakenduskdrgharidusope: 106 sh
Direktori kt Margus Arak Tehnotroonika. 106 3
Bakalaureusedppes 1235 219
RakenduskdrgharidusGppes 177 11
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Oppekava haldav struktuuriiik- Oppekavad Ulidpilaste arv Ldpetajate arv
sus 10.11.2021 seisuga  (1.10.2019 —
30.09.2020)
Integreeritud dppes 589 58
MagistriGppes 7658 169
DoktoriBppes 215 21
Kokku: 2974 478

2021 — Eesti Maadlikool

aastal moodustati Eesti Maaiilikooli struktuuri ana-
liusi ja reformi ettevalmistamise komisjon, mille (le-
sandeks sai: 1. Analusida tlikooli struktuuri vastavust
ja vBimekust oma Ulesannete téitmise sh uute dppeka-
vade loomise suhtes; 2. Teha Gppekavade nimistu kohta
ettepanekuid, et tagada Gppekavade kaudu ulikooli te-
gevuse vastavus Uhiskonna ootustele; 3. Teha ettepane-
kuid Oppetdd korralduse kohta sh sisemise dubleeri-
mise valtimiseks; 4. Teha ettepanekuid tlikooli vdima-
liku uue struktuuri kohta.

Komisjoni esimees prof Kalev Sepp esitas aruande
analiusi tulemuste kohta dlikooli senatile 27.05.2021.
Komisjon tegi muuhulgas ettepaneku hinnata dppeka-
vade jatkusuutlikkust regulaarselt dppekavade sisehin-
damisega. Ettevalmistus Gppekavade sisehindamiseks
oli selleks ajaks juba tehtud. Oppekavade sisehinda-
mise pilootprojekt rakendus 2021. aastal.

Vottes aluseks Eesti Maaulikooli struktuuri analudsi
ja reformi ettevalmistamise komisjoni aruande ja ette-
panekud, otsustas Glikooli senat 17. juunil 2021 moo-
dustada alates 1.01.2022 senise viie instituudi Umber-
korraldamise teel kolm instituuti (tabel 16, 17):

1. Eesti Maaulikooli pdllumajandus- ja keskkon-
nainstituut, inglise keeles Institute of Agricultural and
Environmental Sciences of Estonian University of Life
Sciences. Instituut moodustatakse senise pdllumajan-
dus- ja keskkonnainstituudi ning majandus- ja sotsiaa-
linstituudi Ghinemise teel,

2. Eesti Maadlikooli metsanduse ja inseneeria
instituut, inglise keeles Institute of Forestry and Engi-
neering of Estonian University of Life Sciences. Insti-
tuut moodustatakse senise metsandus- ja maaehitusins-
tituudi ning tehnikainstituudi Ghinemise teel;

3. Eesti Maadlikooli veterinaarmeditsiini ja loo-
makasvatuse instituut, inglise keeles Institute of Vete-
rinary Medicine and Animal Sciences of Estonian Uni-
versity of Life Sciences.

Direktorite valimiseks korraldatud konkursi tule-
muste alusel nimetati rektori késkkirjaga p6llumajan-
dus- ja keskkonnainstituudi direktoriks Aret Vooremée,
metsanduse ja inseneeria instituudi direktoriks Marek
Metslaid, veterinaarmeditsiini ja loomakasvatuse insti-
tuudi direktoriks Toomas Tiirats alates 01.01.2022 kuni
31.12.2026

Tabel 16. Eesti Maadilikooli dppetoolid ja nende juhid alates
1.01.2022

Oppetool Oppetooli juht
P&llumajandus- ja keskkonnainstituut

Aiandus Prof Ulvi Moor
Elurikkus ja loodusturism Prof Tiiu Kull
Hidrobioloogia ja kalandus Prof Kalle Olli
Keskkonnakaitse ja maastiku-  Prof kalev Sepp

korraldus

Maamajanduse 6konoomika
Maastikuarhitektuur Prof Simon Bell
Mullateadus Prof Alar Astover
Taimekasvatus ja taimebioloogia Prof Ulo Niinemets

Prof Rando Vérnik

Taimetervis Prof Marika Méand
Metsanduse ja inseneeria instituut
Geomaatika Dots Evelin Jirgen-

son
Prof Toomas Tamm
Prof Hardi Tullus

Maaehitus ja veemajandus
Metsakasvatus ja metsadkoloo-
gia

Metsa- ja maakorraldus ning
metsatodstus
Biomajandustehnoloogia (BT)
Energiakasutus (EQ)

Prof Ahto Kangur

Prof Timo Kikas
Prof Protima Rau-
wel
Veterinaarmeditsiini ja loomakasvatuse instituut
Kliiniline veterinaarmeditsiin Prof. Toomas Orro
Sootmisteadus Prof Meelis Ots
Toiduhiigieen ja rahvatervis Prof Mati Roasto
Toiduteadus ja toiduainete teh-  Dots. Ivi Jdudu
noloogia

Touaretus ja biotehnoloogia

Prof Haldja Viina-
lass

Prof Riho Gross
Prof Arvo Viltrop

Vesiviljelus
Veterinaarne bio- ja populat-
sioonimeditsiin

Tabel 17. Oppekavad ja ilipilaste arvud alates 1.01.2022

Instituut/Gppeaste/dppekava Ulidpilaste
arv seisuga
01.01.2022
Metsanduse ja inseneeria instituut 1096 sh
Bakalaureusedpe 458 sh
Geodeesia, kinnisvara- ja maakorraldus 99
(379)
Loodusvarade kasutamine ja kaitse (407) 2
Metsandus (401) 158
Tehnika ja tehnoloogia (384) 199
Magistridpe 183 sh
Energiakasutus (432) 45
Ergonoomika (436) 20
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Instituut/Gppeaste/dppekava Ulidpilaste Instituut/Gppeaste/dppekava Ulidpilaste
arv seisuga arv seisuga
01.01.2022 01.01.2022

Geodeesia, kinnisvara- ja maakorraldus 38 Toiduainete tehnoloogia (455) 24

(426) Loomaarstidpe 365 sh

Metsamajandus ja metsadkoloogia (460) 31 Veterinaarmeditsiin (398) 161

Metsatddstus (461) 21 Veterinaarmeditsiin (118977) (ingl) 204

Tootmistehnika (437) 28 Doktoridpe 50 sh

Ehitusinseneridpe 222 sh P&llumajandus (80132) 13

Maaehitus (382) 158 Veterinaarmeditsiin ja toiduteadus 37

Vesiehitus ja veekaitse (383) 64 (80134)

Rakenduskdrgharidusdpe 170 sh Kokku uliépilasi sh 2909 sh

Puiduttdtlemise tehnoloogia (136557) 66 bakalaureusedppes 1205

Tehnotroonika (81050) 104 magistridppes 738

Doktoridpe 63 sh Integreeritud dppes 587

Metsandus (80131) 28 (ehitusinseneridpe ja loomaarstidpe)

Tehnikateadus (80133) 35 rakendusk@rgharidusdppes 170

P&llumajandus- ja keskkonnainstituut 1244 sh doktoridppes 209

Bakalaureuse@pe 630 sh

Aiandus (119257) 48

Kalandus ja rakendusdkoloogia (214638) 31

Kalandus ja vesiviljelus (143997) 2

Keskkonnakaitse (406) 89

Keskkonnaplaneerimine ja maastikuku- 82

jundus (119358)

Loodusturism (80520) 55

Maamajanduslik ettevétlus ja finantsjuh- 212

timine (371)

P&llumajandussaaduste tootmine ja tu- 9%

rustamine (119337)

Vee ja maismaa dkoslisteemide raken- 15

dusbioloogia (377)

Magistridpe 518 sh

Aiandus (451) 34

Kalandus ja rakendusdkoloogia (423) 19

Keskkonnajuhtimine kliimamuutuse tin- 15

gimustes (218263) (ingl)
Keskkonnakorraldus ja -poliitika (80407) 89

Loodusturism (80519) 37
Maastikuarhitektuur (439) 29
Maastikuarhitektuur (119359) (ingl) 17
Maastikukaitse ja -hooldus (490) 4
Majandusarvestus ja finantsjuhtimine 136
(412)

