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Abstract: The need to import phosphorus raw materials for fertilization in Europe and the increasing amount of
waste have driven the search for alternative phosphorus sources. One such waste material is sodium-potassium
phosphate waste generated during polyol production. In addition, ensuring an adequate food supply remains a
critical challenge, with fertilizers playing a key role. Due to the increase in meat consumption, the attractiveness
of growing feed corn is increasing, given its high yield potential and rich composition. The article examines the
effect of suspension fertilizers derived from polyol production waste on the micronutrient content of corn intended
for green fodder. In a 3-year field study, the impact of the waste-derived phosphorus source was compared with
a commercial granular phosphorus fertilizer, Fosdar 40. Additionally, the composition of suspension fertilizers
was assessed, including those containing only basic nutrients (NPK) and those enriched with secondary nutrients
(S, Mg) and micronutrients (Zn, Mn, B). The results confirmed the effectiveness of the tested suspension fertilizers.
The micronutrient content in the dry matter of maize was comparable to that of the control treatment fertilized

with Fosdar 40.two-step method.

Introduction

The global population of both humans and farm animals
is steadily increasing, driving a growing demand for food
and feed. The United States has the highest per capita meat
consumption, which rose by 40% between 1961 and 2020.
Israel ranks second, with an average consumption of 90.5 kg per
capita, followed by Australia at 89.3 kg per capita. In contrast,
many countries in Africa and Asia have significantly lower
meat consumption. In the EU, meat consumption is more than
twice the global average. In Poland, it remains stable and high
(75.5 kg per capita). Given land area limitations, optimizing
feed crop quality and efficiency is essential (Kashyap et al.,
2023).

Maize (Zea mays L.) is a widely used forage plant due to
its rapid growth, high dry matter accumulation, and palatability
(Bhaumik et al., 2023). Compared to other forage crops, it has
high digestibility, and its sugar content facilitates preservation
as silage. However, its alternative content is relatively low -
about 7-9% in dry matter. (Baljeet et al., 2020; Bhaumik et al.,
2023; Kashyap et al., 2023).

Maize is highly demanding in terms of fertilization
(Kashyap et al., 2023; Kumar et al., 2017). In addition
to essential macronutrient fertilization, micronutrient
supplementation enhances both the yield and quality of the
crop (Kalashnikov et al., 2020). Micronutrients play a crucial
role in nutrient synthesis and transformation, as components
of enzymes (Bhaumik et al., 2023; Kalashnikov et al., 2020).
They are also essential for key plant processes, including
photosynthesis, fruit and seed ripening, productivity, and
resistance to stress conditions (Kalashnikov et al., 2020;
Services & Division, 2009).

The availability of micronutrients to plants depends on
soil pH and decreases as pH increases, primarily due to the
high concentrations of calcium and magnesium (Conley,
2011; Farshid Aref, 2012; Services & Division, 2009). A
one-unit increase in soil pH within the range of 4-9 results
in a thousand-fold reduction in Fe solubility, leading to Fe
deficiencies, particularly in limestone soils (Farshid Aref,
2012). Similarly, the bioavailability of Zn, Mn and Cu
decreases a hundred-fold with each unit increase in soil pH
(Farshid Aref, 2012; Galanti, 2014).
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Availability
Fe, Zn, Mn, Cu

Fig 1. Availability of microelements depending on soil pH

This paper analyzes the content of selected micronutrients
(Zn, Mn, Fe, Cu) in whole maize plants grown for feed. The
plant samples were collected from a 3-year field experiment
testing suspension fertilizers derived from waste sodium-
potassium phosphate, a byproduct of polyol production at PCC
Rokita in Brzeg Dolny. For comparison, the control group
received fertilizers with the same NPK composition, but with
phosphorus sourced from a commercially available granular
fertilizer - Fosdar 40.

Recovering phosphorus from polyol waste for fertilizer
production is a significant challenge. The main source
of phosphorus in the fertilizer industry is non-renewable
phosphate rock, which is gradually being depleted. Moreover,
these deposits are unevenly distributed, with nearly two-
thirds located in China, the USA and Morocco. Europe lacks
economically significant phosphate resources and is almost
entirely dependent on imports. Another concern is phosphate
contamination with cadmium. In response, new EU regulations
promote phosphorus recovery from waste streams and aim to

reduce cadmium content in fertilizers, which is in line with the
goals of the circular economy.

Materials and Methods

A field experiment tested the effect of 6 suspension fertilizers,
where phosphorus was sourced from sodium-potassium
phosphate waste generated during polyol production. A
detailed characterization this waste is presented in “The
Possibility of Using Waste Phosphates from the Production
of Polyols for Fertilizing Purposes” (Bogusz, 2022). The
method for producing the suspention fertilizers used in the
experiment is described in “Suspension Fertilizers Based on
Waste Phosphates from the Production of Polyols” (Bogusz
et al., 2022). The field experiment and maize yield results
are discussed in "The Impact of Suspension Fertilizers
Based on Waste Phosphorus Salts from Polyol Production
on the Yield of Maize Intended for Green Fodder"(Bogusz,
Brodowska & Rusek, 2024). Additionally, “The Impact of
Suspension Fertilizers Based on Waste Phosphorus Salts
from Polyol Production on the Content of Macronutrients in
Maize Grown for Green Fodder” examines their influence on
the macronutrient ontent in maize (Bogusz, Brodowska &
Muszynski, 2024).

Figure 1 shows the classification of fertilizers used in the
field experiment based on their composition.

Suspension fertilizers were prepared in two formulations of
the main NPK nutrients, which differed in phosphorus content
(4% and 6%). Each formulation was tested in three variants: as
a basic NPK fertilizer, with the addition of secondary nutrients
(Mg and S), and with the addition of micronutrients (Zn, Mn
and B). For comparison, two control fertilizers with the same
NPK composition as the suspension fertilizers were used,
but with phosphorus sourced from the commercial granular
fertilizer Fosdar. Each fertilizer was applied to the field in two
nitrogen doses: 135 and 180 kg N ha.

A 3-year field study (2021-2023) was conducted in
Czestawice, eastern Poland, using medium-early Pioneer
P8244 feed corn. The experimental site was classified as

Control fertilizers
with fosdar

NPK

NPK

NPK
composition

| |

Suspension fertilizers
based on waste

phosphate

NPK

NPK NPK
Mg S Mg 5
& Zn Mn B

Fig 2. Division of fertilizers used in the field experiment according to their composition
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Table 1. Average soil pH value due to the source of phosphorus and its percentage content in the fertilizer.

