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Summary. The objective of the study was to analyze the changes that took place on the Polish cereal
market in the years 1965-2015 in the structure of sowing area, yields and harvests. The analysis included
such cereals as wheat, rye, triticale, barley, oat, maize, buckwheat and millet, as well as cereal mixtures.
Over the fifteen-year period under analysis fundamental changes were observed in the structure of the
area of sowings, harvests, and yields of the cereals. The share of cereals with higher productivity (wheat,
triticale, barley, maize) was gradually increasing and the area of rye and oat decreased. In the final
15 years the area of cultivation of cereals decreased, while the harvests and yields increased. The increase
was especially notable in the share of cereals with a high production potential (wheat, barley, maize,
triticale). In Poland, wheat is the cereal with the greatest importance for agriculture — in the analysed
period it produced the highest harvests and yields as compared to other cereals. After 1990, the factor that
contributed to the increase in the sowing area and harvests was the introduction of a new cereal species —
triticale — in a wide agricultural practice. The variation in the harvests and yields was caused primarily by
changes in sowings area, weather conditions, and mineral fertilization. The increase of the yields of
cereals was caused by advances in biology (breeding of new cultivars), change in the configuration of
cereals cultivation, and improved effectiveness of application of fertilizers and plant protection agents.
The highest increasing trend was characteristic of the yields of wheat, and the strongest variation in the
yields of cereals in Poland in the years 1965-2015 was characteristic of the yields of maize (30.3%).
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INTRODUCTUION

Situation on the cereal market is very important for the whole food economy. Cereals
are used in the food industry for the production of bread, pasta, groats, flakes and malt.
The grain sector also provides basic raw material for fodder production and determines
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the economic conditions of animal production, especially poultry and pig livestock
[Agencja Rynku Rolnego 2013].

Over the last dozen or so years, major changes have been observed in cereal produc-
tion in Poland, which are very similar to global trends. The share of cereals with high
productivity (wheat, maize) increases with simultaneous increase in the share of cereals
in the crop structure. About 70% of the arable land is sown with this group of plants.
Excessive concentration of cereal crops is not a beneficial phenomenon due to the inten-
sification of such phenomena as unilateral exhaustion of soil from nutrients or the severi-
ty of diseases, but it is quite persistent, which is determined by economic and organiza-
tional factors [Budzynski and Krasowicz 2008, Parylak 2007, Rachon 2008]. At the same
time, yields are also growing, which is associated with biological progress and the intro-
duction of new, more fertile varieties into agricultural practice [Oleksiak 2003].

The research hypothesis assumed that there was a drop in the area of cereal sowings,
with simultaneous increase in yields and harvests in Poland in the analyzed period.

MATERIAL AND METHODS

The aim of this study was to analyze changes in the structure of sown area, yields
and cereal crops in Poland in 1965-2015. The analysis includes following cereals: wheat,
rye, triticale, barley, oats, corn, buckwheat and millet as well as cereal mixes.

The scope of the research included the following activities: development of methods
used in research, collection of literature, gathering and processing of statistical data (SP),
and analysis of differences in sown area, yield and harvest of cereals.

Analyzed data was subjected to statistical processing using elements of descriptive
statistics.

RESULTS AND DISCUSSION

Area of cereal sowings in Poland in 1965-2015

In Poland, cereals are grown on a large area and their popularity is due to relatively
simple production technology, relatively low labor consumption, ease of storage, transport,
and the comprehensive use of grain as a raw material for consumption and fodder.

The area of cereal cultivation in Poland in 1965-2015 was variable with a downward
trend (Tab. 1). In 1965-1980, it decreased by 569 thousand hectares, while in the period
of 1980-2000 with the upward trend, and in 2000 to reach the maximum — 8814 thou-
sand hectares. In the last 15 years, i.e. in 2000-2015, the systematic decrease in the area
of cereal crops lasting until now has begun again. The increase in cereal cultivation area
after 1990 was associated with the extensification of agriculture at the expense of reduc-
ing the area of intensive crop cultivation (including mainly potatoes, rape, sugar beet and
fodder root crops) [Kulikowski 2013]. Currently, the majority of wheat is grown, which
has been the dominant cereal species in Poland for over 20 years and in the structure of
cereal crops its share is about 30%, while the least — buckwheat and millet. Restrictions
in the cultivation of these plants are mainly associated with smaller consumption of millet
and buckwheat, that have been replaced by rice or oatmeal.