P&llumajanduse ja toiduainete tootmise

arijuhtimine (163697) (ingl) 15
P&llumajandussaaduste tootmine ja tu- 44
rustamine (463)

Okonoomika ja ettevotlus (414) 79
Doktoridpe 96 sh
P&llumajandus (80132) 49
Keskkonnateadus ja rakendusbioloogia 47
(80130)

_Vetgrlnaarmedltsunl ja loomakasvatuse 569 sh
instituut

Bakalaureusedpe 117 sh
Loomakasvatus (396) 55
Toiduainete tehnoloogia (100984) 62
Magistridpe 37
Loomakasvatus (449) 13

il
o TN

ol s

Joonis 2. Peahooned — endised ja praegune (1x E. Norman

EFA.204.0.43682a ja 2x A. Tanavots)
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Rektorid 1951-2021

1951-1954 Dots Richard Antons

1954-1969 Dots Minna Klement

1969-1977 Dots Arnold Rudtel

1977-1988 Prof Nikolai Kozlov

1988-1993 Prof Olev Saveli

1993-1998 Mait Klaassen

1995-1998 Prof Hardi Tullus (M. Klaasseni

rektori kt haridusministrina totamise ajal)

1998-2002 Prof Henn Elmet

2002-2003 Prof Hardi Tullus (rektori (les-
annetes)

2002. sept—dets Prof Hugo Roostalu (rektori kt)

2003-2007 Prof Alar Karis

2007-2008 Prof Hardi Tullus (rektori kt)

(1.07.2007—

01.2008)

2008-2012, Mait Klaassen

2012-2017

2018...

Teadusprorektorid 1951-2021

1952-1955 Prof Nikolai Vassiljev
1955-1958 Prof Osvald Hallik
1958-1965 Dots Valentin Matin
1965-1978 Dots Nikolai Kozlov
1978-1992 Dots Armand Sukamégi
1992-1993 Prof Ivar Etverk
1993-1998 Dots Henn Elmet
1998-2001 Andres Koppel
2002-2003 Prof Lembit Nei
2003-2008 Andres Koppel
2008-2012 Prof Anne Luik

2012-2017, 2018...  Prof Ulle Jaakma

Oppeprorektorid 1951-2021

1951-1952 Dots Richard Antons
1952-1954 Prof Nikolai Vassiljev
1954-1972 Dots August Eenlaid
1972-1977 Dots Jaan Kivistik
1977-1986 Dots Enn Altosaar
1986-1993 Dots Koit Alekand
1993-1996 Prof Kuno Jirjenson
1996-1998 Prof Hugo Roostalu
1998-2001 Prof Enn Plaan
2001-2002 Prof Lembit Nei
2002-2003 Prof Hugo Roostalu
2003-2008 Prof Hardi Tullus
2008-2012 Dots Jiri Lehtsaar
2012-2017 Dots Paavo Kaimre
2018... Prof Endla Reintam
Oppeosakonna juhatajad 1951-2021
1952-1.09.1957 Pr Marland (8ppeosakonna
ulem)

1957-1966 Kaljo Tein (tilem)
1966-31.08.1968 Udo Veibri (tlem)
1.09.1968-1972 Aino Sutt (ilem)
1972-1974 Tiiu Alep (tilem)
1974-1976 Endla Reinvee (lilem)
1976-1977 Toomas Tael (lilema kt)
1977-1979 Tiiu Alep (ilem)
1979-1984 Enn Martma (llem)
1984-1992 Koidu Veibri (ilem/juhataja)
1992-1993 (Oppe- ja  Prof kt Kuno Jlrjenson
teadusosakond)

1993-1994 (6ppe- ja- Mart Hovi
teadusosakond)

1995-1997 (Gppe- ja  Raivo Sein
teadusosakond)

1.09.1997-31.03.1999 Anne Lipsik

(Bppe- ja teadusosakond)

1.04.1999-31.12.2004

(6ppeosakond)

1.01.2005-31.01.2008

(6ppekorraldusosa-

kond)

1.01.2005-31.01.2008 Aret Vooremae
(6ppearendusosakond)

1.02.2008-31.12.2011 Priit Pajuste
(6ppeosakond)

2.01.2012-19.02.2012 Anne Liipsik (juhataja kt)
20.02.2012-2.10.2015 Anneli Lorenz
5.10.2015-31.12.2015 Anne Lipsik (juhataja kt)
1.01.2016... Ina Jarve

Eesti P6llumajanduse Akadeemia (EPA), Eesti Pollu-
majandusiilikooli (EPMU) ja Eesti Maalilikooli (EMU)
Oppetegevuse arendamisse on oma panuse andnud véga
paljud 6ppejdud/teadlased.

Mina olen osalenud dppetegevuses/Gppekorralduses
alates 1977. aastast, kui alustasin t66d 6ppejouna EPA
pbllumajandusloomade aretuse kateedris akadeemik
prof Aarne Punga kée all. Enne seda, 1974. aastal saatis
EPA mind sihtaspirantuuri Moskva Veterinaaria Aka-
deemiasse, kus kaitsesin ka kandidaadikraadi (1978).
Oma panuse Oppetegevuse arendusse olen saanud anda
lisaks Oppejou ametitele ka EPA UET dekaanina
(1987-1990), EPA Zooinseneriteaduskonna dekaanina
(1990-1992), EPMU Loomakasvatusinstituudi direk-
torina/dekaanina ja asedirektorina Gppe alal (1992-
1997), EPMU 6ppeosakonna juhatajana (1997—2008),
juhataja asetditjana (2008-2014).

Mul on olnud vdimalus td6tada véga paljude toredate
kolleegidega, nendelt dppida ja nendega koos Oppete-
gevust arendada.

Anne Lupsik
emeriitdotsent
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KROONIKA / CHRONICLE

20 AASTAT EESTI MAAULIKOOLI VILISTLASKOGU

2001. aasta 21. septembril asutati Eesti Maadilikooli
vilistlaskogu (VK). Asutamist oli kavandatud vahel-
duva innuga juba aastaid, asutamisaeg ja -péev ise osu-
tusid pooljuhuslikult mitmeti tdhendusrikkaks.

Nimelt on Elu Parimate Aastate kool EPA asutatud
50 aastat varem pdllumajandus-, veterinaaria- ja met-
sanduserialade eraldamise kaudu Tartu Ulikoolist. Sa-
mal péeval valiti Estonia kontserdisaalis valimiskogus
Eesti Vabariigi kolmandaks presidendiks EPA rektor
aastatel 1969-1977 Arnold Riutel. Selleks ajaks oli tol-
lase nimega Eesti Pllumajandusiilikoolil (EPMU) ligi-
kaudu 20 000 vilistlast —tdeline maa sool aastakiimnete
valtel kdigis valdades ja véikelinnades, pdldudel ja
metsades, insenerkond aga domineerimas isegi Tartu
linnas.

Tollasest taustast

Aastatuhande vahetusel toimusid Eesti kdrgharidu-
ses, esialgu ministeeriumide kabinettide vaikuses, see-
jarel tlikoolides, Riigikogus ja avalikkuses, tormilised
diskussioonid. Oli ju avalik-Biguslikke kdrgkoole kill
6 nagu praegu, erineva tasemega erakdrgkoole aga mi-
tukiimmend ja tudengeid rohkem kui kunagi varem ja
hiljem. K&rgkoolide siivenev rahapuudus réhus, dppe-
ja teadustase vajasid kdikjal tdstmist.

Tartu Ulikooli rektor Jaak Aaviksoo algatas arutelu,
kus pBhivaideteks, et vaiksesse Eestisse mahub vaid
Uks tdeline Ulikool, isegi Tallinna Tehnikallikool ei
peaks tingimata tlikooli nime kandma, maailma 500
parema ulikooli hulka vdikesed ei joua ja alustada tu-
leks EPMU liitmisest TU-ga. Teisalt kutsus ekspankur
ja episoodiline poliitik Juri M6is kdiki pealinna, kuna
maaelu vabas turumajanduses ei vdimaldavat normaal-
set toimetulekut, edukusest rédkimata. Henn Elmet
(EPMU rektor aastatel 1998-2002) koos iilikooli ndu-
kogu ja tudengkonnaga, mdistagi ei arvanud TU-ga lii-
tumisest head, kiill aga soovisid nad hea naabriga mit-
mekiilgset koostddd ja pGhjendamatu dubleerimise vél-
timist nii dppe- kui teadustegevuses.