Source of phosphorus in fertilizer (A)
Vear NNC; ?‘ : e(’cl; g Polyol waste . — Fosdar 40 (control) \?v?tﬂm
ge of P (B) fertilization
4% 6% avg. 4% 6% avg.

180 6.30 6.57 6.43 6.20 5.60 5.90 6.63
135 6.73 6.60 6.67 6.23 6.57 6.40

! avg. 6.52 6.58 6.22 6.08
avg. 6.55 6.15
180 6.73 6.50 6.62 6.67 6.80 6.73 6.83
135 6.90 6.73 6.82 6.73 6.93 6.83

! avg. 6.82 6.62 6.70 6.87
avg. 6.72 6.78
180 6.53 6.43 6.48 6.23 6.23 6.23 6.57
135 6.53 6.47 6.50 6.47 6.70 6.58

" avg. 6.53 6.45 6.35 6.47
avg. 6.49 6.41

medium soil with a C_ content of 0.56%. The soil had very
high levels of phosphorus (35mg - 100 g" s0il P,O,), potass1um
(29.1 mg - 100 g soil K,0), and magnesium (9 2mg - 100 g
soil), medium sulfur content (1.04 mg - 100 g soil SO,), and
low nitrogen content (N . 57.7 kg- ha' in the 0-60 cm layer).
Essential micronutrients for maize cultivation, such as zinc
(10.6 mg - kg' soil Zn) and manganese (260 mg - kg! soil Mn),
were at moderate levels, while boron content was low (0.99 mg
kg soil). The soil had a slightly acidic reaction (pH 6.3 in 1
mol KCI - dm?) and was classified as brown soil.

6,0
6.5
6,4
=
I
6,2
a,1
a,0
5.9
1la 2a

3a 3b 4a

Fertilizer was applied in two stages: 70% pre-sowing and
the remaining portion at the 5-6 leaf stage. Corn was harvested
at the milky-waxy maturity stage when moisture content
ranged from 30-35%. For analysis, 2m® of whole plants were
collected from the center of each plot, then cut, mechanically
mixed, and sampled (500g) for chemical testing. The samples
were dried in an air circulation oven at 70°C until the plant
biomass reached a constant weight.

Wet mineralization of plant material from both test and
control samples was carried out using a high-temperature

5a Ga @b K1 K2a K2b K3a K3b

Case

Fig 3. Average soil pH from 3 years of field tests for individual sites
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mineralization block. From the dried and ground plant
material, 2 g was weighed into glass test tubes, mixed with g: :E 21" :’? gg 5’:
15 ml of concentrated sulfuric acid (96%), and left for 24 6)7 6’7 6)6 6’5 6)3 ‘
h. Mineralization was carried out over 5 hours at 350°C . ’6 5’ 5’ ’6 ! =
in stages: 80/ 120/ 200/ 350°C. The next day, hydrogen @ B =6 5o
: ¢l 56 67 68 65 66 57 56
peroxide was added to the cooled sample and heated at 350°C . g 3 . é )
. . . . - - 67 61 64 67 69 66 53
until discoloration occurred. The mineralizate was then ’ z f ’ L ’ ! 57
quantitatively transferred to a volumetric flask and diluted g 54 OFEERE 60 C.2i 58
with water to the mark. 67 69 65 66 57 - 6,7 59
The micronutrient content in maize plant material 6
presented in this study was determined using the atomic B2 6,6 67 66 6,9! 6,1
absorption spectrometry (ASA). 67 72 68 62 66 56 6,2
69 69 7 7. 15 6.2 e
Statistical analysis oS 67 68 68NN 64 6,4
¢l 7 66 69 7 7 64 B
The statistical results were prepared using the Statistica 13 ™l 67 66 65 71 69 68 65 6,6
program. For this purpose, ANOVA (analysis of variance) for 66 67 66 69 66 6 66 6,7
factorial designs was used, and the significance of differences 68 67 68 72 7 69 7 6,8
was determined using the post hoc test (Tukey test) at a 6.9
significance level of a = 0.05, separately for each year of 65 64 64 65 515- 5
research. Assumptions for the ANOVA test were tested using 65 65 64 62 66 62
. . . : 71
the Levene test (homogeneity of variances) and the Shapiro— B2 67 65 ﬁ,ﬁﬂ 70
Wilk test (normality of distribution). T 67 66 64 66 69 64 -
For each parameter in individual years, the impact of :;‘ 7 67 67 63 65 61
individual factors (denoted as A, B and, C) and their interaction 67 66 65 66 67 5,5- H
effects (A x B,A x C, B x C and A x B x C) are presented. The 63 64 64 6 61 61 61 p
extendt of this influence was assessed using partial eta squared 69 66 67 64 66 65 66

(nzp coefficient, which indicates the proportion of variance in

the measured parameter explained by each factor. Fig 4. Changes in pH in the plots during the field experiment

Table 2. Average soil pH value due to the type of suspension fertilizer and the percentage of phosphorus.

Percentage of P (A)
N dose, 4% 6%
Year kg(g;ha Type of fertilizer (B)
NPK NZI’;S MZTfig o ava. NPK NPM’;s M’;Pr"fig o ave.
180 6.30 6.60 6.17 6.36 6.57 6.17 6.30 6.34
135 6.73 6.23 6.43 6.47 6.60 6.53 6.43 6.52
| avg. 6.52 6.42 6.30 6.58 6.35 6.37
avg. 6.41 6.43
180 6.73 6.70 6.80 6.74 6.50 6.30 6.83 6.54
135 6.90 6.47 6.70 6.69 6.73 7.03 6.67 6.81
! avg. 6.82 6.58 6.75 6.62 6.67 6.75
avg. 6.72 6.68
180 6.53 6.77 6.57 6.62 6.43 6.37 6.60 6.47
135 6.53 6.40 6.57 6.50 6.47 6.47 6.50 6.48
" avg. 6.53 6.58 6.57 6.45 6.42 6.55
avg. 6.56 6.47
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The statistical analysis of the results was divided into two
parts:

Part [—The effects of fertilizers were compared based
on the source of phosphorus (primary factor, 2 levels: polyol
waste or phosphorus fertilizer). The secondary factors in
this analysis were the phosphorus dose (2 levels: 4% or 6%)
and the nitrogen dose (2 levels: 135 or 180 kg N-ha™'). The
obtained results were compared againts a control test without
fertilization. Using the Tukey test, homogeneous groups were
identified for individual results (denoted by lowercase letters:
a or b) and for mean values, irrespective of the nitrogen dose
(vertical) and phosphorus dose (horizontal), marked with
uppercase letters: A, B.

