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Abstract: The aim of the research is to analyze the impact of the value of the
production of permanent crops (fruit and viticulture sector) on the realized gross
value added (GVA) in agriculture in Serbia and the EU from 2012 to 2022. The
results were obtained by applying a multiple regression model where the dependent
variable is the GVA in agriculture, and the independent variables represent the
production values of the fruit and viticulture sector (in EUR mln). The coefficients of
the model were tested using the t-test, and the model was verified using the F-test at a
significance level of 0.05. The value of the standardized beta coefficient shows that
the fruit-growing sector had a greater influence on the realized GVA of agriculture in
Serbia and the EU (0.532 vs. 0.852), the t-values for Serbia belonged to the critical
area in both sectors, while the t-values for the viticulture sector in the EU did not
belong to the critical area. The F-test values show that the fitted model was
significant at the 0.05 level for both observation areas. An analysis of the presence of
multicollinearity in the independent variables was also conducted, and the results
showed that there was a weak multicollinearity originating from the value of
viticulture production.

Key words: gross domestic product (GDP), gross value added (GVA),
intermediate consumption, agricultural output, permanent crops.

Introduction

The economic categories GDP and GVA are very important because they measure
the economic strength of the state and the economic sector. We have explained the
difference between these economic categories as follows: GVA represents the value
added for the improvement of certain product indicators, while GDP expresses the total
amount of products produced in a country (Sahu and Gartia, 2022).

Agricultural production is a very important activity for Serbia and the Serbian
economy (Uzar and Radojevi¢, 2019; Gruji¢ et al., 2022). It also plays a significant
role in total exports and employment (Nikoli¢ et al., 2017; FAO, 2020a; Volk et al.,
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2019; Gruji¢ et al., 2021). Its specificity is contained in the fact that it achieves a
high gross value added (GVA), which results in a high participation in the GDP
structure. Agricultural production in Serbia generates a high value for agricultural
output, which includes the value of so-called intermediary consumption.
Specifically, the value of agricultural output includes the values of taxes, subsidies,
and intermediary consumption in the total agricultural output (Uzar and Radojevic,
2019; Popescu et al., 2021a). Serbia achieves a constant increase in the value of
agricultural production and GVA, even though agricultural production is
characterized by different levels of regional development. According to Brankov
and Matkovski (2022), agriculture contributes considerably to the development of
GVA, which is higher in Western Balkan countries than in the EU. A group of
authors (Gruji¢ et al., 2022) applied the multiple linear regression method to
determine the impact of different areas of agricultural production on the GVA of
agriculture in Serbia, finding that crop production, especially grain production,
significantly contributes to the creation of the GVA of agriculture. The
aforementioned research also showed the significant participation of the fruit-
growing and viticultural sectors in the creation of GVA agriculture, while Dasi¢ et
al. (2022) believe that fruits and grapes from Serbia are recognizable on the
markets of other countries, achieve a high price and are more competitive
compared to products from other countries.

If we look at the EU level, we conclude that the GVA of agriculture in the EU
records a significant share in the total GDP of the EU (Popescu et al., 2021a; Popescu et
al., 2021b). Furthermore, agricultural production in the EU (as a whole) has a significant
impact on the global agricultural market (Popescu et al., 2021a; Pawlak et al., 2021),
despite the fact that member countries have varying levels of economic growth (Baer-
Nawrocka, 2016). The EU should provide enough food for its population and market, but
also create surpluses for export to the markets of non-EU countries (Megyesiova, 2021).
The production process should also ensure quality-controlled food, which is implemented
under the umbrella of the Common Agricultural Policy (CAP) (FAO, 2020b). The CAP
reforms aim to make agricultural production more market-oriented (Giannakis and
Bruggeman, 2015). In Romania, the participation of GVA of agriculture in the creation
of GDP is weak. In 2022, it was about 4.6% (lonitescu, 2023). Lithuania records a
constant increase in agricultural output and GVA in agriculture (Krisc¢iukaitiené and
Balezentis, 2011).

