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Abstract

The aim of this research to determine of color properties of seed related to help in safe passage for seed through
cleaning and separation processes. Also investigate some seed properties can be used in design and development of
multi-seed planting machine. Soya bean, wheat, corn, cotton faba bean and sunflowers were tested at department of
agriculture engineering, faculty of agriculture, Tanta University, Egypt. Through 2022. The design of feed
mechanism system required easy movement for seeds this is a critically moving during the filling of the feed disk, so
must detriments of the small differences in the surface area and topography of the grains and determine some image
analyses. There are clear differences between faba bean and soybean in Hue value was 0. 626. the intensity, and the
browning index was 91.75 and 16.25 in faba bean while in soybean were 0. 565,85.33, and 21.79 respectively.
While the differences between corn and wheat in Hue value was 0. 699.Also the intensity, and the browning index
was 100.08, 17.30 in corn while in wheat were 0. 708. 97.94, and 13.38 respectively. Also, clear differences between
cotton and sunflowers in Hue value was 0. 634. Also the intensity, and the Black & White band was 87.40, and
87.40 in cotton while in sunflowers were 0. 480, 96.75 and 96.75 respectively.

Key words: soya bean, wheat, corn, cotton, faba bean, sunflowers, color properties

INTRODUCTION significant impact on final yield and farmer
economic benefits [9]. Wheat is the world's
most mechanized crop in world, thus particles
and mechanical components are constantly in
contact during wheat seeding, harvesting,
grading, storage, and other processes [13].
Cotton is the world's most widely produced
fiber and oil crop. The epidermis of the seed
coat creates cotton fibres, and the embryo
produces oils and proteins [14].

Sunflower is an important oil seed and food
crop, and it produce 10% of oil in the world.
Because of its superior quality and high
stability, sunflower oil is primarily used in
food applications [7] [5].For a phenotyping
method to be suitable for large-scale crop
research, it must be non-destructive and
effective. Advanced tools, such as light
detection and range (LiDAR) or hyperspectral
cameras, can provide detailed information, but
they are usually expensive and difficult to use
for people with non-engineering backgrounds.
On the other hand, red, green and blue (RGB)
cameras have long been used in agricultural
research. They are inexpensive and easy to
use, and modern models can capture images
with high spatial accuracy, as it allows many

Faba bean is the most important food legume
crop and the most important cool season food
and feed legume crop grown in many
countries around the world. The crop is
adaptable to a wide range of soil types and
environmental conditions. More than 4.1
million households reported growing the crop
on nearly 0.5 million hectares of land,
yielding over one million tonnes of grain [3].
Soybean, Glycine max (L.), is gaining
popularity in Sub-Saharan Africa and other
parts of the world because of its economic
potential for poverty alleviation and nutrition
improvement. Despite its classification as an
oilseed, soybean has a significant protein
content. To accommodate the increased
demand for human consumption (e.g., soy
milk) and industrial products, (e.g., oil).
Soybean production in developing nations is
hampered by a lack of access to and
availability of high-quality seeds [6].

One of the most frequently farmed cereal
crops, maize (Zea Mays L.), is widely utilised
for food, forages, and industrial raw materials.
Variety purity, as an important component in
maize seed quality evaluation, has a
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complex image processing and analysis
techniques to be able to extract and analyze
different features from RGB images. A
developed image analysis technology has also
been used to determine the dimensions of the
seeds using a flatbed scanner. for
documentation through MATLAB program,
which showed this technique a strong
correlation between image analysis and
experimental data for Egyptian maize and
beans and the length and width of soybeans
[2], [11].

There is predictability of end-season legume
traits from the color and texture traits of seed
images at the beginning of planting, where
140 color traits and 315 texture traits were
derived based on the gray-level presence
matrix from each image, and 5 techniques for
fve regression classification. The best results
were obtained by using the cube method as
the regression method and using the random
forest as the classification method. Yield
(RMSE = 9.82, R2 = 0.68), maturity (RMSE
= 3.70, R2 = 0.76) and seed size (RMSE =
1.63, R2 = 0.53) were identified as the
possible early soybean traits. On the other
hand, soybean, maize and wheat seeds scored
the highest value for red (155.5, 144.9, 98),
(156.4, 116, 41), (117, 89.2, 46.5) for red,
green and blue, respectively [15], [8].

In the seeds of sunflower cultivars some traits
such as color differed, illumination was
chosen as a control factor. Four types of
illumination were adopted for the studies: red
(R=255,G=0,B=0), green (R=0,G =
255, B =0), blue (R =0, G =0, B =255) and
white (R = 255, G = 255, B = 255). RGB
metric values vary according to the equation
used to define the metric,with some indicators
having negative values, others positive, with
sizes close to zero, and in some cases up to
2,348.3. The results showed that each channel
had a maximum value that changes depending
on the color of the seeds, for black. R = 182—
189, G = 194-202, B = 211-218, and for
white R = 112-118, G = 124-129, B = 133—
139 [12], [1].

A digital image analysis (DIA) algorithm was
developed to facilitate the classification of
individual ~wheat grains using their
compositional characteristics. Compositional

16

features of individual nuclei are extracted
from the different colors of the image to
determine the color or gamut group that yields
the highest classification accuracy in the grain.
To reduce the computational time of the
algorithm, the original grayscale values (250)
were reduced to 32, 16, 8 or 4 grayscale
values, the synthetic features extracted from
each condition were used for classification
and the results were compared. Compositional
features extracted from green bars with a
maximum gray level of 8 yielded the highest
classification accuracy in grains. Using the
best 15 features in the texture model, the
classification accuracy for wheat was 85.2 and
the classification accuracy for wheat was 87.0
[10]. The results show that stepwise
regression models achieve quality predictions
with coefficients of determination (R2) of
0.6949 for germination direction and 0.7148
for germination rate based on four distinct
color parameters (R/(R + G + B), G/(R + G +
B), (RG- B)/(R + G), and R/G), and the
determination parameters passed the 0.01 test
level [4]. The main objective of this research
to determine of color properties of seed by
image analyses. Also detriments of the small
differences between (faba bean and soybean),
(corn and wheat) and (cotton and sunflowers)
by color indices.

MATERIALS AND METHODS

The experiment was carried out through 2022
at the Department of Agriculture Engineering,
Faculty of Agriculture, Egypt, to verify the
physical and optical properties of different
seeds. These characteristics are used in the
design and development of a metering device
plate. Seeds dimensions were tested under a
moisture level of 8 %. The current study was
devoted to certain types of grains, which are
Faba bean, Soybean, Corn, Wheat, Cotton,
Sunflowers which were obtained from the
Agricultural Research Centre. Samples were
randomly selected and cleaned by hand as
shown in

Measurements and determinations

- Optical properties

MATLAB software was used to measure the
three additive primary colors of seeds, namely
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(RGB). The 'R' value represents the red band,
the 'G' value represents the green band, and
the 'B' value represents the blue band. Also,
Hue, the intensity was measured for all
Varieties. Also, Black & White were used for
cotton and sunflowers seeds, and a digital
colorimeter was used to measure (L a b) for
the browning index was calculated as:

-Hue band
2R-G-B

)
o rmes (D

H =cos™1{

-Intensity, candela= lumen per Ste radian

1= (R+G+B) oo @)

2=R-B)2...cciscoerrrrrriena(3)
-Black & White

B&W = {(R + G + B)/3} ooerveree (4)

X1=(BR+2G + IB)6 ... oo (5)

X2=2R+1G +3B)6 ... (6)

X3 = (IR +3G +2B)/6 ... (7)

-Browning Index
_100%(X-0.31)

Bl=———— e (8)
0'11775L
_ a+1.
S S OAELIa 0301z e )
where:

RGB Red, Green, Blue Bands

L=lightness of the colour, which range from 0
(dark) to 100 (white).

a =indicates green colour.

-b =indicates blue colour

+b =indicates yellow colour.

RESULTS AND DISCUSSIONS

The optical properties of various grains (Faba
bean, soybean, corn, wheat, cotton, and
sunflowers) were measured and statistically
analyzed. The relationship between seeds
optical properties and colour indices, Black &
White, and browning index is depicted in
figures (1 through 6).

Faba bean

The results showed, the different colours
bands for faba bean seeds. The R color band
ranged from 113 to 171, in B color band
ranged from 23 to 86, and in G color band

ranged from 75to 153 while Hue was 0.167
to0 .836, and the intensity ranged from74 to
138.6. Browning index ranged from 2.37 to
30.63 as shown in Fig. 1.

SUNFLOWERS
COTTON
WHEAT
CORN

SOYA

{il

FABA

0 50 100 150 200

RGB bands

Fig. 1. The relationship between RGB bands and
different varieties of seeds.
Source: Authors' determination.

Soyabean

The results showed, the different colors bands
for soya bean seeds. The r color band ranged
from 75 to 160, in b color band ranged from
18 to 65, and in g color band ranged from 55
to 111 while hue was 0.226 to 0.806, and the
intensity ranged from 69 to 149.33. Browning
index ranged from 4.48 to 60.28.as shown in
Fig. 2.

SUNFLOW
COTION

WHEAT

CORN

SOYBEAN

FABABEAN

0 0.5 1

e

Fig. 2. The relationship between Hue and different
varieties of seeds.
Source: Authors' determination.