2000. aasta novembris moodustati ulikooliseaduse
alusel Vabariigi Valitsuse korraldusega kuuele ulikoo-
lile kuratooriumid. EPMU kuratoorium pidi paraku esi-
mesest istungist vahetult jdulude eel asuma oma ili-
kooli eksistentsi kaitsma. 2001. a 11. jaanuaril vottis
Riigikogu Maaelukomisjon, esimeheks Ants K&irma,
vastu otsuse, mille p6hipunktiks pdllumajandusliku
kérgharimise jatkumise véltimatu vajadus EPMU-s.
Jargmisel paeval kinnitas sedasama oma teisel istungil
EPMU kuratoorium.

EMU-I on TU-ga iihised mitmesaja aastased "juuri-
kad" alates loomaarstiteadusest-Gppest, agronoomiast,
metsandusest jne, samas nende valdkondade praegune
Ope ja teaduski on valdavalt meie llikoolis praeguseks
70 aastat. Ja edukalt, nagu teame.

Vilistlaskogu saamisest

Liikumine-tegutsemine oma Ulikooli tuleviku eest
elavnes ka vilistlaskonnas, alates Aret Vooreméest,
Kalli Annamaast, Maire Nurmetist, Nelly Oinusest,

Jaan Ounapuust ja Argo Normakust kuni tollaste
Toompea vilistlasteni valja. 2001. aasta 17. augustil li-
kooli 50. aastapdeva pidustuste kdigus pidasime ihe
viimaseid arutelusid rektori ja teadusprorektor Andres
Koppeli osalusel. Peaettekande "EPMU VK loomi-
sest”, kus kirjas VK tegevuse eesmérgid, struktuur ja
to0pShimdtted (liikmeskond, juhtimine, varad ja vaja-
likud sammud MTU asutamiseks), koostas vilistlane ja
tollane EPMU rahvusvaheliste ja avalike suhete osa-
konna juhataja Aret Vooremae.

21. septembril 2001 tehti kavandatu teoks — peeti
EPMU vilistlaskogu asutamiskoosolek, kus s6Imiti
MTU asutamisleping, kinnitati p&hikiri ning valiti 7-
liikmeline juhatus ja revisjonikomisjon.

Vilistlaskogu tegevusest

Juhatuse esimesel koosolekul 2002. a 31. jaanuaril
valis juhatus esimeheks allakirjutanu ja aseesimeesteks
Aret Vooremée ja Jaan Ounapuu ning registreeris esi-
mesed 29 vilistlaskogu liiget. Esimeste registreeritud
liilkmete hulgas on ka agronoomiavilistlane president
Arnold Riutel.

VK liikmeskonna suuruse suhtes olime alguses opti-
mistlikumad, lootes ajapikku kuni neljakohalist ar-
vukust. Esimesed sada tulid kiiresti, ligi kolmsada (tap-
semalt 290) liiget aga esimeseks Ule 2500 osalejaga
EMU aastapéevapeoks 2011. aastal.

Vilistlaskond on alati toetamas oma (likooli ja selle
VK olemasolu ja tegemisi, kuid killap olemasoleva
seltside, Klubide jms rohkuse olukorras VK-ga ise lii-
tuma ei kiirustata.

Olulisemateks ettevdtmisteks algaastatel olid lisaks
korralistele aastakoosolekutele konverentside korralda-
mine Uhistdos rektorite ja rektoraatidega. Neid sai
kokku viis. Naiteks liks VK juhatuse eestvottel korral-
datud kaalukamaid konverentse toimus 2006. a 27. jaa-
nuaril teemal "Korgharidus Maaulikoolist — té6jduturg,
Ope ja praktika". Sisuka ettekande tegid seal muuhulgas
tudengiesinduse juhid Piret Hartman ja Roomet So6r-
mus.

2008. a 4. aprillil korraldasime koostd6s rektoraadi ja
APS-iga konverentsi "Pdllumajandusteaduse vdimalu-
sed ja rakendused tootmises”, kus peaettekandjateks
EMU tulevikuvisioonist olid rektor Mait Klaassen ja
prorektor Anne Luik. Uhtlasi toimus sel paeval VK aas-
takoosolek, kus valiti uus juhatus, esimeheks Jaan Ou-
napuu ja aseesimeheks Killi Annamaa.

Aastakoosolekutel on olnud traditsiooniline rektori
llevaade Ulikooli seisust ja arengutest ning méne kaa-
luka teadlase vdi praktiku (selle Aasta Vilistlase) esine-
mine. Lisaks mdne wlikooli instituudi kilastus-tutvus-
tus, mdne Tartu teatrietenduse kilastus jms. Algaastatel
sai osaletud Ulikooli kahes meeleolukas suvelaagris —
Kauksis ja Késmus. Alates 2006. aasta aprillist on VK
esindus osalenud ja tutvustanud ennast Maamessil.
2006. aasta novembris oli VK kutsutud ja soovijad osa-
lesid EMU 55. aastapéeva Uritustel, sh Maaiilikooli tu-
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levikukonverentsil "Eesti maa — elamisvaarne ja igikes-
tev". Vahepealsetel aastatel saadeti VK liikmetele
maadlikooli ajalehte.

2009. aastast alates selgitatakse vilja EMU Aasta Vi-
listlane. Praeguseks on selle austava tiitli palvinud 15
Eestimaa teenekat naist ja meest maailikooli vilistlas-
konnast.

Vilistlaskogu juhatuse ja rektoraadi Uhist6d keeruka-
mateks ja mastaapsemateks naideteks on seni kahtle-
mata kahe dlikooli juubelipeo korraldamine — 2011. a
2500, 2016. aastal aga rohkem kui 3000 Gppejdule, vi-
listlasele ja kiilalisele.

Vilistlased on olnud alati oodatud EMU olulistele tiri-
tustele. VK juhatuse liikmed on olnud kutsutud sep-
tembri avaaktustele, Ulikooli aastapdeva téhistustele,
konverentsidele, IGpuaktustele.

Alates moodustamisest kuni tdnaseni on kestnud vaga
hea koost66 kdigi rektoritega, kes pdhikirja jargi on ju-
hatuse liikmed ex officio, samas k&ik on (olnud) ka
EPA/EMU vilistlased. Niisiis, suur tanu lahkunud rek-
tor Henn Elmetile aastate 20012002 eest, rektor Alar
Karisele aastate 2003—-2007 eest ja rektor Mait Klaas-
senile 2008. aastal alanud laitmatu koosttd eest! Mis
salata, maadiilikooli ja meie vilistlaskonna uhkuseks on
juba meie teise rektori valimine Eesti Vabariigi presi-
dendiks!

Vivat Academia, vivant professores!

Jaanus Mannik
EMU vilistlaskogu juhatuse esimees aastatel 20022008
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ANDRES VALDMANN - 60

5. detsembril 2021 tahistas
60 siinnipaeva EMU veteri-
naarmeditsiini ja loomakas-
vatuse instituudi professor
Andres Valdmann.

Andres Valdmann |8petas
| 1985. aastal cum laude dip-
lomiga Eesti P6llumajan-
duse Akadeemia veterinaar-
meditsiini erialal. Juba 0li-
Opilasena tundis ta stigavat
huvi uurimistdo vastu ja seet6ttu oli jargmiseks loogili-
seks sammuks astumine aspirantuuri Eesti Loomakas-
vatuse ja Veterinaaria Teadusliku Uurimise Instituudis
(ELVI) ning t66le asumine nooremteadurina sigimis-
bioloogia osakonnas. Andres Valdmann alustas juba tu-
dengina uuringuid loomade sigimishormoonide maéra-
mise immunoloogiliste meetodite véljatédtamiseks
koostéos Tartu Ulikooli iild- ja molekulaarpatoloogia
instituudi professor Aavo-Valdur Mikelsaare téorih-
maga. Saadi ule 30 progesteroonivastaseid monokloon-
seid antikehi produtseeriva hiibridoomiliini. Saadud an-
tikehadest valiti sobivaim, mille baasil tootati vélja
piima progesteroonisisalduse mdairamise immuunen-
siimaatiline meetod. Andres Valdmanni valjatodtatud
ELISA-meetod on kdrge tundlikkusega ja tapne ning
leidis rahvusvahelist tunnustust ja kasutamist valisuli-
koolides Norras ja USA-s. Andres Valdmanni doktori-
vaitekiri "Studies on progesterone in bovine milk. Im-
munoanalysis, distribution in the mammary gland, and
influence at first insemination on fertility of dairy cows"
(1999) valmis prof Aavo-Valdur Mikelsaare, prof lImar
Mulrsepa ja Norra kolleegi prof Erik Ropstadi juhen-
damisel.

