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SULPHUR BALANCE IN POLAND — REGIONAL ANALYSIS
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Abstract. Sulphur (S) is one of the main and most essential nutrients for crops. Strict administrative regula-
tions regarding reduction of gas emissions into the atmosphere, introduced by the end of the 20 th century,
caused deficiency in sulphur supply for crops. Due to that, there is a need to determine the current status of
sulfur demand for cultivated plants as well as the latest content levels of that component. The total require-
ment of sulphur for crops has been established based on the nutrient’s accumulation level in the yield. The
regional analysis for the sulphur demand in Poland was carried out between 2013 and 2015 for eight groups
of plants: winter cereals (WCS), spring cereals (SCS), oilseed rape (OSR), grain maize (MAI), legumes
(GLE), root and tuber crops (RaT), fodder crops (FOD) and vegetables (VEG). Winter cereals and oilseed
rape dominated, as far as their sulphur demand was concerned, accumulating approximately %/; of their
total sulfur requirements. The first group with high stability of the sown area can be treated as the sulfur
total requirement indicator for cultivated crops in the entire country. The index for the average sulphur unit
accumulation (PPg) at the level of 20 kg S-ha! has been adopted as a benchmark to divide Poland into two
macro regions, which differ in the sulphur demand level: Eastern and Western. PPg index was getting higher
along with the increase of sulphur accumulation in oilseed rape and lower as the sulphur accumulation grew
in winter cereals. The main natural source channels of sulphur for cultivated crops, in the balance carried
out here, were rainfall and manure. An average content of sulphur in the rainfall was 4,8 kg S-ha’!, which
varied from 3,5 (Podlaskie voivodeship) to 6,1 kg S+ha'! (Slaskie voivodeship). The average quantity of
sulphur supplied by manure was 3,6 kg S-ha! and varied from 1,1 (Dolno$laskie voivodeship) to 7,0 kg
S-ha! (Podlaskie voivodeship). The average balance value, considering both sources for the given period,
was — 11,3 kg S-ha’'. The sulphur balance significantly depended on the type of the tested plants. A decreas-
ing balance value, indicating higher requirements, was recorded for the oilseed rape, whereas for the winter
cereals the value increased. The negative balance value for the nutrient along with its negative relation with
the winter cereal yield may point at soil as the main sulphur supply source for crops.
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INTRODUCTION

Sulphur is one of the key mineral nutrients, significantly influencing the nitrogen balance,
yield and the technological quality of crops [Zhao 2008]. As far as the agricultural production
is concerned, the sulphur supply level crop plants have a significant influence on the effective
use of nitrogen. The deficiency of that component causes a lower plants’ nitrogen intake from
the soil. That, in turn, increases the residual nitrogen level, which poses a threat to the environ-
ment [Hawkesford 2012]. Equally important is the role of sulphur as a nutritional factor, which
increases the crops’ resistance to pathogens [Jamal et al. 2010, Haneklaus et al. 2007].

No longer than 20 years ago in Poland, the need of fertilizing plants with sulphur was not
even being taken into consideration. The main reason for that was the substantial fall down of
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sulphur from the atmosphere, which used to cover the requirements of the most sensitive of
plants, such as winter oilseed rape [Podlesna 2013]. The first mention of the deficiency of that
particular element in Poland, appeared in the mid-90s of the 20th century and referred to oilseed
rape cultivated in the north-west regions of the country [Grzebisz and Fotyma 1996]. The crops’
sulphur requirement assessment can be carried out based on the plant and soil tests. However,
the obtained results determine only the element content of the particular field or the nutritional
state of the crop at a given time [Szulc 2008]. The significant part of the fertilization diagnostics
is the nutrient balance carried out using the “soil surface” method, which is normally used for
nitrogen or phosphorus [Oenema 2003].

In the classic procedure of the soil surface balance, the quantity of nutrient brought to the
field as part of the mineral fertilizers is taken into account. As far as sulphur is concerned, there
is no statistical data; therefore, the element balance gives a chance to estimate the quantity of S
fertilizer needs for crops [Grzebisz and Cyna 2003]. The most recent assessment of the sulphur
balance in Poland was carried out by Podlesna [2013], which showed a substantial deficiency
of that component, which consequently results in a harvest, which reaches only 50-60% of the
potential yield. This is a highly controversial result, because of the crucial as well as quantifiable
deficiencies of other nutrients, such as potassium [Grzebisz et al. 2010]. The realistic assess-
ment of the sulphur balance status in the farm, region or the whole country, should consider the
realistic level of the yield of cultivated crops.