Corn

The results showed, the different colors bands
for corn seeds. The r color band ranged from
117 to 188, in b color band ranged from 4 to
121, and in g color band ranged from 78 to
158 while hue was 0.360 to 0.826,and the
intensity ranged from 53.33 to 101.33.
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Browning index ranged from 4.57 to 37.13.as
shown in Fig. 3.

SUNFLOWERS
COTTON

WHEAT

Varieties

SOYBEAN

e
e
e

i ————n R
——
 imiannnny

FABABEAN

0 20 44 _,60. 80 100 120
intensity

Fig. 3. The relationship between intensity and different
varieties of seeds.
Source: Authors' determination.

Wheat

The results showed, the different colors bands
for wheat seeds. The r color band ranged from
132 to 187, in b color band ranged from 12 to
83, and in g color band ranged from 85 to 150
while hue was 0.563 to 0.798, and the
intensity ranged from 81.33 to 137.67.
Browning index ranged from 3.17 to 31.91.as
shown in Fig. 4.

SUNFLOWERS
coTron
N WHEAT
/;“ CORN
soveean [N
FagaBEan
0 1 2

Red/Green

Fig. 4. The relationship between Red /Green band and
different varieties of seeds.
Source: Authors' determination.

Cotton

The results showed, the different colors bands
for cotton seeds. The R color band ranged
from 82 to 103, in B color band ranged from
47 to 92, and in G color band ranged from 65

18

to 116 while Hue was 0.294 to 0.953,and the
intensity ranged from 69.67 to 108.33. Black
& White ranged from 69.67 to 108.33.as
shown in Fig. 5.

&/ 3x
5 m 2%
;; _ 1 \
1
0 50 100 150

Black&White

Fig. 5. The relationship between Black & White and
cotton (1), sunflowers (2) seeds.
Source: Authors' determination.

Sunflower

The results showed, the different colors bands
for sunflowers seeds. the Red color band
ranged from 90 to 149, in B color band ranged
from 55 to 97, and in G color band ranged
from 75 to 134 while Hue was 0.146 to 0.847,
and the intensity ranged from 76.67 to 126.
Black & White ranged from 76.67 to 126.as
shown in Fig. 6.

WHEAT

CORN

v
—

SOYA

FABA

0 100 200 300
BROWNING INDEX
Fig 6. The relationship between Browning index and

faba bean, soybean, corn, wheat seeds.
Source: Authors' determination

CONCLUSIONS

The results showed, the average of faba bean
for the Red color band was 133.63, in Blue
color band was 43.68, and in Green color
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band was 97,94 while Hue was 0. 626.Also
the intensity, and the browning index was
91.75, 16.25 respectively.

The results showed, the average of soybean
for the Red color band was 130.73, in Blue
color band was 37,94, and in Green color
band was 87.31 while Hue was 0. 565.Also
the intensity, and the browning index was
85.33, 21.79 respectively.

The results showed, the average of corn for
the Red color band was 163.21, in Blue color
band was 22, and in Green color band was
115.05 while Hue was0. 699.Also the
intensity, and the browning index was 100.08,
17.30 respectively.

The results showed, the average of wheat for
the Red color band was 151.42, in Blue color
band was 31.36 and in Green color band was
110.78 while Hue was(0. 708.Also the
intensity, and the browning index was 97.94,
13.38 respectively.

The results showed, the average of cotton for
the Red color band was 118, in Blue color
band was 62.94 and in Green color band was
90.42 while Hue was 0. 634.Also the
intensity, and the Black & White band was
87.40, 87.40 respectively.

The results showed, the average of sunflowers
for the Red color band was 118.97, in Blue
color band was 75.63 and in Green color band
was 95.68 while Hue was 0. 480.Also the
intensity, and the Black & White band was
96.75, 96.75 respectively.

In terms of optical properties, certain crops
have no databases so we can't possibly
construct, design, or develop equipment for
various activities on these crops in modern
ways.

In order to achieve the greatest accuracy and
the least time to extract the color
characteristics, it is recommended to use an
assistant programming program such as
Matlab and others from the Digital Image
Analysis (DIA) algorithm for analysis of
every pixel in the image.
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Abstract

The study evaluated the variation of starch content (ST) in wheat grains, under the influence of mineral fertilization.
The experimental were organized and carried out in the period 2020 - 2021, within the SCDA Lovrin, Romania. The
Ciprian wheat variety was cultivated by appropriate culture technology, in non-irrigated system, on a chernozem
type soil. Three doses for nitrogen was applied (0, 60 and 120 kg ha'), two doses for phosphorus (0 and 60 kg ha't),
and four doses for potassium (0, 40, 80 and 120 kg ha). The starch content (ST, %) was determined by the non-
destructive method (NIR), PERTEN INFRAMATIC 9200 device. Values of the starch content were recorded between
68.60—72.17+0.30% in the conditions of 2020 year, 69.15-72.73+0.26% in the conditions of 2021 year, respectively
68.94-72.42+0.28% as average values, over the study period. The data series distribution, average values over
study period, was as a normal type, and safety vas confirmed by correlation coefficient (values between r=0.829 in
the case of V15, and r=0.985 in the case of V10). ST variation, depending to N and PK (as a direct and interaction
effect of fertilizers), was evaluated by regression analysis (R>=0.880, p<0.001). Based on the values of the
coefficients of the obtained equation, the optimal values for N and PK were calculated and the values Xqx=75.10 kg
N ha! active substance (a.s.), and yop=120.00 kg PK ha a.s. were obtained. The Cluster analysis used, facilitated
the grouping of the tested variants, based on the Euclidean distances, in relation to the starch content values
recorded in the wheat grains.

Key words: cluster analysis, mineral fertilization, optimal doses, starch, wheat

INTRODUCTION

Wheat is one of the world's main agricultural
crops, providing basic resources for human
and animal nutrition, as well as for various
economic sectors [2, 19]. Wheat production is
characterized based on numerous indices, in
relation to which it has different directions of
use [11, 15]. The quality indices of wheat
production are primarily a genetic attribute of
the cultivated biological material [25].

The quality level of wheat grains was studied
as a result of the interaction [genotype X
environment], environmental factors having a
variable influence on the cultivated genotypes
[5, 20]. The quality level of wheat production
is at the same time the result of the interaction
[plants x culture technology], through which
farmers ensure optimal conditions for growth
and development of the wheat crop, and
compensate as much as possible the
unfavourable effect (sometimes) of

environmental factors [27].

Wheat quality indices have been studied by
appropriate  methods,  from  different
perspectives, genetic, molecular, chemical,
biochemical, physical, etc. in order to
characterize different genotypes of wheat of
importance for food, or fodder for animals, to
evaluate the “genotype x environment”
interaction, and to control quality indices
through crop technologies [13]. Certain wheat
quality indices have been studied in relation to
different genotypes and growing conditions
[6], and with climatic conditions [14]. Wheat
quality traits and indices were also studied in
order to identify key influencing factors [10].
Within the crop technologies, fertilization has
a particularly important role in relation to
quality indices of wheat production [28]. The
role and importance of nutritional elements
(macro- and micronutrient) were evaluated in
different cultivated wheat genotypes, in
relation to soil and climate conditions, with
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plant physiological indices, quality indices
and the destination of wheat production [3,
16].

The present study evaluated the variation of
starch content in wheat grains in relation to
mineral fertilization with NPK, and calculated
the optimal doses, in relation to starch
content.

MATERIALS AND METHODS

The study was carried out in 2020 - 2021
period, within the SCDA Lovrin, Romania.
The wheat crop (Ciprian variety) was placed
on a cambic chernozem soil type (medium
fertility level), in a non-irrigated cropping
system, and an adequate culture technology
was ensured.

Mineral fertilizers were applie in three doses
in the case of nitrogen (0, 60 and 120 kg a.s.
ha'), in two fertilization levels in the case of
phosphorus (0 and 60 kg a.s. ha™!) and in four
fertilization levels in the case of potassium (0,
40, 80 and 120 kg a.s. ha'!). Fertilizers with
phosphorus and potassium fertilizers were
applied in the fall and incorporated with the
basic soil work. Nitrogen fertilizers were
applied in spring, in two rounds. The variation
of the starch content in the wheat grains was
evaluated, in relation to the applied mineral
fertilization. Starch was determined by the
non-destructive method (NIR), PERTEN

INFRAMATIC 9200 device.

The analysis of the results was done by
appropriate statistical methods, related to
established statistical safety parameters (p, r,
R?, Coph.corr.), and the PAST [4] and
Wolfram Alpha [23] software were used.

RESULTS AND DISCUSSIONS

Fertilization with mineral fertilizers, applied
to the soil, in different doses of nitrogen (N),
phosphorus (P), and potassium (K) influenced
the nutrition of wheat plants, the Ciprian
variety, and determined the variation of the
starch content (ST) in the grains of wheat.
Also, differences were recorded during the
two experimental years, 2020 and 2021, at the
same doses of fertilizers. Values of the starch
content were recorded between 68.60—
72.17+0.30% in the conditions of 2020 year,
69.15-72.73+0.26% in the conditions of 2021
year, respectively 68.94—72.42+0.28% in the
case of the average values over the two
experimental years. The values of the starch
content (ST, %) for the two experimental
years, and the average value, are presented in
Table 1. The analysis by the Anova test
(Alpha=0.001), confirmed the statistical
reliability for experimental data, and the
presence of the variance in the data set (Table
2).