Agriculture is also an important economic sector in other non-EU countries
of the world. Teshome and Lupi (2018) point out that agriculture in Ethiopia
has great importance for the country’s economy, especially in terms of
employment. In Nigeria, the importance of agriculture is reflected in the
reduction of poverty and the increase in income, as the share of agricultural
GVA in total GDP is steadily increasing. Matthew and Mordecai (2016) have
applied the multiple linear regression method to determine whether per capita
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income in agriculture in Nigeria is more influenced by the value of agricultural
output or public agricultural expenditure and found that both predictors have a
significant impact. About 70% of the population lives in the rural areas of
Bangladesh, where the agricultural sector accounts for 14.23% of GDP (2015),
which shows that agriculture is the main source of income (Dey, 2022).
According to the same source, it was determined that the analyzed predictors
(rice, jute, wheat, potato, and sugarcane), as areas of plant production,
described 97.4% of the total variations of the dependent variable (value added
in agriculture) in the set model. During 2022, the share of GVA in agriculture,
forestry and fisheries (abbreviated as AFF) and rural population in the total
population decreased in Bangladesh (11.2% versus 60%) (FAOSTAT, 2024).
The success of the economy in India is based predominantly on the results
achieved in the agricultural sector. In 2014, women outnumbered men (60:40)
in this sector (Reddy and Dutta, 2018). In this country, the state provides
significant subsidies for agricultural inputs (pesticides, seeds, fertilizers).
Therefore, these authors used multiple regressions to analyze the impact of
certain agricultural inputs on the GVA of agriculture (in %). They have found
that seeds and pesticides have a significant impact, while the influence of
fertilizers has no significant impact on the GVA of agriculture.

Since the study covered a number of the previously specified economic
categories, mathematical equations were used in the following sections to illustrate
them. Uzar and Radojevi¢ (2019) set up the equation as follows (Equation 1):

GDP =PV +T-Sb-1IC (1)

where PV — production value, T — taxes, Sb — subsidies, IC — intermediate

consumption. The initial formula can be further used to calculate other economic
categories relevant to this research (Equations 2 and 3).

GVA =PV +IC 2)

GDP =GVA +T-Sb 3)

We can further use the mathematical equations set in this way to calculate the
value of intermediate consumption, and its form was presented by Albu et al. (2020).
With this formula, we obtain the value of intermediate consumption in a simple way
(Equation 4).

IC =40V - GVA 4
where AOV — agricultural output value.

Equation 4 was used to set up a mathematical form that can be used to easily
calculate the value of final consumption or the so-called direct GVA (Albu et al.,
2020) and is shown in Equation (5).

AOV - IC = direct GVA (final consumption) (5)

The theoretical frameworks of the exhibited components of the national
accounts, articulated by mathematical equations, were examined in the subsequent
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phase of the research, while the results were given in tabular or graphical format.
Their modifications were accompanied by sufficient annotations.

Table 1 shows the average annual rate of change (abbreviated as AARC) of
GDP and GVA (at current prices) in Serbia and the EU from 2012 to 2022. The
values are expressed in percentages.

Table 1. AARC of GDP and GVA in AFF in Serbia and the EU, 2012-2022 (in %).

Territory AARC of GDP AARC of GVA
Serbia 7.1 7.3
EU 34 3.6

Source: Calculation of the authors based on EUROSTAT and SORS databases.

According to the data shown in Table 1, we can see that from 2012 to 2022
Serbia’s average annual GDP increased by 7.1%, and GVA in AFF by 7.3%. In the
territory of the EU, a positive AARC was also recorded for the observed indicators, but
the value was twice as low. The fact that the AARC of GVA in AFF in Serbia is twice
as large can be explained by the fact that in Serbia the agricultural sector is more
important for the development of the economy than in the case of EU countries, as well
as that the agricultural sector is more represented in Serbia compared to the area of the
EU member states.

Table 2 shows the structure of the participation of GVA of AFF in total GDP
according to the observed areas.

Table 2. The share of GVA of AFF activity in GDP in Serbia and the EU, 2012—
2022 (in %).

Variables 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Average’

Share of GVA in

AFFintotal GDPin 7.5 79 7.7 67 68 60 63 60 63 63 65 6.7
Serbia

Percentage of GVA

in AFF intotal GDP 1.7 17 1.7 16 16 17 16 16 16 1.6 1.7 1.6
in the EU

Source: EUROSTAT and SORS. *Note: Calculation of the authors based on EUROSTAT and SORS databases.

