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Abstract: The functioning and development of each economic entity requires the implementation of
investments. In the case of farms in Poland, which are characterised by structural problems and a lack
of capital, it is essential to undertake investment activities of a modern nature. The main objective
of this research was to assess agricultural investments made in farms, considering the example of
the Wielkopolska Voivodship in Poland, from the point of view of their impacts on changes in the
economic efficiency of production factors. The data source was unpublished individual data from
the agricultural accounting “Polish FADN” results for all farms in the Wielkopolska Voivodship
who had continuously participated in the data collection system from 2009 to 2021. The project’s
complexity was determined by measuring the scale of investments, relating the sum of investment
expenditures to the average annual value of fixed assets (reduced by land value). Farmers endowed
with a greater asset base had the ability to invest more comprehensively (i.e., in their most desirable
scale regarding the value of possessed fixed assets) in a manner primarily concerning the value of
fixed assets, especially the agricultural area, as a primary agricultural production factor. In terms
of the effects of differentiating the scale of investment outlays (which was the aim of the study), a
better initial state allowed farms to increase their area significantly, with an average annual rate of
change of 3%. On the other hand, a lack of investment led to the decapitalisation of assets (—6.7% per
year), which also concerned land sales (—1.5% per year). These research results indicate that not only
does the undertaking of investments, in general, impact the development possibilities of farms—and,
therefore, improvements in the resource situation of farms—but also the scale of investment (with
respect to the value of possessed fixed assets).

Keywords: farms in Poland; investments in farms; farm development; production factors; FADN;
Wielkopolska Voivodeship

1. Introduction

An essential element affecting the activity of every enterprise is investment. Im-
plementing investments in agricultural holdings is a critical activity that increases their
competitiveness and development opportunities [1]. Investments in agriculture are crucial
for improving the competitiveness, resilience, and sustainable development of agricultural
holdings [2]. The fixed capital (machinery, equipment, tools, buildings, and land) repro-
duced and increased in this way creates production potential and, therefore, maximises the
production capacity of an entity. This is a necessary condition for increasing production
and improving efficiency and, in the long term, promotes its development. If we assume
the maximisation of the producer function—that is, the increase in income—as a measure
of development, then the necessary condition is to improve the efficiency of the use of
production factors, particularly labour.

The scale and structure of investment are primarily derived from the initial situation,
in terms of the entity’s held fixed assets, financial capital, human resources, the availability
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of technology, investment risk [3], forecasts of changes in demand for manufactured
products, the ratio of the prices of production means to the prices of finished products, and
the stability of the institutional environment, mainly including agricultural policy [4,5],
changes in regulations and legal norms, and social expectations [6-8].

In Poland, after the period of the functioning of the centrally planned economy,
the introduction of the principles of the market economy in 1989 caused a collapse in
agriculture, which was reflected in a drastic decrease in its investment expenditure [9].
Farms in central and eastern Europe were burdened with limitations inherited from the
institutional limitations of the previous system [10]. The low level of investment, especially
in transforming economies (e.g., ECC), is most often explained in the literature as due to
the imperfect nature of the capital market and risk aversion [11].

Numerous studies have proven that investments in farms improve their economic
situation [12]. While there have been several studies on the factors affecting the creation of
investments and their effects [10,13-16], there is a research gap relating to the importance
of the complexity of investments made and their effectiveness. The validity of researching
investments in agriculture based on the microeconomic data of farms has been confirmed
by Petrick [14]. Detailed research on farm investments is justified, mainly due to the large
share of public funds from the CAP in their creation, which is why it is essential from a
social point of view [17]. Studying the investment behaviours of agricultural producers
is particularly important for them, as well as for agricultural policymakers and other
agricultural sector stakeholders who influence their long-term condition and sustainable
development [18].

Therefore, this study aims to determine the effects of differentiating the scale of in-
vestment outlays in Polish farms on the efficiency of using production factors. This is not
only an analysis of the selected economic phenomenon, but also of the fundamental issue
of structural changes in agriculture, including the application of agricultural policy mech-
anisms in forecasting and creating changes. The study takes the Wielkopolska province
as an example; this choice of area for analysis was not accidental, as it concerns a region
that—both historically [19,20] and presently [21-25]—is characterised as the best agricul-
tural region in Poland. For the purpose of this study, assessing the impacts of investments
on changes in the efficiency of using production factors was crucial. An essential element
of the study is that it was conducted at the microeconomic level, considering the individual
data of economic entities. In contrast to aggregate data, this allowed for the separation of
groups of farms according to their authorial division in the context of the research problem:
the scale of investment outlays.

