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1 Introduction

The aim of this paper is to show the productioreptél of winter wheat, rye, maize,
rapeseed, sugar beets and potatoes in Poland. uliliegtion focuses on two basic factors
that are conditioning the country’s production poi, namely natural conditions and
economic-organizational conditions. The naturalditons were characterized by means of
the quality and quantity of soils and agricultupabduction space index, which allows not
only controlling for soil conditions but also clitea terrain and hydrographical conditions.
Due to the limited length of this publication, tbiect of economic—organizational conditions
was presented as the size of farms. It is certardymplification, but as research has shown,
the size of the farm reflects the economic-orgairal conditions on it. Small farms usually
struggle with the problem of poor technical equipméw levels of application of means of
production (obviously, horticultural or vegetabéerhs could be an exception, but they are not
the focus of our attention) and a large numberaairly skilled labor force. On the other hand,
there are large farms, where the standard of teahmquipment and applied means of
production usually look better and the qualificataf the labor force is better as well.

The study is divided into four sections. The fipstrt characterizes Polish soil and
climatic conditions, the structure of agricultulahd, the agricultural production space index
and the total quantity and structure of farms. $heond part shows similar characteristics
broken down by province. The third part presents ribgional aspect of production, area
under cultivation and crops of selected crops. fiied part attempts to assess the production
potential of selected crops.

2 Framework conditions for Polish agriculture

Poland is a lowland country, because more than @ #6 territory lies below 350 m
AMSL and only 2.9 % over 500 m AMSL. Poland liestle boundary zone of the European
continental climate with rather dry summers anddceinters and the moderate climate
influenced by the Atlantic Ocean which creates eathnstable conditions for agricultural
production. The average annual air temperatureesabgtween 6.0 and 8.8°C, and the length
of the thermal growing season is about 220 dayavenage and only in the southwest does it
exceed 230 days. The total average annual preogpites 500-600 mm in the low land, 600-
700 mm on the high land and exceeds 1000 mm imihntains. Central Poland (Masovia,
Greater Poland, and Kuyavia) is among the regionSurope with the lowest precipitation,
where the total annual precipitation does not ex&&® mm.

From 2000 to 2008 the area of agricultural laneatand decreased from 17.8 million
ha to 16.2 million ha (Fig. 1). Of all agricultudahd, arable land is the most prevalent, but in
the period analyzed, its area was also reduced & million ha to 12.1 million ha. Among
grasslands in Poland, meadows occupy the largeatvainich remains at a fairly stable level
of about 2.5 million ha. However, the pastures ahegped from 1.4 million ha in 2000 to
0.73 million ha in 2008. On the other hand, in pexiod presented the area of orchards
increased by 50,000 ha to 330,000.

In Poland’s crop structure, cereals predominatéhénperiod under examination, their
share fluctuated from 70-75 % (Fig. 2). The areaewéal cultivation in that period remained



at about 8.5 million ha. Industrial crops suchaseseed or sugar beets were second and their
share rose from 6.5 % in 2000 to nearly 9 % in 200&inly due to the increase in the area of
rapeseed cultivation. The area under cultivatiomdtistrial crops was over 1 million ha in
2008, where rapeseed comprised about 800,000 hagdé-acrops were the next group in the
cultivation structure, with a fairly stable shafeabout 7-8 % and the area under cultivation of
about 900,000 ha. On the other hand, the cultimatfgpotatoes decreased from 10 % in 2000
to 5% in 2008. In 2008 the area of potato cultoratwas 550,000 ha. In the cultivation
structure pulses had the smallest share of ab%utfhd an area of about 120,000 ha.

Figure 1:Structure of agricultural land in Poland from 2@6@2008
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Apart from the cultivation area of a particular mlait is the quality of the solil in
which the plant is cultivated that is crucial totgaial crop production. Six classes of soil
have been identified in Poland. As can be seengn3;: Class IV is prevalent in Poland — 7.4
million ha. It is an average quality soil. Claskdbils have a large share — 4.2 million ha and
they are considered to be good quality, whereassClasoils - 4.2 million ha, are considered
to be poor quality.