Table 1. The values of the starch content of wheat, the Ciprian variety, during the study period

Trial Fertilizers Experimental period
N P K 2020 2021 Average values

V1 0 0 0 71.93 72.25 72.09
V2 0 0 40 71.78 72.73 72.25
V3 0 0 80 72.17 72.68 72.42
V4 0 0 120 71.93 71.85 71.89
\& 60 0 0 70.33 70.75 70.54
\ 60 0 40 70.30 71.03 70.66
V7 60 0 80 70.43 71.05 70.74
V8 60 0 120 70.35 70.35 70.35
V9 60 80 0 70.60 70.95 70.78
V10 60 80 40 70.60 71.08 70.84
28! 60 80 80 69.93 71.20 70.56
V12 60 80 120 70.48 71.13 70.80
Vi3 120 80 0 68.73 69.15 68.94
Vi4 120 80 40 68.60 69.43 69.01
V15 120 80 80 68.60 70.28 69.44
V16 120 80 120 68.63 69.88 69.25
SE +0.30 +0.26 +0.28

Source: original data recorded from the experiment.
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Table 2. ANOVA test

Source of | ¢ df MS F | P-value | Ferit
Variation

Between 1140503 | 15 | 9.88157 |17.2972| 1.33E-22| 2.8035
Groups

Within | o3 9834 | 112 | 0.57128

Groups

Total | 212.207 | 127

Source: original data recorded from the calculation.

The distribution of the data series (average
values), is presented graphically in Figure 1,
as normal probability plot, under conditions of
statistical safety, assessed on the basis of the
correlation values (r), with values that fell
between r=0.829 in the case V15, to r=0.985
in the case of V10. The graphic representation
of the average values for the starch content
(ST) on the experimental variants is presented
in Figure 2, in the form of a radial plot, with
the highlighting of the peaks of values on the
directions of the variants' representation.

-

Fig. 2. The graphic representation of the starch content val
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Fig. 1. The graphic distribution of the data series for
starch content, as normal probability plot
Source: original graph based on experimental data.

ues in wheat, the Ciprian variety

Source: original graph based on experimental data.

The simple regression analysis facilitated the
obtaining of equation (1), which described the
variation of the starch content (ST) in the

wheat grains, as direct relation with the
applied fertilizers (NPK), under conditions of
R?=0.794, p<0.001.
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ST =0.630 - N—-0.271 - P+ 0.468 - K (1)

where: ST — starch content (%);

N — nitrogen fertilizer;
P — phosphorus fertilizer;
K — potassium fertilizer

Equation (2) was also obtained through
regression analysis, which described starch
content variation, in relation to N and PK
fertilizers (as a direct, and as interaction
effect), under safety conditions (R?=0.880,
p<0.001). The graphic distribution regarding
starch content variation in relation to applied
fertilizers is presented in figure 3 in the form
of 3D model, and in figure 4, in the form of
isoquants. Based on the values of the
coefficients of equation (2), the optimal
values for N and PK were calculated and the
values Xop=75.10 kg ha'! a.s. were found. N,
and yop=120.00 kg ha! a.s. PK.

ST = ax’ + by + cx +dy +exy + f )
where: ST — starch content (%);
X — nitrogen fertilizer (N, kg a.s. ha'");
y — phosphorus and potassium
fertilizer (PK, kg a.s. ha™");
a, b, c,d,e, f— coefficients of the
equation (2);

=-0.00044939;
b=-0.00078700;
¢=0.92653190;
d=0.72647611;
e=-0.00715836;
=0

0,
20000%
400001
600004
80 000¢

N 7 5000
10000

10000 ™¥-5000

Fig. 3. 3D model of the variation of starch content (ST)
in wheat depending on N (x-axis), and PK (y-axis)
Source: original graph.
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The cluster analysis facilitated the obtaining
of the dendrogram of of the variants
association based on similarity, in relation to
the values of starch content, depending on the
applied  mineral  fertilization  (Coph.
corr.=0.842) (Figure 5).

6000
4000

2000
Y 0
2000

1000

N -L_i_x;_L_-LJ__l_-L;L-J~J_L_h_J ’
10000 ~5000 { 5000 10000
X
Fig. 4. Model in the form of isoquants, which
represents starch content variation depending on N (x-
axis), and PK (y-axis)
Source: original graph.

Two clusters resulted, each comprising
several variants. The V1, V2, V3 and V4
variants within the C1 cluster were associated
with the highest starch content. Variants V13,
V14, V15 and V16 were associated within
cluster C2, subcluster C2-1, with the lowest
starch content.

The other variants were associated within
cluster C2, subcluster C2-2, with intermediate
values, regarding starch content. From the
analysis of the dendrogram in figure 5, as well
as the values of the SDI index (Table 3), the
highest level of similarity was found between
the V5 and V11 wvariants, respectively
between the V9 and V12 variants, with the
value SDI=0.02.

Based on the grouping of the variants,
according to the similarity level for the starch
content (expressed in Figure 5), and in
relation to the average value for starch content
(ST=70.66%), a graphic analysis was done
additionally, in order to evaluate the position
of each experimental variants in relation to the
average starch content (Figure 6).

Starch is considered an important quality
index for wheat grains, in relation to the use
of wheat production for baking and pastry
(bread, cookies, noodles, etc.).
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Fig. 5. Dendrogram of association of the variants according to the values of the starch content, the Ciprian wheat

variety

Source: original dendrogram obtained on the basis of experimental data.

Table 3. SDI values for the variation of starch content in relation to mineral fertilization in wheat, the Ciprian

variety

V1 V2 V3 V4 V5 A V7 V8 Vo9 V10 V1l V12 V13 V14 V15 V16
Vi 0.16 0.33 0.20 1.55 1.43 1.35 1.74 1.31 1.25 1.53 1.29 3.15 3.08 2.65 2.84
V2 0.16 0.17 0.36 1.71 1.59 1.51 1.90 1.47 1.41 1.69 1.45 3.31 324 | 281 3.00
V3 0.33 0.17 0.53 1.88 1.76 1.68 2.07 1.64 1.58 1.86 1.62 3.48 341 2.98 3.17
\Z 0.20 0.36 0.53 1.35 1.23 1.15 1.54 1.11 1.05 1.33 1.09 2.95 2.88 245 2.64
V5 1.55 1.71 1.88 1.35 0.12 0.20 | 0.19 0.24 0.30 0.02 0.26 1.60 1.53 1.10 1.29
V6 1.43 1.59 1.76 1.23 0.12 0.08 0.31 0.12 0.18 0.10 0.14 1.72 1.65 1.22 1.41
V7 1.35 1.51 1.68 1.15 0.20 0.08 0.39 0.04 0.10 0.18 0.06 1.80 1.73 1.30 1.49
V8 1.74 1.90 2.07 1.54 0.19 0.31 0.39 0.43 0.49 0.21 0.45 1.41 1.34 0.91 1.10
V9 1.31 1.47 1.64 1.11 0.24 0.12 0.04 | 043 0.06 0.22 0.02 1.84 1.77 1.34 1.53
V10 1.25 1.41 1.58 1.05 0.30 0.18 0.10 | 0.49 0.06 0.28 0.04 1.90 1.83 1.40 1.59
V1l 1.53 1.69 1.86 1.33 0.02 0.10 0.18 0.21 0.22 0.28 0.24 1.62 1.55 1.12 1.31
Vi2 1.29 1.45 1.62 1.09 0.26 0.14 0.06 | 045 0.02 0.04 0.24 1.86 1.79 1.36 1.55
V13 3.15 3.31 348 2.95 1.60 1.72 1.80 1.41 1.84 1.90 1.62 1.86 0.07 0.50 0.31
Vi4 3.08 3.24 341 2.88 1.53 1.65 1.73 1.34 1.77 1.83 1.55 1.79 0.07 0.43 0.24
V15 2.65 2.81 2.98 2.45 1.10 1.22 1.30 | 091 1.34 1.40 1.12 1.36 0.50 0.43 0.19
\200) 2.84 3.00 3.17 2.64 1.29 1.41 1.49 1.10 1.53 1.59 1.31 1.55 0.31 0.24 0.19

Source: original data obtained by calculation.
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Fig. 6. The variants positioning based on starch
content, in relation to average value (red line) on
experiment

Source: original graph.

The synthesis and accumulation of starch, as
well as the particularities related to the
composition, structure, and transformations of
starch have been studied in relation to genetic
and environmental factors, and starch shows a
greater sensitivity to thermal and water stress
compared to other quality indices, such as be,
for example, proteins [8].

Fertilization = represents an  important
technological element for the variation of
starch content in wheat. Xiong et al. (2014)
[24] reported the variation in the distribution
of starch granules in the grain endosperm, in
relation to the level of nitrogen (0, and 240 kg
ha! nitrogen), and the results suggested that
high doses of nitrogen caused an increase in
the number of small starch granules, and the
decrease of large starch granules, variable but
in different regions of the endosperm.
Studying two different genotypes in relation
to the water and nitrogen regime, Tong et al.
(2021) [21] found the different response of the
starch content in the two varieties, both in
relation to water and nitrogen.

In relation to phosphorus, Zhang et al. (2018)
[26] found changes in starch morphology, as
well as in some genes expression, genes
involved in wheat grains starch biosynthesis
and degradation. The authors found and
communicated that the 46 kg ha'' phosphorus
level, determined the increase in the genes
expression associated to starch synthesis, the

26

better accumulation of starch in wheat grains,
and the starch granules formed at the
respective phosphorus level released a much
larger number of seeds reducing, compared to
the starch formed at higher Ilevels of
phosphorus. The variation of the proportions
of starch granules (surface area and volume)
in grains of different wheat wvarieties, in
relation to phosphorus fertilization, was also
identified in other studies [9, 12].