The remainder of this paper is organised as follows: Section 2 describes the unique
FADN source data and the research methods employed. Section 3 presents and discusses the
key findings. Section 4 presents the summary, conclusions, relevant political implications,
and guidelines for further research.

2. Literature Review

Agricultural production is a function of various inputs, including the level of capi-
tal, which depends on previous investment decisions [26,27]. Investment decisions affect
current and future agricultural production [27]. Investments allow farmers to adapt to
external conditions, including price fluctuations, political reforms, climate change, and
environmental and animal welfare regulations. Hence, it is crucial to understand how
farmers make investment decisions [2] and their effects. The ability of the agricultural
sector to maintain an appropriate level of farm investment is crucial for the achievement
of long-term goals, primarily by ensuring food security while reducing its environmental
footprint [28]. Furthermore, taking the EU’s climate and environmental policy into account,
it will be increasingly important to implement investments in agriculture based on techni-
cal criteria that make a significant contribution to mitigating climate and environmental
change [29].
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In the agricultural economics literature, there are divergent views on the factors
influencing investment decisions and the effects of their implementation [2], indicating
a need for further research in this area. Serrasqueiro et al. [30] indicated that various
factors determine investments in economic entities; moreover, these factors affect entities
differently depending on how long they have been operating in the market. Investments in
agricultural holdings are influenced by their financial situation [13], and income obtained
outside farms is essential to farm investments, especially for family farms.

Bojnec and Ferto [1] showed that, on farms, income obtained outside farms is often
not necessary for creating investment processes. In turn, the results obtained by Key [31]
indicated that higher non-farm income leads to increased liabilities, investments in physical
capital, and the more efficient use of capital outlays and labour resources on the farm and,
consequently, to increased production, farm income, and productivity. The increase in
investment opportunities due to an increase in non-farm income has also been confirmed
by Briggeman [32]. Higher income obtained outside farms can increase farmers’ access to
capital, thanks to the financial resources at their disposal and the increase in their credit-
worthiness [31]. Income from non-farm sources can also be used for investments in more
advanced technologies, which increase the technical efficiency of farms [33]. Employment
and earning income outside farms may also affect investments in tangible fixed assets, de-
pending on access to agricultural services [34]. In turn, the research by Su et al. [35] showed,
using the example of Chinese farms, that employment outside farms hurts investments and,
consequently, the value of fixed assets on farms. This may indicate a gradual abandonment
of agricultural activities and the phasing out of agricultural production on some farms.

A significant limitation in implementing productivity-enhancing investments in family
farms is the limited possibility of external financing [36]. In agriculture, investing in physi-
cal assets requires significant financial and land resources, which often constitute security
for external sources of financing. This significantly reduces the investment possibilities
of smaller farms [18]. In turn, larger farms have more extensive resources and tend to
over-invest to manage risk [37].

Capital market imperfections mean that financial constraints play a vital role in the
investment behaviour of small- and medium-sized economic entities [38,39]. Shute’s [40]
research also showed that farmers consider barriers to obtaining capital as the greatest
obstacle to establishing and developing agricultural activities. Studies of Polish farms
conducted by Petrick [14] have also indicated that access to credit plays a statistically
significant role in shaping the investment behaviour of agricultural producers. These
studies also showed that the volume of investment is negatively correlated with the size of
the farm. In turn, the studies by Hertz [41], who analysed Bulgarian farms, showed that
credit availability did not limit investments. Many of these farms took out large credits and
loans for consumption purposes, which meant that financing investments was possible;
however, the farmers did not want to use external funds.

Financial liquidity can also affect the level of investment in farms [42]. When examin-
ing Irish farms, O'Toole et al. [43] reported a significant positive relationship between an
entity’s internal financial capabilities and its investment level. They also proved that, while
the relationship is more minor in large- than in medium-sized farms, the type of farming is
not significant. In turn, Jensen’s theory of free cash flows states that if an entity has a large
amount of free cash, it may over-invest in physical capital [44]. In the case of liquidity, land
ownership is also essential; as research shows [45], investments are positively correlated
with the level of liquidity in the case of farms with leased land while for entities with their
land resources this variable is not significant.