The main purpose of this article is to determine the present state of the crops’ sulphur re-
quirements as well as the balance value of sulphur, based on the statistics for the period of
2013-2015. The research objective was carried out based on the analysis of the plants yield
cultivated on the arable land in Poland, livestock population and the rainfall recordings. The fo-
cal point of this paper was to establish the current state of the regional diversification of sulphur
balance indexes in Poland.

MATERIALS AND METHODS

The sulphur balance analysis in Polish agriculture was carried out based on the period of

2013-2015. The sulphur balance was calculated based on the following equation:
S=1-0

The outcome side (O, output) reflects the quantity of sulphur accumulated in the main crop
and the supplemental (cover/inter) crop at the time of harvest, taking into account the produc-
tion specifics for the given group of crops. The income side (I, input) embodies two sources: the
quantity of the nutrient carried into the soil from the atmosphere (rainfall) and natural fertiliz-
ers.

The basic data regarding the crop area and structure as well as plant yield are obtained from
the statistical yearbooks (GUS, 2014-2016). The crop structure analysis takes into account eight
plant groups: winter cereals (WCS), spring cereals (SCS), grain maize (MAI), winter oilseed
rape (OSR), legumes (GLE), root and tuber plants (RaT), fodder crops (FOD) and vegetables
(VEG). The total quantity of the sulphur accumulation in the crop yield was established based
on the crop area, yield and the nutrient’s accumulation unit value of the crop (S;) (Table 1):

TA;=CA - S

where:

TAg— sulphur total accumulation, t,

CA — crop area for different plant groups, ha - 1000,

S, — sulphur unit accumulation for a given plant group, kg-t'
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Table 1.  Indices of unit sulphur accumulation by selected crops

Crop kg S-t! Crop kg St!
Winter cereals — WCS
Winter wheat 4.5 Winter triticale 35
Winter rye 3.0 Winter barley 3.5
Spring cereals — SCS
Spring wheat 4.5 Cereals mixture 35
Spring barley 4.0 Other cereals 3.0
Oats 3.5 Buckwheat 5.0
Winter oilseed rape — OSR Maize — MAI
Winter oilseed rape ‘ 20.0 Grain maize 4.0
Legumes — GLE
Seed legumes ‘ 7.0
Root and tuber crops — RaT
Sugar beets ‘ 0.8 Potatoes 0.5
Fodder crops — FOD
Clover - fodder 0.8 Alfalfa - fodder 0.8
Fodder maize 0.25 Fodder grasses 0.4
Fodder legumes 0.7 Other legumes — fodder 0.6
Others fodder 0.6 Root crops 0.5
Vegetables — VEG
Table legumes 7.0 Cabbage 4.0
Califlower 1.5 Onion 2.0
Carrot 0.5 Beetroots 0.5
Tomato 0.5 Cucumber 0.25
Other vegetables 0.25

Index, determining the quantity of the sulfur average requirement for cultivated crops (PPg)

has been calculated with following equation:
PP = ZTA{(WCS + SCS+ MAI + OSR + GLE + RaT + FOD + VEG)/
YCA(WCS + SCS+ MAI + OSR + GLE + RaT + FOD + VEG)

where:

PP — the average nutritional requirements of crop plants in relation to sulphur, kg S-ha’!,

YTA, — total sulphur quantity accumulated in the biomass of the cultivated crop, t

>CA — total crop area, ha - 1000.

Data regarding the sulphur content in the rainfall has been obtained from the regional study
carried out by the Inspection of Environmental Protection (“Rainfall Chemistry Recordings” for
2013-2015). The sulphur income quantity from the natural fertilizers has been calculated based
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on the livestock population, shown in livestock units (LU) (GUSb, 2014-2016), crop area (CA),
unit production of manure per LU, manure sulphur content.

