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Influence of biomass ash, lime and gypsum fertilization
on macro- and microelement contents in the soil
and grains of spring wheat

Abstract: The addition of lime and gypsum to wood ash and straw ash were used in the studies. The subject of the study was
estimation of the fertilization effect of biomass, ash, gypsum and lime on the content of macro- and microelements in soil and grain
of spring wheat. The experiment was carried out in 2016 in the West Pomeranian Voivodeship in Poland. The study compared three
factors: wood ash of deciduous and coniferous trees and cereal straw ash (I. factor), two types of ash additions: lime or gypsum
(mixture composition: 60% ash and 40% lime or gypsum) (I1. factor), three doses of ash with lime or gypsum mixture: 2, 4, 6 Mg-ha™' and
control (III. factor). The analysis of the microelements contents (copper, chromium, nickel and lead) in the soil shows that the
application of fertilizer in a form of wood or straw ash as well as PROFITKALK lime or SulfoPROFIT gypsum did not exceed the
threshold values for the soil from the first group of land specified in Regulation of the Minister of the Environment of September 1,
2016 on the manner of assessing the pollution of the earth’s surface. After application of biomass ashes (wood or straw) an increase
of some macroelements (potassium, phosphorus and calcium) in the soil was observed. The experiment did not reveal any influence
of applied fertilization in the form of wood or straw ash nor PROFITKALK lime nor SulfoPROFIT gypsum on changes in iron,
manganese and zinc abundance in grains of spring wheat.
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INTRODUCTION

however, its shortages adversely affect the use of
nitrogen, which in consequence leads to a reduction
in grain yield and quality.

Both of these raw materials are of post-industrial
origin and have been registered and marketed. The
purpose of adding the lime to the ash was to increase
the de-acidification capacity of the soil, while gypsum,

Fertilization of soil is supposed to maintain the
correct soil parameters and to obtain good quality crop
yields. Adjustment of the composition and quantity
of applied fertilizers is an important factor that deter-
mines yields of the appropriate quality and mainte-
nance of the correct condition of the cultivated soil.

For this purpose, the use of biomass ash as a fertilizer
becomes widespread (Ohno and Erich 1990, Park et
al. 2005, Yeledhalli et al. 2008, Xiao et al. 2011, Pie-
karczyk 2013, Sharifi et al. 2013, Stankowski et al.
2014). Ash from biomass burning can be a valuable
material for fertilizing the soil and plants. It contains
potassium, phosphorus, magnesium and a number of
micronutrients useful for plants and is characterized
by high pH value. If the biomass is not contaminated,
the amount of heavy metals usually does not exceed
the established standards. However, the composition
of biomass ash is often quite varied. Fiizesi et al.
(2015) point out that the application of wood ash can
cause rapid changes in the chemical properties of the
soil, especially in the top layer. Spring wheat does
not belong to plants with a high demand for sulphur;
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in addition to the introduction of lime and sulphur
into the soil. The subject of the study was estimation
of'the fertilization effect of biomass, ash, gypsum and
lime on the content of macro and microelements in
soil and grain of spring wheat.

MATERIALS AND METHODS
Experimental characteristics

The experiment was carried out in 2016 in the
village Noskowo (54°38'N, 16°82’S) located-in the
West Pomeranian Voivodeship in Poland. The soil was
strong loamy sand characterized by pH,,=6.4,
organic matter=49.0 g-kg™!, P, .=27.0 mg-kg!,
K, .. =197 mgkeg', Mg, =165mgkg.

avail.
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The study compared three factors: wood ash of
deciduous and coniferous trees and cereal straw ash
(I. factor), two types of ash additions: lime or gypsum
(mixture composition: 60% ash and 40% lime or gypsum)
(I1. factor), three doses mixture (2, 4, 6 Mg-ha™!) of
ash with lime or gypsum and control (III. factor). Total
number of experimental combinations was 12 and one
control variant in two replications. Fertilization was
carried out in autumn 2015. Ashes made of wood and
straw were characterized by the following parameters
(Table 1).