Table 1. Cereals cultivation area in Poland in the years 1965-2015 (thousands ha)

Total Wheat Rye Triticale Barley Oat Maize Buckwheat and | Cereal mixes
Years | area of cereals | cultivation cultivation cultivation cultivation cultivation | cultivation | millet cultivation | cultivation
cultivation area area area area area area area area
1965 8416 1617 4447 - 689 1314 7 77 265
1970 8346 1985.2 3413 - 924.1 1530.3 5.1 83.1 405.2
1975 7864 1842 2792 - 1335 1291 15 46 543
1980 7847 1609 3039 - 1322 997 16 127 737
1985 8205 1885 3083 - 1242 995 16 63 921
1990 8531 2281 2314 749 1174 747 59 38 1169
1995 8571 2407 2452 616 1048 595 48 39 1366
2000 8814 2635 2130 695 1096 566 152 62 1478
2005 8329 2218 1415 1195 1113 539 339 73 1437
2010 7637 2142 1063 1330 974 577 334 117 1100
2015 7512 2395.5 7253 1516 839 461 670.3 92 813

Source: GUS (Statistics Poland) data
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Area of rye cultivation in Poland over the last fifty years has been radically reduced
from around 4.500.000 ha to only 725 thousand hectares. In recent years. maize has been
growing more and more because of the constant demand for its grain. mainly used for
fodder purposes.

After 2000. there were significant changes in the structure of cereal sown area. as the
area under wheat and triticale increased. as well as maize. at the expense of oats and rye.
Cultivation of triticale is gaining more and more recognition among Polish producers.
Since 2005. the area of this grain sowing has increased by 446 thousand hectares. i.e. by
approximately 60% compared to 1990. Reduction in the area of oat crops was caused by
the decrease in the number of horses which ceased to be the basic source of agricultural
tractive force in agriculture [Kulikowski 2013]. In 2015. the area of oats amounted to
461.000 ha. i.e. by 64.3% less compared to 1975.

The area of cultivating the cereal mixtures increased remarkably until 2000 to the
level of 14—16% in the structure of cereal crops. Since 2000. it has started to fall back to
pre-1985 levels and is now comparable to the area of oat cultivation.

In the case of barley. the apogee of the growing area was in 1980s — 1335 thousand
hectares. Starting from that period. the area of this grain cultivation has been gradually
decreasing and in 2015 it was 839.000 ha.

Table 2. Descriptive statistics of cereals cultivation area in Poland in the years 1965-2015
(thousands ha)

Buchwheat | Cereal

Specification| Total | Wheat | Rye |Triticale| Burley | Oat |Maize . .
and millet | mixes

Mean 8188.4|2092.4 |2443.0| 1016.8 | 1068.7 | 873.8 | 151.0 74.3 930.4

Standard | 0 6 3341 |1089.5| 378.1 | 2015 | 3725 | 2132| 294 418.6
deviation
Min.  |7512.0]1609.0 | 7253 | 616.0 | 689.0 | 461.0 | 5.1 38.0 265.0

Max 8814.0| 2635.0 |4447.0| 1516.0 | 1335.0 |1530.3| 670.3 127.0 1478.0

Coefficient

. 5.1 16.0 44.6 37.2 18.9 42.6 | 141.2 39.6 45.0
of variation

Source: own elaboration on the basis of GUS (Statistics Poland) data

On the basis of the coefficients of variability /' (Tab. 2) it was shown that the least vari-
ability of the sown area was characterized by wheat (V= 16%) and barley (¥ = 18.9%) and
the largest — maize (V' = 141.2%).

Cereal yields in Poland in 1965-2015

The increase in yields of wheat, barley, oats and maize in 1970 was caused partly by
the use of mineral fertilizers on a larger scale [Kulikowski 2013].