Tooka ja sihikindla teadlasena on Andres Valdmann
arendanud edasi sigimise endokrinoloogia uurimis-
suunda. Ta on Eesti piimakarja sigivuse uuringutes saa-
vutanud mitmeid olulisi teadustulemusi. Nii on ta es-
makordselt ndidanud, et lisaks piima rasvasisaldusele
s6ltub piima progesteroonisisaldus piima paritolust pii-
mandérmes, siit ka uued teadmised progesterooni imen-
dumisest piima, selle jaotumisest piimanaérmes ja val-
jutamisest. Munasarjade endokrinoloogiaalastes uurin-
gutes on tal dnnestunud valja selgitada mitmeid leh-
made innatstkli siinkroniseerumist méjutavaid tegu-
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reid ja ndidata innatsikli stinkroniseerimise efektiiv-
suse sOltuvust looma ainevahetuslikust seisundist inna
stinkroniseerimise ajal. Andres Valdmann on olnud tee-
rajajaks piimakomponentide sisalduse abil munasarja-
héirete esinemissageduse ja tiilipide prognoosimisel
karja tasandil ja ndidanud suprabasaalse progesterooni
mdju lehmade tiinestumisele. Aastate jooksul saadud
uurimistulemused paljud faktorite nagu néiteks kesk-
kond, tBug, toodang, negatiivne energiabilanss ja loo-
ma tervislik seisund mdjust lehmade munasarjafunkt-
sioonile, tiinestumisele ja emakakeskkonnale on suuna-
nud teda otsima tegurite vahelisi seoseid. Nende tead-
mine ja arvestamine on piimalehmade sigivuse paran-
damise oluliseks eelduseks. Innovaatiliste lahendusteni
on ta joudnud ka emakapdletike diagnoosimisel, vottes
uurimistods kasutusele tsiitoloogilise meetodi. Uudsele
seadmele emakast proovide v8tmiseks anti vélja EL-i
patent. Andres Valdmann teeb uurimistddd ja kraadiGp-
purite juhendamist suure pohjalikkusega, tegemata
kompromisse t66 kvaliteedi osas. See on toonud talle
rahvusvahelise tuntuse ja mitmeid tunnustusi.

Andres Valdmann on avaldanud tile 100 teadusartikli,
neist le 50 on ilmunud rahvusvahelistes teadusvaljaan-
netes. Ta teeb tihedat rahvusvahelist koostdod, olles
muuhulgas Euroopa Koduloomade Reproduktsioo-
nithingu (European Society for Domestic Animal Rep-
roduction) juhatuse liige, osaleb mitmetes teadus- ja
kdrgharidusalastes otsustuskogudes, on veterinaarme-
ditsiini ja toiduteaduse doktoriGppekava juht ja juhib
veterinaarmeditsiini ja toiduteaduse doktoritddde kaits-
miskomisjoni t66d. Alates 2019. aastast jagab ta oma
kompetentsi regulaarselt ka naaberriigis Létis, olles
Lati Pdllumajandusiilikooli kilalisprofessor ja veteri-
naarmeditsiini suuna professorite ndukogu liige ning
andes eksperdina ndu veterinaarmeditsiini doktoridppe
programmi arendamiseks.

Andres Valdmann teeb suure puhendumisega oma
t60d, kuid tema elus on véga téhtsal kohal pere, loodus,
Latimaa suvekodu ja sdbrad. Kolleegid hindavad And-
rese sihikindlust, teadmisi, laia silmaringi, raudset loo-
gikat, abivalmidust ja sdbralikkust.

Soovime heale kolleegile jatkuvat edu teadustdos,
palju uusi ideid ja tugevat tervist!

Ulle Jaakma
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TANEL KAART =50

17. detsembril tahis-
tas oma slnnipdeva
Eesti Maadlikooli and-
meteaduse  professor
Tanel Kaart.

Tanel Kaart on vélja-
paistev isiksus, viljaks
Oppejéud ja teadlane.
Tema sihikindla t66 tu-
lemusena on suurene-
nud kogu maailikoolis
tervikuna matemaati-
lise statistika ja modelleerimise alased teadmised ja os-
kused, mis on oluliselt aidanud kaasa publitseeritavuse
ja ulikooli ndhtavuse suurendamisele. Tema osalusel on
senini publitseeritud 120 Web of Sciences esindatud
teadusartiklit. Ta on nelja patentse leiutise kaasomanik.

Tanel Kaart alustas oma karjaari Eesti Maadlikoolis
(toonases Eesti Pdllumajandusiilikoolis) 1. jaanuaril
1995. aastal, 6ppides samal ajal Tartu Ulikooli magist-
ridppes matemaatilise statistika erialal. Sellest ajast sai
alguse tema kokkupuude loomakasvatuse, tduaretuse ja
geneetikaga, mis vormus 1997. a Tartu Ulikoolis kaits-
tud magistritooks teemal ,,Dispersioonikomponentide
ja paritavuskoefitsiendi hindamine loomapopulatsioo-
nides. Magistrantuurile jirgnes loogilise jitkuna sa-
mas doktorantuur. Doktoritod teemaks kujunes ,,Li-
neaarsete segamudelite usaldusvéarsus geneetilistes
uuringutes®, mille Tanel kaitses edukalt 2006. aastal ja
talle omistati filosoofiadoktori kraad matemaatilise sta-
tistika alal. Oma doktoritdds juhindus ta eelkdige pol-
lumajandusloomade aretuses kasutatavatest mudelitest,
kuid paljud késitletud probleemid on Gldised ja v8imal-
davad seet6ttu teha katsete planeerimise ja andmeana-
luusialaseid otsuseid ka teistes valdkondades, kus kasu-
tatakse lineaarseid segamudeleid.

Taneli kompetentsi hulka kuulub andmeanaluds elu-
teadustes, tdpsemalt (populatsiooni)geneetikas, looma-
ja taimekasvatuses, (veterinaar)meditsiinis, toiduteadu-
ses ja dkoloogias. Oma kompetentsist lahtuvalt on ta
Uhendusliliks ja koostd6 edendajaks paljude uurimis-
gruppide inimeste, oma koduinstituudi erinevate dppe-
toolide ja ulikooli teiste instituutide ja Gppetoolide va-
hel, olles oma t60s erakordselt loov ja innovaatiline su-
nergia looja ning ka tlikooli vaartuste hoidja ja kandja.
Ta kuulub ka teadusajakirja "Agraarteadus” toimetus-
kolleegiumi koosseisu.

Kaasaegse teadustdd aluseks on hasti kavandatud kat-
sed, kvaliteetne andmete kogumine, andmete mdtesta-
tud analdisimine, esitamine, interpreteerimine ja jarel-
duste tegemine ning tulemuste publitseerimine nii kor-
getasemelistes teadusajakirjades kui ka saadud tule-
muste populaarteaduslik tutvustamine. Kérge teadus-
t00 tase nBuab lisaks vaga headele spetsiifilistele eria-
lateadmistele ka véga oskuslikku sobivate tarkvara-
programmide kasutamist ja head andmeanaliilsi
oskust. Suured andmehulgad on erinevate eluvaldkon-
dade lahutamatus osaks — olgu nendeks néiteks piima-
farmis lUpsi ajal automaatselt registreeritavad vdi suure
tihedusega geenikiibi kasutamisest saadavad andmed.
Seda kdike Tanel valdab.

Lisaks maaulikoolile viib ta 1&bi ppetddd ja juhen-
dab lidpilasi ka Tartu Ulikoolis. Tema lai silmaring ja
arenenud empaatiavdime on aidanud panustada paljude
erinevate valdkondade teadusuuringuisse. Tema rah-
vusvahelist tuntust kinnitab ka statistikalaste loengute
pidamine kulalisdppejouna Kuopio Ulikoolis.