TABLE 1. The pH and contents of macro- and microelements
(mgkg ') in wood and straw ash

Parameters Type of ash

wood straw
pH in H,0 12.3 10.2
pH in KCI 12.5 10.0
Phosphorus /P 10 000 1610
Potassium /K 6 790 80 900
Magnesium / Mg 6 360 3 900
Calcium / Ca 35 400 15 600
Iron / Fe 829 988
Manganese / Mn 9220 351
Zinc / Zn 1 830 966
Miedz / Cu 157 61.2
Chrome / Cr 35.2 2.64
Lead / Pb 34.5 33.0
Nickel / Ni 26.4 2.97

The used lime fertilizer is a post-cellulose calca-
reous fertilizer, type 07, with the trade name PRO-
FITKALK, which is imported by the Polish company
Agro Trade Ltd. from Scandinavia. The lime contained
in the fertilizer is carbonate and its content is 28.0%
Ca. The fertilizer contains phosphorus and magnesium
in the amounts of 0.25% P, 0.42% Mg (website 1).
Another fertilizer lime form was gypsum with a market
name SulfoPROFIT, which is a solid, dusty fertilizer
with a Ca content of 19.3% and S 12.3%. The experiment
was established applying a random block method in
2 replicates on strong loamy sand. The plot area was
500 m?. The material for analysis was grain of a spring
wheat cv. Zura (Triticum aestivum var. Zura), which
belongs to the bread quality of group A. The wheat
was bred by HRR “Nasiona Kobierzyce” Ltd., entered
into the National Register of Varieties on February
01,2002, while its registration will expire on December
31, 2022. It is a variety of wheat useful for milling
and baking purposes. The forecrop was rape. Sowing
date was on April 6, 2016. Nitrogen fertilizers were
sown on April 2—4, 2016 in an amount of 70 kg N in

SEAWOMIR STANKOWSKI, MAGDALENA SOBOLEWSKA, ANNA JAROSZEWSKA, MARZENA GIBCZYNSKA

urea form and on May 28, in an amount of 70 kg N in
urea form per hectare. The wheat was harvested on
August 15, 2016. Care treatments of the crop were
carried out in accordance with the principles of Good
Agricultural Practice.

Methodology of chemical analyses

The pH of soil was determined potentiometrically
in accordance with the standard (ISO 10390/1997P).
The amount of organic carbon was determined using
oxidation with dichromate (VI) combined with
sulphuric(VI) acid (ISO 14235:2003). The coefficient
1.724 was used to calculate the organic matter content.
Nitrogen was determined in solutions after minerali-
zation of soil samples in sulphuric (VI) acid with H,O,
by the Kjeldahl method (ISO 11261:2002). The
available forms of phosphorus and potassium in the
soil were determined using the Egner-Riehm method
(Egner et al. 1960). In order to determine the exchan-
geable forms of magnesium and calcium contents in
the soil, a buffered barium chloride solution was used
(pH 8.1) (ISO 13536:2002P). When determining the
total content of metals, potassium, calcium, magnesium,
iron, manganese, zinc, sodium, nickel, lead, copper,
cobalt, chromium and cadmium, soil samples and
grains were wet mineralized in a mixture of nitric(V)
and chloric(VII) acids at 1:1 ratio (ISO 6869:2000).
Analyses were performed using Atomic Absorption
Spectrometer (Thermo Fisher Scientific iCE 3000
Series). After mineralization of the grain in the solution
of sulphuric(VI) acid in combination with H,0,,
nitrogen content was determined using Kjeldahl
method (ISO 20483:2013), whereas phosphorus
content by means of colorimetric method using
ammonium molybdate at 470 nm wavelength (ISO
6491:2000P).

Statistical analysis

Obtained results were statistically processed using
the 3-factorial variance of random blocks analysis.
Confidence intervals were calculated using Tukey’s
multiple test assuming significance level p=0.05.
Statistical analysis of the results was performed
applying the Statistica 10.0 software.