In 1975-1980, average yields of 4 cereals amounted to about 24 dt/ha. Very high
yields of cereals were recorded in 1990, their average level was then 32.8 dt/ha. It was
almost a step increase in yield (about 40%) caused mainly by a breeding progress (new
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intensive varieties) [Oleksiak 2003]. Varying yields of cereals in Poland in 1965-2015
were also affected by changing weather conditions. Sometimes, these differences were
very large, e.g. in 1995, grain yields in Poland amounted to 30.2 dt/ha; in 2000, they
amounted to 25.3 dt/ha and were lower by 16.2%, while in 2005, they amounted to
32.3 dt/ha and were higher by 27.7% compared to 2000.

Table 3. Cereal yields in Poland in the years 1965-2015 (dt/ha)

Total of Wheat | Rye |Triticale | Barley | Oat | Maize Buckwpath queal
Years | cereals . . . . . . and millet mixes
yields yields | yields | yields | yields | yields | yields yields yields
1965 19.0 206 | 184 — 21.0 18.8 20.4 10 17.7
1970 | 19.5 232 | 159 — 23.3 21.0 23.5 9.3 19.1
1975 | 24.9 28.3 | 225 — 27.3 22.6 53.3 6.4 26
1980 | 23.4 26 21.6 — 259 | 225 35.4 7.8 24.1
1985 | 28.9 343 | 24.7 — 329 | 27.0 43.0 14.7 29.9
1990 | 32.8 39.6 | 26.1 36.3 359 | 284 49.1 11.2 30.4
1995 | 30.2 36 25.6 33.2 31.3 25.1 49.6 11.5 28.1
2000 | 25.3 32.3 | 18.8 27.3 25.4 18.9 60.6 11.9 20.9
2005 | 323 39.5 | 24.1 32.7 322 | 24.6 57.3 11.3 27.3
2010 | 35.8 439 | 26.8 34.4 349 | 263 59.7 12.5 30.3
2015 | 373 45.7 | 27.8 35.2 35.3 26.5 47.1 11.5 27.7

Source: GUS (Statistics Poland) data

In 2015, the highest average cereal yields were recorded (37.3 dt/ha). The increase in
the grain yield over the analyzed 50 years was caused by biological development (breed-
ing of new varieties), a change in the configuration of cereal cultivation and an increase
in the effectiveness of fertilizers and plant protection products [Kulikowski 2013].

Over the fifty years (1965-2015), maize was characterized by the largest increase in
yields. The yield increase of this grain amounted to 26.7 dt/ha (increase by 130.9%).
Very high yield increase also occurred in the case of wheat, which amounted to
25.1 dt/ha (increase by 121.8%). Barley was characterized by significant increase in
yield: 14.3 dt/ha, i.e. 68.1%. A similar increase in yields occurred in the case of cereal
mixtures — 10.0 dt/ha, i.e. 6.5% and rye — 9.4 dt/ha, i.e. 51.1%. Slight yield increase
characterized oats — 7.7 dt/ha, i.e. 41.0%.

Table 4. Descriptive statistics of cereals yield in Poland in the years 1965-2015 (dt/ha)

Specification| Total | Wheat | Rye |Triticale |Barley| Oat | Maize Buckwh eat queal
and millet mixes
Mean 28.1 33.6 229 33.2 29.6 (23.8| 454 10.7 25.6
Standard | ) g5 | 39 32 | 52 33| 137 2.3 45
deviation
Min. 19.0 20.6 159 27.3 21.0 [18.8| 204 6.4 17.7
Max. 373 45.7 27.8 36.3 359 (28.4| 60.6 14.7 30.4
Coefficient | ) 1 | 248 | 168 | 95 | 17.6 |13.8] 30.3 212 17.7
of variation

Source: own elaboration on the basis of GUS (Statistics Poland) data
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The lowest increase in yield over fifty years characterized buckwheat and millet;
their average yield increase amounted to 1.5 dt/ha, i.e. 15%. In the case of triticale, yields
decreased during 25 years. The average reduction was — 1.1 dt/ha (decrease by 3.0%).

The average yield increase of all analyzed cereals from 1965 to 2015 amounted to
18.3 dt/ha, i.e. 96.3%.

Based on the variability coefficients V, it can be concluded that maize (30.3%) and
wheat (24.8%) were characterized by the highest variability in yields among cereals
grown in Poland in 1965-2015. Lower variability, in terms of yield, was demonstrated
by: rye (16.8%), barley (17.6%) and cereal mixtures (17.7%). The most stable yields
were recorded for triticale (9.5%).