Part [I—The effects of the produced suspension fertilizers
were analyzed based on the phosphorus dose (4% or 6%), the
type of fertilizer (NPK, NKP + Mg + S or NPK + Mg + S +
micro), and the nitrogen dose (135 or 180 kg N-ha™'). Using

the Tukey test, homogeneous groups were determined for
individual results (denoted by lowercase letters: a or b) and for
average values, irrespective of the nitrogen dose (vertical) and
fertilizer type (horizontal), marked with uppercase letters: A, B.

Results

Soil pH in the experimental plots
Tables 1 and 2 present the average soil pH values for the objects
in which the analysis of individual micronutrient content was
conducted. This inclusion is due to the strong relationship
between soil pH and the availability of specific nutrients for
plants. The structure of the tables follows the methodology
used for analyzing micronutrient content.

Across all studied sites, the average soil pH value ranged
from 5.60 to 7.03, with a median value of 6.60, classifying it as
neutral (Fig. 3).

Table 3. Average zinc content (mg - kg ') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05 due to
the source of phosphorus and its percentage content in the fertilizer (experimental factors: A — Source of phosphorus in fertilizer,
B — Percentage of phosphorus, C — Nitrogen dose).

Source of phosphorus in fertilizer (A)
Year | N dose, kg Polyol waste Fosdar 40 (control) 33223:
N/ha (C) Percentage of P (B) fertilization
4% 6% avg. 4% 6% avg.
180 10.47 7.97 9.22 6.35 8.65 7.50 7.60
cd a-c B ab b-d AB ab
11.20 6.57 8.88 5.75 8.05 6.90
135 d ab B a a-c A =
10.83 7.27 6.05 8.35
| avg. o AB A B AB
9.05 7.20
avg. B A AB
A-TP =53.82% C- si AxB —? = 74.55% BxC - s.i.
B -s.i. AxC —s.i. AxBxC —s.i.
180 8.73 8.33 8.53 8.77 7.83 8.30 7.10
c c B c bc B bc
8.10 7.55 7.83 6.15 4.87 5.51
135 be be B ab a A B
8.42 7.94 7.46 6.35
. e B B AB A e
8.18 6.90
avg. B A AB
A-1N? =53.48% 5 _ AxB —s.i. BxC - s.i.
B-N?=3071% C-M7,=6841% AXC — I, = 43.42% AXBXC — s.i.
180 10.37 11.17 10.77 9.87 7.85 8.86 9.80
bc c B a-c a A a-c
10.53 9.17 9.85 8.73 9.33 9.03
135 bc a-c AB ab a-c A e
10.45 10.17 9.30 8.59
i N B B AB A HE
10.31 8.95
avg. B A AB
A—I']2p=49.39% C—si AxB —s.i. BxC - s.i.
B -s.i. AxC —s.i. AxBxC —N? = 42.92%
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The field experiment plan shows the soil pH values for each
years of the study, accompanied by a colour scale (Fig. 4).

Zinc content

Table 3 presents the average zinc content in corn depending
on the phosphorus source in the fertilizer and its percentage,
categorized by research year and nitrogen dose applied.

In all years of the study, significant differences in zinc
content in plant material were observed based on the phosphorus
source in the fertilizer. Fertilization with Fosdar, which contains
phosphorus in the form of calcium dihydrogen phosphate
(Ca(H,PO,),), resulted in lower zinc content compared to
fertilization with waste sodium-potassium phosphate. The
higher calcium content in Fosdar may have contributed to
reduced zinc absorption. Additionally, higher zinc content
was observed at lower phosphorus doses, though significant
differences were only noted in the first year of the study.

Table 4 presents the average zinc content in corn depending
on the type of suspension fertilizer and phosphorus percentage,
categorized by research year and the nitrogen dose applied.

In the first and third years of field tests, significantly
higher zinc content was observed in plant material when a
lower phosphorus dose (4%) was applied. In all years of the
study, microelement fertilization, including zinc, contributed
to increased zinc content in the corn yield. Converrsely, high
calcium and phosphorus levels in the soil negatively affected
zinc absorption by the test plants.

Manganese content
Table 5 presents the average manganese content in corn based
on the phosphorus source in the fertilizer, categorized by
research year and the nitrogen dose applied.

In the first year of the study, significantly higher manganese
content was observed in plant material from plots fertilized with

Table 4. Average zinc content (mg - kg *') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05 due to
the type of suspension fertilizer and the percentage of phosphorus (experimental factors: A - percentage of phosphorus, B — type of
fertilizer, C — Nitrogen dose).

Percentage of P (A)
N dose, 4% | 6%
Year kg(g;ha Type of fertilizer (B)
NPK S Mg NPK S Mg
NPK NPK S Mg micro avg. NPK NPK S Mg micro avg.
180 10.47 8.80 11.17 10.14 7.97 7.05 9.51 8.18
bc a-c c B ab a a-c A
135 11.20 8.87 10.80 10.29 6.57 8.73 9.50 8.27
c a-c bc B a a-c a-c A
I av 10.83 8.83 10.98 7.27 7.89 9.51
g C AB C A AB BC
10.22 8.22
avg. B A
A- I’]2p= 45.67% C_si AxB — I']2p= 30.82% BxC —s.i.
B —N? =58.03% AxC — s.i. AxBxC —s.i
180 8.73 8.40 11.13 9.42 8.33 7.30 9.71 8.45
bc bc d B bc ab cd AB
135 8.10 5.90 8.87 7.61 7.55 7.95 9.20 8.23
a-c a bc A a-c a-c b-d A
I av 8.42 7.15 9.98 7.94 7.63 9.46
g AB A C A A BC
8.52 8.34
avg. A A
A-1N? =69.65% o AxB - s.i. BxC - N? =28.19%
B—s.i. C-38.70% AXC —s.i. AXBXC — s,
180 11.17 10.50 14.70 12.12 | 10.37 7.47 11.30 9.71
bc bc d B bc a bc A
135 9.17 10.53 12.57 10.76 | 10.53 10.19 10.60 10.44
ab bc cd A bc a-c bc A
" av 10.17 10.52 13.63 10.45 8.83 10.95
9 AB AB o} AB A B
av 11.44 10.08
9 B A
A —66.78% C_si AxB — n2p = 38.03% BxC — n2p =30.74%
B-T? =42.86% " AxC —N? = 37.43% AxBxC — s.i.
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Table 5. Average manganese content (mg - kg ') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05
due to the source of phosphorus and its percentage content in the fertilizer (experimental factors: A — Source of phosphorus in
fertilizer, B — Percentage of phosphorus, C — Nitrogen dose).