When analyzing the participation of GVA in the AFF in total GDP, we notice
that Serbia also recorded almost four times higher average annual participation in
this respect compared to the EU (Table 2). Megyesiova (2021) states that the lower
contribution of GVA in agriculture is characteristic of developed countries, and
vice versa, in less developed countries, the participation of GVA in agriculture is
higher in the total GDP of the country.
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Table 3 provides a comparative overview of the realized values of agricultural
production and GVA in agriculture for 2012 and 2022 for Serbia and the EU. We
observe that in Serbia the value of agricultural production increased on average by
4.9% per year, reaching a 61.3 higher value in 2022 compared to 2012. When we
look at the EU, we see that the AARC agricultural output and the rate of change
recorded lower growth compared to Serbia. More precisely, the calculated AARC
of agricultural output value in the EU showed a growth of 3.3% per year on
average and a positive rate of change of 38.6% in 2022 compared to 2012, and
from 2010 to 2015 (Zsarnoczai and Zéman, 2019) the output value of agriculture in
the EU increased by 8.6%.

Table 3. Agricultural output value and GVA in Serbia and the EU, 2012 and 2022.
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w2
a 369,514.6 5119755 138.6 3.3 152,030.5 215,599.1 141.8 3.6 169,974.639 41.1 42.1

Source: EUROSTAT and SORS. "Note: Calculation of the authors based on EUROSTAT and SORS databases.

If we look at the realized values of GVA in agriculture, we see that Serbia
doubled the realized GVA in 2022 compared to 2012 (+102.2%). Both Serbia and
the EU recorded positive changes in the realized value of GVA in agriculture, and
the increase in this value in 2022 compared to 2012, expressed by the rate of
change, was 41.8%.

As we can see in Table 3 and according to Equations 4 and 5, GVA in
agriculture represents only a part of the total realized agricultural value.
Accordingly, we can say that in the EU, the share of the value of the intermediate
consumption was higher (around 60%) than in Serbia (45-55%). We also
concluded that intermediate consumption in Serbia in 2022 was 29.8% higher than
in 2012, while in the EU it was 36.3% higher.
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Popescu et al. (2021a) analyzed individual EU countries and found that in 2020,
compared to 2011, the largest increase in agricultural output value was recorded in
France (18.3%), Germany (13.8%) and Italy (13%) and the largest GVA growth was
achieved by Latvia (128.38%).

By further analysis of the ratio of realized values of GVA and intermediate
consumption, we found that in Serbia, one euro spent on intermediate consumption
increased from 0.8 euro (2012) to 1.2 euro (2022) of GVA for agriculture. In the
EU, one euro spent on intermediate consumption produced about 0.7 euro of
agricultural GVA and did not change significantly in the period 2012-2022.

After providing an overview of the total values of agricultural production, we
now proceed to show the structure of these values. We know that the overall value
of agricultural output is made up of the realized values of crop and livestock
production, as well as agricultural services, and their respective shares are shown in
Table 4.

Table 4. Share of the value of each agricultural sector in the total value of the production
of agricultural goods and services (average for the period 2012—2022, in %).

Territory Crop production Animal production Agricultural services
Serbia 68.4 29.1 2.5
EU 55.2 39.8 5.0

Source: Calculation of the authors based on EUROSTAT and SORS databases.

As can be seen in Table 4, plant production had a dominant share in
generating the value of total agricultural production, both in Serbia and in the EU.
However, agricultural production involvement was greater in Serbia than in the
EU, although animal production participation was higher in the EU.

Since we have found that the value of plant production dominates the total
value of agricultural production, we have decided to investigate the structure of the
value of plant production by area and type of production (Figure 1).

 Cereals =Forage plants
L Vegetables and horticultural products APotato
1" Fruit growing ®Viticulture
@ Olive oil 4 Other crop products

Figure 1. Structure of the value of vegetables and horticultural products in
Serbia and the EU (average for the period 2012-2022, in %).
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Figure 1 shows that the value of grain production had the largest average share
in the realized value of plant production in Serbia (40%). In second place was the
value of the production of the fruit sector (with 18.4%), followed by industrial and
fodder plants, and the value of the production of the viticulture sector (with a 9.2%
share) was in the fifth place.