The absolute level of debt and its relation to the value of assets may also influence
investment decisions [18]. In the case of a high level of debt, investment decisions depend
on the cash flow capacity of the farm. On one hand, a high level of debt may reduce
investments due to the difficulty of access to credit and loans; conversely, it may indicate
low risk aversion and, consequently, increased investments [46]. The investment model
for farms developed by Benjamin and Phimister [47], among others, indicates that the
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investment behaviour of farms with significant debt differs significantly from that of other
farms. The research by Weersink and Tauer [48] and the model they developed indicated
significant delays between the need for investment and incurring actual investment expen-
ditures, which may indicate the often time-consuming acquisition of external funds. Some
investments in innovative technologies are realised with an unavoidable delay, as indicated
by the current value of investments [49]. Ensuring the attractiveness of investments in
the agricultural sector is becoming more and more important under the conditions of the
limited financial resources of farms [50]. One of the key elements influencing the attrac-
tiveness of investments in agriculture is interactive marketing, which can largely influence
investment decisions on farms [51].

Bojnec and Ferto [1], examining Slovenian farms, also rejected the hypothesis that
farms with higher technical efficiency invest more than less efficient farms, which could be
allowed by an efficiency advantage. This may, however, result from the order of actions
taken; those implemented earlier may impact higher efficiency in subsequent years. On the
other hand, after implementing significant investments, farms will not always undertake
further ones, even if only due to financial constraints and the need to repay liabilities
incurred for investments. This was also confirmed by the results of the research conducted
by Bojnec and Ferto [1], who showed that the level of debt significantly impacted the size
of investments.

Active actions ensuring the high profitability of a business are also a factor ensuring
increased investments in agriculture [50]. In this way, it will be possible to develop not only
a given farm but also the region and the entire industry [50]. Investment decisions may also
affect production and income which, due to the existence of an investment multiplier, may
result in a decrease in the value of investment that may result in a several-fold decrease in
production or income [52]. Therefore, the development of agriculture requires the creation
of mechanisms through agricultural policy that will enable optimal conditions for financing
investments. This includes pro-investment support that improves the economic results of
farms [53-55] and preferential interest rates on loans [1].

Therefore, farm investments are significant, especially in central and eastern European
countries, for which the impulse for their growth was their accession to the EU in 2004 [1].
Especially in Poland, the hope for reversing the unfavourable trend was accession to the
European Union and the inclusion of agriculture in the standard agricultural policy. Studies
of Polish farms by Latruffe [56] have shown that, at the time of accession to the EU, some
farms were forced to finance investments exclusively from internal sources as the costs of
debt servicing were too high, where this situation concerned both small and large farms.
The lack of agricultural investment in central and eastern European countries may cause
difficulties in catching up with western European countries and ensuring appropriate
sustainable development in rural areas [1]. Investments in rural areas that influence the
level of development of technical infrastructure allow for the optimal use of available
resources and, thus, not only economic progress but also the sustainable development of
these areas [57]. Investments in these areas improve the gross value added and encourage
the use of available resources which, in turn, makes rural areas more sustainable.

Despite pre-accession concerns, many farms have effectively used the opportunity
provided by participation in the single European market and the possibility of using EU aid
funds. This has been particularly visible in the Wielkopolska province [15,58-61]. Although
a farm’s funds are the primary source of investment financing [62], an important role is
played by funds provided for agriculture from standard agricultural policies. The rela-
tionship between agricultural policy and the level of investment is particularly noticeable
in central and eastern European countries [63]. Considering the investment needs, it is
not without reason that support for farm investments occupies a significant position in
the funds of the second pillar in Poland. Studies show that direct payments also form an
essential component of the financial assembly for co-financing and pre-financing [64-68].
The general trend did not apply to all farms, and the universal desire of producers to
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optimise production factors in order to maximise the economic effect does not mean that
there are identical investment behaviours [12].

3. Materials and Methods

To assess the impact of investments on the productivity of production factors in
agriculture, the relationship between the improvement of labour productivity and the
technical equipment of labour was used [12]. As investments concern fixed assets, the
value of fixed capital was assumed as the equipment of labour (i.e., by the FADN definition,
farm buildings, machines and equipment, plantings, and animals of the primary herd,
reduced by land value (The omission of land results from its specificity as a production
factor and, in the context of investment, from the specificity of the land market, especially
in the analysed Wielkopolska province. In this region, there is a “land hunger”; that is, the
supply is very limited and only a few entities have the opportunity to invest by increasing
the area. In addition, the assessment of investments in other assets apart from land can be
a measure of capital-intensive intensification of production, understood as an increase in
capital outlays on the area of agricultural land. The justification also includes the fact that
the measurement of the profitability of production factors concerns the profitability of land
separately; therefore, its re-inclusion in the total value of fixed assets would be a kind of
duplication in the analysis)).