Analytical procedure [Grzebisz, 2015]:

PMa=LU - 12,5
Swa=PMa- 0,72

where:

PMa — production of manure, t-ha’,

LU - livestock units, ha™!,

12,5 — unit production of manure per LU, tyear!,

Sua— sulphur content in manure, kg-ha'!,

0,72 — sulphur unit content in manure, kg-t'.

The obtained analytical material was statistically examined, adopting voivodeship as a fac-
tor and years as repetitions. The research results underwent the single factor ANOVA variance
analysis, using the Tukey’s test at the materiality level p=0,05, carried out using the STATISTI-
CA 12 programme (StatSoft Polska, Krakéw). Correlation dependencies between the analysed
features were appointed using the simple linear regression and the stepwise regression.

RESULTS AND DISCUSSION

Structure of sulphur accumulation by the cultivated crop

Sulphur accumulation structure for the cultivated crops, taking into account both the total as
well as the particular crop, indicates an explicit domination of winter cereals and oilseed rape
(Fig. 1). During the period of 2013-20135, the first group of plants accumulated over '/; and the
second over Y4 of the total sulphur content accumulated by all the cultivated crops at the moment
of harvest. The groups of plants further down the line have a much lower level of the nutrient’s
accumulation: spring cereals > grain maize > root and tuber crops > fodder crops > vegetables
> grain legumes.

The lowest level of accumulation was registered for the grain legumes, which reached only
1% of the total sulphur accumulation for the given period. The regional diversity structure of
the total sulphur accumulation in the agricultural crops stems, first of all, from the size of the
voivodeship area and secondly from the crop structure (Table 2). The following algorithm clear-
ly defines the above interrelation:

TAs=21,45CA - 7239 forn=48,R>=0,811P <0,001

where:

TAg - total sulphur accumulation in the crops biomass, t,

CA - crop area, ha - 1000.

The dominating group in the sulphur accumulation were winter cereals (Fig. 1). The regional
diversity for that particular group of plants turned out to be quite substantial. The South-Eastern
macro region, which shows the lowest level of the nutrient’s accumulation, consists of four
voivodeships: Matopolskie, Podkarpackie, Slaskie and Swietokrzyskie. Moreover, a low level
of sulphur accumulation was also recorded for Lubuskie and Podlaskie voivodeships. The high-
est level of the crop sulphur requirement, only slightly lower than the total amount of the small-
est group, was recorded for Wielkopolskie voivodeship. The recorded status of the regional
diversity comes from the varied total accumulation of the element:

TAg.wes = 0.34TAg + 312,9 forn =48, R*=0,96 i P < 0,001

where: TAg ycs — total sulphur accumulation in the winter cereal biomass, t.
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Fig. 1. Structure of sulphur accumulation by the main groups of crops in Poland, years 2013-2015

The obtained interrelation clearly shows a dominant role of the winter cereal in shaping the
total sulphur accumulation for a given region. The main factor, which specifies this relationship,
is a significant, long-term stability of the winter cereals’ participation in the crop structure in
different regions within the country. The winter oilseed rape, despite a much smaller crop area
and a seriously high-sulphur requirement, constitutes the second dominant crop group in terms
of sulphur accumulation (Fig. 1, Table 2).

The regional diversity for the total sulphur accumulation is not smaller than for the winter
cereals, however, there are much bigger variations, emphasised by the coefficient of variation
value (CV), which is 76% i1 56%, for oilseed rape and winter cereals, respectively:

TAg.osr = 0,3TAg +287,2 forn =48, R?=0,68 1 P < 0,001

The reasons for the total sulphur accumulation variation by oilseed rape stems from two fac-
tors. The first one is the crop area, significantly determined by the market criteria (seed trading
price) [Kapusta 2015]. The second ones are the weather conditions during the autumn-winter
vegetation that led, just like in 2012, to a substantial crop yield decline due to a high winterkill
of plants. [GUSa 2013, Tys et al. 2003]. The sulphur diversity accumulation by the spring cereal
in the researched voivodeships was really high (CV = 80%), however, it is possible to define
regions for that group of crops where the element’s accumulation diversity is smaller.