In the EU, products from the group of vegetables and horticultural products
accounted on average for the largest share of the value of plant production (24.7%),
followed by grain, then by the fruit sector with 12.4%, and the value of the
production of fodder plants, and in the fifth place was the value of the production
of the viticulture sector (10.6%).

If we were to add up the share of the production value of the fruit and viticulture
sector, which is the share of the value of the production of permanent plantations in
the total value of agricultural production, we would arrive at a sum of 27.6% for
Serbia and 23% for the EU. In other words, in Serbia and the EU, a quarter of the
total realized value of agricultural production came from permanent plantings.

Table 5 presents three influential areas of crop production with their average
values from 2012 to 2022, the rate of change (2022/2012) and the AARC for the
period 2012-2022 in Serbia and the EU. The following areas were singled out:
arable, fruit-growing and viticultural production. In our case, the value of crop
production consisted of the value of the production of grain, industrial and fodder
plants, vegetables and potatoes.

As seen in Table 5, agricultural production had the greatest average value of
production in Serbia and the EU. The rates of change in the value of production
reveal that permanent plants developed faster year after year. In Serbia, the
increase in the production value of the viticulture sector by 216.4% and the fruit
sector by 128.9% in 2022 compared to 2012 stood out. In the EU, the fruit sector
recorded a growth rate of 46.7%, while the viticulture sector achieved a growth rate
of 45.1%.

Table 5. Average value, rate of change and AARC for three areas of crop production in
Serbia and the EU (2012-2022).

Serbia

Average, in EUR mIn  Rate of change (2022/2012), in % AARC, in %
Crop farming 2,738.4 153.4 4.4
Fruit growing 663.9 228.9 8.6
Viticulture 334.4 316.4 12.2

EU

Average, in EUR mln  Rate of change (2022/2012), in % AARC, in %
Crop farming 161,705.5 140.9 3.5
Fruit growing 27,123.5 146.7 3.9
Viticulture 22,983.6 145.1 3.8

Source: Calculation of the authors.
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Looking at the AARC, it can be seen that the value of agricultural production
grew the slowest in both Serbia and the EU. Table 5 also shows that the value of
Serbian fruit-growing sector production increased at an average yearly rate of 8.6%
(4.4% in agriculture) and 12.2% in viticulture. In the EU area, there were no
significant fluctuations in the AARC of certain crop production sectors (3.9% in
fruit production and 3.8% in viticulture production).

Previous research has revealed that grain production accounts for a
considerable portion of the total agricultural output value, but does not have a
significant AARC, as is the case in the fruit and viticulture sectors. As a result,
permanent plantations play a significant role in our research.

Material and Methods

The structure of the participation of each sector in the formation of the overall
value of agricultural production revealed a considerable engagement in plant
agricultural output, with permanent plantings also noted. Although agricultural
production showed high average values, it cannot be said that it recorded high rates
of change and AARC. Therefore, the research is focused on the analysis of the
impact of production values originating from permanent plantings on the GVA of
agriculture in Serbia and the EU in the period 2012-2022. The results were
obtained using the multiple linear regression method. Permanent plantations
included the sectors of fruit growing (i.e., the value of the fruit produced) and
viticulture (i.e., the value of the wine produced).

At the beginning of the study, the results of the descriptive statistics of the
value structure of plant production in Serbia and the EU were presented
(coefficients of correlation and determination, standard error of regression, AARC,
structures of indicators, etc.). The Durbin-Watson test (d-fest) was used to
determine the possible presence of autocorrelation between the variables in the set
regression model (Akter, 2014). The results of this test lead to the conclusion that
the predictors are significant for the set regression model.

The values of the coefficients of the d-test range from 0 to 4. If the obtained
value is in the interval from 0 to 2, we consider that there is a positive first-order
autocorrelation; if it is from 2 to 4, then we conclude that there is a negative first-
order autocorrelation between the variables, but if the value of this coefficient is 2
then we state that there is no autocorrelation between the variables. It is best when
the d-test coefficient values are in the interval from 1.50 to 2.50 (Investopedia,
2024). The Durbin-Watson test (Chen, 2016) is calculated according to the
following formula in Equation (6)

Y (Bi—8i_1)?