Climatic conditions

The Central Statistical Office assessing the meteo-
rological conditions in the vegetation period in 2016
concluded that the weather in March was conducive
to drying the fields and heating the soil as well as to
vegetation growth. April’s cool days with deficient
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precipitation inhibited the rate of growth and deve-
lopment of plants. The lack of rainfall caused that the
water requirements of crops were not fully satisfied.
At the beginning of May, warm and sunny weather
favoured the growth and development of crops. As
aresult of spring rainfall deficiency, many crops have
deteriorated. Rainfall recorded in June improved the
condition of soil moisture level (website 2).

RESULTS AND

179

soil. Application of the remaining fertilizer materials
and increasing the doses did not cause significant chan-
ges in the amount of this macroelements in the
experimental soil. In general, the wood has a high po-
tassium content reaching 0.7% (Fromm, 2010). Howe-
ver, among the nutrients in the straw, the level of po-
tassium is the highest at up to 1.7% counted as pure

TABLE 2. The pH and content of macro- and microelements in soil depending on the

DISCUSSION

The content of macro-
and microelements
in the soil

After the experiment was com-
pleted, the soil from the control
object was characterized by a sligh-
tly acidic reaction of pH,;,, 6.31.
The applied fertilizers were cha-
racterized by alkaline pH (Table 1),
but no influence on the soil pH chan-
ges was observed during the study
period (Tables 2, 3 and 4). Simi-
larly, in previous studies, no alka-
lisation of soil fertilized with bio-
mass ash and bio-compost BIO-
TOP was recorded (Gibczynska et
al. 2014). Explanation of the above
relationships may be due to the fact
that the largest alkalizing effect is
noted in the second year after
liming the soil (Gibczynska 2000,
Kotowska et al. 2003).

Soil organic matter is a basic
indicator of soil quality that deter-
mines its physicochemical proper-
ties and biological processes. The
average content of organic matter
in the soil from the experiment was
46.5 g'kg™!, whereas nitrogen was
1.10 g'kg™!. Fertilization with ash,
PROFITKALK lime and Sulfo-
PROFIT gypsum did not affect any
changes in the amount of these
parameters in the soil (Tables 2, 3
and 4).

As aresult of the large amount
of phosphorus in the wood ash
(Table 1), the available phosphorus
content in the soil was increased
to 28.4 mg-kg™!, which is 18.9%
higher than that for the untreated

type of ash from biomass

Parameters Control Type of ash
wood  straw  average LSD

pH in H,O 631  6.30 6.36  6.33 n.s.
pH in KCl 6.00 6.26 596 6.11 n.s.
Organic matter [gkg'] 46.5 448 475 462 ns.
Nitrogen / N [gkg'] 1.05 1.10 .11 1.10 ns.
Available phosphorus [mgkg ] 239 284 227 255 1.83
Available potassium [mg-kg ] 195 203 241 222 22.1
Exchangeable calcium [mgkg ] 664 863 739 801 73.4
Exchangeable magnesium [mg-kg] 154 160 166 163 ns.
Iron / Fe [gkg '] 10.6 10.2 105 104 ns.
Manganese / Mn [mg-kg '] 364 427 443 435 40.5
Zinc / Zn [mgkg 1] 356 365 345 355 n.s.
Copper / Cu [mgkg] 5.64  7.28 7.79 7.53 n.s.
Chrome / Cr [mgkg 1] 18.5 15.7 18.6 17.2 ns.
Nickel / Ni [mg'kg '] 12.3 13.3 120 127 ns.
Lead / Pb [mgkg ™ 11.1 11.9 123 121 n.s.

n.s. — not significant difference.

TABLE 3. The pH and content of macro- and microelements in soil depending on the

type of fertilizer
Parameters Control ~ Type of

fertilizer

lime gypsum LSD,
pH in H,O0 6.31 6.31 6.35 ns.
pH in KC1 6.00 6.12 6.10 ns.
Organic matter [gkg'] 46.5 455 46.8 ns.
Nitrogen / N[g'kg '] 1.05 1.08 1.13 n.s.
Available phosphorus [mgkg™] 239 26.0 25.0 n.s.
Available potassium [mg-kg!] 195 223 220 ns.
Exchangeable calcium [mg-kg] 664 778 824 n.s.
Exchangeable magnesium [mg-kg] 154 172 154 14.7
Iron / Fe [gkg!] 10.6 10.6 10.2 ns.
Manganese / Mn [mgkg ] 364 452 418 42.2
Zinc / 7Zn [mgkg ] 35.6 36.6 344 ns.
Copper / Cu [mg-kg] 5.64 7.30 7.77 ns.
Chrome / Cr [mg'kg™] 18.5 17.4 17.1 n.s.
Nickel / Ni [mgkg™] 12.3 13.6 11.8 n.s.
Lead / Pb [mgkg] 11.1 12.1 12.1 ns.