Figure 2:The structure of cultivation in Poland from 2002008
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Class | and 1l soils, which make only 0.6 millioa im Poland, are very good and good
guality. On the other hand, Class VI soils, whica @ery poor quality, cover an area of 2.1
million ha. To sum up the quality of soils in Pdlarone can say that good and very good
quality soils (Classes I-1ll) make up only 26 %agricultural land, whereas poor and very
poor quality soils (Classes V and VI) make up asimas 34 %.

Figure 3: The quality of agricultural land in Padkim 2000
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The production potential defined by natural comudtis is not often realized due to the
inappropriate agrarian structure of farms. The nemd farms in Poland is relatively high. In
2007 there were about 2.5 million farms (Fig. 4)ehighest percentage of farms consisted of
those up to 1 ha as well as those with an areangrigm 1-2 ha and 5-10 ha. The lowest
percentage of farms were the 8.1 thousand farngedahan 100 ha. However, the largest
share of agricultural land, i.e. over 3 million ags concentrated in those farms. A large area
of agricultural land is also concentrated in thenigranging from 5-10 ha, i.e. 2.8 million ha.
The average area of agricultural land per farm slightly less than 8 ha.

Figure 4:Characteristics of agricultural farms by area gsoaf agricultural land in 2007
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The organizational and economic limitations presenfarms result in the relatively
poor agro technical condition of Polish soils. dtastimated that about 80 % of the soil In
agricultural land in Poland is acidified to a vaisoextent. Very acidic soils make up 29 % of
agricultural land, acidic soils make up 28 % anglhsly acidic soils make up 24 %. The other
20 % consists of soils with a neutral or alkalite p

The relatively low level of natural mineral fertisition that has continued for more
than a decade (on average about 100-120 kg of NRisad in mineral fertilizers per 1 ha of
agricultural land) in the conditions of 40-50 % haf soils with a very low or low level of
nutrients, may lead to a decrease in their prodngibtential. It is also necessary to stress that
the average content of humus in Polish soils isdow is 2.2 % on average. According to our
calculations, low-humus soils (<1.0 %) make up @%cthe area of agricultural land in
Poland, medium-humus soils (1.1-2.0 %) make up Sh&high-humus soils (>2.0 %) make
up about 33 %.

3 Regional breakdown of Polish crop production

Poland is divided into 16 provinces (voivodeshipR)ere are different natural and
economic-organizational conditions in each proviand thus different production potentials.
As can be seen in Fig. 5 the voivodeships with ldrgest area of agricultural land are:
Masovian, Greater Poland and Lublin. The voivodeskvith the smallest area of agricultural
land are: Silesian, Lubuskie, Opole awligtokrzyskie. In the structure of agricultural land
arable land prevails, especially in the Opole amgyd<¢ian-Pomeranian Voivodeships, where
the share reaches almost 90 % (Fig. 6). On the bthed, the Podlaskie, Subcarpathian and
Lesser Poland Voivodeships have the highest sHagemssland amongst its agricultural land
— about 30 %.

Figure 5:Agricultural land use structure within voivodeship 2008
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Figure 6:Structure of agricultural land use within voivodgs in 2008
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On the other hand, cereals prevail on the aralie iia individual voivodeships (Fig.
7). The highest share of cereals — more than 75%@as in the Lublin and Masovian
Voivodeships. As far as rapeseed is concerneditest share of over 10 % of the crop area
can be found in the Lower Silesian, Kuyavian-Pomiara Opole and West Pomeranian
Voivodeships.

Figure 7:Structure of agricultural land use by voivodeship2008
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According to soil class evaluation, the voivodeshipith the best soils are: Lower

Silesian, Lublin and Opole (Fig. 8). In those valeships Class I, II, and Il soils, i.e. very
good and good soils make up about 40 %. On the b, the Lubusz, tddMasovian and



Greater Poland voivodeships have the highest sifgreor and very poor quality soils (Class

V and VI); the share of those soils in agricultdeald is higher than 40 %.