Tanel osaleb ta aktiivselt erinevate Eesti ja rahvusva-
heliste organisatsioonide t60s ning ndustab erinevaid
Tartu T&A asutusi ja ettevdtteid ning aretusorganisat-
sioone ja ka riigiameteid. Lisaks on ta leidnud aega, et
hinnata arvukaid doktori-, magistri- ja bakalaureusetdid
SA Eesti Teadusagentuuri poolt korraldatud Eesti dli-
Opilaste teadustoode riiklikel konkurssidel.

Aktiivse ja sportliku inimesena tuiskab Tanel Tartus
ringi jalgrattaga, olgu siis eesmérgiks tihest dppehoo-
nest teise jéudmine voi Uhelt Urituselt teisele, olgu ilm
vOi aastaaeg milline tahes. Aktiivse sportliku eluviisi
viljelejana on ta eeskujuks nii kolleegidele kui ulidpi-
lastele. Tanel on suurepérane kaaslane kdikvdimalikel
Uritustel ja Uhisettevdtmistel. Lisaks on ta innukas muu-
sika ja teatri austaja, keda kohtab vaga sageli erinevatel
kultuuridritustel.

Tanel on ise 6elnud, et andmeteadlaseks ei siinnita,
vaid selleks kasvatakse. Ja see kasv on olnud muljeta-
valdav. Tema oskuste pagasisse on koondunud aastate
pikkused kogemused alates katsete planeerimisest, kir-
jeldavast statistikast ja visualiseerimisest ning I8peta-
des keerukate mudelite, mitmemd&dtmelise statistika
meetodite ja masindppe algoritmidega, ja seda nii ra-
kendamise, Opetamise kui ka arendamise osas.

Soovin kdigi kolleegide nimel palju huvipakkuvaid
teemasid ja projekte, mis &rgitavad uusi lahendusi ot-
sima ja seoseid leidma ning palju Glidpilasi, kes innus-
tuvad huvist andmemaailma stiiivida!

Haldja Viinalass
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LAINE ILUS - 100

Laine llus slndis Vil-
jandimaal Uue-Kariste
vallas Torimu talus Ma-
rie ja Heino perre teise
lapsena 3. mail 1921.
aastal, noorem &de slin-
dis kolm aastat hiljem.
Laine llus 6ppis 1928—
1934. a Araku algkoolis
ja aastatel 1934-1940
Viljandi Eesti Haridus-
seltsi titarlaste gimnaa-
siumis.

Torimu oli hea pdllumaaga ja eeskujulikult majanda-
tud talu. Pereisa Heino llus oli agar kohaliku kogu-
konna tegevuses: tuletdrje Uhingu, turbaiihingu, Kaarli
Tarvitajate Uhisuse esimees, karja kontrolliihingu juha-
tuse liige, valla volinik. 14. juunil 1941. a kilditati
pere Siberisse. Laine oli asumisel 16 aastat. Ta tootas
loomakasvatuses lupsjana. Laine Ilus sai Eestisse tagasi
tulla alles 1957. aastal (E. Piir, 1991). Siin sai ta t66d
Véaikemdisa lastekodus sanitarina. Samal ajal asus
Laine Illus dppima Eesti P6llumajanduse Akadeemiasse
kaugOppe teaduskonda. Tol ajal kehtis ndue, et kaug-
Oppe wlidpilane peab todtama pdllumajanduses. Laine
llus vahetaski t66- ja elukohta. Ta tuli té6le EMMTUI
Polli katsebaasi katsetdolisena 1961. a EPA dpetatud
agronoomi diplomi omistamisel (1965) edutati ta puu-
viljanduse osakonna nooremteaduriks marjakultuuride
agrotehnika alal. Laine llus jatkas E. Haagi ja A. Jaama
katseid selles valdkonnas. Marjaistandike istutuseelse
mulla harimisviisi ja vaetussisteemi vélja todtamiseks
korraldati EMMTUI Polli katsebaasis aastatel 1959—
1970 katse sbstra ja karusmarjaga 0,64 ha suurusel pin-
nal. Alates 1968. a spetsialiseerus Laine Ilus maasika-
kasvatuse tehnoloogia uurimisele katsetades maasika
istutuseelse ja kandeeas istandiku mulla harimist ning
vaetamist, taimede istutustihedust jm. Ta soovitab
dhema kui 25 cm kinnikihiga mulla puhul maasika eel-
kultuurile sugiskindi koos p6hja kobestamisega.
Suurte saakide eelduseks on maa korralik véetamine
enne istandiku rajamist. Haid saake vdib loota istan-
dikust, kus mullas esineva P,Os ja K20 sisaldus on 15
mg vOi enam 100 g mullas. Orgaanilise véetise efek-
tiivsus kasvab annuse suurenemisega 40-100 t ha™.
Keskmise viljakusega ja raskematel muldadel vdib
maasika varuvaetisena antava sdnniku kas osaliselt vdi
taielikult asendada haljasvéetisega. Katsetest selgus, et
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sonnik (85 t ha™) antuna varuvaetisena eelkultuuri alla
katab maasika véetise tarbe kolme aasta véltel peaaegu
taielikult. Hilisemates katsetes osutus tdhusamaks vot-
teks anda maasikale kogu rotatsiooniks ette nahtud PK
vaetised varuvaetisena koos orgaanilise vaetisega kas
maasika viimase eelvilja alla vdi mustkesale enne istan-
diku rajamist. Taimede véetistarbe kindlaks méarami-
sel tuleb l&htuda mulla- ja leheanalliisidest. Maasika-
taimed on toitainetega hdsti varustatud kui nende lehte-
des sisaldub ditsemise ajal 2,7-3,2% N, 0,50-0,60%
P.Os ja 1,7-2,0% K,O. Toitainete vajaku korral on
abiks lehtede kaudu véetamine. Taimed omastavad toi-
taineid lehtede kaudu kiiremini kui juurte kaudu. Opti-
maalne maasikataimede istutustihedus oli tol ajal
enamlevinud sortide puhul 80-90 x 20-25 cm ehk 44—
65 tuhat tk ha.

Laine llus propageeris marjakultuuride teaduspdhist
viljelust ajakirjas "Sotsialistlik P8llumajandus” jm. Sa-
mal ajal nditas ta head praktilist eeskuju. 1976. a oli
Eesti aianduse ajaloos suurim (arvestuslik) puuvilja- ja
marjasaak — kokku 98 196 t (E. Magi, 1977). Polli kat-
sebaasis 91 ha suuruses kandeealises istanduses toodeti
1162 t puuvilja ja marju, sh 1043 t Gunu ja pirne ning
90 t ploome ja kirsse. Laine llusa 1,4 ha suuruselt kat-
sepdllult koguti 20,3 t maasikaid, mis oli Eesti aiandus-
majandite hulgas suurim maasikasaak tol aastal.

Laine Ilus to6tas Polli katsebaasis teaduri ja katsetdo-
lisena 27 aastat, kaitses pdllumajandusteaduste kandi-
daadi vaitekirja "Vaetamise efektiivsus maasikakasva-
tuses" (1975). Ta on avaldanud ajakirjades ja teadusko-
gumikes ligikaudu 50 artiklit ja trukised: "Sostrad"
(1971, kaasautor), "Aiapidaja ké&siraamat" (1974, kaas-
autor), "Maasikas" (1981, 1988).

Elu 18puni jai Laine lus tiksikuks, Siberi-aastad jatsid
oma jélje. Seltskondlikus elus v@ttis ta aktiivselt osa
Eesti Looduskaitse Seltsi toost, P6llumeeste Klubi
"lva" toost. Oli suur kultuuri- ja kunstihuviline. Tead-
lasena véga tapne ja visa, samas sdbralik ja alati naera-
tav. Peaoperatsiooni tusistuste tagajarjel Laine llus suri
30.aprillil 1989. a ja maeti saadetuna oma tédkoha saa-
list Halliste kalmistule Torimu talupere platsile.

Allikad.

Piir, E. 1991. Sakalamaa ei unusta. Halliste kihel-
kond. — Memento: Viljandi, 136 Ik.