n.s. not significant difference.
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TABLE 4. The pH and content of macro- and microelements in soil depending on the amount of
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Iron, due to the concen-

ash dose tration in which it occurs in
Parameters Control  Ash dose [tha™] soils, is in the intermediate
2.0 4.0 6.0 LSD, position between macro-
pH in HL,O 631 629 634 635 ns. and microelements. In the
pH in KCI 600  6.08 6.15 6.11 ns. arable layer of the soil, the
Organic matter [gkg™'] 465 463 45.9 463 ns. fron content average was
Nitrogen / N [gkg ] 1.0s L1l 1.06 1.14 ns. 3051 1/‘; T(}ﬁaak;gzijt)?;‘ﬂss
Available phosphorus [mg-kg™] 23.9 23.2 25.2 28.2 n.s. . t .
Available potassium [mgkg ] 195 203 213 249 332 glggeaioigqgjp:??g ngt
Exchangeable calcium [mgkg™] 664 722 766 915 110.3 Fe'kg_l of soil and no effect
Exchangeable magnesium [mg-kg™] 154 166 156 166 n.s. of the applied fertilization
Iron / Fe [mgkg'] 10.6 10.4 10.3 10.4 n.s. on changes in the soil ferti-
Manganese / Mn [mg'kg™] 364 424 422 459 42.8 lity with respect to iron, was
Zinc / Zn [mgkg ] 35.6 36.4 33.8 36.4 n.s. recorded (Tables 2 and 4).
Copper / Cu [mgkg '] 5.64 6.84 8.06 7.71 0.772 Manganese and iron un-
Chrome / Cr [mgkg] 185 181 15.0 18.6 ns. dergo similar geochemical
Nickel / Ni [mgkg ] 123 129 12.2 12.9 ns. processes. Manganese is an
Lead / Pb [mgkg ] 11.1 12.1 10.9 13.2 ns. element for which no per-

n.s. not significant difference.

element. Olanders and Steenari (1995) report that the
potassium content in straw ash was 3 times higher
than in wood ash. A large amount of potassium in
wood and straw has a direct effect on the content of
this element in the ash. In the experiment, the straw
ash contained much more potassium (Table 1), which
was a factor causing a significant increase in the ava-
ilable potassium content in the soil to 241 mg-kg™!
and at an increased dose of to 249 mg-kg™'. In the
experiment, the soil was characterized by very high
abundance of available potassium (Egner et al. 1960).

Unlike potassium, the wood contains more
calcium than straw and it is the range from 0.8 to 2.7
g'kg™! (Szasz-len et al. 2016). As a result of ash ferti-
lization, a significant increase in the amount of
exchangeable calcium in the soil (respectively by 30%
and 11%) was achieved. Using the maximum dose of
fertilizers in the amount of 6.0 Mg-ha™!, as much as
38% increase in the amount of exchangeable calcium
in the soil was recorded. The obtained results are
confirmed by a series of works by other authors (Me-
rino et al. 2006, Ochecova et al. 2014). After the wheat
harvest, the content of exchangeable magnesium in
the soil from the control object was 154 mg Mg-kg™!
of soil (Table 2). The application of wood or straw
ash as well as increasing the dose did not significantly
change the amount of this macroelement in the experi-
mental soil, which ranged from 156 to 166 Mg-kg™! of
soil (Tables 2 and 4). The use of lime fertilizer PRO-
FITKALK resulted in an increase in the exchange-
able magnesium content in the soil by 11%, which is
the result of fertilizer composition (Table 3).