In relation to potassium, some studies have
confirmed the important role of potassium in
improving photosynthesis, increasing stress
tolerance of wheat plants, improving
production, synthesis and translocation of
starch in wheat grains, and ensuring optimal
nutrition with potassium through fertilization
is necessary [22].

Some studies evaluated the interaction of
some microelements with basic macro-
elements in wheat fertilization, in relation to
plant nutrition status, productivity elements
and wheat quality indices [1, 7].

The need to optimize wheat fertilization was
also argued from the perspective of increasing
the coefficient of utilization of nutritional
elements, with a favourable impact on
physical production, or on quality indices, as
well as from considerations of the efficiency
of the use of fertilizing resources, agricultural
yields, and environmental protection [17, 18].

In relation to the present study conditions, the
fertilizers optimal values, calculated accord-
ing to the starch content values registered
(Xopt=75.10 kg ha! a.s. N, and yop=120.00 kg
ha! a.s. PK), can be taken into account, as
guideline fertilization values for obtaining
similar results for this quality index, of course
in relation to the cultivated genotype, culture
technology and environmental conditions.

CONCLUSIONS

Mineral fertilization tested in this study (doses
and combinations), determined the differenti-
ated accumulation of starch content in wheat
grains, Ciprian cultivar, in relation to the three
nutrients (NPK) administered.

A tendency to decrease the starch content,
associated with the increase in the total level
of fertilization, was found in the experimental
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and study conditions.

The values of the starch content showed
different levels during the two experimental
years, under the same fertilization conditions,
which shows the influence of the vegetation
conditions in achieving the respective starch
quality indices.

In relation to the applied fertilization doses,
and the recorded starch content values, the
optimal doses were calculated at the level of
Xop=75.10 kg ha! a.s. for N, and yep=120.00
kg hal a.s. for PK, values that can be taken
into account for other studies or agricultural
practice.

The cluster analysis facilitated to obtain the
grouping of the experimental variants, based
on the similarity of the starch content, and
makes it possible to choose the fertilization
system (levels, combinations) in relation to
the quality indices estimated for wheat (starch
in this case) as well as the budget allocated for
fertilization in framework of agricultural
technology.
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Abstract

This paper analyses the effect of inflation, gross domestic product (GDP) growth, and average salary on
unemployment in Lithuania for the period from 2001 to 2021. First, the theoretical analysis is performed to review
the links between inflation, GDP growth, average salary, and unemployment. Considering that the theoretical
analysis reveals the effect of three macroeconomic factors, i.e., inflation, GDP growth, and average salary, on
unemployment, the methodology of the research is described. It relies on the multiple regression model and its
estimation using ordinary least squares (OLS). Econometric analysis reveals that only one out of three
macroeconomic factors, i.e., GDP growth, has a statistically significant effect on unemployment and this effect is
negative (based on the sign of the regression coefficient). In addition, to address the autocorrelation problem in the
regression model, a lagged unemployment variable is included to the model, and it shows a statistically significant
positive (based on the sign of the regression coefficient) effect on unemployment. The future study could only cover
the agricultural sector since this sector is important for Lithuania and the macroeconomic indicators of this sector

are unique compared to other economic activities or general indicators of Lithuania.

Key words: average salary, gross domestic product growth, inflation, ordinary least squares, unemployment

INTRODUCTION

Unemployment is probably one of the most
important macroeconomic phenomena in
every country. Scientists define this
phenomenon in different ways. Some of them
talk about different duration of
unemployment, some of them describe
different types of unemployment, etc. [24]
defines unemployment as a phenomenon that
brings social and economic losses and occurs
in the labour market when the production
factor, i.e., labour, is not fully used, which
means the unemployment of economically
active (not working but looking for work or
ready to work) people. [6] stresses that
unemployment occurs when the supply of
labour exceeds the demand for labour.

The unemployment rate as an indicator is
expressed as the ratio of the unemployed to
the labour force and multiplied by 100% to
obtain the percentage unit of measurement. It
can be observed that when there is a difficult
time or crisis in the economy, the
unemployment rate in the countries increases,

and when the economy grows in a country,
unemployment decreases.

Unemployment phenomenon is important
because it makes it possible to see how many
people in the country are unemployed and
how much government spending will have to
be allocated in order to pay benefits to the
unemployed. This factor can be important not
only for the country but also for various
companies that need employees. When a
business or company expands into new
markets, it is very important to analyse the
economic situation in the region or country.
And one of the factors that they may need to
analyse is unemployment. According to that,
the company can decide whether it will be
difficult to find employees in a new market or
whether it will have enough resources.

The focus of this paper is the analysis of the
main  macroeconomic factors affecting
unemployment. These factors are inflation,
GDP, and average salary as they are the most
commonly used in the scientific literature
analysing the effects on unemployment.

The relationship between inflation and
unemployment is quite clearly reflected in the
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Phillips curve which shows that as inflation
increases, the unemployment in the country
decreases and vice versa. However, there have
been instances when both the country's
inflation and unemployment rates have
increased. Such a phenomenon is called
"stagflation"[5]. [39 and 32] and other
scientists also wrote about the relationship
between inflation and unemployment.

The second factor that is quite often analysed
by many scientists as affecting unemployment
is economic growth. According to [4],
economic growth can be measured by an
increase in a total output of a country, i.e.,
gross national product, or real gross domestic
product. The scientist explains that long-term
economic growth has a positive effect on the
national income and employment in the
country. [11] and [22] also state that country‘s
unemployment rate is greatly influenced by
the pace of gross domestic product change.
[43] who analyses the factors contributing to
employment and unemployment, says that
higher employment helps country's economy
to grow faster. According to [28], economic
growth is one of the most important
macroeconomic goals as it raises tax
revenues, improves the quality of individuals’
lives, attracts public and private sector
investment, and helps to create more new
workplaces. [26] also explain that economic
growth effectively contributes to the reduction
of unemployment and poverty but cannot
fully affect the unemployment rate on its own.
[15] states that there is a negative relation
between GDP and the unemployment rate in
the short-term span of time. This negative
correlation between GDP and unemployment
rate is defined by Okun's law [26]. As [10]
mention, Okun's law states that when GDP
falls by 2-3%, the unemployment rate rises by
1%. However, [25] didn’t find any statistically
significant effect of GDP on unemployment.
One more economic factor which has an
impact on unemployment is salary. In the
salary literature, studies that analyse the
minimum salary (e.g., [7]) or average salary
(e.g., [11], [37]) can be found. According to
neoclassical theory, higher labour productivity
is strongly associated with higher salaries
[30]. As [7] notice, when companies increase
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the minimum salary, unemployment rate
increases as well. The scientists also mention
about the thoughts of Fetullah Akin in 2017
who states that the impact of the minimum
salary on the unemployment rate depends on
the duration, thus with an increase of the
minimum salary, the unemployment rate rises
in the short-term. In the long-term, an increase
of the minimum salary reduces unemployment
rate, as the country's overall demand and
production amount increase [7].

It is worth mentioning that [11] and [37]
describe inverse dependence of the average
salary and unemployment rate.

Scientists also analyse other factors affecting
unemployment. For example: tax wedge on
labour (e.g., [16], [9], etc.), labour market
regulations (e.g., [8], [15], etc.), international
trade (e.g., [18], [19], etc.), gross fixed capital
formation (e.g., [27], etc.), trade union density
(e.g., [3], [38], etc.), wage Dbargaining
coordination (e.g., [36], [29], etc.) and other
factors.

Taking all of this into account, the problem of
the research can be defined as follows: how
inflation, gross domestic product, and average
salary affect unemployment? The object of the
research is the impact of some
macroeconomic factors on unemployment.
The paper aims to analyse the effect of the
main macroeconomic factors on
unemployment in Lithuania.

Few research methods were used for this
paper. Firstly, comparative analysis of
literature was performed. Then the data for the
research was collected and the statistical
analysis was carried out. Finally, with
collected data econometric analysis was
conducted using ordinary least squares for
time series data.

MATERIALS AND METHODS

The research is conducted using a multiple
regression model for time series data. A
general form of a multiple regression model
is:

Yi=bo+ b1 Xt +b2Xot+ ... F Upyeeeeennnen. (1)

where:
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Y refers to the dependent variable of the
model;

X; and X» are independent variables of the
model;

the coefficient by represents the predicted
value of Y when all Xs are equal to 0;

b1 and b coefficients denote the average
predicted change in Y from a one unit
increase in X and X, respectively;

u¢ is the error term; t denotes the time period
[23].

In this study we analyse unemployment
(Unempl) as the dependent variable (Y) of the
regression model. Other macroeconomic
factors that are included to the model, i.e.,
inflation (Inflation), GDP growth (GDP), and
average salary (ASalary), are the independent
variables (Xs) of the regression model. The
regression model of this research can be
presented as the following expression:

Unemplt= by + b;Inflation: + b,GDP; +
bsASalary: + u;

The measurement of the model variables is
provided in Table 1.

Table 1. Variables of the model

Variable Vam}bl.e Indicator
abbreviation
unemployment rate
Unemployment Unempl (% of total labour
force)
. . inflation
Inflation Inflation (annual %)
GDP growth
DP h
GDP growt GDP (annual %)
average monthly
Average salary ASalary salary (euros)

Source: Own determination.