Source of phosphorus in fertilizer (A)
N dose, kg Polyol waste Fosdar 40(control) Control without
Year N/ha (,C) fertilization
Percentage of P (B)
4% 6% avg. 4% 6% avg.
180 7.67 10.67 9.17 13.67 13.33 13.50 10.00
a ab A b b B ab
7.67 13.33 10.50 11.00 10.33 10.67
135 a b AB ab ab AB AB
7.67 12.00 12.33 11.38
| avg. A B B B AB
9.83 12.08
avg. A B AB
A-TP =31.96% C- si AxB - T? =35.14% BxC —s.i.
B-N?, =25.42% AXC — T =28.71% AxBxC —s.i.
180 11.00 9.33 10.17 9.33 8.67 9.00 9.67
a a A a a A a
6.33 8.00 717 11.67 9.33 10.50
135 a a A a a A &
8.67 8.67 10.50 9.00
I avg. A A A A A
8.67 9.75
avg. A A A
A-s.i. Co_si AxB —s.i. BxC —s.i.
B -s.i. AXC — T =23.18% AxBxC —s.i.
180 2.33 21.00 20.67 24.00 20.33 2217 17.67
ab ab AB b ab B ab
16.67 17.00 16.83 18.00 20.00 19.00
135 a a A ab ab AB AB
" avg. 1 8A50 1 QAOO 2 1A00 20A1 7 A
18.75 20.58
avg. A A A
A-s.i. 2 _ AxB - s.i. BxC —s.i.
B_si. C -7, =41.25% AXC - s.i AXBXC — s.i.
Table 6. Average monthly air temperatures (°C) during the field experiment
Month
Year Avg.
v v Vi VIl VIl IX
I 6.4 12.6 19.7 22.3 17.3 12.8 15.2
I 5.9 12.8 19.4 19.4 20.5 10.8 13.1
]l 8.2 12.9 17.4 20.0 21.0 17.6 16.1
Avg. 6.8 12.8 18.8 20.6 19.6 13.7
Avg. 2011-2020 9.5 14.4 18.5 20.1 19.7 14.7
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Table 7. Average monthly rainfall totals (mm) during the field experiment

Month
Year Avg.
v Vv \'/| Vil VI IX
| 491 55.7 43.2 43.0 231.7 62.1 80.7
] 53.2 36.3 38.7 111.8 52.3 112.3 67.4
1] 57.9 66.0 60.0 84.7 46.4 28.5 57.3
Avg. 53.4 52.7 47.3 79.8 1101 67.6
Avg. 2011-2020 40.8 80.3 64.3 91.3 54.9 60.2

Table 8. Average manganese content (mg - kg ') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05
due to the type of suspension fertilizer and the percentage of phosphorus (experimental factors: A — percentage of phosphorus,
B — type of fertilizer, C — Nitrogen dose).

Percentage of P (A)
Nd . 4% 6%
ose, kg
Year | “\iha (C) Type of fertilizer (B)
NPK S NPK S NPK S NPK S
NPK Mg Mg micro avg. NPK Mg Mg micro avg.
180 7.67 8.67 9.67 8.67 10.67 10.67 9.33 10.22
ab ab ab A a-c a-c ab AB
135 7.67 16.67 10.67 11.67 13.33 11.33 7.00 10.56
ab c a-c B bc bc a AB
av 7.67 12.67 10.17 12.00 11.00 8.17
I 9 A B AB B B A
10.17 10.39
avg. A A
A-1N? =30.50% _ AxB - N? =41.98% BxC —s.i.
—si. C-M,=1918%  nxc—17 =2651% AXBXC - I, = 26.51%
180 11.00 8.67 7.33 9.00 9.33 12.33 10.00 10.56
ab ab ab AB ab b ab B
135 6.33 9.67 9.33 8.44 8.00 7.33 8.33 7.89
a ab ab AB ab ab ab A
av 8.67 9.17 8.33 8.67 9.83 9.17
I g A A A A A A
av 7.72 9.22
9 A A
A-s.i _ AxB —s.i. BxC —s.i.
B—s.i C—1P,=19.91% AXC — s.i. AXBXC — I?, = 27.35%
180 20.33 27.67 21.00 23.00 21.00 20.67 24.67 22.11
a-c c a-c B a-c a-c bc AB
135 16.67 23.00 20.33 20.00 17.00 20.33 20.33 19.22
a a-c a-c AB ab a-c a-c A
av 18.50 25.33 20.67 19.00 20.50 22.50
I 9- A B AB A A AB
21.50 20.67
avg. A A
A-1N? =39.37% _ AxB -N? =30.85% BxC —s.i.
_si. C-Mp,=31.80% AxC—s.i. AXBXC — s.i.
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Table 9. Average copper content (mg - kg -') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05 due to
the source of phosphorus and its percentage content in the fertilizer (experimental factors: A — Source of phosphorus in fertilizer,
B — Percentage of phosphorus, C — Nitrogen dose).

Source of phosphorus in fertilizer (A)
Veur NNd/z:e(bl;g Polyol waste Fosdar 40 (control) ‘(';v(l)tag-g:
Percentage of P (B) fertilization
4% 6% avg. 4% 6% avg.
180 2.97 3.53 3.25 4.57 2.27 3.47 3.67
135 2.13 3.30 2.72 2.47 4.00 828
| avg. 2.55 3.42 3.52 3.13
avg. 2.98 .33
180 5.33 4.73 5.03 6.27 5.57 5.92 6.03
135 10.80 5.53 8.17 3.93 5.33 4.63
' avg. 8.07 813 5.10 5.45
avg. 6.60 5.28
180 3.00 3.13 3.07 2.70 2.00 2.35 3.10
135 2.43 2.10 227 3.47 3.47 3.47
! avg. 272 2.62 3.08 2.73
avg. 2.67 2.91
phosphorus. However, this relationship was not confirmed in Copper content

the next two years of the study. The results from the third year of
the study were significantly higher than those from the previous
years, which may have been influenced by weather conditions,
including higher temperatures and lower rainfall ompared to
earlier years (Tables 6 and 7). The overall manganese content is
classified as low due to the high pH of the soil.

Table 8 presents the average manganese content in corn
based on the type of suspension fertilizer and phosphorus
percentage, categorized by research year and the nitrogen dose
applied.

Despite fertilization with manganese on the plots treated
with  micronutrient fertilizer, no significantly increase in
manganese content was noted in the plant material during any
of'the three years of the field experiment. This may be attributed
to the antagonistic effect of boron and zinc - components of the
microelement fertilizers - on mangase absorption. The study
also found no significant effect of the phosphorus dose. High
soil pH and weather conditions had a significant effect on
manganese absorption by the test plants.

