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1. Introduction

Struvite has fertilizing properties and is a source of phosphorus,
nitrogen and magnesium. More and more scientific studies concerning
recovery of phosphorus from recycled materials have been devoted to
this compound. Current research aimed at identification of optimal
chemical conditions for the recovery of phosphorus in the form of stru-
vite from various recycled materials, especially from various recycled
materials, especially those generated in the wastewater treatment plant
and wastewater from the meat industry (Worwag & Medrala 2017,
Wzorek 2008, Wzorek 2008a). Raw materials which represent alternative
sources of phosphorus include: sewage sludge from municipal wastewa-
ter, slaughter house waste from the meat industry, manure and liquid ma-
nure from animal production (Wzorek 2008).

Struvite can be a good fertilizer since it contains basic biogenic
elements needed for plant growth. Furthermore, due to low solubility, its
components are not washed to ground waters or inside the soil, thus lim-
iting availability for plants. After previous granulation, struvite can be
added to the soil with greater amounts than other fertilizers with phos-
phorus and it is safe for plants (Gorazda et al. 2008, Faucon et al. 2015).

Despite the benefits of using struvite as a fertilizer, the processes
of its recovery have not gained much popularity to date. The processes of
struvite recovery include: CSIR, Phosnix UNITIKA.



838 Matgorzata Worwag

The CSIR process was developed in the South Africa and consists
in crystallization in the fluidized bed. Struvite is recovered in the reactor
from supersaturated solutions at pH > 8 and in the presence of yellow
slate and fly ash as crystallization nuclei. NaOH was used for maintain-
ing adequate value of pH. The CSIR process consists in removal of the
compounds of phosphorus in the form of granulated struvite (Wzorek
2008, Jodko et al. 2003). In a three-step Phosnix Unitika process, precipi-
tation of struvite occurs to greater scale. The process is conducted in the
fluidized-bed reactor, where the level of magnesium and phosphorus is
constantly equalized by adding Mg®" in the form of magnesium chloride.
The high level of pH = 9, is maintained by the addition of NaOH. The
whole process takes 1 to 2h and allows for the recovery of phosphorus,
even with the efficiency of 94% (Hudziak et al. 2012).

The aim of the preliminary study was to analyse the effect of ad-
dition of struvite on plant growth and chemical and physical parameters
of the soil. Struvite used in the present study was obtained in laboratory
settings. For this purpose, optimal concentrations were evaluated for se-
lected ions (PO, Mg2+, NH4") at which maximal sediment mass was
precipitated. Next, the surface composition of the obtained sediments was
determined by means of X-ray spectra analysis.

2. Material and methods
2.1. Substrate for the analysis

The following substrates were used in the study:
e synthetic struvite, obtained in laboratory settings,
e soil from a house garden,
e mixture of soil with various struvite doses: 0.1 g,0.5gand 1 g
to the same soil volume.

2.2. Research procedure
Preparation of synthetic struvite

The research stand was composed from the beaker with volume of
500 ml located on a plate of a magnetic mixer and a pH-meter. Solutions
were prepared based on distilled water and phosphate salt in the form of
KH;,PO4, ammonium salt in the form of NH4CI and magnesium salt in the
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form of MgSO, - 6 H,O. A constant value of pH = 10 was used, deter-
mined based on the literature data. This value represents a point of pre-
cipitation of struvite sediment for almost any concentration of ammo-
nium and phosphate ions if adequate amount of magnesium ions is en-
sured. 1M solution of NaOH was used for correction of pH = 10. The
examinations were conducted for PO,> ions (50 mg/dm’, 100 mg/dm’,
150 mg/dm’, 200 mg/dm’ and 250 mg/dm’) and NH," ions (100 mg/dm’,
200 mg/dm’, 300 mg/dm’, 400 mg/dm’, 500 mg/dm’). Concentrations of
Mg”" were 10 mg/dm’, 20 mg/dm’ and 30 mg/dm’. At this stage of the
research, the most beneficial proportion of ions was determined, for
which the highest struvite mass was obtained. The surface composition of
the precipitated sediment was evaluated using the X-ray diffractometer.

Preparation of soil and mixtures of soil and struvite

The air-dry soil used for the examinations was sieved on a sieve
with 2 mm mesh. After preparation, the soil was used to obtain mixtures
with various doses of struvite:

1) 250 g soil + plants,

2) 250 gsoil + 0.1 g struvite + plants,
3) 250 gsoil + 0.5 g struvite + plants,
4) 250 gsoil + 1.0 g struvite + plants.