Cereal harvests in Poland in 1965-2015

Harvests of cereals in Poland resulting from the sown area and yielding over the last
fifty years, gradually increased (Tab. 5). However, there were great seasonal oscillations
due to weather conditions.

Table 5. Cereals harvest in Poland in the years 1965-2015 (thousands tons)

Years Tcgrt:lfs f Wheat | Rye | Triticae | Barley Oat Maize ]zﬁflknzllllz E:t iﬁf;l
harvest harvest | harvest | harvest | harvest | harvest | harvest harvest harvest
1965 | 16020 | 3338 | 8202 - 1445 2476 14 77 468
1970 | 16262 | 4608 | 5433 - 2149 | 3209 12 78 773
1975 | 19557 | 5207 | 6270 - 3638 | 2920 79 29 1414
1980 | 18336 | 4176 | 6566 - 3419 | 2245 58 99 1773
1985 | 23742 | 6461 | 7600 - 4086 | 2682 69 93 2751
1990 | 28014 | 9026 | 6044 | 2721 4217 | 2119 290 43 3554
1995 | 25905 | 8668 | 6288 | 2048 3278 1495 239 45 3844
2000 | 22341 | 8503 | 4003 1901 2783 1070 923 74 3084
2005 | 26928 | 8771 | 3404 | 3903 3582 1324 | 1945 83 3916
2010 | 27228 | 9408 | 2852 | 4576 | 3397 1516 | 1994 146 3339
2015 | 28003 | 10958 | 2013 5339 | 2961 1220 | 3156 106 2250

Source: GUS (Statistics Poland) data

Increase in the cereal harvest in 1965-1990 resulted mainly from higher levels of min-
eral fertilization, and a breeding progress in 1990s due to introduction of intensive varieties
into the cultivation, mainly wheat and triticale. Cereal harvest in 1975 was at the level of
19,557 thousand tons, i.e. by about 20% higher than in preceding years, while in 1990, it
increased up to 28,014 thousand tons. In subsequent decade, the cereal harvests slightly
decreased the level of 1990 in subsequent decade, despite of the fact that the cultivation
area decreased. Higher harvests were achieved mainly due to clearly higher yields.
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In Poland, in the years 1965-2015, wheat and maize harvests were gradually grow-
ing (Tab. 5). The largest wheat harvest was obtained in 2015 — 10,958 thousand tons.
Maize harvest in this period increased from about 50,000 tons to over 3,000 thousand
tons. The decrease occurred in the size of rye and oat harvests. Clear variations in the
size of crops of particular cereal types did not occur in the same periods. An example is
rye, the harvests of which in 1970 were low, while the harvest of other cereals was even
higher than in previous periods. Low level of rye harvest in 1990 corresponded to the
high level of wheat harvest, which only in the next analyzed period fell by about 400,000
tons (a decrease of about 4% compared to the harvest in previous year). In the analyzed
period, the highest rye harvests were achieved in 1965 (8,202 thousand tons), and the
share of this grain in the cereal harvest amounted to as much as 51%.

The highest cereal harvests in Poland amounting to 28,014 thousand tons were ob-
tained in 1990. In the cereal harvest structure, the share of wheat at the time was 32.2%,
while 21.6% was rye, 15.1% barley, 12.7% cereal mixes, 9.71% triticale, 7.56% oats, the
smallest share was of maize (1.03%) as well as buckwheat and millet (0.15%). After 15
years, the level of grain harvest was similar (28,003 thousand tons), but its structure was
clearly different. The wheat content was 39.1%, triticale 19.1%, maize 11.3%, barley
10.6%, cereal mixtures 8.03%, rye 7.19%, oats 4.35%, and buckwheat and millet 0.37 %.