Table 9 presents the average copper content in corn based
on the phosphorus source and its percentage in the fertilizer,
categorized by research year and the nitrogen dose applied.

The copper content in maize plant material did not differ
significantly over the 3-year field study, regardless of the
phosphorus source used in the fertilizer.

Table 10 presents the average copper content in corn based
on the type of suspension fertilizer and phosphorus percentage,
categorized by research year and the nitrogen dose applied.

The type of fertilizer used did not significantly affect
copper content in plant material throughout the three-year field
study. The experiment also did not confirm any influence of
different fertilization methods or weather conditions on copper
content in the tested plant material.

Iron content

Table 11 presents the average iron content in corn based on
the phosphorus source and its percentage in the fertilizer,
categorized by research year and the nitrogen dose applied.
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Table 10. Average copper content (mg - kg -') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05 due
to the type of suspension fertilizer and the percentage of phosphorus (experimental factors: A — percentage of phosphorus,
B — type of fertilizer, C — Nitrogen dose).

Percentage of P (A)
4% 6%
Year Nchz:e(,cl;g T -
ype of fertilizer (B)
NPK Nl;n};S MZ|:nKicSro avg. NPK Nll:llg S M':]Pn‘fij'o avg.
180 2.97 8.53 1.87 4.46 3.53 3.43 1.90 2.96
135 213 5.93 2.33 3.47 3.30 4.00 517 4.16
| avg. 2.55 7.23 210 3.42 3.72 3.53
avg. 3.96 3.56
180 5.33 4.27 4.73 4.78 4.73 4.53 6.97 5.41
135 10.80 4.97 2.57 6.11 5.53 6.77 5.80 6.03
' avg. 8.07 4.62 3.65 5.13 5.65 6.38
avg. 5.44 5.72
180 3.00 3.60 3.47 3.36 3.13 3.13 3.27 3.18
135 2.43 2.43 3.83 2.90 210 2.20 1.63 1.98
! avg. 2.72 3.02 3.65 2.62 2.67 2.45
avg. 3.13 2.58
In the first two years of the field experiment, significant Discussion

differences in iron content were observed in plant material
depending on the phosphorus source used in the fertilizer.
In the first year, fertilization with waste phosphate increased
iron content by 24.6% and in the second year by 11.3%,
compared to conventional phosphorus fertilization. In the
third year, phosphorus fertilization resulted in significant
differences based on the applied phosphate dose, with higher
iron content recorded at a lower phosphorus dose (4%).
Moreover, in the third year of the study, iron content in plant
material was noticeably higher than in previous years, likely
due to the highest average temperatures recorded during
that year.

Table 12 presents the average iron content in corn based on
the type of suspension fertilizer and phosphorus percentage,
categorized by research year and the nitrogen dose applied.

The variation in fertilization based on applied additives
did not have a clear effect on the iron content in corn plant
material. Overall, the experiment indicated that the iron
content in corn was at an appropriate level.

Additionally, fertilization with waste phosphate resulted
in higher iron content in plant material. Increased temperature
positively influenced the availability of this element.

The nutrient uptake by maize presented in the literature data
varies significantly depending on the cultivation conditions
and harvest method (Farshid Aref, 2012).

Among micronutrients, corn has the highest demand for
zinc (Bhaumik et al., 2023; Kalashnikov et al., 2020). Zink
is essential for proper growth as it is a component of many
enzymes, plays a role in vitamins synthesis, and contributes
to chlorophyll formation (Bhaumik et al., 2023; Courbet et al.,
2019; Kalashnikov et al., 2020). It is also crucial in oxidation-
reduction processes (Bhaumik et al., 2023; Courbet et al., 2019;
Kalashnikov et al., 2020). Additionally, zink is necessary for
the synthesis of tryptophan, a precursor to the growth hormone
auxin (Baljeet et al., 2020; Services & Division, 2009; Shukla
& Mukhi, 1985). It serves as both a structural and functional
component of numerous plant enzymes (Burkhead et al., 2009;
MccCall et al., 2000). Zinc deficiency disrupts photosynthesis,
reduces protein synthesis, and leads to RNA degradation
(Bhaumik et al., 2023; Services & Division, 2009; Zekri &
Obreza, 1969).

Low zinc (Zn) availability in calcareous soils is a
major factor contributing to biotic stresses in agriculture,
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Table 11. Average iron content (mg - kg ') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05 due to
the source of phosphorus and its percentage content in the fertilizer (experimental factors: A - Source of phosphorus in fertilizer, B
-Percentage of phosphorus, C — Nitrogen dose).

Source of phosphorus in fertilizer (A)
N dose, Polyol waste Fosdar 40 (control) Control
Year | kg N/ha without
(C) Percentage of P (B) fertilization
4% 6% avg. 4% 6% avg.
180 94.00 71.00 82.50 66.33 58.00 62.17 64.33
c ab C ab ab A ab
73.33 79.00 76.17 79.00 51.33 65.17
135 bc bc BC bc a AB HE
83.67 75.00 72.67 54.67
' avg. C BC BC A HE
avg! 79é33 63A67 A
A-s.i. _ AxB - s.i. BxC —s.i.
B—s.. C-IP,=23.53% AXC - s.i AXBXC — s.i.
180 99.67 111.33 105.50 87.00 91.67 89.33 84.67
ab b B a ab A a
135 90.33 96.00 93.17 84.00 94.33 89.17 A
ab ab AB a ab A
95.00 103.67 85.50 93.00
I avg. AB B A AB A
avg. 99533 89A25 A
A-T? =38.37% Co_si AxB - s.i. BxC —s.i.
B - I']zp= 28.57% - AxC —s.i. AxBxC —s.i.
180 139.00 140.33 139.67 155.33 108.33 131.83 129.33
c-e de B e a AB a-d
123.33 114.33 118.83 131.33 117.67 124.50
135 a-d ab A b-d a-c A AB
131.17 127.33 143.33 113.00
I avg. BC B C A 8C
129.25 128.17
avg. A A .
A-s.i. ) _ AxB - 1N? = 48.66% BxC - s.i.
B-?2,=61.17% C-Mr,=51.71% AXC - N2 = 19.74% AXBXC — %, = 39.15%