The group of a small total sulphur accumulation comprises voivodeship from the South-
Eastern macro region as well as, so called Western Wall (Dolno$laskie, Lubuskie i Zachodnio-
pomorskie). The highest sulphur requirement within the crop group was recorded for the Lubel-
skie voivodship. The grain maize is a plant, which, to a large extend, competes with the spring
cereals over the stations. The spatial distribution of the total sulphur accumulation by the grain
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maize showed the highest variety out of the researched crop groups for the given period (CV =
95%). Similarly, just like for the winter cereals, the nutrient’s highest requirement was recorded
for the maize cultivated in the Wielkopolskie voivodeship, and the lowest in the Pomorskie and
Matopolskie voivodeships. For the root and tuber crops, the spatial diversity in sulphur accumu-
lation was very high (CV = 88%). The reason for such a large variety of the researched feature
could be explained by the crop analysis structure. The sulphur requirement for the root and tuber
crops in the Wielkopolskie voivodeship was 21 times higher compared to the Podlaskie voivode-
ship. The varied regional sulphur accumulation within the fodder plants was also very high. The
Podlaskie voivodeship dominates, whereas the Lubuskie voivodeship is on the opposite far
end (7,5% of the Podlaskie voivodeship state). The diversities between the two regions can be
explained with the population of the dairy cattle [GUSb 2013-2015, Lipinska and Gajda 2006].
The last but one analysed group were vegetables, where a high accumulation variability was as-
serted S (CV = 85%). In this crop group, Mazowieckie voivodeship significantly dominates in
terms of the requirements of the researched element, which stems from a large crop-land of the
Warsaw metropolitan area. Right opposite results were recorded for the Opolskie voivodeship
(7% of the Mazowieckie voivodeship). The role of the grain legumes in the regional structure of
S accumulation was quite insignificant, less varied, but stable (CV = 60%)).

The crop yield analysis as a function of sulphur accumulation in the researched plants’ bio-
mass, showed a number of correlations. The main cultivation, which determine the crop yield
turned out to be oilseed rape and fodder crops (Fig. 2). In general, crop yield increases along

P = 3,63 + 0,0002RZ - 0,0006PA: n = 48: R? = 0,59

Yield classes, t ha™

Il -55
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<39
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[ 1<24
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Fig. 2. Yield of cereals as a function of sulfur accumulation by the main groups
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with the increased sulphur accumulation in oilseed rape, providing there is a decreased contribu-
tion of the fodder plants. The importance of the oilseed rape derives directly from the fact that
during the vegetation period, the plant can effectively penetrate deeper soil layers, which leads
to a release of many minerals, mainly phosphorus. Those nutrients, in turn, become available to
cereals in the following cultivation season. [Lukowiak et al. 2016]. Thanks to that, the oilseed
rape cultivation has a stabilizing influence on the future cereal crops.

The index of the average sulphur requirement - PP

The basic indicator, which diversifies regions (voivodeships) in terms of their sulphur re-
quirements, is the average unit index for the nutrient requirement (PPg). The index value for
Poland during the period of 2013-2015 was 19,8 kg S-ha™! (Table 3). Based on the calculated
average index of nutrient requirements (19,8 kg-ha) and the assumed unit accumulation of sul-
phur at the level of 4 kg-t' of grain [Potarzycki et al. 2015], for winter cereals, the size of the

Table 3.  Components of sulphur balance in Poland — a regional overview

Output Input Balance S1 Balance S2
Region Manure Rainfall Total
kg S+ha’!
DS 279 l.la 5.6 be 6.7 a-c -26.8 2 2122
KP 25.7 de 53¢g 4.7 a-c 10.0 e-h -20.4 a-c -15.7 a-c
LB 19.5 ad 2.7¢ 5.1a-c 7.8 b-d -16.9 b-f -11.8 c-e
LS 203 a-d 1.7 be 4.6 a-c 6.3 ab -18.6 b-e -14.0 b-d
D 152a 4.9 fg 4.3 a-c 9.2d-g -10.3 fg -6.0 ef
MP 16.0 a 3.2de 5.2 a-c 8.5c-f -12.8 d-g -7.5 c-f
MZ 155a 50g 53 a-c 10.2 f-h -10.5 fg -5.2ef
oPpP 24.1c-e 3.2de 58¢ 9.0d-g -21.0 a-c -15.1 a-c
PK 16.8 ab 1.8 ¢ 4.7 a-c 6.6 a-c -149 c-g -10.2 c-f
PL 152a 7.01 35a 10.5 gh -82¢g 4.6f
PM 18.6 a-d 33e 3.7 ab 7.0 a-c -154 c-g -11.7 c-e
SL 17.6 a-c 34e 6.1c 9.5d-g -142 c-g -8.1 c-f
SK 14.7 a 35e 5.1a-c 8.5c-f -11.2 e-g -6.2 ef
WM 234 b-e 44f 3.7 ab 8.1b-¢e -19.0 b-e -15.3 a-c
WP 21.8 a-e 6.2h 5.5a-c 11.7h -15.6 ab -10.1 c-f
zp 244 b-e 1.2 ab 44 a-c S5.6a -23.1ab -18.7 ab
Mean 19.8 3.6 4.8 8.5 -16.2 -11.3
os! 43 1.7 0.8 1.7 5.1 5.0
CVZ (%) 21.7 47.8 159 20.3 315 44.0