R ©)

where n — sample size, i — number of elements (i = 1, 2, ..., n), & — prediction error.

d=
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This was followed by an analysis of the impact of the realized value of fruit
and viticulture production on the GVA of agriculture in Serbia and the EU in order
to see which group of permanent plantations contributed more and had a greater
influence on the realized value of the GVA of agriculture. In order to examine the
influence of the independent variables on the dependent variable, the authors used
a multiple linear regression model, and the SPSS software package was used for
the analysis. The fitted multiple regression model is shown in Equations (7) and
(8). The meaning of the individual variables can be found in Table 6.

ﬁlLl + Ble +BO = Cl (7)
:31L2 + ﬁZNZ +:30 = CZ (8)

Table 6. Explanation of the variables.

Variables Description Unit of measure Source Type of variable
c GVA in agriculture in  Current prices, in SORS, Statistical Dependent
1 Serbia RSD* min yearbook P
. . . Production value at
C, GVA in agriculture in producer price, in EUROSTAT Dependent
the EU
EUR min
The prgducthn value of Producer prices of th: SORS, Statistical
Ly the fruit-growing sector current year, in RSD carbook Independent
in Serbia mln y
The production value of Production value at
L, the fruit-growing sector producer price, in EUROSTAT Independent
in the EU EUR min
P.rc.)ductlon value pf the Producer prices of the SORS, Statistical
Ny viticulture sector in current year, in carbook Independent
Serbia RSD* mln Y
Production value of the Production value at
N, viticulture sector in the producer price, in EUROSTAT Independent
EU EUR min
B1, B2, and Model cocfficients ) SPSS program Regression
Bo report parameters

Source: Author’s view. * Given that the data for Serbia were expressed in local currency (RSD), it
was necessary to convert them into EUR to ensure data comparability. Converting values from RSD
to EUR was carried out using the average annual exchange rate available on the website of the
National Bank of Serbia (abbreviated as NBS). The average annual mean exchange rate of RSD
against foreign currencies represents the arithmetic mean of the mean exchange rates calculated
during working days.

The research included the testing of B coefficients using the t-test and the set
model using the F-test. The defined null and alternative hypotheses are presented in
tabular form (Table 7).
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Table 7. Hypotheses of the research.

Testing of the p coefficients — t-test
The null hypothesis Hy: coefficient §;=0 means that  An alternative hypothesis Ha: coefficient 5;#0

the observed coefficient is not statistically means that the observed coefficient is statistically
significant. significant.
Testing of the established model — F-test
The null hypothesis Ho: The model is not An alternative hypothesis Ha: The model is
statistically significant at the 0.05 significance statistically significant at the 0.05 significance
level. level.

Source: Author’s view.

First, a matrix form of the centralized data values was formed by Equation (9).

Y* = X*Bre* )

where Y* — vector of the dependent variable (GVA in Serbia and the EU), X —

matrix of independent variables (realized value of production of the fruit-growing

and viticulture sector in Serbia and the EU), § — the vector of coefficients, & — error

of the model. The estimation of the unknown coefficients §; was performed, where

i takes the values 1 and 2 (Equation 10), as well as the rating of the coefficient 5,
(Equation 11).

,8* — (X*'X*)—lx*'y* (10)

by =Yy — b1X1p — =+ — by Xy (11)

where Y,,, X1, ..., Xk, are the arithmetic means of the corresponding data.

The indicators of the possible presence of multicollinearity in the observed
variables were also analyzed in the research. The verification of the appearance of
multicollinearity was carried out by evaluating the values obtained for the tolerance
level, the VIF coefficient and the Eigenvalues. Mathematical formulas for their
calculation were presented by Adeboye et al. (2014).

According to the set regression model, the downloaded report from the SPSS
program showed the predictive values of the indicators of descriptive statistics,
including the limits at which the values should move.

In addition to the above-mentioned methods of descriptive statistics and
multiple linear regression, the methods of induction and deduction were used
during the research when drawing appropriate conclusions. The methods of
analysis and synthesis were also used in the interpretation of statistical data. All
results, whether presented tabularly or graphically, are accompanied by appropriate
comments by the author.

The research is based on the analysis of literature that includes the results of
previous studies on the same or a similar topic by domestic and foreign authors.

The statistical analysis of the secondary data was carried out using the SPSS
software package.
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Results and Discussion

Since the research results reported in the introductory section have
demonstrated that crop production dominates the value structure of overall
agricultural output, the research will be continued using inputs from this type of
production in Serbia and the EU. To support this, Table 8 presents the basic results
of the descriptive data for various crop producing areas.