Figure 8. Struct
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In the evaluation system of agricultural productaoea that has been in use in Poland
since the 1970s, the following statistical evaloatindexes of individual elements of the
habitat are taken into consideration: the qualitgl aisefulness of agricultural soil, soll
humidity, terrain and agro climate. The assessmémtatural conditions was done on the
basis of quantitative dependence between the emagshe quality of habitat and climate.

Figure 9:Index of agricultural production space by voivdups
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The evaluation of soil and natural conditions mageneans of statistical analysis was
aggregated to the collective level and a totalcadfural production space evaluation index



(APSVI) was calculated as a measure of the produigtotential of the habitat. The weight of
individual factors on the evaluation reflects theink in their influence on the crops. Soil
conditions play a particularly important role inetlassessment of agricultural production
space; just by the function of soil quality and éwaluation index on its own, is it possible to
account for about 70 % of the observed crops cltality. The influence of the other factors

is much lesser and makes up about 30 % in tota.sHare of the agro-climate partial index,
which encompasses a complex variety of climatitoi&s is contained within the range of 1-
15 points, the share of hydrographical conditiargges between 1 and 5 points and the share
of the terrain index between 0.1 and 5 points.

From Fig. 9 it is possible to read that in termstled agricultural production space
evaluation index, the best conditions for plantigation are in the Opole Voivodeship (the
index value is 82) and the worst in the Podlaska&vbdeship (the index value is 55). The
average index value for Poland is 67.

The highest number of farms, more than 300,000 lwarfound in the following
voivodeships: Subcarpathian, Masovian and LesskEmBoOn the other hand, the smallest
number of farms, less than 70,000 can be foundhan following voivodeships: West
Pomeranian, Warmian-Masurian, Pomeranian, Opole lamslusz (Fig. 10). The largest
average area of the farm is in the West Pomeranmarodeship — 17 ha, whereas the smallest
average area can be found in the Silesian, Sulibéapaand Lesser Poland Voivodeships —
about 2.5 ha. In 2008 the average area of thelPfalisn was 6.3 ha (Fig. 11).

Figure 10:Farms by voivodeship in 2008
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Figure 11:Average farm size by voivodeship in 2008
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The following section presents production of sedatrops by region. Figures 12-18
show the production, area under cultivation, arapsrof selected crops in Poland in 2009.
The Greater Poland voivodeship was characterizedhbylargest area and production of
cereals, i.e. 1.12 million ha and 4.5 million t¢kg. 12).

Figurel2:Cereal production in Poland in 2009(1,000 t, 1,68@&nd t/ha)
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On the other hand, the Opole voivodeship gainechiyleest average cereal crops at
4.9 tons per ha. Winter wheat production is maiokyated in the following voivodeships:
Lower Silesian, Kuyavian-Pomeranian, Lublin, OpoRomeranian, Warmian-Masurian,
Greater Poland and West Pomeranian (Fig. 13). 09 2 % of winter wheat production in
Poland was concentrated in those voivodeships.afsa$ rye is concerned, the following
voivodeships take the lead: tdMasovian, Greater Poland and West Pomeranian {Big
The total volume of rye production in those voivskips was 2.1 million tons, which equaled
57 % of national production. Maize production isicentrated in three voivodeships: Lower
Silesian, Opole and Greater Poland (Fig. 15).



Figure 13:Winter wheat in Poland in 2009 (1,000 t, 1,00@&hd t/ha)
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The voivodeships produced 50 % of the national m@wf maize in 2009. The key
production of winter rapeseed is located in seveirnodeships: Lower Silesian, Kuyavian-
Pomeranian, Opole, Pomeranian, Warmian-Masuriaeatér Poland and West Pomeranian
(Fig. 16). They are mainly voivodeships situatedstwef the River Vistula. The total
production volume in those voivodeships was 2.1ioniltons in 2009, which made up 87 %
of the national production. Sugar beets are magnbwn in the Lower Silesian, Kuyavian-
Pomeranian, Lublin and Greater Poland voivodestHpg. 17). In 2009 the voivodeships
produced 7.1 million tons of sugar beets, whichagegh 65 % of the national production
volume.