The average rate of change (ARoC) index expresses annual changes in the parameters
studied. This index is used to determine the rate of change in the value of a feature based
on all terms of the time series, calculated as follows [69]:

—3m+ \/9m2 +24m(n — 1) (%12?:1 Ye — ”)
2m(n —1)

ARoC = 100%

where

Y1, Y2, - .., yi are the values of the variable in subsequent periods (years);

n is the number of periods (years);

m=n(n+1).

These calculations were based on unique research material and unpublished unit data
on the results of agricultural accounting, “Polish FADN”, for all farms (except TF2) in the
Greater Poland Voivodeship who had continuously participated in the FADN system from
2009 to 2021. There were 359 such farms. Due to the purpose of this work (i.e., determining
the consequences of various scales of investment), three groups of farms were distinguished,
depending on the complexity of the investment projects carried out. The comprehensive-
ness measure (KI) was the ratio of the sum of gross investment expenditures (SE516) to
the average annual value of fixed assets (5E441), less than the value of land (SE446) on
farms. The surveyed farms were divided into three groups (non-investing means that
there was a decrease (decapitalization) in assets as, according to the FADN definition, gross
investments are the value of purchased and manufactured fixed assets reduced by the value
of fixed assets sold and transferred free of charge in the accounting year + the difference
in the value of the basic herd):

t2021
2,2009 SE516;¢
¥(SE441 —SE446)
t2021
22! SE516;
%(SE441 —SE446)

¥202L SEs516

i : : 2009 _
non-investing, if (SEA4T —SE446) <0, N=45

comprehensive, if > 50%, N =97

KI = non-comprehensive, if >0 < 50%, N =217

As the distribution of variables did not meet the assumptions concerning the use of
parametric tests (normal distribution and homogeneity of variance), the non-parametric
Kruskal-Wallis test was used to demonstrate statistically significant differences in capital
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and land resources between the initial and final periods of analysis. The only assumption
necessary to apply this test was the randomness and independence of the samples taken
from the population, guaranteed by the methodology of selecting farms for research in
FADN accounting. The test was performed based on the null hypothesis of the equality of all
groupmeans i (1,2, ...,i), HO: pl = p2 = u3 =. .. = pi, against the alternative hypothesis, H1,
that at least two group means differ from each other. Therefore, the alternative hypothesis
states at least two populations exist where the compared means differ [70]. The Kruskal-
Wallis test statistic has the following form [71]:

12 (&R
H:”(”+1)<Z]> —3(n+1),

=1 1
where

Tl=1’11+1’12+...+1’lj,

(m, ... Nj) is the number of subsequent attempts,

R; is the sum of ranks within the sample j.

For samples of no less than five observations (as is the case in this study, with a sample
size of 359), the distribution of the H test statistic is well approximated by the chi-square
distribution with k — 1 degrees of freedom. Hence, the calculated value of the H test
was compared with the critical value of the distribution for the assumed significance level
o = 0.05 and for k — 1 degrees of freedom, and we made one of two possible decisions:

- IfH< Xfc,k—lf then there are no significant grounds for rejecting Hy;
- IfH > Xi 1, then we reject Hy in favour of Hj.

The analysed differences concerned the resources of the successively analysed factors
of production, and the grouping factor was the previously described division into three
groups, depending on the complexity of the investment.

As this research aimed to assess the effects of differentiating the scale of investment
outlays on the efficiency of using factors of production (i.e., dynamic analysis), the signif-
icance of differences was calculated for the initial and final periods of the analysis. The
results for one year would not give a reliable result, due to possible (especially in agricul-
ture) accidentality; therefore, the calculations concerned the average results for the years
2009-2011 for the initial period (Ty) and 2019-2021 for the final period (T1). Economic
values were expressed in constant prices of the last year of the analysis, using the index of
changes in the prices of goods and services.