particularly in cereals (Farshid Aref, 2012). In addition to
soil Zn concentration, soil pH and phosphorus (P) content
are the main factors influencing Zn availability to plants
(Burkhead et al., 2009; Farshid Aref, 2012; Murdock
& Howe, 2001). High soil pH and P levels are strongly
associated with reduced Zn uptake by plants, with this effect
being most pronounced in soils with a pH above 7 and low
organic matter content (Burkhead et al., 2009; Farshid Aref,
2012; Murdock & Howe, 2001). Zn deficiency in such soils
can be mitigated by supplementing fertilization with water-
soluble zinc, such as organic Zn complexes or chelates)
(Cakmak, 2008; Farshid Aref, 2012; Kashyap et al., 2023).
However, Zn availability decreases over time due to its
transformation into stable forms with soil components. If
zinc is not applied at the beginning of the plant growth or

if additional supplementation is needed, foliar application is
recommended during the 6-10 leaf phase of corn. For later
growth stages, a fast-acting chelated form of ZN is preferable
to ensure efficient absorption (Farshid Aref, 2012).
Motesharezadeh et al. (2011) observed an increase
in chlorophyll content and dry plant mass following zinc
application (Motesharezadeh et al., 2011). Similarly, El-Azab
(2015) reported improved maize yields when using fertilizer
containing zinc (1.5%) (El-Azab, 2015). Adesh et al. (2021)
found that zinc application enhances yield parameters and
forage plant properties. Their study demonstrated higher green
corn yield (519.20 q ha'), dry fodder yield (137.90 q ha™),
protein content (10.27%), and crude fiber (58.33%) when 20
kg ZnSO, ha™' was applied to the soil along witha 0.5% ZnSO,
foliar spray (Singh et al., 2021). Similarly, Ramakrishna
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et al. (2022) achieved the highest dry matter production
(104 g ha'"), green forage yield (419 q ha'), and crude protein
content (9.3%) with a 1% ZnSO, foliar application compared
to the control. (Ramakrishna et al., 2022). Sulthana et al.
(2015) demonstrtaed improved green forage parameters and
higher yields (424 q ha') along with increased dry matter
content (6695 K g ha') when applying 50 kg ZnSO, - ha™
to the soil and 0.2% ZnSO, foliarly (Sulthana et al., 2015).
Sewhag et al. (2022) reached similar conclusions, reporting
improved maize yield quality and quantity. Their study, which
used a base dose of 25 kg ZnSO, - ha'' combined with a 1%
ZnSO, foliar spray, resulted in a green forage yield 0f463.08 q

ha’!, dry feed yield of 118.75 q ha!, and crude protein content
0f9.90 % (Sewhag et al., 2022).

Iron is an essential nutrient for all organisms. It plays a crucial
role in respiration, photosynthesis, chlorophyll biosynthesis,
and the synthesis of DNA and plant hormones (Burkhead et
al., 2009; Farshid Aref, 2012; Kobayashi & Nishizawa, 2012;
Services & Division, 2009; Zekri & Obreza, 1969). Although
Fe is abundant in the Earth's crust, it is one of the most limiting
nutrients for plant growth. This is due to the low solubility of its
oxidized form, Fe (II), in alkaline soils. Fe deficiency is also
associated with excessive irrigation, prolonged moisture, poor
soil drainage, and low temperatures (Farshid Aref, 2012; Zekri

Table 12. Average iron content (mg - kg ') and division into homogeneous groups using the Tukey test (HSD) for a = 0.05 due to
the type of suspension fertilizer and the percentage of phosphorus (experimental factors: A - percentage of phosphorus, B — type of
fertilizer, C — Nitrogen dose).

B -2 = 43.18% C -7, =49.14%

Percentage of P (A)
4% 6%
vor | R
a(C) Type of fertilizer (B)
NPK S NPK S Mg NPKS | NPK S Mg
NPK Mg micro avg. NPK Mg micro avg.
180 94.00 95.00 86.33 91.78 71.00 83.33 68.67 74.33
b-e c-e a-e BC a a-d a A
135 73.33 103.67 70.33 82.44 79.00 107.67 93.00 93.22
ab de a AB a-c e b-e ©
av 80.67 99.33 78.33 75.00 95.50 80.83
I g AB C A A BC A
87.11 83.78
avg. A A
A-TN?2 =66.59% C_si AxB —s.i. BxC — I']Zp: 58.06%
—s.i. AxC — I’]2p= 37.71% AxBxC — s.i.
99.67 92.33 85.00 111.33 73.33 106.67 97.11
180 bc a-c a-c J92:83 c ab c A
90.33 98.33 71.00 86.56 96.00 86.33 72.33 84.89
135
a-c a-c a A a-c a-c ab A
av 95.00 95.33 78.00 103.67 79.83 89.50
I g BC BC A C AB A-C
89.44 91.00
avg. A A
A-N2=4231% 5 _ AxB -1M? =37.97% BxC —s.i.
B-s.i. C-M=2525%  axc— = 44.78% AXBXC — s.i.
180 139.00 120.00 108.33 122.44 140.33 131.00 113.00 128.11
bc a-c a A bc a-c ab A
135 123.33 178.33 171.67 157.78 114.33 112.00 146.33 124.22
a-c e de B ab ab cd A
av 131.17 149.17 140.00 127.33 121.50 129.67
I g AB C BC AB A AB
140.11 126.17
avg. B A
A—s.i. AxB —N? =28.34% BxC - N? = 60.05%

AXC - N2 = 75.89% AXBXC — T2 = 43.59%
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& Obreza, 1969). More than one-third of the world's soils are
considered iron-deficient (Farshid Aref, 2012).

Fe deficiency in most plant species is indicated by Fe
content falling below 10-80 mg kg™' in leaves (Galanti, 2014).
In maize leaves during the silking period, an adequate Fe
content ranges from 21 to 250 mg kg (Farshid Aref, 2012).

The presence of boron in the soil positively affects iron
uptake by plants (Farshid Aref, 2012). According to Farshid
(2012), the application of 6 kg ha' B increased Fe content
in leaves by more than 12% (Farshid Aref, 2012). However,
foliar application of B did not affect Fe content in the plant
(Farshid Aref, 2012). Similar findings were reported by Patel
and Golakiya (1986), who applied 2 mg B kg to the soil and
observed increased concentrations of N, P, K, Fe, and Cu in
plants (Farshid Aref, 2012).

Manganese affects corn yield by participating in the
synthesis of respiratory and photosynthetic enzymes. It also
prevents the accumulation of nitrates in plant tissues (Services
& Division, 2009; Zekri & Obreza, 1969).

Plants absorb manganese in the form of Mn?* ions, and
its optimal concentration in plant tissues varies widely,
ranging from 30 to over 1000 mg - kg' in dry matter (Farshid
Aref, 2012). According to Reuter and Robinson (1997), Mn
concentration in maize leaves at the silk stage is classified as
follows: below 15 mg - kg as deficiency, 16 to 19 mg - kg as
minimum range, 20 to 150 mg - kg™ as optimum range, 151 to
200 mg - kg! as high range, while Mn content above 200 mg -
kg was considered toxic (Farshid Aref, 2012).