'standard deviation; coefficient of variability
“the same letter in the column means the lack of statistical differences
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achievable yield can be estimated at 4,95 t-ha of grain. The estimated average cereal yield size
is larger than the actual yield of the winter cereals, because the calculated average PPs index
comprises plants like winter oilseed rape, which has a substantially bigger unit accumulation
of sulphur [Grzebisz and Hardter 2006]. The calculated yield, based on the estimated indexes,
suggests that crops make an insufficient use of the accumulated sulphur.

The spatial nutrient requirement analysis for crops in Poland, in terms of sulphur, was car-
ried out based on four adopted classes of the PPs index (Fig. 3). The PPs index at the level of

[ < 160kgS hal
B f51-200
I 200-240
[ sz

Fig. 3. The regional variability in the average unit S accumulation index, Poland, 2013-2015 years

20 kg-ha' let differentiate regional discrepancies in terms of the crop nutrient requirements in
Poland. The PPs indexes included in classes with values < 20 kg-ha' S determine the extent of
the Eastern macro region, which covers the area of the central and eastern parts of Poland. The
only exception here is Pomorskie voivodeship, situated in the second macro region, Western,
with the PPs value over 20 kg S-ha''. The crop structure and the sulfur accumulation by the
dominant crop groups prove (or may prove) the presented regional breakdown of the nutrient
requirements in terms of sulphur in Poland [GUS 2014-2016a, Table 1].

The stepwise analysis revealed a significant dependence of the PPs index and the total sul-
phur accumulation by two plant groups — winter oilseed rape and winter cereals. The analysis
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concludes Fig. 4 that the bigger share of winter cereals in the cropping area, the greater the
decrease of the PPs index value. However, the larger the proportion of the oilseed rape, the
higher the PPs index value. The big involvement of oilseed rape in the crop structure, leading
to the increase of the index value, significantly increases the total wheat yield, which is usually
cultivated in this environment [Kulczycki 2015, Potarzycki et al. 2015].

PP = 15,92 - 0,00070Z + 0,002RZ; n = 48; R?= 0,78

PP classes, kg S ha’!

35
B <32
B <27
/<22
<17
[ (]<12
[ 1<7

Fig. 4. The unit S accumulation index as a function of sulfur accumulation in the main groups of crops

Sulphur sources and S balance

The main, external source of sulphur for crops is the rainfall. Despite the fact that the im-
portance of this sources is systematically declining, it remains significant for plants, especially
for the crop groups, which have low requirements for the element [Grzebisz and Hérdter 2006].
The average sulphur income from rainfall to soil in the period of 2013-2015 levelled at approxi-
mately 4,8 kg-ha!, with the regional fluctuations from about 3,5-3,7 kg-ha'! in the north-eastern
vivodeships to 6,1 kg-ha! in Slaskie voivodeship (Table 3). In comparison with the beginning
of the 20th century figures, those values are over twice lower [Grzebisz and Cyna 2003]. The
scale of the area differentiation of that sulphur source in Poland, as the analysis of Fig. 5 shows,
is very small. Most of the country, apart from the earlier mentioned regions, showed an annual
growth at the level of 5 kg S-ha'’.
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Fig. 5. The regional variability in the sulphur input from precipitation in Poland, 2013-2015 years