Regression analysis of the model consists of
few steps.

As the analysis of the relationship between the
factors under consideration is described in the
Introduction, here, there are mentioned only
the steps that are related to the estimation and
interpretation of the model.

First, collecting and analysing the data.
Statistical analysis process allows to better
understand the analysed data, to identify the
trends, thus, it is an important step in the
analysis.

Second, estimation of the regression model.
At the beginning of this step, scatterplots
analysis is used to check the spread of the data
and to see how each observation interrelates.
Scatterplots can show whether there is a linear
or non-linear relationship between variables.
Also, potential outliers’ identification in the
dataset is performed wusing standardized
residual method. An observation is considered
an outlier if the absolute magnitude of the
standardized residual exceeds 3 standard
deviations. In this study the ordinary least
squares method is used for the estimation of
the model. It is a common technique for the
estimation of regression coefficients by
minimizing the sum of squared residuals [17].
Third, verification of the model estimations
and interpretation. The normality of residuals
is tested by applying the Shapiro-Wilk test
which rejects the hypothesis of normality
when the p-value is less than or equal to 0.05.
This test is used when the number of
observations is less than 50 (the number of
observations in this study is 21).

The problems of both multicollinearity and
autocorrelation must be checked in the
regression model. Bivariate correlation matrix
is used to detect the problem of
multicollinearity. If correlation coefficient
among two independent variables of the
model is higher than or equal to |0.8], it
indicates that variables are highly correlated
and it causes the problem called
multicollinearity. Durbin-Watson d test is
used to detect the problem of autocorrelation.
If the estimated value of d is closer to zero,
there is evidence of positive autocorrelation, if
it is closer to 4, there is evidence of negative
autocorrelation, and the closer the value of d
is to 2, the more evidence there is that there is
no autocorrelation [20].

If the problem of autocorrelation is present in
the regression model, a lagged dependent
variable can be included to the regression
model as an independent variable to solve this
problem. Then the regression model can be
expressed using the following equation:

Unemplt= bo + b;Inflationt + b,GDP; +
bsASalary: + bsUnemple.1 + u,
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where: Unempl.: refers to a lagged (t-1)
unemployment variable.

Durbin h statistic is used to check if the
problem of autocorrelation is eliminated from
the model, or it is still present in the model.
This statistic is calculated using the following
formula [20]:

= (1-3) Jm

where:

d refers to Durbin-Watson d statistic;

n is the sample size;

o2 denotes the variance of the estimator of the
coefficient of lagged Y variable.

If the value of the Durbin h test is less than
the critical value (in absolute terms; Student’s
t-test; 95% statistical significance), then there
1s no autocorrelation in the model; if the value
is higher, there is autocorrelation [20].

The coefficient of determination is used to
determine the goodness-of-fit of the model.
This coefficient ranges from 0 to 1, and the
closer it is to 1, the better the model. Also, the
statistical significance of both the model
(Fisher’s F-test; p<<0.05)) and the parameters /
coefficients (using Student’s t-test; p<0.05))
is evaluated.

Analysis covers the period 2001-2021 (an
annual basis) in Lithuania. Data for the
research were taken from The World Bank
database and The Official Statistics Portal
(hereinafter referred to as OSP) of Lithuania
(Table 2). Data were analysed using SPSS
statistical program.

Table 2. Data sources

Variable Data source
abbreviation u
Unempl The World Bank (2022a)[41]

GDP The World Bank (2022b) [40]

Inflation OSP (2022a) [33]

ASalary OSP (2022b) [34]

Source: Own determination.

Based on the literature review and the
research  methodology, the  following
hypotheses were raised:

H1:Inflation negatively affects unemployment.
The hypothesis is based on the research done
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by [5, 39, 32], etc.

H2: Economic growth has a negative effect on
unemployment. This hypothesis is based on
the previous research, such as [4, 11, 22, 43,
28, 26], etc.

H3: The average salary has a negative impact
on unemployment. This is an expected
outcome of the study, and it is based on the
results of the research of other scientists (e.g.,
[11,37,30], etc.).

RESULTS AND DISCUSSIONS

Statistical data analysis

In this research Lithuanian unemployment,
inflation, GDP growth, and average salary are
analysed in 2001-2021. While analysing the
collected data, first, main descriptive statistics
are introduced. Mean, standard deviation
(SD), minimum and maximum values of all
four research variables are presented in Table
3. Table 4 represents Lithuanian data of
unemployment, inflation, GDP growth, and
average monthly salary in 2001-2021.

Table 3. Descriptive statistics

Vam}bl'e Mean SD Min Max
abbreviation
Unempl 10.12 3.93 4.25 17.81
Inflation 2.81 3.11 -1.30 10.60
GDP 4.06 5.15 -14.84 11.11
ASalary 686.94 | 362.13 | 284.50 | 1,579.40

Source: own calculations based on the data from The
World Bank and OSP [33, 34, 35,40, 41].

The unemployment rate in Lithuania was not
constant, increasing and decreasing trends can
be observed in the analysed period. Since
2001 until 2007, unemployment in Lithuania
was decreasing, this can be determined by
various factors, such as creation of new
businesses, the growth of economy, and as a
result, new jobs were created, which led to the
decreasing trend of unemployment.

Since 2007 until 2010, a sharp jump in the
unemployment rate is noticeable, which was
caused by the 2007-2008 global financial
Crisis.

Unemployment fell gradually between 2010
and 2019 in Lithuania.
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Table 4. Lithuanian data, 2001-2021

Years | Unempl | Inflation GDP ASalary Years Unempl | Inflation GDP ASalary
2001 16.84 2.00 6.53 284.50 2012 13.36 2.80 3.84 615.10
2002 13.01 -1.00 6.75 293.60 2013 11.77 0.40 3.55 643.30
2003 12.87 -1.30 10.57 310.60 2014 10.70 -0.30 3.54 677.40
2004 10.68 2.90 6.57 332.90 2015 9.12 -0.10 2.02 714.10
2005 8.32 3.00 7.73 369.60 2016 7.86 1.70 2.52 774.00
2006 5.78 4.50 7.41 433.20 2017 7.07 3.90 4.28 840.00
2007 4.25 8.10 11.11 522.00 2018 6.15 1.90 3.99 924.10
2008 5.83 8.50 2.61 623.20 2019 6.26 2.70 4.57 1,296.40
2009 13.79 1.30 -14.84 595.50 2020 8.49 0.20 -0.13 1,428.60
2010 17.81 3.80 1.65 575.80 2021 7.11 10.60 5.00 1,579.40
2011 15.39 3.40 6.04 592.50

Source: The World Bank and OSP [33, 34, 35,40, 41].

Each country's central bank aims to keep the  became negative, but also the average

country's price level stable. Typically, central
banks set annual inflation target for the
country and usually this target is around 2% in
Eurozone countries [21]. As can be seen from
Table 4, inflation in Lithuania during
2001-2021 period was quite varied, it both
increased and decreased and was negative,
which means that there was deflation. Since
2001 until 2003, annual inflation has been
decreasing, and in 2002 and 2003 there was
deflation, which means there was negative
inflation, and the price level was falling or the
value of money relative to goods was rising.
Inflation increased from 2003 to 2008, but it
fell dramatically in 2009. In 2020, inflation
decreased, and the annual rate was very close
to 0%; this could have been determined by the
start of the global pandemic of the COVID-19
virus, and for the same reason, we see that in
2021, inflation increased significantly, and its
rate was above 10%.

The biggest GDP drop was in 2009, when
GDP fell very sharply, and economic growth
turned negative (almost -15%). The main
reason was global financial crisis that took
place in 2007-2008 and which had a very
strong impact on the economies of all
countries, including Lithuania. Also, in 2020
economic growth again turned negative (about
-0.13%), but it was not as high as in 2009.
The reason of this fall was the global
COVID-19 pandemic and the restrictions
introduced by countries.

Average monthly salary grew for almost
entire period of 2001-2021, except for 2009
and 2010, when, due to the global financial
crisis in Lithuania, not only economic growth

monthly salary decreased by about 28 euros.
When comparing 2018 and 2019, we see a
huge rise in the average monthly salary in
Lithuania. During the year it increased by as
much as 372 euros. The change in salaries
was influenced by the changes in the tax
system that came into force in 2019, i.e., the
basic amount of the official salary was
increased, the minimum monthly salary was
also increased, the calculation of the tax-free
amount of income changed [44].
Econometric analysis

At the beginning of an econometric analysis,
scatterplot analysis is performed to check the
spread of the data and to see how each
observation interrelates. Scatterplots of the
values of Y vs the corresponding values of X
did not clearly show whether there is a linear
or non-linear relationship between the
variables under consideration.

The next step in econometric analysis is to
check for outliers. They are described as
abnormal observations that are far from other
observations and that can have a negative
impact on the study since they can change the
coefficients of the regression model. In this
paper, the standardized residual method to
identify outliers is used. After analysing the
outliers in the dataset using the standardized
residual method, we can conclude that there
are no outliers.