Manganese deficiency is common in plants across a wide
range of soils and climatic conditions [7]. This occurs due
to the oxidation of Mn into forms unavailable to plants in
soils with high pH and elevated oxygen concentrations in the
soil solution (Conley, 2011; Farshid Aref, 2012). However,
in soils with a pH below 5.5, high concentrations of mobile
Mn?* ions can become toxic (Farshid Aref, 2012). In general,
as soil pH increases, manganese forms fewer organic
compounds and more amorphous and crystalline structures
(Farshid Aref, 2012).

Aref(2012) observed a negative effect of boron fertilization
on manganese content in maize leaves. At the highest boron
application rate (6 kg - ha™ B), the Mn concentration in maize
leaves was 124 mg - kg™', compared to 153.1 mg - kg ' in the
control without boron fertilization. The study also demonstrated
an antagonistic effect of zinc on manganese uptake. Applying
16 kg ha™ Zn increased Mn content in leaves from 133 to 182
mg - kg™! (Farshid Aref, 2012).

Copper is an essential trace nutrient and a crucial cofactor
in molecules involved in basic metabolic processes, including
photosynthesis, respiration, and cell wall lignification.
However, in excessive amounts, it becomes toxic, resulting in
the inhibition of plant growth (Abdel Latef et al., 2020; Farshid
Aref, 2012).

Copper in soil is relatively immobile due to its strongl
binding with organic matter. Soil pH significantly influences
its bioavailability — higher pH levels rapidly decrease the
concentration of Cu2+ ions in the soil solution (Burkhead et
al., 2009; Farshid Aref, 2012). Therefore, copper uptake can
be regulated through liming the soil and manure fertilizing.
Corn shows moderate sensitivity to copper deficiency (Farshid
Aref, 2012).

The use of suspension fertilizers derived from waste
phosphates produced during polyol manufacturing may offer a
cost-effective alternative to imported phosphate raw materials.
This waste does not contain harmful substances and is
therefore environmentally safe. Such an approach aligns with
circular economy principles and reduces reliance on mineral
raw materials.

Conclusions

In most cases, no significant increase in micronutrient contents
was noted in maize plants when using suspension fertilizers
with micronutrients. This could mainly be attributed to high
soil pH and low rainfall. In such conditions, foliar application
of fertilizers in the form of spraying would likely be more
effective.

Liquid fertilizers offer more uniform distribution of
micronutrients, leading to better utilization. Additionally, their
liquid form ensures improved absorption, especially in years
with lower rainfall.

Author contributions: Conceptualization, P.B.; methodology,
P.B.; investigation, P.B.; resources, P.B..; data curation, P.B..;
statistical analysis, P.B.; writing—original draft preparation,
P.B.; writing—review and editing, P.B..; visualization, P.B..;
supervision, M.B.; project administration, P.B.; ASA analysis,
P.M. All authors have read and agreed to the published version
of the manuscript

Funding: Source of research funding for publication -
Implementation Doctorate DWD/4/89/2020

Data Availability Statement: Dataset available on request
from the authors. The raw data supporting the conclusions of
this article will be made available by the authors on request.
Conflicts of Interest: The authors declare no conflicts of
interest.

References

Abdel Latef, A. A. H., Zaid, A., Abo-Baker, A. B. A. E., Salem, W.
& Abu Alhmad, M. F. (2020). Mitigation of copper stress in
maize by inoculation with paenibacillus polymyxa and bacillus
circulans. Plants, 9, 11, pp. 1-18. DOI:10.3390/plants9111513

Baljeet, Kumar, S., Singh, M., Meena, B. L., Meena, V. K., Onte, S.
& Bhattchargee, S. (2020). Yield and qualitative evaluation of
fodder maize ( Zea mays L.) under potassium and zinc based
integrated nutrient management . Indian Journal of Animal
Nutrition, 37, 3, 235. DOI:10.5958/2231-6744.2020.00037.7

Bhaumik, S., . R., Kumar, S., Fayaz, S., Choudhary, M., Narender, K.
& Sharma, S. (2023). Impact of Nutrients on the Development
and Yield of Fodder Maize (Zea mays L.): A Review. Agricultural
Reviews, Of, 1-7. DOI:10.18805/ag.r-2631

Bogusz, P. (2022). The Possibility of Using Waste Phosphates from
the Production of Polyols for Fertilizing Purposes. Molecules,
27,17, 5632. DOI:10.3390/molecules27175632

Bogusz, P., Brodowska, M. S. & Muszynski, P. (2024). The Impact
of Suspension Fertilizers Based on Waste Phosphorus Salts
from Polyol Production on the Content of Macronutrients in
Maize Grown for Green Fodder. Agronomy, 14, 9. DOI:10.3390/
agronomy14051054

Bogusz, P., Brodowska, M. S. & Rusek, P. (2024). The Impact of
Suspension Fertilizers Based on Waste Phosphorus Salts from



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

52 Paulina Bogusz, Marzena Brodowska, Pawet Muszyriski

Polyol Production on the Yield of Maize Intended for Green
Fodder. Agronomy, 14, 5. DOI:10.3390/agronomy14051054
Bogusz, P., Rusek, P. & Brodowska, M. S. (2022). Suspension
Fertilizers Based on Waste Phosphates from the Production of

Polyols. Molecules, 27, 22. DOI:10.3390/molecules27227916

Burkhead, J. L., Gogolin Reynolds, K. A., Abdel-Ghany, S. E., Cohu,
C. M. & Pilon, M. (2009). Copper homeostasis. New Phytologist,
182, 4, pp. 799-816. DOI:10.1111/j.1469-8137.2009.02846.x

Cakmak, I. (2008). Enrichment of cereal grains with zinc: Agronomic
or genetic biofortification? Plant and Soil, 302, 1-2) pp. 1-17.
DOI:10.1007/s11104-007-9466-3

Conley, S. (2011). Proceedings of the 2011 Wisconsin Crop
Management Conference. Management, 50(January).