The second eligible source of sulphur is manure. The average annual quantity of that nutrient
supplied to soil in the given period was about 3,6 kg S-ha’!, demonstrating the average variation
of (CV =48%). The regional diversity is significant enough to differentiate three homogeneous
macro regions (Fig. 6). The lowest income of sulphur from that source, below 2 kg S-ha! was
recorded in the macro region called Western Wall. The main reason for that is the low livestock
density (GUS 2014-2016b). There are six voivodeships in the middle class (2,1-4,0 kg S-ha™).
The compact area in this class comprises of the voivodeships situated in the south-eastern part
of Poland. The Central Poland, especially because of the large quantity of pigs or/and milk cat-
tle, the average annual sulphur income from manure levels between 4,1 and 6,0 kg S-ha'. The
largest sulphur income from manure, as a consequence of the intensive cattle production, was
recorded in Podlaskie voivodeship. The average values of the sulphur income from manure in
the given period as well as their variation scope are comparable with the ones observed at the
beginning of the century [Grzebisz and Cyna 2003]. The total income of sulphur from both
sources was at the level of 8,5 kg S-ha'' (Table 3). Such quantity of the element has a little poten-
tial to cover the nutritional requirements, as its total value reaches the level of 2 t of the quality
wheat [Grzebisz and Hardter 2006].

Balance is a straightforward indicator of the variance between income and outcome of the
element. The sulphur balance analysis was carried out for the PPs index which represents the
outcome (O), which is the average unit value of the sulphur accumulation in the crop mass, as
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Fig. 6. The regional variability in the sulphur input from manure in Poland, 2013-2015 years

well as the income (I), referred in the first stage of the balance analysis to the direct source,
which is manure (balance S1), while in the second, to the total sulphur income from that source
and the rainfall (balance S2). The average balance value S1 reached the level of—16,2 kg S-ha’!,
which indicates the role of manure to cover the fertilization requirements of sulfur at the level of
18% (Tabela 3). The lowest PP values, below —20 kg S-ha! were recorded in most of voivode-
ships in Western Poland as well as in the Kujawsko-Pomorskie Voivodeship. The highest bal-
ance values, however, in other words, higher than —10 kg S-ha!- were recorded in the Podlaskie
voivodeship only. The results of the area diversity of the S2 balance are presented in Fig. 7. The
highest negative balance for sulphur was recorded at the Western Wall, including the Opolskie
voivodeship into that macro region. However, the biggest area in terms of low negative balance
(> -8,0 kg S-ha'') spreads from Matopolskie to Podlaskie voivodeships. The balance value for
S1 depended, as the stepwise regression showed, on the sulphur accumulation in oilseed rape
(OSR) and fodder plants (FOD):
S1=-12,82 - 0,0020SR + 0,004FOD, n = 48 for R? = 0,75

What comes from the above equation is that the negative sulphur balance increased by the
higher contribution of oilseed rape, and decreased by the fodder plants. The balance included
the sulphur income from the rainfall, which indicates a slightly different spectrum of the domi-
nant plant group (Fig. 8). The growth in the sulphur accumulation by oilseed rape, analogically,
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Fig. 7. The regional variability in the sulphur balance in Poland, 2013-2015 years

just like for S1 balance, deepened the negative value of the balance. The bigger proportion of
the winter cereals in the crop structure influenced the improvement of the sulphur balance. This
may, in turn, help lower the risk of the sulfur deficiency for plants.

The forecast for the influence of the element’s deficiency on the crop yield can be estimated
by determining their yielding trend. In this analysis, the potential indicator for the element’s
deficiency is the sulphur balance. The analysis Fig. 9 clearly shows that the winter cereals grew
proportionally to the negative values of the sulphur balance. The yielding trend presented by
the chart curve plainly shows that the sulphur deficiency is not the basic factor determining the
cereal yield in Poland. What follows, even the low level of sulphate sulphur content in the soil,
recorded in the monitoring research [Siebielec et al. 2012], satisfies the crop requirements. The
obtained yielding trend suggests that the effective use of sulphur accumulated in crops needs
to be defined and the production factors that have bigger influence on yield than sulphur, need
to be optimized. An example of the fertilization component, which has a great influence on a
potential yield is potassium [Grzebisz et al. 2010]. Based on the obtained interrelation, what
field vegetation experiments also confirm, [Kulczyki 2015, Potarzycki et al. 2015], it can be
assumed that the use of sulphur fertilizers can significantly influence the stability of the cereal
crop at a higher level.
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CONCLUSIONS

1. The trends of the regional diversity of sulphur balance in Poland were mainly established by
the presence of winter cereals and winter oilseed rape in the crop structure in the respective
region.