Table 6. Descriptive statistics of cereals harvest in Poland in the years 1965-2015 (thousands tons)

Buchwheat | Cereal

Specification | Total | Wheat | Rye |Triticale| Burley | Oat | Maize | | e | o

Mean 22939.6 | 7193.1 | 5334.1| 3414.7 | 3177.7 | 2025.1 | 798.1 79.4 2469.6

Standard

. 4696.7 |2528.811996.6| 1409.3 | 816.1 | 740.7 |1082.6 329 1220.7
deviation

Min. 16020.0 | 3338.0 |2013.0| 1901.0 | 1445.0 | 1070.0 | 12.0 29.0 468.0

Max. 28014.0 {10958.0{8202.0 | 5339.0 | 4217.0 | 3209.0 | 3156.0 146.0 |3916.0

Coefficient

. 20.5 352 | 374 413 25.7 36.6 | 135.7 414 494
of variation

Source: own elaboration on the basis of GUS (Statistics Poland) data

Among the analyzed cereals (Tab. 6), the barley harvests were the least variable
(V'=25.7%), and maize harvests — the highest (V= 135.7%).

CONCLUSIONS

1. The area of cereal sowings in Poland in 1965-2015 was variable with a downward
trend. In 1965-1980, it decreased by 569 thousand hectares, in the period of 1980-2000, with
the upward trend, reach the maximum — 8,814 thousand hectares in 2000. In the last 15
years, i.e. in 2000-2015, the systematic decrease in the area of cereal sowings lasting
until now has begun again.
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2. In the analyzed period, there were great changes in particular types of cereals. The
wheat cultivation area increased from 19.2% to 31.9%, maize from 0.8% to 8.9% and triticale
from 8.8% to 20.2%, whereas rye decreased from 52.8% to 9.7% and oat from 15.6% to 6.1%.

3. The increase in grain yield over analyzed 50 years was caused by biological pro-
gress (breeding and introduction of new varieties for cultivation), a change in the config-
uration of cereal cultivation and an increase in the effectiveness of fertilizers and plant
protection products.

4. The increase in cereal harvest in 1965—-1990 was mainly caused by the use of
higher levels of mineral fertilization, and in the 1990s, due to the breeding progress by
the introduction of intensive varieties, mainly wheat and triticale, to growing.

5. Wheat is the grain of the greatest importance for agriculture in Poland; in the ana-
lyzed period, it gradually increased the area of cultivation and yielded higher in compari-
son with other cereals.

6. The highest variability in the field of yielding of cereals in Poland in the analyzed
years characterized the maize yields (30.3%).
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Streszczenie. Celem pracy byla analiza zmian, jakie zaszly w Polsce w latach 1965-2015
w strukturze powierzchni zasiewow, plonowaniu i zbiorach zb6z. W analizie uwzgledniono takie
zboza jak: pszenica, zyto, pszenzyto, jeczmien, owies, kukurydza, gryka i proso, a takze mieszanki
zbozowe. W analizowanym okresie nastagpity fundamentalne zmiany w strukturze powierzchni
zasiewow, wielkosci plonow i zbiorow zbdz. Sukcesywnie zwigkszat si¢ udzial zboz o wyzszej
produktywnosci (pszenica, pszenzyto, jeczmien, kukurydza) oraz zmniejszata si¢ powierzchnia
uprawy zyta i owsa. W ciagu ostatnich 15 lat zmniejszyla si¢ powierzchnia upraw zb6z, ale plony
wzrosty, co przetozyto si¢ na wigksze zbiory. Wzrost ten byt szczegdlnie zauwazalny w przypadku
zb6z o wysokim potencjale produkcyjnym (pszenica, jeczmien, kukurydza, pszenzyto). Po 1990
roku czynnikiem, ktory przyczynit si¢ do zwigkszenia powierzchni zasiewow i zbioréw, bylo
wprowadzenie do szerokiej praktyki rolniczej nowego rodzaju zboza — pszenzyta. Réznice
w zbiorach uwarunkowane byly zmianami powierzchni zasiewdw, warunkami pogodowymi
inawozeniem mineralnym. Wzrost plonéw zb6z byl spowodowany postgpem biologicznym
(hodowla nowych odmian), zmiang konfiguracji upraw zbdz oraz poprawa efektywnosci
stosowania nawozow i $srodkéw ochrony roslin. Najwyzsza tendencja wzrostowa charakteryzowaty
si¢ plony pszenicy, a najwyzsza zmienno$cia w zakresie plonowania charakteryzowata si¢
kukurydza (30,3%).

Stowa kluczowe: zboza, struktura powierzchni zasiewow, plony, zbiory, trendy
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