4. Results
4.1. Classification of Farms Due to Complexity of Investments

The research assumption was to divide farms depending on the level of investments
accumulated throughout the analysis period and the average state of fixed assets. This
ratio was above 50% in farms carrying out comprehensive investments that required
systematically incurring investment expenditures at a high level. In absolute values, it was
about PLN 125,000 in the first year of analysis; in subsequent years, these expenditures
remained at this level with some fluctuations, and the general trend was growing. A
comparative analysis of the farm expenditures in the two remaining groups indicated a
larger scale of investments. In the group of farms carrying out investments with a total
value not exceeding half of the value of assets (non-comprehensive), expenditures were
low, about several thousand PLN per year. According to the definition of non-investing,
in the last group of entities, there was a decapitalisation of assets (i.e., the sale of fixed
assets exceeded investments). This situation, which has persisted for many years, means
that these farms cannot operate on the market in the long term, because (as will be shown
in the further part of the analysis) their resources and production capacity are shrinking.
Moreover, in all groups of farms, it can be seen that the characteristic feature of the scale
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of investment expenditure in agricultural farms is large fluctuations (Figure 1), which has
also been confirmed by Szymariska et al. [8].
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Figure 1. Average value of gross investments (PLN) in farms grouped depending on complexity of
investments (N = 359). Source: own study based on unpublished FADN data.

4.2. Resources of Production Factors

In agriculture, the land is the essential resource determining the potential produc-
tion capacity. Based on the results of the conducted research, it should be noted first
that comprehensive investments (i.e., in their most desirable scale about the value of the
possessed fixed assets) concerned farms more significantly in terms of the agricultural
area (Table 1). Already at the beginning of the analysis period (in 2009), these farms had
a larger area (average 38 ha, median 30 ha) than farms included in the other two groups.
This difference was statistically significant (Table 1). This confirms the indications of Tey
and Brindal [72], in that farmers endowed with a more extensive asset base can invest
more. Large-scale farms were more likely to be cost-efficient and could raise capital for
expansion and investment purposes. On the other hand, the average size of farms that
implemented non-comprehensive investments and did not invest (non-investing) was
around 27 ha. In dynamic terms, it can be seen that comprehensive investment allowed
farms to increase their area significantly, and the average annual rate of change (ARoC)
was 3%. On the other hand, if the sum of investments in the entire analysis period was less
than half of the average value of the assets (i.e., the group of non-complex farms), this only
allowed for maintaining the area of agricultural land at an unchanged level (ARoC was
0.8%). Farms classified in the non-investing group were in the worst situation. A lack of
investment meant the decapitalisation of assets, which also concerned land sale. The area
of the agricultural land in 2009-2021 decreased on average by 1.5% per year, from 27 ha to
21 ha.

Similar trends were noted in the change in the value of assets (Table 1). Comprehensive
investment made it possible to increase the value of assets (excluding land) by 50%, with
an average annual change of around 3%. Farms that invested in the period under review
but at a level lower than half of the value of fixed assets reduced the value of capital at their
disposal by PLN 11,000 per year (the ARoC was —2.6%). An even more significant decrease,
exceeding PLN 16,000 per year, was observed for farms that did not invest (the ARoC
was —6.7%). Therefore, maintaining the production capacity of a farm requires investing
for a dozen or so years (in the farms under review, it was 13 years) on a scale exceeding
the average value of assets by 50%. These conclusions stem primarily from changes in
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farms investing below this threshold. While these farms could maintain agricultural
land resources, the value of the remaining part of fixed capital decreased by one-third
(from PLN 412,000 to PLN 271,000). Thus, the technical equipment of land (i.e., the value
of fixed assets per 1 ha) dropped on average from around PLN 15,000 per ha in 2009
to PLN 8700 per ha in 2021 (calculations based on Table 1). For comparison, in farms
investing comprehensively, the increase in land resources was accompanied by expenses
on other asset components large enough that the technical equipment of the land increased
from PLN 19,000 to PLN 20,000 per ha. These positive and necessary changes should
lead to an economically practical improvement in the capital-labour and capital-land
ratios [73]. In developed countries, increases in farm efficiency have been shown to result
from technological progress, changes in the relationship between production factors, and
changes in the level of inputs [74]. Investment introduces progress in agriculture through
new technologies and modern fixed assets, which usually leads to permanent changes in
the relationships between factors of production.