Figure 14:Rye production in Poland in 2009 (1,000 t, 1,08Ghd t/ha)
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As far as the location of potato production is @ned, it is possible to observe (Fig.
18) that in contrast to the abovementioned cropgatp production is almost evenly
distributed, which confirms the fact that potataes grown on a very large number of farms
and that they are in the first place produced firsgstence. The Masovian voivodeship is the



leader in potato production (1.4 million tons). Hawer, considerable quantities are also
produced in the Ladand Greater Poland voivodeships (about 1 millersteach).

Figure 15:The area under cultivation, crops and yield ofaean Poland in 2009
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Figure 16:Winter rapeseed in Poland in 2009 (1,000 t, 1/@®and t/ha)
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Figure 17:Sugar beet production in Poland in 2009 (1,0AQ0000 ha and t/ha)
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Figure 18:Potato production in Poland in 2009 (1,000 t, @,88 and t/ha)
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4 Crop production potential of Poland

In order to assess the production potential ofcsete crops a comparison of yield
presented by the following entities can be reatized

» the yield from the Central Statistical Office i®thverage yield obtained by Polish farms,

» the yield figures presented by the Institute of i&gjitural and Food Economics are the
yield from farms which take part in production attes research within the Agricultural
Product Data Collection System. The farms whichetadart in the research are
economically stronger and achieve a higher lev@rofluction than most individual farms
in Poland,

* the yield data from farms using professional colingein agricultural engineering
provided by a German counseling company Hanse Bgratung & Entwicklung GmbH
(HA). It must be noted that the quoted yields cdneen farms with an area larger than
100 ha,



» the yield figures obtained by the Research Cewir€itiltivar Testing is the yield obtained
on test plots located in different regions of thmurry. The yields show the crops’
production potential under optimal conditions, whiormally are not realized under real
life farming conditions.

Figures 19-24 show yield data for winter wheat,, mwnter rapeseed, maize, sugar
beets and potatoes. Due to the availability of dtta yields data from those crops were
presented for the period from 2005 to 2008. Theekiwields of the crops presented are the
average yields from the Central Statistical Offieehereas the highest yields are those
obtained by the Research Centre for Cultivar TgstBetween the two extremes are the
yields from Hanse Agro farms (the second placeiirtew wheat, rye and rapeseed yields) and
the Institute of Agricultural and Food Economidse(second place in sugar beets).

Figure 19:Comparison of wheat yield data from different smsr(2005 to 2008)
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We can see that the yields achieved by the Res&znltre for Cultivar Testing are
twice as high as the average yields in Poland.ahs$ the yields quoted by the Institute of
Agricultural and Food Economics or Hanse Agro famrms concerned, they are better, but
there is still a margin for increase, which medmese is still work to be done.



Figure 20:Comparison of rye yield data from different sor¢2005 to 2008)
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Source and explanations the same as in Fig. 19

It is necessary to note that the yields achievedheyResearch Centre for Cultivar
Testing are not the upper limit of yield potentilis known from practical experience that
there are farms which achieve even higher yielda those obtained in the experiments of the
Research Centre for Cultivar Testing, but it isn@al minority of farms. Those farms are
usually characterized by very good natural condgicand very good economic and
organizational conditions as well as a high led¥édrew-how in production technologies.

For our needs, i.e. to assess the production pakeitselected crops in Poland, we
considered the yields achieved in the farms of liitute of Agricultural and Food
Economics, Hanse Agro farms and experiments cordubly the Research Centre for
Cultivar Testing to be the most relevant ones.