missible limit values cha-

racterizing the soil are gi-
ven. Kabata-Pendias (2011) states that manganese
content in worldwide soils varies from 411 to 550 mg
Mn-kg!. The content of manganese in wood biomass
ash is in the range from 4.5 to 5.5 ¢ Mnkg™!' DM
(Ciesielczuk et al. 2011). The amount of manganese
in the control variant soil amounted to 364 mg
Mn-kg™! of soil. The fertilization applied in all ariants
resulted in an increase in the soil content maximum
to 459 mg Mn-kg™!, which was the result of higher
manganese content in ash as compared to soil abun-
dance (Tables 1, 2, 3 and 4).

Total zinc in sandy soils ranges within 7-150 mg
Zn'kg™! of soil (Kabata-Pendias 2011). The average
zinc content in the soil of the non-fertilized variant
was approximately 35 mg Zn-kg™! of soil. The applied
fertilization did not increase its amount in the experi-
mental soil.

The copper content in the soil of control object
reached 5.64 mg Cu-kg™! of soil. The amount of total
copper in wood ash was about thirty times higher than
in the experimental soil, while in straw ash — 10-fold
higher (157 and 61.2 mg Cukg™!, respectively). In-
creasing the fertilizer dose to 4.0 and 6.0 t-ha™' resulted
in statistically confirmed 40% increase in copper
content in the soil (Table 4). Similar results were
obtained by Piekarczyk et al. (2013) by examining
contents of copper and zinc in sandy soil fertilized
by barley, wheat and rape straw ash.

According to Kabata-Pendias (2011), average
amount of the following microelements in soil
(chromium, nickel and lead) is: 60.0 mg Cr-kg™!, 29.0
mg Nikg™!, 27.0 mg Pb-kg™'. Soil from the experiment
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was characterized by lower contents of these metals,
i.e. 18.5,12.3 and 11.1 mgkg ™' of soil respectively.

No influence of the applied fertilizers presence
on changes in the soil abundance in chromium, nickel
and lead was recorded (Tables 2, 3 and 4). Analysed
samples of experimental soil contain cadmium and
cobalt below the limit of quantification.

Analysis of individual microelements in the expe-
rimental soil reveals that despite of this fertilization,
the soil still fulfils requirements for the first class
grounds specified in Regulation of the Minister of
the Environment of September 1, 2016 on the way of
assessing the pollution of the earth’s surface (Dz. U.
from 2016 pos. 1395).

Contents of macro- and microelements
in grains of spring wheat

The content of mineral components in wheat
grain depends on cultivar specific characteristics as
well as soil-climatic and agrotechnical conditions
(Wozniak and Makarski 2012). The standard wheat cv.
Tonacja is characterized by macroelements contents
in grain dry matter at the levels of: phosphorus 3.8
g'kg!, potassium 4.2 g'kg™!, magnesium 1.3 gkg™!,
and calcium 0.34 g-kg™! (Rachon and Szumito 2009).
Assessment of these macroelements in grains of wheat
reveals that it was very similar to the standard. The
obtained results of this investigation indicate a lack
of significant differences in grain yield independent
of fertilizing variants.

The amount of sodium in wheat grain amounted
from 0.0416 to 0.046 g-kg™!, which was lower than
the range reported by Souci et al. (2008) — 66-90 g-kg .
Changes in the macroelement contents in the soil due
to the fertilization using wood ash, straw ash, lime
and gypsum did not cause any changes in their levels
in grain of wheat.

The appropriate amount of micro elements in
wheat grain is a qualitative feature; their deficiency
remarkably alters its nutritional value. Iron is consi-
dered the key metal in energy transformations needed
for syntheses and other life processes of cells (Kaba-
ta-Pendias 2011). Iron content in wheat grain varies
depending on the cultivar and ranges from 21.9 to
40.3 mg Fe'kg™! (Pieczyfska et al. 2011, Wozniak and
Makarski 2012). The iron quantity determined in
wheat grains cv. Zura was from 30.5 to 40.3 mg Fe- kg™!
(Tables 5, 6 and 7), which is comparable to the abun-
dance of the standard cv. Tonacja (Rachon and Szu-
mito 2009).