Table 8. Descriptive statistics of plant production in Serbia and the EU from 2012
to 2022 (in EUR mln).

Serbia
Vegetables
Industrial Forage and Fruit .. Olive Other
Cereals . Potato . Viticulture . crop
crops  plants horticultural growing oil
products
products
Average 1,431.6 5370 3753 270.9 123.6  663.9 3344 0.0 4.6
Min 937.6 4017 1454 220.7 96.3 476.7 167.3 0.0 39
Max 1,921.1 7573 19147 329.6 207.1  1,0914 5293 0.0 52

Std. dev. 290.8 1172 5135 34.7 335 192.7 108.6 0.0 0.3
Cv,in% 20.3 21.8 136.8 12.8 27.1 29.0 325 0.0 7.5

EU
Vegetables
Industrial Forage and Fruit .. Olive Other
Cereals . Potato . Viticulture . crop
crops  plants horticultural growing oil
products
products
Average  51,374.2 20,725.0 24,001.5 53,933.9 11,670.9 27,123.5 22,983.6 4,964.1 2,181.4
Min 40,077.6 17,801.8 22,157.0 46,7359 9,022.5 21,892.0 18,484.4 3,255.7 1,894.4
Max 80,187.5 30,685.3 26,189.5 65,747.3 15,390.0 32,117.5 27,392.1 6,699.0 2,563.1
Std. dev.  11,505.7 3,766.0 1,2684  6,093.0 2,042.2 3,306.1 2,443.6 1,006.3 224.1
Cv,in% 224 18.2 53 11.3 17.5 122 10.6 20.3 10.3

Source: Calculation of the authors.

Table 8 shows that Serbia had the largest percentage deviation from the
average value in the production of fodder plants, which reached 136.8%. There
were no major fluctuations in the other crops. As for the EU, there were no
significant deviations from the arithmetic mean and the values were around the
average values.

Table 9 shows the statistical indicators of the set regression model for Serbia
and the EU. More precisely, the variability of the assumed model of the dependent
variable Y from the independent variable X is presented.
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Table 9. Statistical indicators of the set model.

Durbin-

Model R R square Adjusted R Std. error of Watson Type Of. Sig. F change
square the estimate (d-test) autocorrelation
Serbia 950 .902 .877 182.1481 2.622 Negative .000
EU .840 706 .632 11,397.4244 1.970 Positive .007

Source: Calculation of the authors. Output from the SPSS program.

The correlation coefficient shows us that there was a strong positive relationship
between the predictors, which was greater in Serbia. The coefficient of determination
shows that 90.2% of variations in the GVA of Serbian agriculture can be explained by
the influence of the fruit and viticulture sector, and 70.6% of the variations in the EU.
The corrected coefficient of determination shows that 87.7% for Serbia, or 63.2% of
the variability of agricultural VAT for the EU, depended on the value of production
created by the fruit and viticulture sector. With these results, we have shown that
permanent plantings occupy a significant place in the GVA structure of agriculture in
Serbia and the EU because they describe more than half of the changes under whose
influence the GVA structure changes. The values of the d-test were in the optimal
intervals. Finally, we can conclude that the set model was significant (sig. value),
whereby the significance for Serbia was higher than for the EU.

According to the report of the SPSS program, we obtained the scores of the
coefficients By, f2, and o, as well as indicators of the possible presence of
multicollinearity between the predictors (Table 10).

Table 10. Results of the estimated regression model.

Unstanda'rdized Standar.dized Collinearity statistics
Model coefficients coefficients t Sig.
B Std. error Beta Tolerance  VIF
(constant) 940.211 208.343 4.513  .002
Serbia Fruit growing 1.437 .495 532 2.902 .020 .364 2.746
Viticulture 2.250 .879 469 2.560 .034 .364 2.746
(constant) 41,382.844 34554.679 1.198 .265
EU  Fruit growing 4.847 1.685 .852 2.876 .021 419 2.389
Viticulture -.125 2.280 -.016 -.055 958 419 2.389

Source: Calculation of the authors. Output from the SPSS program.

According to the results shown in Table 10, the set regression model was
given a new form, which is shown in Equations 12 and 13.