The Shapiro-Wilk normality test is used in
this study to check the normality of the errors.
After performing the Shapiro-Wilk normality
test, the obtained p-value is equal to 0.07.
Since the p-value is greater than 0.05, we
conclude that the standard errors have a
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normal distribution. We also checked the
mean and standard deviation values in the
Shapiro-Wilk normality test. Based on the
theory, the standard errors of a regression
model have a normal distribution with a mean
of 0 and a standard deviation of 1. In the case
of our model, the mean is 0 and the standard
deviation is about 0.92 which means that its
value is very close to 1. Therefore, we came
to the same conclusion that the standard errors
have a normal distribution.

Next in our work, we checked for
multicollinearity, i.e., whether the independent
variables, in this case GDP, inflation, and
average monthly salary, are not related to each
other. To detect multicollinearity, we chose to
calculate bivariate correlation coefficients. If
the bivariate correlation coefficient is greater
than |0.8|, then the multiple regression model
will have a multicollinearity problem.
Looking at the bivariate correlation
coefficients in Table 5 and comparing them to
|0.8|, we see that they are less than 0.8, it
means there are no highly correlated
variables.

Also, since all p-values (Sig. (2-tailed)) of the
correlation coefficients are greater than 0.05,
the correlations between independent
variables are statistically insignificant. We
conclude that there is no multicollinearity
problem in this multiple regression model.

Table 5. Bivariate correlation matrix

Variables | Correlation | GDP | Inflation | ASalary
GDP Sig. 2- 0.47 0.31
tailed) 1
Correlation 0.17 -0.23
Sig. 2-| 047 0.21
Inflation | tailed) 1
Correlation 0.17 0.29
Sig. 2-| 0.31 0.21
ASalary | tailed) 1
Correlation -0.23 0.29

Source: own calculations based on the data from The
World Bank and OSP [33, 34, 35,40, 41].

Since we have time series data, we further
tested whether our model has autocorrelation
problem. We used the Durbin-Watson d
statistic to determine autocorrelation. After
doing this test, we obtained d =0.71. Since
the estimated value of d is close to zero, there
is evidence of positive autocorrelation in the
model. We also tried to see graphically if
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there is an autocorrelation problem in the
model. After including the lagged variable of
the standardized residuals (ZRE(t-1); x axis),
we drew the graph where the positive
autocorrelation was visible since the points in
the graph have an increasing trend from the
left to the right (Figure 1).

Fig. 1. Positive autocorrelation
Source: own calculations based on the data from The
World Bank and OSP [33, 34, 35,40, 41].

In the next step, we removed autocorrelation
by including a lagged dependent variable in
the model. We created a new model with a
lagged unemployment variable:

Unemplt = bo + biGDP; + bASalary: +
bsInflation: + bsUnempli.1 + u;

Now, after running the Durbin-Watson test,
we get d = 1.95. The standard deviation of the
lagged dependent variable is equal to 0.12.
We used Durbin's h statistic to check whether
autocorrelation is still present in the model or
it is eliminated:

20
1-20%0.122

h=(1-(1.95/2))* =0.13

The critical value of the Student’s t-test is
equal to 2.09. Since 0.13<2.09, we make a
conclusion that there is no autocorrelation in
the model. Indeed, the graphical analysis of
autocorrelation showed that the model no
longer has this problem, as there is no visible
relationship between the values (Figure 2).
Finally, the coefficients (three decimal digits
since the coefficient of ASalary is small) of
the regression model are presented in Table 6.
Based on these coefficients, the equation of
the regression model can be seen as the
following:
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Unempl = 3.141 — 0.396GDP; —
0.001ASalary: + 0.051Inflation; +
0.841UNEMPltteeceieieieieieieeeeee, (7)

Fig. 2. No autocorrelation
Source: own calculations based on the data from The
World Bank and OSP [33, 34, 35,40, 41].

Table 6. Coefficients of the regression model

Variables Coefficients p-value
Constant 3.141 0.106
GDP -0.396 <0.001
ASalary -0.001 0.505
Inflation 0.051 0.716
Unemplq 0.841 <0.001
Source: own calculations.
The regression model is statistically

significant (p-value of F-test is equal to 0.00).
Only two variables in the regression model
are statistically significant (p-value<0.05;

Table 6). Interpretation of statistically
significant coefficients: a one percentage
point increase in GDP growth reduces

unemployment rate by about 0.396 percentage
point, holding other factors constant; a one
percentage point increase in the previous year
unemployment rate leads to, on average, a
0.841  percentage point increase in
unemployment rate, holding other factors
constant. Based on these results, we can state
that only H2 hypothesis is confirmed in this
research.

The coefficient of determination which
evaluates the fit of the model is equal to 0.85.
It is close to 1, thus, it means that the model
predicts very well. In other words, it means
that the independent variables of the model
explain 84.5% of the total wvariation in
unemployment.

Agricultural indicators in Lithuania
Agriculture is one of the oldest businesses in
Lithuania. From a historical perspective,
Lithuania can be defined as an agricultural
country and until now this sector is considered

a priority sector of the country [2]. In terms of
value added in Lithuania‘s agriculture, it
increased in 2001-2021 period (Figure 3).
Nevertheless, agriculture accounts only for
about 3% in total Lithuania’s value added in
the same period.

Fig. 3. Gross value added in Lithuania, 2001-2021
Source: own calculations based on the data from
Eurostat [12].

According to [42], the importance of
agriculture in the Lithuanian economy has
been decreasing in the last decade. This was
influenced by the decreasing number of rural
residents - an average of 9,000 people leave
the village and go to the cities every year.
Analysing the migration data of the last fifty
years, it can be noted that the rural population
has halved.

In terms of Lithuanian labor force, a decrease
in agricultural employment was observed in
2001-2020 (no available data for 2021) -
compound average annual change rate of -
5.9% (Figure 4). The share of agricultural
employment in total employment sharply
decreased in the same period - from 16% in
2001 to 5% in 2021.

Fig. 4. Employment in Lithuania, 2001-2020
Source: own calculations based on the data from
Eurostat [13].
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Agricultural income measured as index
(2010=100) of the real income of factors in
agriculture per annual work unit increased
from 45.03 in 2001 to 189.06 in 2021. A rapid
growth of agricultural income is observed in
2020 and 2021 (Figure 5).

Fig. 5. Agricultural income in Lithuania (thousand
euro), 2001-2021
Source: data from Eurostat [14].

Employee compensation as percent of gross
value added in 2001-2021 varies between
activities in Lithuania (Figure 6). It is the
highest in services during the analysed period.

Fig. 6. Employee compensation in Lithuania (% of
gross value added), 2001-2021
Source: data from OECD [31].

Inflation rate in agriculture can be reflected by
the price indices of goods and services
purchased for agricultural  production
purposes. Such goods and services include
seeds, fuels, fertilizers, feeding stuffs, etc.
Based on the data of [35], the highest price
indices for agricultural production purposes in
2021 were for veterinary expenses (164.3 per
cent), compound feeding stuffs for pigs (156.6
per cent), and herbicides (148.6 per cent)
(2015=100), while the lowest price indices
were for fungicides (65.1 per cent), other
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plant protection products (74.7 per cent), and
PK fertilizers (76.3 per cent).

In conclusion, it can be said that the analysis
of the indicators of the agricultural sector
revealed that this sector has uniqueness, and
this could be the incentive to conduct a study
with the methodology applied in this work in
the agricultural sector.

CONCLUSIONS

In this paper we analyse how unemployment
is affected by such macroeconomic factors as
inflation, GDP, and average salary since these
factors are the most commonly used in the
scientific literature. Based on the theory, each
of the factors has a certain influence on the
fluctuations of the unemployment rate.
However, the empirical analysis revealed that
not all factors have a statistically significant
impact on unemployment.

The research covers the period from 2001 to
2021 in Lithuania. The methodology of the
research relies on the multiple regression
model; the method used for the analysis is
ordinary least squares. Econometric analysis
reveals that only one out of three
macroeconomic factors, i.e., GDP growth, has
a  statistically  significant  effect on
unemployment and this effect, based on the
sign of the regression coefficient, is negative.
It discloses that when GDP growth increases,
unemployment decreases. The results prove
the proposition of [1] who states that there is
a negative relation between GDP and the
unemployment rate. This negative correlation
between gross domestic product and
unemployment rate is defined by Okun's law
[26].

To modify the regression model, a lagged
unemployment variable is included, which
shows a statistically significant positive
(based on the sign of the regression
coefficient) effect on unemployment, i.e.,
when a lagged (t-1) unemployment increases,
unemployment (t period) also increases.
Based on the results of the research,
hypothesis H2 can be confirmed: economic
growth negatively affects unemployment.

In the next research work the influence of
various factors on unemployment in
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agriculture can be approached as analysis of
agricultural indicators showed that this sector
is important for Lithuania and it has various
peculiarities.
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Abstract

Climate change is not only manifested by high temperatures, but means perverse, cascading effects that must be
viewed in interaction. Climate change solutions can not only be cost-effective, but also improve the level and quality
of life of the population while protecting the environment. In order to improve the situation, at the moment, the
following actions are necessary: reducing emissions, adapting to the effects of climate change and financing the
necessary adaptation measures. Photosynthesis, respiration, transpiration, stomatal conductance, assimilation, etc.
can be used in the plant breeding process, with the aim of identifying plant genotypes with an increased potential for
capturing CO; from the atmosphere, thus contributing to maintaining the global average temperature within the
limits, which would not lead to the intensification of the greenhouse effect and the change of factors climatic. In
order to carry out the study, grapevine genotypes of intraspecific origin from the V. vinifera L. and genotypes of
interspecific origin (V. vinifera L. x M. rotundifolia Michx.) were used. The measurements were made in the period
up to flowering, the formation (growth) of berries and in the period of mature berries (formed). Phytomonitoring
was carried out with the help of the PTM-48A monitor, which is an automatic CO2 exchange monitoring system.
Studies have shown that the interspecific grapevine genotypes are characterized by much better adaptive features
than intraspecific genotypes in relation to climate change. The respective methodology can also be applied in the
improvement process of different plant crops.