Mégi, E. 1977. 1976. a tulemusi puuviljakasvatuses.
— Sotsialistlik P6llumajandus, 12:561-562.

Toivo Univer
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EDGAR HAAK =90

Edgar Haak siindis 27. novembril 1931. a S6merpalu
vallas V6rumaal talupidajate peres. Tema koolitee al-
gas Vastse-Otepad algkoolis 1939. a, mille IGpetas
1945. a ja jatkus Valgjarve 7-klassilises koolis ja Ote-
pad keskkoolis. 1950. a astus ta Tartu Riiklikku Uli-
kooli p6llumajandusteaduskonna aianduse osakonna
ulidpilaseks. Eesti Péllumajanduse Akadeemia loomise
tulemusena 1951. a koondusid p&llumajanduslikud
erialad uude korgkooli ja Gpetatud agronoomi diplomi
aianduse erialal omandas Edgar Haak 1955. a. Tuden-
gina oli ta aktiivne Glibpilasringides. Tootmispraktika
kohaks valis Edgar Haak Polli katsebaasi, kus ta vai-
mustus dr. Aleksander Siimoni agrotehnikaalastest kat-
setest. Kdrgkooli I6petamise jéarel suunati E. Haak tol-
leaegse Keila rajooni Kalevi kolhoosi agronoomiks
(1955-1956). Vdimalus asuda todle Gpitud erialal ava-
nes detsembris 1956. a. Ta kutsuti t6dle nooremteadu-
riks Eesti Maaviljeluse ja Maaparanduse Teadusliku
Uurimise Instituudi (EMMTUI) puuviljanduse osakon-
nas. Tema t60 valdkonnaks olid marjakultuurid. Aastail
1958-1959 todtas ta sama osakonna Saaremaal asuvas
Karja katsepunktis uurides erinevate viljapuude, sh ap-
rikoosi ja viinamarja sorte ning haljasvéetiste kasuta-
mist viljapuude reavahedes. Opingutel aspirantuuris
(1960-1962) oli juhendajaks dr. Aleksander Siimon.
Uurimisvaldkonnaks valiti puuviljaaedade agroteh-
nika. 1965. a E. Haak kaitses vaitekirja "Erinevate va-
hekultuuride mdju noortele viljapuudele Eesti NSV tin-
gimustes” ning sai pdllumajandusteaduste kandidaadi
kraadi. 1968. a haigestus A. Siimon sedavdrd raskesti,
et tuli leida jérglane Polli katsebaasi juhataja kohale.
EMMTUI direktor 1. Jurisson tegi ettepaneku vétta
vastu see vastutusrikas ametikoht E. Haagil. Alates 1.
juunist 1969. a oli E. Haak Polli katsebaasi direktor ja
samaaegselt ka EMMTUI puuviljanduse osakonna ju-
hataja, samas jatkas ta teaduskatseid ning koordineeris
puuviljandusalaseid uurimusi kogu Eestis. Polli katse-
baasi direktori ametist loobus E. Haak 1992. aastal, ol-
les juhtinud asutust 23 aastat ja puuviljandusosakonna
juhataja t60st 1995. a. Sellest peale jatkas ta t66d va-
nemteadurina. Vanemteaduri kutse omistati 1982. a.

Alustanud puuvilja- ja marjasortide uurijana sai mdne
aasta parast Edgar Haagist agrotehnik, kes uuris 6una-
puude viljelemisega seotud probleemistikku. E. Haagi
peamised uurimisteemad olid dunaaedade rajamiseelne
vaetamine, erinevate vahekultuuride méju noortele vil-
japuudele, istutustihedus, kandeealise istanduse véeta-
mine, viljapuude vora kujundamine, pookealuse mdju
uurimine 6unasaagi suurusele ja kvaliteedile. Viimastel
aastatel olid E. Haagi Ulesandeks astelpaju vaetamis-
katsed ja astelpaju saagi koristustehnoloogia uurimine.
Valdav osa viljapuude kasvatamise tehnoloogia uuri-
misel saadud katsetulemustest on leidnud rakendust

suurtootmise suunaga istandustes. Pikaajalised aedkat-
sete tulemused on publitseeritud ajakirjas "Agraartea-
dus": "Ounapuu lehtede pdhitoitainete sisalduse séltu-
vus vaetamisest ja muudest teguritest” (1999, 1, lk-d
38-45), "Ounapuu kloonaluste aedkatsete tulemustest
Eestis" (2001, 1, Ik-d 8-13), "Kloonaluste ja vahepoo-
gendite mdjust Gunapuude kasvule ja saagikusele*
(2003, 5, lk-d 251-259).

Edgar Haak taitis teadus-administratiivseid Ule-
sandeid EMMTUI esindajana Uleliidulise Lenini- ni-
melise P6llumajandusteaduste Akadeemia L&ane osa-
konnas, kus koordineeriti Eesti, L&ti, Leedu ja Valge-
vene teadurite aiandusalaseid uurimistdid. Koostod
naabritega oli otstarbekas ja tulemuslik. Uhiskatsed
duna-, pirni- ja ploomipuu pookealustega andsid mater-
jali tuumakateks histeks artikliteks ja olid aluseks paa-
rile doktoritdéle.

E. Haak on avaldanud Ule 90 teadus- ja populaartea-
dusliku artikli. On ENE, EE, EPE erialaste artiklite au-
tor. Kirjutanud raamatud "Noore viljapuu vdra kujun-
damine" (1969, koos J. Palgiga), "Aiapidaja kasiraa-
mat" (1974, kaasautor), "Polli" (1983), "Oun aias ja
koogis™ (1999, kaasautor), "Eesti pdllumajandus XX
sajandil 111" (2009, kaasautor). Ta on koostanud istan-
duste rajamise projekte mitmele majandile.

1982. a sai Edgar Haak Eesti NSV teenelise aiandus-
toOtaja austava nimetuse ja 1986. a Eesti Aianduse ja
Mesinduse Seltsi teeneliseks lilkmeks.

E. Haagi paljutahulises elutdds on oluline Polli asula
valjakujundamine ja haljastuse loomine. Tema juhtimi-
sel ehitati Polli laborihoone, Gunahoidla, 4 kolmekorru-
selist elamut, 11 Uhepereelamut, 3 kaarhalli, rekonst-
rueeriti seemneviljakuivati ja karjalaudad Pollis ja Al-
lastel. Polli asula viidi tsentraalkuttele, ehitati puurkaev
ja biopuhastiga kanalisatsioon. Polli katsebaas tegeles
puuviljade ja marjade uurimise ning tootmisega. Re-
kordsaak koguti 1976. aastal. Peale aianduse tegeleti ka
loomakasvatuse ja p8llukultuuride seemneviljatootmi-
sega. Mdlemal viimasel alal oli Polli jarjekindlalt Vil-
jandimaal esikohal, millest annavad tunnistust kiimned
autasud. E. Haak oli aktiivne uhiskondlikus elus nii
ametitihingu esimehena, pilli- ja spordimehena kui ka
Polli esindajana Abja Tarbijate Kooperatiivis.

Edgar ja Evi Haagi peres kasvasid tutar ja kaks poega.
Vanem poeg Aivar tegutseb aianduses ja on spetsiali-
seerunud viljapuuistikute kasvatajaks P6hja-Eestis Arli
puukoolis ja sellega jatkab ta oma perega isa tegevust
aianduse alal.

E. Haak suri 79-aastasena 22. juulil 2011. aastal olles
t66l vanemteadurina osalise tdokoormusega. Ta pdrm
puhkab Kanepi kalmistul.

Toivo Univer
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MART KUIV =90
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Mart Kuiv suindis 7.

novembril 1931 Vo&ru-

maal Antsla lahedal

Vaabina kilas. Tema

vanemad Jakob ja Ma-

rie pidasid asuniku-

talu, olid edumeelsed

talupidajad. Isa oli ki-

helkonnakooli haridu-

sega. Oli aega teeni-

nud Peterburis kaardi-

2 vée polgus, osalenud

: esimeses  ilmasgjas,

seejarel  Vabadusso-

jas. SOjas osalemise

eest saadigi Pdldmae

asunikutalu. Mardi ema onu oli Tartu Ulikoolis medit-

siiniprofessor, Ulikooli lastekliiniku rajaja dr Aadu

Llds. Perekonnas hoolitseti lastele (kolm poega) hea
hariduse andmise eest.