2. The PPs index at the level of 20 kg S-ha™! let divide Poland in terms of crops’ sulphur require-
ments into two macro regions: Eastern — with smaller requirements and Western with larger
requirements for that element.

3. The sulphur income from the rainfall and manure in Poland only slightly levelled the nega-
tive balance of sulphur, respectively compensating for the total requirement of that element
with 24 and 18%.

4. Sulphur, despite its negative balance, is a secondary factor that determines the yield of win-
ter cereals in Poland.
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K. PrzyGocka-CyNA, W. GRZEBISZ

SALDO BILANSOWE SIARKI W POLSCE — ANALIZA REGIONALNA

Synopsis. Siarka (S) jest jednym z gléwnych i niezbednych sktadnikéw pokarmowych dla roslin upraw-
nych. Poniewaz restrykcyjne regulacje administracyjne dotyczace ograniczenia emisji gazéw do atmos-
fery wprowadzone pod koniec XX wieku, wywotaly niedobory w zaopatrzeniu ro§lin w siarke, wystapita
potrzeba okreslenia aktualnego stanu zapotrzebowania roslin uprawnych w siarke oraz wartosci salda
bilansowego dla tego sktadnika. Zapotrzebowanie catkowite roslin uprawnych na siarkg okreslono na pod-
stawie akumulacji sktadnika w ich plonie. Analiz¢ regionalng zapotrzebowania roslin na siark¢ w Polsce
przeprowadzono w okresie 2013-2015 dla o$miu grup roslin: zboza ozime (ZO), zboza jare (ZJ), rzepak
(RZ), kukurydza na ziarno (KU), stragczkowe na ziarno (ST), okopowe (OK), pastewne (PA) i warzy-
wa (WA). Zboza ozime i rzepak dominowaty w strukturze potrzeb wzgledem siarki, akumulujac okoto
%/, calkowitego zapotrzebowania tego sktadnika. Pierwsza grupa o duzej stabilno$ci powierzchni zasie-
wow moze by¢ traktowana jako wskaznik zapotrzebowania caltkowitego przez rosliny uprawne na siarke
w kraju. Wskaznik $redniej jednostkowej akumulacji siarki (PPg) na poziomie 20 kg S-ha'! przyjeto jako
kryterium podzialu Polski na dwa makroregiony, réznigce si¢ poziomem zapotrzebowania na ten pier-
wiastek: Wschodni i Zachodni. Wskaznik PPy wzrastat wraz ze wzrostem akumulacji siarki w rzepaku
a malat ze wzrostem akumulacji siarki w zbozach ozimych. Glownymi zrodtami przychodu siarki dla
roélin uprawnych, w wykonanym bilansie, byty opady atmosferyczne i obornik. Srednia zawarto$é siarki
w opadach atmosferycznych wynosita 4,8 kg S-ha'!, wahajac si¢ od 3,5 (woj. podlaskie) po 6,1 kg S-ha’!
(woj. $laskie). Srednia ilos¢ siarki dostarczana w oborniku wynosita 3,6 kg S-ha' wahajac si¢ od 1,1 (woj.
dolnoglgskie) po 7,0 kg S+ha' (woj. podlaskie). Srednia wartosé salda bilansowego, uwzgledniajac oba
zrodta, wyniosta w tym okresie -11,3 kg S-ha!. Saldo bilansowe siarki istotnie zalezato od udzialu w nim
badanych gatunkow roslin, dla rzepaku odnotowano obnizanie si¢ wartosci salda, natomiast w przypadku
zb6z ozimych stwierdzono jego wzrost. Ujemna warto$¢ salda bilansowego dla tego sktadnika przy jedno-
czesnym ujemnym jego zwiagzku z plonem zbdz ozimych moze wskazywac na glebg, jako gtéwne zrodto
zaopatrzenia ro$lin uprawnych w ten sktadnik.

Slowa kluczowe: rosliny uprawne, siarka, wojewddztwa, struktura akumulacji, potrzeby pokarmowe,

zroda
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