Key words: climate change, genotypes, grapevine, photosynthesis, respiration, transpiration,
stomatal conductance, assimilation

INTRODUCTION the modification of the physiological-
biochemical and morphological-anatomical

Climate change is an unprecedented challenge
that human society has been facing, and the
extent of its impact will largely depend on the
level of awareness of the compromises that
have to be reached and accepted globally. The
real and alternative costs will increase with
future climate change, affecting the health and
economic well-being of the population.
Therefore, the biggest challenge of society is
to integrate sustainable strategies in the
economic development. The development of
society according to the principles of “green
economy” provides for the restoration and
maintenance of a sustainable, long-term
balance between economic development and
integrity of the natural environment, in forms
understanded and accepted by society. The
ability of living organisms to adapt to
environmental conditions is a key factor in the
evolutionary process. The adaptation of plants
to climatic factors means nothing more than

characteristics of the organism in the process
of ontogenesis and the creation of other new
criteria in the phylogenetic process. The
adaptive potential of plants is their ability to
survive, propagate and self-develop under the
conditions of the ever-changing climate. Each
organism has a certain ability to react to
environmental factors, which is driven by the
genetic code. Living organisms, during
evolution, have developed certain capacities
to react in response to climatic conditions.
The coexistence of living organisms in a
certain habitat is supported by heritability and
genotypic changes. Due to genotypic changes,
organisms adapt to environmental factors that
are characteristic of a particular habitat. But
due the development of new features, a
normal existence of a newly formed genotype
is possible under conditions where the initial
variety could not develop normally. The
process of photosynthesis of grapevine differs
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from that of other plants in the level, rate and
degree of response to environmental and
technological factors. All the green organs of
a grapevine plant perform photosynthesis, but
the main role in this process is performed by
the leaf mesophyll. The dependence of
photosynthesis on sunlight allows evaluating
the efficiency of the use of light energy by the
plant organism, this principle being
established in the genetic code and
represented by the mechanism of light energy
use and the transformation of inorganic
biogenic compounds into organic substances
[8, 9]. Climate change doesn't just mean
higher temperatures, it means perverse,
cascading effects that must be viewed in
interaction. Climate change solutions can not
only be cost-effective, but also improve the
level and quality of life of the population
while protecting the environment. There are
three general categories of actions: reducing
emissions, adapting to the effects of climate
change and financing the necessary adaptation
measures [8].

MATERIALS AND METHODS

In order to carry out the respective study,
grapevine genotypes of intraspecific origin
from the Vitis vinifera L. group were used,
such as: Muscat de Alexandria, Coarna
Neagra, Sauvignon, Cabernet-Sauvignon etc.

Genotypes of interspecific origin (Vitis
vinifera L. x Muscadinia rotundifolia
Michx.), such as: Ametist, Alexandrina,

Augustina, Nistreana, Malena, Sarmis, etc.
[2]. The measurements were made in the pre-
flowering stage of grapevine, In the fruit
development stage, In the fruit maturation
stage. Phytomonitoring was carried out with
the help of the PTM-48 A monitor, which is an
automatic CO> exchange monitoring system.
The system is equipped with four chambers
for fixing on the leaf, which work
sequentially, when one of the chambers is
closed the others are open. The working
mechanism of this system consists in the
analysis of the gas exchange based on the
concentration of CO; at the exit of the
measuring chamber of the leaf in relation to
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the concentration of CO; in the environment
at the time of measurement.

The statistical processing of the data was
carried out by applying the Statistica 10
computer software (Stat sof INC, USA) and
Microsoft Excel 2010 [5, 10, 1].

RESULTS AND DISCUSSIONS

The photosynthesis irradiance curve makes it
possible to understand the eco-physiological
characteristics of a species, and in turn, these
indices give us the opportunity to compare
different plant genotypes in more or less
similar conditions, thus determining the
productive capacity and resistance to
environmental factors [3, 4, 6,11,7].

Analysing light intensity and photosynthetic
activity in the pre-flowering stage of
grapevine in intraspecific  genotypes
(Sauvignon, Muscat de Alexandria etc.) it was
found that at a light intensity of 1,000-1,500
pmol/m?*s, the photosynthetic activity was on
average 7-9 pmol (CO)/m?*s, and starting
from the sunlight intensity of 1,500
umol/m**s, the intensity of photosynthetic
activity was declining. In the interspecific
grapevine genotypes (Ametist, Augustina,
Alexandrina, Regent, Viorica etc.), at a light
intensity of 1,000-1,500 pmol/m**s, the
photosynthetic intensity was on average 10-12

pumol  (CO2)/m?*s, these indices of
photosynthesis were maintained at an
intensity of  sunlight of 2,000-2,500
pmol/m?*s.

In the fruit development stage, intraspecific
genotypes (Sauvignon, Muscat de Alexandria
etc.), at a light intensity of 1,000-1,500
pumol/m?*s, demonstrated a photosynthetic
activity of 8-10 pmol (CO,)/m?*s, these
indices were also maintained at the light
intensity of 2,000 pmol/m**s, then the
intensity of  photosynthesis  decreased.
Interspecific genotypes (Ametist, Augustina,
Alexandrina, Regent, Viorica etc.) at a light
intensity  of  1,000-1,500  pmol/m?**s,
demonstrated a photosynthetic activity of 8-11
pmol (CO,)/m**s, these indices were
maintained at a light intensity of 2,000
umol/m**s, and at a light intensity of 2,500
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pumol/m?*s there was a decrease in the
photosynthetic activity.

In the fruit maturation stage, intraspecific
genotypes (Sauvignon, Muscat de Alexandria
etc.), at a light intensity of 1,000-1,500
pumol/m?*s,  demonstrated an  average
photosynthetic  activity of 3-6  umol
(CO2)/m**s, these indices were maintained up
to a light intensity of 1,700 pumol/m?*s, then
they were decreasing. Interspecific genotypes
(Ametist, Augustina, Alexandrina, Regent,
Viorica etc.), at a light intensity of 1,000-
1,500 pumol/m®*s, demonstrated an average
photosynthetic  activity of 8-9  pmol
(CO,)/m**s, these indices of photosynthesis
were maintained up to a light intensity of
2000 pmol (CO2)/m?*s, and at a higher light
intensity the photosynthetic activity was
characterized by a slight decrease.

The analysis of the transpiration rates
depending on temperature fluctuations, in the
pre-flowering stage, in the intraspecific
genotypes of grapevine (Sauvignon, Muscat
de Alexandria etc.) demonstrated that at a
temperature of 15 °C, the transpiration rate
was 4.5-6.0 mg/m**s, and at a temperature of
30 °C the transpiration rate was 25-30
mg/m?*s. In interspecific genotypes (Ametist,
Augustina, Alexandrina, Regent etc.), at the
temperature of 15 °C, the transpiration rate
was 3.75-5.25 mg/m?*s, and at 30 °C, it was
23-26.5 mg/m>*s.

In the fruit development stage, the
intraspecific ~ genotypes  of  grapevine
(Sauvignon, Muscat de Alexandria etc.), at the
temperature of 20 °C, had a transpiration rate
of 4-5 mg/m**s, and at 35 °C, it was 50-55
mg/m?*s.  The intraspecific ~ genotypes
(Ametist, Augustina, Alexandrina, Regent
etc.) at the temperature of 20 °C had a
transpiration rate of 5.75-7.75 mg/m?*s, and
at 35 °C, it was 42.5-45 mg/m?*s.

In the fruit maturation stage, the intraspecific
genotypes (Sauvignon, Muscat de Alexandria
etc.) at the temperature of 20 °C had a
transpiration rate of 8-10 mg/m?*s, and at 30
°C — 38-45 mg/m?*s. The interspecific
genotypes (Ametist, Augustina, Alexandrina,
Regent etc.) at the air temperature of 20 °C
had a transpiration rate of 7.75-9.75 mg/m**s,
and at 35 °C — 35-40 mg/m?*s.

The analysis of the relationship between
stomatal conductance and light intensity has
shown that in the pre-flowering stage, in the
intraspecific genotypes of grapevine: Muscat
de Alexandria, Coarnd Neagrd etc. at a
sunlight intensity of 1000 pmol/m?*s,
stomatal conductance was on average 0.2-0.4
mm/s, as the sunlight intensity increases to
2,000 pmol/m**s, stomatal conductance
decreased to 0.1-0.2 mm/s. In the interspecific
genotypes: Ametist, Alexandrina, Augustina
etc., at a sunlight intensity of 1,000-1,500
umol/m?*s, stomatal conductance was 1.5-2.0
mm/s, and at an intensity of 2,000 pmol/m?*s,
stomatal conductance was 0.7-1.2 mm/s.