Mart alustas 1939. aastal, aastajagu varem kui néu-
tud, kooliteed kohalikus Vaabina algkoolis, pdrast
Vaabina 7-klassilise kooli I6petamist 1946 jatkas
Antsla keskkoolis, kus sai 16putunnistuse juunis 1950.
Kuigi I8putunnistus oli hea, ei riskinud ta kérgkooli as-
tumist dritada. Mitte sissesaamise korral oleks tulnud
kohe minna s6javakke. Riskide maandamiseks otsustas
Mart koos mitme keskkooli klassikaaslasega astuda
Tallinna Maetehnikumi. Sealt dpiajal s6javakke ei voe-
tud, maksti ka stipendiumi, mis noorele iseseisvat elu
alustavale inimesele oli tahtis. Kooli valikul oli iheks
kallutavaks jouks spordi ja sportlaste soosimine. Mardil
olid head eeldused (ja paljulubavad tulemused) nii ker-
gejoustiku aladel kui talvel suuskadega murdmaal.
Kool sai edukalt 1&bi 1953, saades méetehniku kutse.
Suunamise jarel tootas Kohtla-Jérvel kaevanduses nr 8
pool aastat maemeistrina. Novembris 1953 jargnes 10-
hiajaline sdjavéeteenistus suurtiikivaes Tallinnas, kust
vabanes novembris 1955 ja seejarel t66 Antsla rajooni
kohalikus ajalehes Kolhoosi Elu korrektorina.

1956. aasta suvel 6nnestus taide viia ammune unistus
ja astuda Eesti P8llumajanduse Akadeemia mehhani-
seerimise teaduskonda. Nagu tol ajal kombeks, tdhen-
das see teoreetilise Gppe korval kdigepealt terve sep-
tembrikuu valtel kolhoositéod, hiljem Ght suve uudis-
maal (Kasahstanis), uiht praktikasuve Valgevene trakto-
ritehases, uht vélispraktikat kusagil majandis ja 18puks
diplomit6dd. Varasemat elukdiku ja elukoolidpet
Kohtla-Jérvel arvestades pole imestada, et Mart Kuiv
valiti kursusevanemaks (tookordse tava jargi kinnitati
kursusevanemaks rektori kaskkirjaga). Korraks kerkis
esile ka vdimalus Oppida Uks aasta ja teha diplomitdo
Praha P6llumajanduse Akadeemia juures, kuid poliiti-
lised tuulepuhangud on sama suunamuutlikud kui il-
maennustusteski. Kdrgharitud inseneri diplom ulatati
Mart Kuivale siiski Tartus suvel 1961, hinnetelehel tiks
neli rohkem kui kiitusega diplomil lubatud.
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Toole suunati Mart Kuiv Valgamaale Hummuli néi-
dissovhoosi vanem-insener-tehnoloogiks. Jéi ta sinna
paariks aastaks, mille jarel naasis Tartusse. Naasmiseks
oli kaks p6hjust. Esimene — tks sportlikku iluvdimle-
mist harrastav, 1963 dlikooli rahanduse ja krediidi
eriala 18petanud tudengineiu nimega Kaja Sandberg
(abielluti 1961) ja teiseks soov Bppida edasi aspirantuu-
ris. Tartus algas 1963 t60 Eesti Loomakasvatuse ja Ve-
terinaaria Teadusliku Uurimise Instituudi erikonstruee-
rimisbiiroos  Marjal  vaneminsener-konstruktorina,
mdne aja pérast juhtkonstruktorina ja veidi enne kandi-
daadikraadi kaitsmist erikonstrueerimisbiiroo juhataja
asetditjana teaduslikul alal.

Kandidaaditod kirjutas Mart Kuiv teemal "Vedel-
sénniku pumba I6ikeorgani konstruktsiooni parameet-
rite uurimine"”. Kaitsmine leidis aset 22. veebruaril
1970 Leedu P6llumajanduse Akadeemias, 10. veebrua-
ril 1971 vdljastas Ko&rgem Atestatsioonikomisjon
(VAK) teaduste kandidaadi diplomi.

Edukas t60 erikonstrueerimisburoos kestis veerand-
sada aastat — kuni 1987. aastani. Selle aja jooksul uuris
ta t66de mehhaniseerimise vdimalusi loomakasvatus-
farmides, juhtides ja suunates ELVI EKB-s veiste ja si-
gade pidamise tehnoloogiat, s6dda valmistamise ja jao-
tamise, s6nniku eemaldamise, lauda mikrokliima, far-
misisustuse jm alast uurimist6dd. Kokku on Mart Kuiv
avaldanud ule 60 publikatsiooni. Esines sageli ettekan-
netega paljudel konverentsidel, ndupidamistel ja néi-
tustel, olles tdédkohast tingituna ise ka nende aktiivne
organiseerija ning konverentsikogumike koostaja. Pa-
nuse eest erikonstrueerimisbiiroo valjaarendamise ja
loomakasvatusvaldkonna tédéde mehhaniseerimisel
omistati Mart Kuivale Eesti NSV teenelise inseneri au-
nimetus (1984). Aastatel 1987-1994 t66tas Mart Kuiv
Tartus ELVI-s teadusliku informatsiooni ja propaganda
sektori juhataja ning vanemteaduri ametikohal kuni
ELVI liitmiseni Eesti P6llumajandusilikooliga. Koos-
tas ja toimetas EL VI véljaannet "Loomakasvatus™ ning
ajakirja "Lammas ja Kits".

Oli inimesena véga aus, kaastdotajatega suheldes vii-
sakas ja alati korrektne.

Mart Kuiv oli perele puhendunud. Koos abikaasa Ka-
jaga kasvatati ules ja koolitati kaks last. Poeg Paavo va-
lis ajaloo eriala, I8petas Tartu Ulikooli 1992, toétab rii-
giametnikuna Tallinnas. TUtar Reet, erialalt filoloog, fi-
losoofiadoktor aastast 2009, todtab kaasprofessorina
Tartu Ulikoolis.

Pensiondrina tegeles Mart Kuiv aiattdga, pidas mesi-
lasi, hobideks olid mé&luméng ja lugemine. Leidis ra-
kendust abistava jouna Vambola Veinla teadusprojek-
tides ja Maaiilikoolis mehhaniseerimisteaduskonna 18-
putddde kaitsmiskomisjoni esimehena — viimast korda
aastal 2000.

Mart Kuiv lahkus meie seast kuuekiimne kaheksa aas-
tasena 27. oktoobril 2000 ja séngitati mulda 2. novemb-
ril Raadi kalmistule.

Ants Bender
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KAIRI MAILEHT
FUTOPLANKTON JARVEDE SEISUNDI INDI-
KAATORINA
PHYTOPLANKTON AS ECOLOGICAL QUA-
LITY INDICATOR OF LAKES
Juhendajad: emeriitprofessor Ingmar Ott, juhtiv-
teadur Peeter NGges
19. veebruar 2021

PAUL FRIDTJOF MOTSKULA
ELEKTRO- JA PILTDIAGNOSTIKA TAIENDA-
VAD RAKENDUSED KOERTE SUDAMEHAI-
GUSTE DIAGNOOSIMISEL NING PROGNOOSI-
MISEL
CONTRIBUTION TO THE DIAGNOSIS AND
PROGNOSIS OF CANINE CARDIAC DISEASE
THROUGH ELECTRODIAGNOSTICS AND
DIAGNOSTIC IMAGING
Juhendajad: professor Toomas Orro, Professor
Virginia Luis Fuentes (The Royal Veterinary
College, UK), Professor David Connolly (The Royal
Veterinary College, UK) ja doktor Ranno Viitmaa
8. marts 2021

JONATHAN MARTIN WILLOW
TIAKLOPRIIDI, TAIMSETE EETERLIKE OLIDE
JA KAHE-AHELALISE RNA RAKENDAMISE
VOIMALUSED HIILAMARDIKATE KESKKON-
NASAASTLIKUS TORJES
EXAMINING THIACLOPRID, ESSENTIAL OILS
AND DOUBLE-STRANDED RNA FOR POTEN-
TIAL USE IN BIOSAFE MANAGEMENT OF
POLLEN BEETLE
Juhendajad: professor Eve Veromann, professor Guy
Smagghe
12. aprill 2021