1437 %L, + 2.250 * N, + 940.211 = C, (12)
4.847 x L, — 0.125 % N, + 41,382.844 = C, (13)
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Table 10 shows that, in Serbia and the EU, the fruit-growing sector had a
greater influence on the realized GVA of agriculture than the viticulture sector.
This conclusion was drawn based on the observed higher value of the standardized
beta coefficient in the fruit-growing sector than in the viticulture sector. The
obtained results for the unstandardized beta coefficients, depending on the area of
observation, can be interpreted as follows: “If the value of fruit production
increases by EUR 1 mln, then the GVA value of agriculture in Serbia increases by
EUR 1,437 mln, and in the EU by EUR 4,847 mIn”. Therefore, if we were to
increase the GVA value of agriculture, then the production value of the fruit-
growing sector would also have to increase.

Furthermore, the null hypothesis Ho was tested, coefficient §; = 0 (the observed
coefficient was not statistically significant), against the alternative hypothesis Hi,
coefficient §; # 0 (coefficient was statistically significant), with the index i assuming
the values 1 and 2. Testing was performed using the t-test, and the realized values of
the test statistic for the regression coefficients are given in Table 11. The t-statistic was
distributed according to the Student’s-distribution, provided that the null hypothesis
was true, with 8 degrees of freedom, and its theoretical value amounted to
t(0.05;8) = 2,306.

If we look at the level of Serbia, we find that the values of the coefficients 1
and 5, belonged to the critical area, therefore we accept the corresponding
alternative hypotheses for the observed coefficients. (g, = 2.902 and tg, = 2.560)
at a significance level of 0.05 (Table 11).

Table 11. Realized test statistic values for the regression coefficients in the set
regression model for Serbia and the EU.

Serbia
Coefficients Estimate t-value )4
(Intercept) 940.211 4.513 0.002
B1 1.437 2.902 0.020
B2 2.250 2.560 0.034
EU
(Intercept) 41382.844 1.198 0.265
B1 4.847 2.876 0.021
B -0.125 -0.055 0.958

Source: Calculation of the authors. Output from the SPSS program.

If we look at the EU level, we can see that the realized t-value for the
coefficient ;1 p belonged to the critical area. Thus, we accept the appropriate
alternative hypothesis for the observed coefficient (tg, = 2.876) at a significance

level of 0.05. Therefore, the t-value for the coefficient 5, was not in the critical
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area, was not significant at the 0.05 significance level, because tg, = —0.055 and
we accept a null hypothesis.

Using the F-test, the entire model was tested (Ho: the model was not
statistically significant; Hi: the model was statistically significant), and the
obtained results show that the model was statistically significant, at a significance
level of 0.05, which can be seen in Table 12.

Table 12. The F-statistic values at the significance level of 0.05.

Territory F F (0.05,2,8) )4
Serbia 36.813 4.459 0.000
EU 9.600 4.459 0.007

Source: Calculation of the author. Output from the SPSS program.

According to the results shown in Table 12, we can conclude that the
regression model set for the level of Serbia was more significant than that for the
EU, because p =0.000 <p = 0.007.

The rest of the paper analyzes the indicators of the possible presence of
multicollinearity in the variables. The basis for the conclusions is presented in Tables
10 and 13.

Table 13. Results of the multicollinearity check of the variables.

Serbia
Variance of proportions
Model Dimension Eigenvalue Condition index (constant) Fru'it Viticulture
growing
1 2.935 1.000 .01 .00 .00
1 2 .049 7.726 .93 .05 17
3 .016 13.675 .07 95 .83
EU
Model Dimension Eigenvalue Condition index Variance of proportions
(constant) Fm.lt Viticulture
growing
1 2.990 1.000 .00 .00 .00
1 2 .007 20.526 .89 24 .04
3 .003 33.442 A1 .76 .96

Source: Calculation of the author. Output from the SPSS program.

The values in the Tolerance column (0.364 for Serbia and 0.419 for the EU)
and VIF (2.746 for Serbia and 2.389 for the EU) shown in Table 10 indicate a weak
presence of multicollinearity. The set regression model was valid, so we conclude
that fruit and wine production were only weakly collinear. In Table 13, the
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Eigenvalues show the degree of closeness between the variables. When the
Eigenvalues are close to zero, then the condition index achieves a very high value.
For example, a high value of the S, coefficient, which represents the viticulture
sector, influenced the presence of multicollinearity in the set model (13.675 for
Serbia and 33.442 for the EU).