In the fruit development stage, in the
intraspecific genotypes of grapevine: Muscat
de Alexandria, Coarna Neagrd etc., at a light
intensity of 1,000 pmol/m?**s, stomatal
conductance was 0.5-0.8 mm/s, and at the
light intensity of 2,000 umol/m?**s, it was 0.4-
0.6 mm/s. In the interspecific grapevine
genotypes Ametist, Alexandrina, Augustina
etc., at a light intensity of 1,000 pmol/m**s,
stomatal conductance was 1.5-2.2 mm/s, and
at the light intensity of 2,000 pmol/m>*s, it
was 2.5-3.5 mm/s.

In the fruit maturation stage, in the
intraspecific genotypes: Muscat de
Alexandria, Coarnd Neagra etc. at a sunlight
intensity of 1,000 pmol/m?**s, stomatal
conductance was on average 0.8-1.2 mm/s,
and at the light intensity of 2,000 umol/m?*s —
0.2-0.5 mm/s. In the interspecific grapevine
genotypes: Augustina, Alexandrina, Ametist
etc., at a light intensity of 1000 pmol/m**s,
stomatal conductance was 2.5-3.5 mm/s, and
at 2000 pmol/m?>*s, stomatal conductance was
1.5-2.5 mm/s. While studying photosynthesis
and assimilation in relation to respiration in
intraspecific grapevine genotypes, such as:
Muscat de Alexandria, Sauvignon, Coarna
Neagra etc., it was found that at the intensity
of photosynthetic activity of 8-10 umol
(CO2)/m?*s, real assimilation was 8-9 pmol
(CO2)/m**s, and the activity of the respiration
process was in the range of 1.0-1.4 umol
(CO2)/m?*s. In interspecific genotypes, such
as: Algumax, Ametist, Nistreana, Augustina
etc., at an intensity of the photosynthesis of
12-15 pmol (CO2)/m?*s, the real assimilation
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was 12-14 pmol (CO,)/m?*s, and the intensity
of the respiration process was 0.8-2.0 umol
(CO2)/m?*s. Studies have shown that the
interspecific ~ grapevine  genotypes  are
characterized by much better adaptive features
than intraspecific genotypes in relation to
climate change. The adaptability of organisms
is a key issue in the process of evolution. The
adaptation of plants to climatic factors is
nothing more than the modification of the
physiological-biochemical and
morphological-anatomical characters of the
organism in the process of ontogenesis and
the creation of new capacities in the
phylogenetic process. The adaptation potential
of plants represents their ability to survive,
multiply and self-develop in the continuous
change of climatic factors [2, 11, 7].

CONCLUSIONS

Taking into account the effectiveness of
physiological processes, such as:
photosynthesis, respiration, transpiration,

stomatal conductance, assimilation etc., in the
process of plant breeding, it is possible to
identify plant genotypes with an increased
potential for capturing carbon dioxide from
the atmosphere, thus helping to maintain the
global average temperature within limits that
would not lead to an intensification of the
greenhouse effect and climate change.

This method can also be applied in the process
of breeding different plant crops. In this case,
it is necessary to apply techniques and
methods of plant breeding to create plant
genotypes that will be used to expand the
forest areas, to stop desertification processes,
to create protective forest belts, for the
sustainable use of agricultural and other types
of land etc., and which will be characterized
by a high efficiency of the photosynthesis
process under the new climatic conditions.
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Abstract

The article presents the results of the fifth year of research in a two-factor field experiments, all variants were
compared with absolute control without overseeding and fertilizer application. The agroeconomic and agro-energy
efficiency of the use of the studied agricultural practices has been determined. An analysis of the agroeconomic and
energy assessment showed that the combination of the use of direct sowing and fertilizers over five years of
observation and research (from 2017 to 2021) was effective and contributed to a reduction in the cost of 100 feed
unit ha-1 by an average of 41-46%; obtaining the greatest profit — 376-826 $ ha-1. The highest payback of a feed
unit of 1 kg of NPK was also noted in variants with a cultivated phytocenosis, this indicator increased by 1.2-1.6
times compared to the natural phytocenosis. It was found that the use of overseeding against the background of
NPK increased the energy efficiency from 1.6-2.0 to 2.9-3.4. Therefore, taking into account the recoupment of
energy costs, we can conclude that N60OP90K120 and both doses of NPK in a cultivated phytocenosis can be
considered energetically optimal doses of fertilizers in a natural phytocenosis.

Key words: small-contour developed peat, mineral fertilizer, perennial grasses, sowing without damaging the sod,

net income, profitability, agro-energy coefficient

INTRODUCTION

When solving environmental issues of using
and protecting depleted peatlands, the issue of
creating cultivated long-term hayfields on
peat soils is topical. Perennial grasses are
adapted to the conditions of depleted
peatlands: they utilize the energy of the sun,
atmospheric precipitation, use soil nitrogen
more fully, are characterized by longevity and
a long growing season, during which they are
alienated several times, which determines the
characteristics of their mineral nutrition and
the need for fertilizers [4, 7, 10, 11].

The use of indicators of agronomic, economic
and energy efficiency makes it possible to
identify the most profitable options for the use
of fertilizer in combination with overseeding
and without it, which can be used in
agricultural production when growing herbs
on a peat bog.

The purpose of the research is to develop
effective  low-cost  agro-biotechnological
methods for using the developed small-scale
peatland in agricultural production in terms of
cost and energy.

MATERIALS AND METHODS

The studies were carried out from 2017 to
2021 in the Vladimir region at the Baigush
peat deposit, the type of peat is transitional (A
-15.4%, R - 45%). The soil is bog-podzolic
(Gleyic (Histic) Albeluvisols) with the
following agrochemical indicators: humus
content - 1.86 - 2.0%, pHKCI - 6.1-6.4; the
content of mobile phosphorus is 56-75 mg/kg
of soil, exchangeable potassium is 46.5-58.2
mg/kg, the thickness of the arable layer is 27-
39 cm.

On a small part of one of the five peat maps,
which was more cultivated and less than the
others was in a flooded state, in 2017 a field
experiment was laid to determine the
effectiveness of using a direct sowing of a
mixture of seeds of red clover and timothy
meadow in undisturbed sod, and applying
various doses mineral fertilizers on the
productivity of meadow phytocenosis and soil
fertility [1].

The studies were carried out according to the
following experience scheme:
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I. NF - natural phytocenosis without
oversowing clover-timothy mixture - absolute
control

2. CF - cultural phytocenosis
overseeding of clover-timothy mixture
3. NF + N60 P60 K90

4. CF + N60 P60 K90

5. NF + N60 P90 K120

6. CF +N60 P90 K120

The plot area is 62.5 m? (12.5 x 5 m), 4-fold
repetition, the total area under the experiment
is 0.15 ha.

Phosphorus, potash and some nitrogen
fertilizers were applied during the spring
regrowth of grasses. The rest of the nitrogen
fertilizers were applied after grass mowing.
Research work was based on the methodology
for conducting experiments on hayfields and
pastures [9]. Soil and plant samples were
analyzed in the laboratory using the following
methods: pHkcl - according to the TSINAO
method (GOST 26483-85); hydrolytic acidity
- according to the Kappen method in the
modification of TsINAO (GOST 26212-91);
the sum of absorbed bases - according to the
Kappen method (GOST 27821-88); mobile
compounds of phosphorus and potassium -
according to the Kirsanov method in the
modification of TSINAO (GOST R 54650-
2011). The nitrifying capacity of the soil was
determined by the Kravkov method, the
cellulolytic activity was determined by the
application method, and the density and
density of the solid phase of the soil was
determined by the gravimetric method.
Analysis of plant samples was carried out in
the laboratory by the following methods:
nitrogen content according to GOST R 51417-
99 with further conversion into crude protein
(coefficient 6.25), phosphorus - according to
GOST 26657-97, potassium - according to
GOST 30504-97; dry matter content -
according to GOST 31640-2012 [12].
Accounting for the yield of grasses was
carried out at the onset of the beginning of the
phase of flowering of leguminous plants and
earing of cereals. Determination of the quality
of perennial grasses was carried out using
generally established methods [2, 13],

with
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calculations of the economic and energy
efficiency of agricultural practices were
performed using methods for determining the
agronomic and economic efficiency of
fertilizers in the forage production system [5,
6, 8]. The main indicators of the agronomic
efficiency of the studied methods are the yield
increase [3]. When calculating the economic
and energy efficiency, the costs of seeds,
fertilizers, sowing, harvesting and product
refinement were taken into account. Energy
performance indicators include specific
energy consumption of energy per unit of crop
and energy return (agro-energy coefficient).
Marketable yield was estimated in $§ kg-1 in
current year prices. For an objective
assessment of the studied agricultural
practices, they were compared with the basic
technology used in areas with thin peat-bog
soils, including the following operations:
cutting shrubs and small forests with a brush
cutter,  non-moldboard  plowing  and
harrowing; disking in several tracks; layout;
fertilizer  application;  rolling;  sowing;
mowing. Doses of fertilizer application, data
on the productivity of grasses for the basic
technology are taken as in the option
"cultivated phytocenosis + N60P90K120".

RESULTS AND DISCUSSIONS

The influence of the studied agricultural
practices on the agrochemical characteristics
of the soil are presented in table 1. The
content of phosphorus and potassium
available to plants in the variants with the use
of mineral fertilizers increased on average 2-3
times compared to the variants without
fertilizers. The increase over five years of
research in variants without fertilizers was ~5
mg/kg of mobile phosphorus and ~10 mg/kg
of exchangeable potassium. At the same time,
in the fertilized variants, the increase relative
to the initial content of available phosphorus
and potassium was 50-74 mg/kg and 87-118
mg/kg, respectively. T