Each combination was prepared in five replicates.
Growing mustard in a phytotron chamber

Pots with 250 g and the prepared mixtures were used for the pot
experiment. Certified white mustard (Sinapis alba) was used as a biomass,
with 0.5 g seeds put in the pots with soil and mixtures. The pots with the
sown white mustard were placed in the phytotron chamber (P.H.U.
Biogenet) for the period of four weeks, during the process the air tempera-
ture in the chamber was 21°C and during the night 18°C. In addition, the
air humidity ranged between 60-100%. Level and time of exposure — (day
and night cycle 16/8) day 6:00-22:00. Intensity of light during the day
40,000 lux. Wetting of the research material — watering 3 times a week.
The plants were watered with distilled water in order to avoid introduction
of additional components such as mineral salts and other contaminants.
After four weeks, the experiment was completed and the obtained biomass
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was weighed, dried and the dry biomass was again determined. Soil was
also dried and subjected to further analysis.

Harvesting of the plants and preparation of soil for analyses

Plants were harvested after 4 weeks of the experiment. The over-
ground biomass was cut at the height of 0.5 cm. It was weighed and next
dried at the temperature of 70°C for 48 hours and weighted in order to
evaluate biomass growth from each pot (g d.m./pot). Furthermore, the air
dry soil material was sieved through the sieve with mesh diameter of 2
mm and next prepared for physical and chemical analyses.

2.3. Physical and chemical analyses of substrates
2.3.1. Struvite

XRD — Bruker D8 Advance X-ray diffractometer was used to ex-
amine the precipitated sludge. The X-ray photoelectron spectroscopy
(XPS) methodology was employed. The methodology uses the effects of
interactions of electrons, photons, ions or neutral particles with atoms of
the examined specimen. X-ray photoelectron spectroscopy analyses the
electrons that escape from the material being analysed due to irradiation
with monochromatic soft X-ray radiation (<8 keV). Kinetic energy of
photoelectrons allows for identification of elements and analysis of their
binding. Furthermore, photoelectron intensity allows for the evaluation of
concentrations of elements and the analysis of contribution of various
bindings.

2.3.2. Soil and mixtures of soil and struvite

The physicochemical analysis of the substrates was performed ac-
cording to the methodology developed by Karczewska and Kabata
"Methods of Laboratory Analyses of Soil and Plants" (2008). Analyses
included: dry mass, content of hygroscopic water, loss on ignition, ash
content, reaction, hydrolytic acidity, total alkaline cations, nitrogen con-
tent, carbon content, total phosphorus, available phosphorus, heavy metal
content.
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3. Results of the analysis of research substrates
3.1. Characteristics of substrates: struvite
3.1.1. Amount of precipitated struvite sediment

The experimental design is presented in Fig. 1. Immediate
opaqueness was observed for all combinations used after addition of all
solutions. However, it took around one hour for the precipitated sediment
to be observed on the bottom of beakers. Due to insignificant differences
during formation of the sediments for individual concentrations, in order
to evaluate the mass of obtained struvite sediments, the samples were
centrifuged and left for drying at room temperature and next they were
weighed.

Sediments obtained

Opaqueness of‘the Sediment precipita- after centrifuging
samples after adding all .
. ted after 1 hour and drying at room
reaction substrates
temperature

Fig. 1. Stages of precipitation of struvite sediment
Rys. 1. Etapy wytracania osadéw struwitu

Table 1 present the struvite sediments obtained for various combi-
nations of concentration of NH,", PO43 and Mg2+ ions. The results led to
the conclusion that the increase in ammonium ions concentration causes
a decreasing concentration of magnesium ions necessary for precipitation
of struvite, which is consistent with the findings presented by Czajkowska
and Siwiec (2011, Czajkowska 2015). The obtained mass of struvite sedi-
ments at a specific ion concentration of POs> and NH,4", and concentration
of ions of Mg”" 10 mg/dm’ are substantially lower than for Mg*" ion con-
centration of 20 mg/dm”. The highest struvite mass (0.338 g) was obtained
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at concentrations of 500 mg NH4+/dm3 , 100 mg PO43'/dm3 and
20 mg Mg”*"/dm’.