Skinner et al. (2005) reported that its transport
across the soil-root interface is in the reduced, Mn?",
state, apparently in a way similar to that of other
divalent cation species such as Mg?" and Ca®>*. And

TABLE 5. Content of macro- and microelements in wheat grains
depending on the type fertilizer

Parameters Control Type of fertilizer

wood ash straw ash average LSD .
Nitrogen /N 24.1 23.8 23.5 23.7 n.s.
[ekg']
Phosphorus /P 5.48 5.00 5.20 5.10  ns.
[mgkg']
Potassum /K 4.23 4.36 4.42 4.39 n.s.
[mgkg']
Calcium / Ca 0.50 0.50 0.58 0.54 n.s.
[mgkg™]
Magnesium / 1.19 1.19 1.19 1.19 ns.
Memgkg ']
Sodiun/ Na 40.6 434 454 44 .4 n.s.
[mgkg]
Tron/ Fe 29.6 24.2 30.5 27.4 ns.
[mgkg']
Manganese /  11.8 11.8 12.9 12.3 ns.
Mn [mgkg']
Zinc / Zn 36.6 35.6 35.7 35.6 ns.
[mgkg']

TABLE 6. Content of macro- and microelements in wheat grains
depending on the type of fertilizer

Parameters Type of fertilizer
lime gypsum  LSD,

Nitrogen /N [gkg ] 23.8 23.5 n.s.
Phosphorus /P [mgkg '] 5.02 5.19 n.s.
Potassium /K [mg-kg™] 4.44 4.34 ns.
Calcium / Ca [mgkg™] 0.56 0.53 ns.
Magnesium / Mg [mg-kg™] 1.23 1.16 ns.
Sodium/ Na [mg-kg™] 433 455 ns.
Iron / Fe [mgkg™] 29.0 25.8 n.s.
Manganese / Mn [mgkg ] 11.8 12.8 n.s.
Zinc / Zn [mgkg!] 35.8 35.5 n.s.

TABLE 7. Content of macro- and microelements in wheat grains
depending on the ash dose

Parameters Control Type of fertilizer

wood ash straw ash average LSD .
Nitrogen /N 24.1 23.8 23.5 23.7 n.s.
[gke']
Phosphorus /P 5.48 5.00 5.20 5.10  ns.
[mgke ']
Potassim /K~ 4.23 4.36 4.42 4.39 n.s.
[mgkg ']
Calcum/Ca  0.50 0.50 0.58 0.54 ns.
[mgkg ]
Magnesium / 1.19 1.19 1.19 1.19 ns.
Mglmgkg ']
Sodium/ Na  40.6 43.4 454 44.4 ns.
[mgkg "]
Iron / Fe 29.6 24.2 30.5 274 n.s.
[mgkg ']
Manganese /  11.8 11.8 12.9 12.3 ns.
Mn [mgkg']
Zinc / Zn 36.6 35.6 35.7 35.6 ns.
[mgkg ']

n.s. not significant difference.
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in such a form, this element was supplied to the soil
along with the ash. The range of manganese contents
for wheat grown in Poland, according to Szteke et al.
(2004), is 24-29 mg Mn-kg™'. Rachon and Szumito
(2009) reported that manganese content in grain of
wheat cv. Tonacja amounted to 36.9 mg Mn-kg.
Grain of experimental cv. Zura contained only one-
third of that amount, i.e. 12.3 mg Mn-kg™!, on average.
In general, iron and manganese are interrelated in their
metabolic functions. The present experiment did not
show any impact of applied fertilization on the iron
and manganese abundance in grain of wheat (Tables
5,6 and 7).

Soluble forms of Zn are readily available to plants,
and the uptake of Zn has been reported to be linear
with metal concentration in the nutrient solution and
in soils (Kabata-Pendias 2011). The lack of influences
of applied fertilization on changes in zinc content in
wheat grains are an effect of analogous dependence
referring to this soil parameter (Tables 5, 6 and 7).
Average zinc content in wheat was 35.6 mg Zn-kg™!,
which was at the same level as for grain of wheat cv.
Tonacja (34.9 mg Zn-kg™!) (Rachofi and Szumito 2009).