Table 1. Average area (ha), value of fixed assets without land (PLN), and total labour input (AWU *)
of farms grouped depending on complexity of investments (N = 359).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Agricultural Area [ha]
Comggé‘(jr)‘s‘ve 377 392 402 421 431 477 471 515 520 530 529 516 527
no“'c‘zrgggf/ge“s“’e 276 280 283 294 287 289 290 294 298 301 303 298 310
non-investing 273 276 271 268 263 252 242 249 232 218 215 217 214
Total Fixed Assets—Land [PLN * thousand]
Comggé‘[jr)‘s‘ve 7180 7426 7919 7760 8037 8353 879.8 8938 9404 9768 9868 10282 1049.4
no“'“zrgggf/};em"e 4127 3961 3940 3721 361.0 3584 3559 3469 3342 3174 2978 2858 271.0
non-investing 3323 2995 2860 2641 2381 2238 2114 1977 1861 1697 1560 1403 1284
Labour Input [AWU **]
Comggé‘;r)‘s‘ve 209 206 211 214 219 219 194 220 222 228 227 232 225
no“'“zilggf/};e“s”e 189 189 189 198 197 197 181 193 18 192 179 178 176
non-investing 174 170 173 177 175 172 165 173 168 160 150 145 146

* EUR 1 =PLN 4.2791 (exchange rate as of 30 September 2024); ** Annual work unit (AWU) is full-time equivalent
of employment. Source: own study based on unpublished FADN data.

Regarding changes in labour resources, only investment at an appropriate level and
an increase in fixed capital resources allowed for increased employment. Therefore, it was
observed only in the case of farms investing comprehensively (Table 1). Farms investing on
a smaller scale reduced employment from 1.89 to 1.76. Although this scale of change seems
small, it is only apparent. Changes in the scale of employment are a long-term process
of slow transformation, and the marked trend is significant. An even deeper reduction
concerns labour resources in non-investing farms. Considering the previously indicated
decreases in land and capital resources, this, in combination with labour, means a general
withdrawal of these entities from the market.

4.3. Profitability of Production Factors

The profitability of production factors is a crucial element in assessing the situations
of economic entities. For Polish farms, it is several times lower than that observed in
more-developed EU countries [75,76]. Therefore, farmers should focus on improving the
efficiency of farming, which would favour an improvement in income [77]. The measure of
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economic effects on farms is the income from the family farm. As in any economic entity,
its maximisation is the primary function of economic activity. In comparative analysis,
comparing income in absolute values is imperfect. Only a relative reference is appropriate,
namely with respect to factors whose involvement results in income creation. For the
analysed groups of farms, the earlier diagnosis of changes in the resources of production
factors was not without significance, as only together could changes in the profitability of
production factors be assessed (Table 2).

Table 2. Profitability (measured by family farm income) of production factors of farms grouped
depending on complexity of investments (N = 359).

Wyszczegélnienie 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 ARoC
Profitability of Land [PLN * thousand/ha]
comprehensive 32 39 44 43 43 42 33 38 48 40 49 53 65 45
(>50%)
non'c‘zi‘géf/h)emwe 25 29 31 32 30 27 24 29 37 28 31 31 40 26
non-investing 19 25 26 27 24 24 18 20 30 24 26 26 30 35
Profitability of Capital [PLN/PLN]
Com%’:;(})‘;r)‘swe 024 028 030 031 031 032 026 031 036 031 035 035 041 3.8
non'c‘zfgéf/};emwe 026 030 032 036 035 032 030 035 043 038 043 044 058 5.1
non-investing 024 032 034 037 038 037 032 036 049 044 047 052 063 7.3
Profitability of Labour [PLN thousand/AWU **]
Com%’:;(})‘;r)‘swe 574 749 833 853 839 912 788 902 1133 942 1132 1169 1520 7.2
(¢]
“On'c‘zfgéf/};em”e 369 430 464 481 445 403 387 439 579 440 520 518 696 3.6
non-investing 300 407 408 405 363 345 260 285 413 331 373 384 437 27

*EUR 1 =PLN 4.2791 (exchange rate as of 30 September 2024); ** Annual work unit (AWU) is full-time equivalent
of employment. Source: own study based on unpublished FADN data.