Table 1. Amount of struvite precipitated for a given concentration of PO,*
and NH," ions, pH=10 and concentration Mg*" ions of 10, 20, 30 mg/dm’
Tabela 1. Tlo$¢ stracanego struwitu dla danego stezenia jonow PO,>

i NH4" jonow, pH=10 i stgzenia jonow Mg** : 10, 20, 30 mg/dm’

Concentration ions PO, [mg/dm’]
2+ +
[ml\g/%lmS] [mi%inﬁ 50 100 150 200 250
100 0,093 | 0,109 | 0,093 | 0,096 | 0,099
200 0,059 | 0,088 | 0,105 | 0,096 | 0,121
10 300 0,055 | 0,105 | 0,097 | 0,101 | 0,152
400 0,082 | 0,098 | 0,094 | 0,173 | 0,198
500 0,069 | 0,105 | 0,088 | 0,099 | 0,141
100 0,140 | 0,203 | 0,200 | 0,198 | 0,201
200 0,128 | 0,215 | 0,198 | 0,299 | 0,202
300 0,154 | 0,196 | 0,194 | 0,200 | 0,200
20 400 0,169 | 0,189 | 0,191 | 0,205 | 0,218
500 0,233 | 0,368 | 0,281 | 0,198 | 0,236
600 0,122 | 0,186 | 0,167 | 0,184 | 0,173
700 0,118 | 0,180 | 0,160 | 0,181 | 0,165
100 - 0,203 - - -
30 300 - 0,215 - - -
500 - 0,196 - - -

3.1.2. Analysis of the surface composition of struvite sediments

Fig. 2 shows the results of the analysis of the surface composition
of the sediments obtained in laboratory settings from an X-ray diffracto-
meter. The results of the analysis demonstrate that the sediments contain
99% of the mixture of struvite, its amorphous forms and trace contents of
compounds used for synthesis of the compound, and NaOH used for cor-
rection of pH.
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Fig. 2. Results of the analysis of struvite by means of the X-ray diffractometer
Rys. 2. Wyniki analizy osadow struwitu za pomocg dyfraktometru
rentgenowskiego
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4. Results
4.1. Characteristics of research substrates: soil and soil mixtures

Tables 2 and 3 present an overall characterization of the soil and
soil mixtures with various doses of struvite. Percentage of the organic
fraction for the soil was 3.44%, whereas for the mixtures, it ranged from
2.29% to 2.36%. All the substrates were characterized by a slightly alka-
line reaction. Content of total nitrogen for the soil was ca. 439.2 mg/kg,
whereas the contribution of the available forms represented 63%. Total
phosphorus content and available forms in the mixtures increased with
the increasing struvite percentage. A noticeable increase in the content of
available forms of phosphorus (93%) was observed for the mixtures with
addition of 0.5g and 1g struvite. The content of total carbon for soil and
the mixtures ranged from 1.3% to 1.5%, whereas percentage of total ni-
trogen was at a low level, from 0.085% to 0.098%. Addition of struvite to
soil led to the increase in the content of biogenic elements: total nitrogen
and phosphorus, especially in the mixture of soil with 1g struvite.

Table 2. Results of physico-chemical analysis of substrates: soil, mixtures
Tabela 2. Wyniki analizy fizyko-chemicznej substratow: gleba, mieszaniny

Parameters Soil Soil +0.1 g | Soil +0.5¢g | Soil +1.0 g
struvite struvite struvite
Dry matter [%] 0.38 0.69 0.80 0.78
Content
of hygroscopic 99.62 99.31 99.20 99.22
water [%]
Loss on ignition 3 44 299 236 296
[%] . . . .
Ash content [%] 96.56 97.71 97.64 97.74




Assessment of the Effect of Struvite on the Growth... 845

Table 2. cont.

Tabela 2. cd.
. Soil +0.1 g | Soil +0.5g |Soil+1.0¢g
Parameters Soil struvite struvite struvite
H,O:7.61 | H,O:7.62 H,0:7.73 | H,0:7.94
+0.049 +0.007 +0.035 +0.014
pH
KCI: 7.36 | KCI: 7.39 £ | KCI: 7.40 KCl: 7.47
+0.007 0.007 +0.014 +0.007
Hydrolytic _ _ — -
acidity pH=829 | pH=837 | pH=847 | pH=8.72
Total alkaline
cations 0.2 0.25 0.2 0.05
[mmol(+)/100 g]
Total carbon 13.64 1435+ 14.28 + 14.76 +
[mg/g] +0.09 0.58 0.57 0.76
Total
phosphorus 439.2 463.3 535.7 823.5
[mg/kg]
Available
phosphorus 278 305 500 760
[mg P/kg]
Total nitrogen | ¢5 0.83 0.86 0.98
[mg/g]

The results of the analysis of the content of heavy metals in sub-
strates are shown in Table 5. The results reveal an increase in macro- and
microelements in the soil mixtures with struvite compared to pure soil,
with particular focus on contents of B, Ca, Cu, K, Fe, Mg, Na and Pb.
Three metals were not found: Ag, Cd and Co. Not all the tests revealed

presence of As and Cr.
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Table 3. Results of the analysis of heavy metals content in substrates
of soil and mixtures