Courbet, G., Gallardo, K., Vigani, G., Brunel-Muguet, S., Trouverie,
J., Salon, C. & Ourry, A. (2019). Disentangling the complexity
and diversity of crosstalk between sulfur and other mineral
nutrients in cultivated plants. Journal of Experimental Botany,
70, 16, pp. 4183—4196. DOI:10.1093/jxb/erz214

El-Azab, M. E. (2015). Increasing Zn ratio in a compound foliar
NPK fertilizer in relation to growth, yield and quality of corn
plant. Journal of Innovations in Pharmaceutical and Biological
Sciences, 451-468. https://jipbs.com/index.php/journal/article/
view/86

Farshid Aref. (2012). Manganese, iron and copper contents in leaves
of maize plants (Zea mays L.) grown with different boron and
zinc micronutrients. Afiican Journal of Biotechnology, 11, 4, pp.
896-903. DOI:10.5897/ajb11.165

Galanti, G.-A. (2014). Chapter 1: Basic Concepts. Caring for Patients
from Different Cultures, 1-26. DOI:10.9783/9780812203479.1

Kalashnikov, N. P., Tikhonchuk, P. V. & Fokin, S. A. (2020). The
influence of micronutrients on the productivity of corn during
cultivation on green mass in the southern zone of Amur region.
1OP Conference Series: Earth and Environmental Science, 547,
1. DOI:10.1088/1755-1315/547/1/012043

Kashyap, S., Kumar, R., Ram, H., Kumar, A., Basak, N., Sheoran, P.,
Bhatacharjee, S., Biswal, B., Ali, G., Kumar, B., Bhakuni, K.,
Hindoriya, P. S., Birbal, P. S. & Min, D. (2023). Quantitative and
Qualitative Response of Fodder Maize to Use of Bulk and Nano-
fertilizers in North Western Plains of India. Agronomy, 13, 7, pp.
1-15. DOI:10.3390/agronomy 13071889

Kobayashi, T. & Nishizawa, N. K. (2012). Iron uptake, translocation,
and regulation in higher plants. Annual Review of Plant Biology,

63, pp. 131-152. DOI:10.1146/annurev-arplant-042811-105522

Kumar, R., Singh, M., Meena, B. S., Kumar, S., Yadav, M. R., Parihar,
C. M., Ram, H., Meena, R. K., Meena, V. K. & Kumar, U. (2017).
Quality characteristics and nutrient yield of fodder maize (Zea
mays) as influenced by seeding density and nutrient levels in
Indo-Gangetic Plains. Indian Journal of Agricultural Sciences,
87,9, pp. 1203-1208. DOI:10.56093/ijas.v8719.74205

McCall, K. A., Huang, C. C. & Fierke, C. A. (2000). Function and
mechanism of zinc metalloenzymes. Journal of Nutrition, 130 (5
SUPPL.), 1437S-1446S. DOI:10.1093/jn/130.5.1437s

Motesharezadeh, B., Chaab, A., Savaghebi, G. R. & Motesharezadeh,
B. (2011). Differences in the Zinc Efficiency Among and
Within Maize Cultivars in a Calcareous Soil. Asian Journal of
Agricultural Sciences, 3, 1, pp. 26-31. https://www.researchgate.
net/publication/49605104

Murdock, L. & Howe, P. (2001). Zinc Fertilizer Rates and Mehlich 111
Soil Test Levels for Corn. 2—4.

Ramakrishna, C. H., Lata, A. M., Murali, B., Madhavi, A. &
Venkateswarlu, M. (2022). Yield and silage quality of fodder
maize (Zea mays L.) as influenced by zinc fertilization. 11(5),
1799-1802. https://www.thepharmajournal.com/archives/2022/
volllissue5/PartT/11-5-141-892.pdf

Services, C. & Division, A. (2009). Reference Sufficiency Ranges for
Plant Analysis in the Southern Region (Vol. 1040, Issue 919).

Sewhag, M., Devi, U., Hooda, V., Kharor, N. & Nagora, M. (2022).
Agronomic Fortification Through Zinc and Iron Application: a
Viable Option To Improve the Productivity of Fodder Maize.
Forage Res, 47,4, pp. 470-475. http://forageresearch.in

Shukla, U. C. & Mukhi, A. K. (1985). Ameliorative role of zinc on
maize growth (Zea mays L.) under salt-affected soil conditions.
Plant and Soil, 87, 3, pp. 423—432. DOI:10.1007/BF02181909

Singh, R. P., Singh, S., Pal, R. P. & Verma, D. (2021). Effect of
micronutrient application on growth , yield and quality of fodder
maize ( Ziya maize L .) and fodder sorghum (' Sorghum bicolor L
.). The Pharma Innovation Journal. 10, 10, 2356-2361.

Sulthana, S. M., Chandrika, V., Ramu, Y. R. & Madhuri, K. V. N. (pp.
2015). Productive potential of fodder maize ( Zea mays L .) as
influenced by soil and foliar applications of zinc. The Pharma
Innovation Journal, 1, 3, pp. 79-82.

Zekri, M. & Obreza, T. A. (1969). Micronutrient Deficiencies in Citrus:
Iron, Zinc, and Manganese. Edis, 2003(2), 1-3. DOI:10.32473/
edis-ss423-2003

Zawartos¢ mikroelementéw w kukurydzy uprawianej na zielonke nawozonej nawozami
zawiesinowymi na bazie odpadowych fosforanéw z produkciji polioli

Streszczenie. Koniecznos¢ importu surowcow fosforowych do celéw nawozowych w Europie oraz koniecznos¢
zagospodarowania rosnagcej ilosci odpaddéw przyczynity si¢ do poszukiwania alternatywnych zrodet fosforu.
Jednym z takich odpadéw jest odpad fosforanu sodowo-potasowego powstajacy podczas produkcji polioli.
Ponadto aktualnym problemem jest zapewnienie odpowiedniej ilosci zywnosci, gdzie gtdéwna rolg odgrywaja
nawozy. Ze wzgledu na wzrost spozycia migsa atrakcyjno$¢ uprawy kukurydzy paszowej wzrasta ze wzgledu
na jej wysoki potencjat plonowania i bogaty sktad. W artykule przedstawiono wptyw nawozéw zawiesinowych
na bazie odpadow z produkcji polioli na zawarto$¢ mikroelementéw w kukurydzy przeznaczonej na zielonke.
W 3-letnim badaniu terenowym poréwnano wplyw odpadowego zrodta fosforu z komercyjnym granulowanym
nawozem fosforowym — Fosdar 40. Dodatkowo oceniono sktad nawozéw zawiesinowych, badajac nawozy
zawierajace wyltacznie podstawowe sktadniki odzywcze (NPK) oraz nawozy wzbogacone o sktadniki drugorzedne
(S, Mg) i mikroelementy (Zn, Mn, B). Testy potwierdzily skuteczno$¢ testowanych nawozoéow zawiesinowych.
Zawarto$¢ mikroelementow w suchej masie kukurydzy byla na podobnym poziomie jak w przypadku kontroli,

gdzie do nawozenia uzyto Fosdaru 40