The obtained profitability results (Tables 2 and 3) correspond to the conclusions from
the assessment of resources (Table 1). The change in labour profitability is crucial as
it measures the remuneration of a farmer as an entrepreneur and owner of production
factors. Thus, it allows for the assessment of the quality of the management of production
factors at the farmer’s disposal. As a result of the analysis, the most significant increase
in labour profitability was characteristic of farms that invested comprehensively. The
managers of these farms managed to triple their profitability in 13 years, and the average
rate of change was 7.2; notably, these were much higher results than those in the other
groups. This difference was statistically significant (Table 3) in the first years of the analysis
(average for 2009-2011) and even more so in the recent period (average for 2019-2021). This
means that farms made large-scale investments in the assets held (comprehensive) and
managed more efficiently and, over time, their advantages in this respect increased. It is
also visible (Table 2) that the profitability of fixed assets in all three distinguished groups
of farms was similar for the Ty period (there were no statistically significant differences;
Table 3), and the changes for farms investing comprehensively were the slowest, and in
the final period (T1), the profitability of capital was the lowest. However, this was not a
surprising and negative result because, simultaneously, the scale of fixed asset growth was
the largest for these entities. Despite this, they maintained an improvement in the income
and profitability of fixed assets, although the latter was relatively minor. The change in
the profitability of land and the changes in land resources even more clearly illustrate this
point. It turns out that farms implementing comprehensive investments had a larger area
at the beginning and increased this resources the most (Table 1), but this was accompanied
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by such a significant positive change in income that ultimately (T;) the profitability of the
land was the highest (Table 2), where the differences with respect to the other two groups
of farms were statistically significant (Table 3).

Table 3. The results of the Kruskal-Wallis variance analysis test for the profitability of land, capital,
and labour in the two measurement periods: Ty and T; (N = 359).

Kruskal-Wallis Test T (2009-2011)

Kruskal-Wallis Test Mean T; (2019-2021)

Land Profitability

H(2, N = 359) = 26.7218; p = 0.0000

H(2, N = 359) = 51.0161; p = 0.0000

Farm eroups Comprehensive Non-investing Farm erouns Comprehensive Non-investing
group (Me * = 3645) (Me = 2506) group (Me = 5422) (Me = 2515)
Non-comprehensive Non-comprehensive
(Me = 2411) 0.000007 0.974138 (Me = 2970) 0.000000 1.000000
Comprehensive Comprehensive
(Me = 3645) 0.000132 (Me = 5422) 0.000000

Fixed Assets Profitability (Excluding Land Value)

H(2, N =359) = 1.0788; p = 0.5831

H(2, N = 359) = 12.0495; p = 0.0024

Farm eroups Comprehensive Non-investing Farm eroups Comprehensive Non-investing
group (Me = 0.21) (Me = 0.18) group (Me = 0.30) (Me = 0.40)
Non-comprehensive Non-comprehensive
(Me = 0.20) 0.897355 1.000000 (Me = 0.37) 0.046712 0.186287
Comprehensive Comprehensive
(Me = 0.21) - 1.000000 (Me = 0.30) - 0.002585
Labour Profitability

H(2, N = 359) = 36.2715; p = 0.0000

H(2, N = 359) = 69.1780; p = 0.0000

Farm groups

Comprehensive
(Me = 57,430)

Non-investing
(Me =31,478)

Comprehensive
(Me =113,199)

Non-investing

Farm groups (Me = 34,801)

Non-comprehensive
(Me =33,885.9)

Non-comprehensive

0.000000 (Me = 45,053)

1.000000 0.000000 0.165923

Comprehensive
(Me = 57,430)

- 0.000040 Comprehensive ]

(Me = 113,199) 0.000000

* Me = median. Source: own study based on unpublished FADN data.

4.4. The Relationship Between the Dynamics of Changes in Production Techniques and Farm
Production and Income

Bezat-Jarzebowska and Rembisz [12] assumed that the condition determining changes
in income in agriculture is the improvement of the efficiency of using production factors.
The decisive factor here is, of course, the improvement in labour productivity. Linking
labour resources with capital resources in a dynamic approach gives an increase in technical
equipment (AK/AL) and leads to an increase in labour productivity. The measurement of
the effect can be expressed in the form of production (i.e., labour productivity; AP/AL) or
income (i.e., labour profitability; AD/AL). The differentiations of these relations for farms,
grouped depending on the scale of investment, are presented in Figures 2 and 3. Based
on theoretical assumptions, labour productivity increases with an increase in technical
equipment. Of course, the response of labour productivity will be stronger than that of
profitability, as the measurement of production value is not burdened with the values
subsequently taken into account (e.g., the costs of using external factors, production costs,
general economic costs, and taxes), which lead to the calculation of income as the final
result category.
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Figure 2. Relationships between the dynamics of changes in production technology (AC/AL) and the
productivity of the labour factor measured by production (AP/AL). Source: our own study based on
unpublished FADN data.