CONCLUSIONS

1. Fertilization using ash, lime PROFITKALK and
gypsum SulfoPROFIT had no effect on the change
in the reaction and organic matter contents as well
as nitrogen in experimental soils.

2. Using wood ash characterized by high content of
phosphorus caused significant increase in its soil
level.

3. Application of straw ash as a fertilizer resulted in
asoil characterized by very high available potassium
abundance, which results from very high concen-
tration of this element in the straw ash.

4. As aresult of fertilization with wood or straw ash,
a significant increase in the exchangeable calcium
content of the soil was observed, and the increase
in dose was a factor leading to an even greater
fertilizer efficiency.

5. The use of ash from wood or straw as well as an
increase in the dose did not cause significant changes
in the amount of exchangeable magnesium in expe-
rimental soil. The presence of fertilizer in the form
of PROFITKALK lime was a factor causing an
increase in the content of exchangeable magnesium
in the soil.

6. The analysis of the microelements contents (copper,
chromium, nickel and lead) in the soil shows that
the application of fertilizer in a form of wood or
straw ash as well as PROFITKALK lime or Sulfo-
PROFIT gypsum did not exceed the threshold
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values for the soil from the first group of land
specified in Regulation of the Minister of the Envi-
ronment of September 1, 2016 on the manner of
assessing the pollution of the earth’s surface.

7. The experiment did not reveal any influence of
applied fertilization in the form of wood or straw
ash nor PROFITKALK lime nor SulfoPROFIT
gypsum on changes in iron, manganese, and zinc
abundance in wheat grains.
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Wplyw nawozenia popiolem z biomasy, wapnem i gipsem

na zawartos¢ makro- i mikroskladnikow w glebie oraz ziarnie pszenicy jarej

Streszczenie: W przeprowadzonych badaniach oprocz popiotu z drewna i popiotu ze stomy zastosowano wapno oraz gips. Tema-
tem badan byto dziatanie materialu nawozowego na zmiany zawartosci makro- i mikrosktadnikoéw w glebie oraz w ziarnie pszenicy
jarej. Doswiadczenie zrealizowano w roku 2016 we wsi Noskowo, zlokalizowanej w powiecie stawiefniskim w wojewodztwie
zachodniopomorskim. W badaniach poréwnywano trzy czynniki: popidt z drewna drzew lisciastych i iglastych oraz popiot ze stomy
zbozowej (L. czynnik), 2 rodzaje dodatku do popiotu: wapno lub gips (sktad mieszaniny: 60% popiotu i 40% wapna lub gipsu) (II.
czynnik), 3 dawki mieszaniny popiotu z wapnem lub gipsem: 2, 4, 6 t-ha"! oraz kontrola (III. czynnik). Z analizy zawartoéci w glebie
mikrosktadnikéw (miedzi, chromu, niklu i olowiu ) wynika, ze zastosowanie materialu nawozowego, w postaci popiolow
z drewna lub stomy oraz wapna PROFITKALK lub gipsu SulfoPROFIT, nie spowodowalo przekroczenia wartosci progowych dla
gleby z pierwszej grupy gruntéw okreslonych w rozporzadzeniu Ministra Srodowiska z dnia 1 wrzesnia 2016 roku w sprawie
sposobu prowadzenia oceny zanieczyszczenia powierzchni ziemi. Ogolnie po zastosowaniu popiotdw z biomasy (drewno lub stoma)
stwierdzono wzrost zawarto$ci w glebie wybranych makrosktadnikéw (potas, fosfor i wapn). W zrealizowanym doswiadczeniu nie
stwierdzono wplywu zastosowanego nawozenia w postaci popiotdw z drewna lub stomy oraz wapna PROFITKALK lub gipsu
SulfoPROFIT, na zmiany zasobno$ci zelaza, manganu i cynku w ziarnie pszenicy.

Stowa kluczowe: popiodt z biomasy, wapno, gips, makro- i mikrosktadniki, wtasciwosci gleby, jako$§¢ ziarna pszenicy