Figure 21:Comparison of maize yield data from different smsr(2005 to 2008)
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Source and explanations the same as in Fig. 19

However, as far as the cultivation area is conakrlee acreage from 2008 was
assumed and the ‘maximum’ area of cultivation oekght is possible to grow a specific plant
was estimated. Table 1 was drawn up for that per@ow it shows in which locations a
particular plant can be grown. For wheat it wasuasx] that it can be grown where wheat,
barley, maize and rapeseed are grown at presenty&oweaker locations were designated,
i.e. the areas currently taken by rye, triticaleaizea and rapeseed. For maize, similar



assumptions were made as those made for wheathéytwere limited to the following
voivodeships: Lower Silesian, Opole, Greater Pal&itesian, £6d, Masovian and Lublin.
Assumptions similar to those made for wheat wes® ahade for rapeseed. However, the
potential for rapeseed was calculated with twoards: Given the agronomical issues created
by a high rapeseed density in the rotation a maminshare of rapeseed of 25 % and 33 %
alternatively was used.

Figure 22:Comparison of rapeseed yield data from differentrses (2005 to 2008)
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Sources and explanations the same as in Fig. 19

It can be assumed that production of sugar beetpatatoes is not very likely to be
increased: In the case of sugar beets because gfuttta system and in the case of potatoes
due to limitations in demand and the lack of expoarket. Therefore no acreage expansion
of these crops was assumed. Rather the acreagedhéedroduce the current quantities
needed was accounted for. In Poland the currenaddror potatoes is about 10 million tons.
The maximum Polish sugar beet production can easilgerived from the current quota for
Polish sugar production which is about 1.4 milltmms. Assuming a 16 % sugar content a
total sugar beet production of about 9 milliongamrequired to fulfill said quota.

Figure 23:Comparison of sugar beet yield data from diffesenirces (2005 to 2008)
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This study shows a certain method of calculatioatukally the reader may disagree
with the assumptions and make his own specificraptions individually concerning the area
of cultivation. Showing the yield volumes achieveg various groups of agricultural
producers is a valuable component of this studyit®©basis, each reader can make specific
estimates concerning production increase with tbain estimates concerning the area of
cultivation.

Figure 24:Comparison of potato yield data from differentrsas (2005 to 2008)
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Sources and explanations the same as in Fig. 19

Table 2 shows the calculations concerning the ¢gpecproduce the analyzed crops
with the assumptions of specific areas of cultmatand achieved yields. Naturally, some of
the results obtained may seem to be rather high,tlee production of 38.5 million tons of
wheat or 37 million tons of rye by Poland. Howewitrese calculations were supposed to
show a certain production range. Thus, at the ntirmeea of wheat cultivation and average
yield, the volume of wheat production in Polanélut 8 million tons. If it were possible to
increase the yield to the yields achieved by thm$ataking part in the research done by the
Institute of Agricultural and Food Economics or idamAgro farms, the production volume
would rise to nearly 10 million and 11 million tomespectively. As far as rapeseed is
concerned, we can see that there is great poteatintrease the cultivation area even up to
1.6 million ha or more. By increasing average rapdsyield to the yields achieved by Hanse
Agro farms, i.e. 36 dt/ha Poland will be able torease the national production to about 3.2
million tons. By doing so, it would be possiblesatisfy the demand for human consumption
(2.2 million tons) as well as to satisfy 80 % oé flature demand for bio-diesel in 2013.

As far as sugar beets and potatoes are concerpad, feom improved production
efficiency, higher crop yields will result in freg a certain acreage of arable land which may
be used for other crops.

Increasing the production through better crop weldll result in an even stronger
position for the regions that are leaders in the@pction volume of particular crops. In most
cases it is possible to extend the production efctiops in discussion to other regions. Wheat,
being a plant for good and very good soils, willgrewn in the regions with the best soils.
On the other hand, rye will be grown in provincathwpoorer soils. As far as soil conditions
for rapeseed are concerned, there may be a bigt@dtior production increase in the Lublin,
Silesian, Warmian-Masurian @&wigtokrzyskie Voivodeships. However, the main limiting
factors are: the size of farms (the Silesian &mdetokrzyskie Voivodeships), distance to
markets — this primarily applies to the Lublin Vodeship, difficult climatic conditions,



shorter growing season — the Warmian-Masurian \eebip, or simply absence of a
tradition for growing the crop and consequentlyaakl of skills. Considering the current
climatic conditions, growing maize has a chancede¥eloping mainly in the southern
provinces, i.e. Lower Silesian, Opole, Greater Rab|eSilesian, £64, Masovian and Lublin
Voivodeships. The best region to grow potatoedés doastal strip. It has better humidity
conditions than Central Poland and a lower riskdiseases and the necessity to replace seed
potatoes than the south of Poland. Growing sugatstder energy production could develop
in the regions guaranteeing a higher yield thadtfta. These are the current centers of sugar
beet production.