Finally, the results of the SPSS program provided the potential predictive
values of the observed variables, primarily the parameters of descriptive statistics.
The results are tabulated in Table 14.

Table 14. Prediction values of the set model.

Serbia
Minimum Maximum Mean Std. deviation
Predicted value 2,001.789 3,699.854 2,646.927 494.2450
EU
Minimum Maximum Mean Std. deviation
Predicted value 145,180.531 193,701.109 169,974.639 15,792.4216

Source: Calculation of the authors. Output from the SPSS program.

Based on the given data for Serbia, the statistical program SPSS showed the
expected predicted mean value of GVA of EUR 2,646,927 miln, which was EUR
0.011 mln higher than the mean value of the analyzed period.

When it comes to the EU, the expected mean value of GVA would be
unchanged at EUR 169,974 mln compared to the average of the observed period.

Conclusion

According to the findings, Serbia had a higher average yearly proportion of
GVA in agriculture in total GDP (6.7%) than the EU (1.6%) for the study period
(2012-2022), whereas the EU had a higher share of intermediate consumption.

In Serbia and in the EU, plant production contributed significantly more than
livestock production to the creation of GVA for agriculture. Within crop production, the
value of production under permanent plantings stood out, principally due to greater
AARC:S than for cereal production and crop farming.

The d-test values show that there was an autocorrelation between the
predictors. Using the multiple regression method, the authors found that GVA in
agriculture in Serbia and in the EU had a greater influence on the production value
of the fruit-growing sector (sig. = 0.020 and sig. = 0.021, respectively), and the set
model was statistically significant at the significance level of 0.05. The test of the
analyzed predictors shows that they were significant for Serbia, while for the EU

the value of viticulture production did not fall within the critical area (tg, =
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—0.055). In the set model, a weak multicollinearity between the fruit-growing and
viticulture sectors was observed, and the multicollinearity originated from the
viticulture sector.

The results of this research reveal that permanent crops, which have a greater
AARC output value than grain, have contributed considerably to the development
of GV A in agriculture in Serbia and the EU between 2012 and 2022.
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VREDNOST STALNIH ZASADA U BRUTO DODATOJ VREDNOSTI
POLJOPRIVREDE

Biljana Lj. Gruji¢ Vudkovski®, Ksenija R. Vukiéevi¢ i
Dragana D. Stevanovi¢

Istrazivacko-razvojni institut Tami$, Panc¢evo, Srbija
Rezime

Cilj istrazivanja je analiza uticaja vrednosti proizvodnje stalnih zasada
(vocarskog i vinogradarskog sektora) na ostvarenu bruto dodatu vrednost (skr.
BDV) u poljoprivredi Srbije i EU od 2012. do 2022. Rezultati su dobijeni
primenom modela visestruke regresije gde je zavisna promenljiva BDV u
poljoprivredi, a nezavisne promenljive predstavljaju vrednosti proizvodnje
vocarskog i vinogradarskog sektora (u mil. EUR). Pomoc¢u t-testa testirani su
koeficijenti modela, a primenom F-testa izvrSena je provera postavljenog modela
na nivou znacajnosti od 0,05. Vrednost standardizovanog beta koeficijenta
pokazala je da veci uticaj na ostvarenu BDV poljoprivrede u Srbiji i EU ima sektor
vocarstva (0,532 prema 0,852), t-vrednosti za Srbiju pripadaju kriticnoj oblasti u
oba sektora, dok u EU t-vrednosti za vinogradarski sektor ne pripadaju kriticnoj
oblasti. Vrednosti F-testa pokazale su da je postavljeni model znacajan na nivou
znacajnosti od 0,05 za oba podrucja posmatranja. Sprovedena je i analiza na
prisustvo multikolinearnosti kod nezavisnih varijabli, a rezultati su pokazali da
postoji slaba multikolinearnost koja potice od vrednosti vinogradarske proizvodnje.

Kljucne reci: bruto domaci proizvod (BDP), bruto dodata vrednost (BDV),
medupotrosnja, proizvodnja poljoprivrednih dobara i usluga, stalni zasadi.
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