MARIA SOONBERG
GRUPEERIMISE MOJU PIIMALEHMADE KAI-
TUMISELE JA HEAOLULE
REGROUPING EFFECTS ON BEHAVIOUR AND
WELFARE OF DAIRY COWS
Juhendajad: professor David Arney, doktor Marko
Kass ja professor Tanel Kaart
26. aprill 2021

MARIANA MAANTE-KULJUS
VIINAPUU (VITIS SP) SAAGI KUPSUSNAITJAD
MATURITY PARAMETERS OF GRAPEVINE
(VITIS SP) YIELD
Juhendajad: professor Kadri Karp, dotsent Leila
Mainla, dotsent Ele Vool
24. mai 2021

BURAK OGLU
KLIIMAMUUTUSTE JA TEISTE OKOLOOGILIS-
TE TEGURITE MOJU VALITUD KALALIIKIDE
POPULATSIOONIDELE JA KALAPUUGILE
EESTI SUURJARVEDES
IMPACT OF CLIMATE CHANGE AND OTHER
ECOLOGICAL FACTORS ON SELECTED FISH
POPULATIONS AND FISHERY IN ESTONIAN
LARGE LAKES
Juhendajad: professor Tanel Kaart, vanemteadur
Killi Kangur, vanemteadur Fabien André Daniel
Cremona
28. mai 2021

TARMO PILVING
TOURISM KOOSTOO EESTI MAATURISMIS
COLLABORATION IN ESTONIAN RURAL
Juhendajad: vanemteadur Ants-Hannes Viira, profes-
sor Tiiu Kull, nooremprofessor Monika Suskevi¢s
11. juuni 2021

MARIKA KOSE
RANNANIIDUD: SAILIMINE, TAASTAMINE JA
TAASTUMINE
COASTAL MEADOWS: MAINTENANCE, RES-
TORATION AND RECOVERY
Juhendajad: vanemteadur Karin Kauer, vanemteadur
Kadri Tali
11. juuni 2021

ELINA KARRON
ERINEVATE KASVATUSTEHNOLOOGIATE
MOJU FUSARIUM SPP. ESINEMISELE JA
MUKOTOKSIINIDE TEKKIMISELE TERAVIL-
JADEL
INFLUENCE OF CULTIVATION TECHNOLO-
GIES ON PATHOGENIC FUSARIUM SPP.
OCCURRENCE AND PRODUCTION OF MYCO-
TOXINS IN CEREALS
Juhendajad: dotsent Eve Runno-Paurson, professor
Ulo Niinemets, emeriitdotsent Enn Lauringson
15. juuni 2021

IMBI NURMOJA
SIGADE AAFRIKA KATKU EPIDEMIOLOOGIA
EESTIS JA UHE VIIRUSTUVE ISELOOMUSTUS
EPIDEMIOLOGY OF AFRICAN SWINE FEVER
IN ESTONIA AND CHARACTERIZATION OF
ONE VIRUS STRAIN
Juhendajad: doktor Arvo Viltrop, doktor Sandra
Blome, doktor Klaus Robert Depner
15. juuni 2021
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MERILI TOOM
ERINEVATE VAHEKULTUURIDE BIOMASSI
MOODUSTAMISE JA LAMMASTIKU SIDUMISE
VOIME SOLTUVALT KULVIAJAST NING VAHE-
KULTUURIDE MOJU SUVIODRA SAAGILE
BIOMASS AND NITROGEN ACCUMULATION
BY COVER CROPS DEPENDING ON SPECIES
AND SOWING DATE AND THE EFFECT OF
COVER CROPS ON SPRING BARLEY YIELD
Juhendajad: dotsent Enn Lauringson, dotsent Liina
Talgre, doktor Andres Mée
16.juuni 2021

KAIRE LOIT
PATOGEENSED JA ARBUSKULAARMUKO-
RIISSED SEENED EESTI KARTULIPOLDUDEL
PATHOGENIC AND ARBUSCULAR MYCOR-
RHIZAL FUNGI IN POTATO FIELDS IN ESTONIA
Juhendajad: professor Alar Astover, dokor Maarja
Opik ja doktor Leho Tedersoo
22. juuni 2021

NASIME JANATIAN GHADIKOLAEI
HUDROMETEOROLOOGILISTE JA KLIIMATE-
GURITE MOJU JARVEDE FUTOPLANKTONILE:
AJASKAALADE OLULISUS
HYDROMETEOROLOGICAL AND CLIMATIC
CONTROL OVER LAKE PHYTOPLANKTON:
THE IMPORTANCE OF TIME SCALES
Juhendajad: juhtivteadur Peeter Ndges, Biel Obrador,
vanemteadur Fabien Cremona, vanemteadur Alo
Laas
27. august 2021

KRISTIINA AUN
RAIETE LUHIAJALINE MOJU SUSINIKU VOO-
GUDELE JA VARUDELE ERINEVATES EESTI
METSAOKOSUSTEEMIDES
SHORT-TERM EFFECT OF FELLING ON CAR-
BON FLUXES AND STORAGES IN DIFFERENT
ESTONIAN FOREST ECOSYSTEMS
Juhendaja: professor Veiko Uri
27. august 2021

KRISTIINA AUNRAIETE
LUHIAJALINE MOJU SUSINIKU VOOGUDELE
JA VARUDELE ERINEVATES EESTI METSA-
OKOSUSTEEMIDES
SHORT-TERM EFFECT OF FELLING ON CAR-
BON FLUXES AND STORAGES IN DIFFERENT
ESTONIAN FOREST ECOSYSTEMS
Juhendaja: professor Veiko Uri
27. august 2021

PRIIT KARIS
TOITUMUSE, LIPOMOBILISATISOONI JA
INSULIINIRESISTENTSUSE SEOSED PIIMA-
LEHMADEL
RELATIONSHIPS BETWEEN BODY CONDI-
TION, LIPOMOBILIZATION AND INSULIN
RESISTANCE IN DAIRY COWS
Juhendajad: vanemteadur Hanno Jaakson, vanem-
teadur Katri Ling, kaasprofessor Meelis Ots
31. august 2021

HARES KHAN
KALTSIIDI AVAVEELINE SADENEMINE: POH-
JUSED JA TAGAJARJED GLOBAALSES JA
KOHALIKUS VAATES
PELAGIC CALCITE PRECIPITATION IN LAKES:
FROM A GLOBAL TO A LOCAL PERSPECTIVE
ON ITS DRIVERS AND IMPLICATIONS
Juhendajad: doktor Biel Obrador (University of
Barcelona, Hispaania), vanemteadur Alo Laas
16. september 2021

HEIKI LILL

ERINEVATE ENERGIA SALVESTUSTEHNO-
LOOGIATE UUDSED RAKENDUSPOHIMOT-
TED LIGINULLENERGIAHOONETES

NOVEL APPLICATION PRINCIPLES FOR
ENERGY STORAGE TECHNOLOGIES IN
NEARLY ZERO ENERGY BUILDINGS
Juhendajad: Teadur Alo Allik, professor Andres
Annuk

29. oktoober 2021

MARGUS ARAK
AMMENDATUD
KASVATATAVA  AHTALEHISE
MASINVILIJELUSTEHNOLOOGIA
CULTIVATION TECHNOLOGY FOR LOW-
BUSH BLUEBERRY CULTIVATION IN MILLED
PEAT FIELD PLANTATIONS
Juhendaja: professor Jiiri Olt
1. november 2021

FREESTURBAVALJADEL
MUSTIKA

LIINA JURISOO
JALAKASURMA TEKITAJATE LEVIK JA
KAHJUSTUSED KIRDEEUROOPAS
DISTRIBUTION OF AND DAMAGES BY DUTCH
ELM DISEASE AGENTS IN NORTHEASTERN
EUROPE
Juhendaja: professor Rein Drenkhan
11. november 2021
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PIRET RAUDSEPP
HARILIKU RABARBERI (RHEUM RHAPONTI-
CUM L.) JA MUSTA SOSTRA (RIBES NIGRUM
L.) POLUFENOOLNE KOOSTIS, NENDE TAI-
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