Table 1:Structure of current arable land use (2008) aegtitential to grow crops

Suitability for

selécted erops \\ivvri]rgstr Rye Maize | Rapeseed Sbuegea:r Potatoes
g;gggtecropplng thous. ha
Winter wheat 1,933
Spring wheat 345
Rye 1,397
Winter barley 176
Spring barley 1,031
Oats 551
Mixed cereals for grain 1,444
Winter Triticale 1,225
Spring Triticale 109
Maize for grain 317
Other cereals 73
Rapeseed 771
Sugar beets 187
Other industrial 45
Potatoes 550
Pulses for grain 115 -
Feed 929
Total 11,198 4,875 5,349 2,644 4,875 187 550

Source: The author’'s compilation based on the flaia the Central Statistical Office 2010



Table 2:Simulated production volumes of selected crof3aland

Crop Sown area Yields* dt/ha Production (million t)
thous. ha GUS IERIGZ HA COBORU| GUS IERIGZ HA COBORU
W;]ntetr 1,9313 40 51 57 79 7.7 9.9 11.0 15.3
wheal 4,875Y 19.5 24.9 27.8 38.5
Rye 1,3917 23 31 55 69 3.2 43 7.7 9.6
5,349 12.3 16.6 29.4 36.9
Maize 317 56 n.d. 70 99 L n.d. 2.2 3.1
2,644M 14.8 n.d. 18.5 26.2
771 2.1 2.2 2.8 35
Rapeseed 1,219W 27 29 36 45 3.3 3.5 4.4 5.5
1,609 4.3 4.7 5.8 7.2
Crop Production Yields* dt/ha Sown area (thous. ha
min. t GUS IERIGZ HA COBORU| GUS IERIGZ HA COBORU
Sugar
beets 9 458 525 474 717 196.5 171.4 189.9 125.5
Potatoes 10 181 225 n.d. 393 552.5 444 4 n.d. 254.5

Source: Author’s calculations

* average from years 2005-2008; GUS figures (maikegtey) represent current output.
@ These figures are author’s estimates for poteatiséage

GUS — Central Statistical Office

IERIGZ — Institute of Agricultural and Food Economics

HA — Hanse Agro Beratung & Entwicklung

COBORU - Research Centre for Cultivar Testing

5 Conclusions

The results obtained show a huge potential to asmeproduction volumes, even
though it should be highlighted that especiallyhwiégard to soils and climatic conditions a
number of brave assumptions had to be made. Hegaee$ should be treated with some
care. However, when only looking at the key cropeat and rapeseed an increase of more
than 300 % per cent seems to be technically pessMaize, an emerging crop in Poland
could even be taken to an increase of far more 1h@@0 % per cent. In general it can be
concluded that Poland has the potential to becotrigger player in international commaodity
markets for arable products.

However, in order to achieve this, it is necessarynmake changes aimed at the
improvement of economic and organizational factors farms and the agro technical
condition of soils. Production output can be inseghby increasing the area of cultivation and
better crop yields. In the author’'s opinion, ingieg crop yields is the easier task. In
increasing the area of cultivation, one encounterspetition with other crops, limitations
resulting from crop rotation or other natural cdiwhs. On the other hand, it is necessary to
remember that sometimes in the conditions of sjgecibst/price relations, it is better to
harvest 6 tons of wheat at lower outlay and bessadi with the profit rather than harvest 8
tons of wheat, for instance, which will not coviee toutlay.
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