In order to illustrate the phenomena studied, full studies were conducted (i.e., con-
sidering all farms in the FADN database for the selected region). In this situation, outliers
should be expected, due to the diversity of situations in individual farms. Further division
into types of farming or other detailed classifications could lead to a reduction in the
number of objects studied, potentially below the number required to guarantee statistical
confidentiality. Therefore, it was decided to present the results indicating a general ten-
dency in the entire group, and any outliers did not change the general conclusions. With
the increase in technical equipment, labour productivity increases, and the strength of this
relationship depends on capital productivity. The improvement of labour efficiency in
agriculture is positively influenced by the level of investment [78]. Even if the trend be-
tween variables in these graphs seems weak, the effects of changes in technical equipment
on labour productivity or profitability do not occur dynamically. On farms, even small
changes in these relationships can determine the effectiveness of investment decisions.
Compared to all three groups of farms, it was characteristic that investments implemented
on a comprehensive or a more minor (non-comprehensive) scale, increasing technical equip-
ment for labour was positively correlated with labour productivity. This is in line with
the findings of Hamilton et al. [79], who reported that mechanisation complements labour
inputs, raising labour productivity, or Onegina et al. [80], who concluded that an increase
in the fixed capital per worker caused the growth of labour productivity in agricultural
enterprises. The positive relation between the productivity and labour equipment was the
smallest for farms for which investments were smaller than their capital depreciation (i.e.,
non-investing).
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Figure 3. Relationships between dynamics of changes in production technology (AC/AL) and labour
productivity measured by income (AI/AL). Source: own study based on unpublished FADN data.

5. Conclusions

Increasing the production capacity of farms through investments for the modernisation
of production is an essential microeconomic requirement. This is in line with contempo-
rary expectations of production, consistent with the challenges of reducing the impacts
of agriculture on the environment and climate and the scarcity of resources, especially
land. Investment challenges in the context of Polish agriculture are unique because, as
Kusz [65] wrote, the ability of a farm to undertake investments depends to a large extent
on its production potential, scale of production, and economic strength, which faces the
problem of agrarian solid fragmentation. The obtained research results indicate, taking the
Wielkopolska province as an example, a significant diversification of the scale of investment
in agriculture. An important conclusion from the analyses is that the initial state of a farm
(represented by the value of fixed assets and the area of agricultural land) provides the abil-
ity to invest more comprehensively. This effectively allows farms to develop better, which
applies to both the potential (land and capital resources) and efficiency of their use (land
and labour profitability). In the context of structural changes, it can be seen that the size of
a farm, including the resources of the primary production factor—that is, land—allows an
appropriately significant and relatively stable investment to be incurred in the subsequent
years of operation. Not only is the implementation of investments, in general, essential
for the development possibilities of farms but also their scale (with respect to the value
of assets).

In farms investing comprehensively, the increase in land resources was accompanied
by expenditure on other sufficiently large assets so that the technical equipment of the
land increased. Additionally, they were able to increase employment, thus stabilising
growth and their market position. Investments of a large scale into the assets held (i.e.,
comprehensive) were made by farms that managed more effectively and, over time, their
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advantages over farms with a lower scale of investment increased. The results prove that
employment reductions and land sales also occur in farms where the scale of investment
did not exceed the depreciation and sale of part of the assets (i.e., non-investing). This
meant a general withdrawal of these entities from agricultural activities.

In the context of the stated goal and hypothesis of this work, it can be assumed that
an appropriate starting strength of a farm and only comprehensive investment allow for
development, the improvement of work efficiency, and the strengthening of the market
position. Further deepening of differences between entities will become a factor that
accelerate the emergence of a group of developmental commercial farms. Insufficient
investment will cause weaker farms to release work and owned capital but, above all, land
will flow to the investing farms. These entities will eventually become the central element
of agricultural structures.

Some limitations of this study resulted from its reliance solely on quantitative data
regarding basic microeconomic indicators. However, it seems reasonable that it would be
crucial to extend them with qualitative data from agricultural farms, which would allow
for the identification of not only differences in the effects of investment decisions but also
the reasons for the different investment behaviours of agricultural producers. It could
turn out that the deterioration of the economic situation of farms results directly from
the lack of investments but is also indirectly influenced by other, non-economic factors.
Therefore, in subsequent studies, we intend to expand the scope of research to include
surveys conducted among the currently surveyed group of farms, which is made possible
by the FADN agricultural accounting system. In this way, it will be possible to learn not
only the effects of investment activities but also their particular causes.
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