Tabela 3. Wyniki analizy zawartosci metali cigzkich w podtozach

z gleby i mieszanin

Heavy metals Soil Soil +0.1g Soil+05g Soil+1.0g
content [mg/kg] struvite struvite struvite
Ag — — — —
Al 6179.2 6297.2 5698.3 7087.0
As - 1.177 - 1.162
B 4.792 4.6 4.511 5.61
Ba 45.7 46.2 38.9 50.9
Ca 5812.4 6525.6 5735.1 6074.4
Cd - - - -
Co — — — —
Cr - 11.5 8.49 12.3
Cu 11.7 14.8 12.4 16.6
Fe 6054.4 6138.5 7781.0 7656.1
K 938.8 964.0 834.8 1103.6
Mg 1055.6 1088.3 1130.8 1561.6
Mn 254.5 260.1 235.1 261.6
Na 200.4 177.5 202.6 250.3
Ni 1.561 1.682 1.772 3.217
P 439.2 463.3 535.7 823.5
Pb 40.9 72.8 49.6 554
Zn 59.8 63.3 83.4 66.9

4.2. Observation of plant growth

Fig. 3 presents a comparison of seven-day mustard growth for soil
and its individual mixtures. It can be observed from the plant size and the
number of shooting seeds, that struvite had a positive effect on all sam-
ples. At this stage of the research, no significant differences were found
for all the plants grown on the mixtures of soil with struvite.
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Fig. 3. Comparison of the growth of mustard after 7 days of growing:

(from the left) control sample, soil with addition of 0.1 g struvite,

soil with addition of 0.5 g struvite, soil with addition of 1.0 g struvite

Rys. 3. Poréwnanie wzrostu gorczycypo 7 dniach uprawy: (od lewej) probka
kontrolna, gleba z dodatkiem 0,1 g struwitu, gleba z dodatkiem 0,5 g struwitu,
gleba z dodatkiem 1,0 g struwitu

Fig. 4 presents a comparison of fourteen-day mustard growth for
soil and its individual mixtures. It can be observed that addition of 1.0 g
struvite led to the biggest increase in the length of mustard shoots. No
significant differences in the length of plants were found in other cases
compared to the control sample.

Fig. 4. Comparison of the growth of mustard after 14 days of growing:

(from the left) control sample, soil with addition of 0.1 g struvite,

soil with addition of 0.5 g struvite, soil with addition of 1.0 g struvite

Rys. 4. Poréwnanie wzrostu gorczycy po 14 dniach uprawy: (od lewej) probka
kontrolna, gleba z dodatkiem 0,1 g struwitu, gleba z dodatkiem 0,5 g struwitu,
gleba z dodatkiem 1,0 g struwitu
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The twenty-day growth of mustard is presented in Fig. 5. Com-
parison of individual samples in terms of mustard shoot length revealed
similarities in growing in soil and the soil mixture with addition of 0.1 g
struvite. Similarly, no significant differences in the length of mustard
plants were observed for the soil mixtures with addition of 0.5 g and
1.0 g struvite. Furthermore, plants grown on the soil with 0.5 g and 1g of
struvite were substantially higher than the plants in the control sample
and with the dose of struvite of 0.1 g.

Fig. 5. Comparison of the growth of mustard after 21 days of growing:

(from the left) control sample, soil with addition of 0.1 g struvite, soil with
addition of 0.5 g struvite, soil with addition of 1.0 g struvite

Rys. 5. Poréwnanie wzrostu gorczycy po 21 dniach uprawy: (od lewej) probka
kontrolna, gleba z dodatkiem 0,1 g struwitu, gleba z dodatkiem 0,5 g struwitu,
gleba z dodatkiem 1,0 g struwitu

4.3. Analysis of the plant biomass

Fig. 6 contains the results for plant biomass obtained after 28 days
of growing in the phytotron chamber for each combination. The highest
value of mean plant biomass and dry mass was obtained for the mixture
of soil with 1g struvite. In the case of the mixture of soil with 0.5 g stru-
vite, lower values of the analysed parameters were obtained compared to
the control sample. Table 4 presents the results for individual repetitions
and the means with standard deviations for each combination.
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Plant biomass

[EEy
N
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o

Sum plant mass [g]

o N B OO

Mustard control Mustard + 0,1g Mustard + 0,5g Mustard + 1g
struvite struvite struvite

B wet mass plant B dry mass plant

Fig. 6. Comparison of plant biomass
Rys. 6. Poréwnanie biomasy roslinnej

Table 4. Plant biomass
Tabela 4. Biomasa roslinna

Type of combination Wet mass pfxlzl;rag‘e iDSr];/ mass plant
Mustard control 2.197 = 1.17 1.730 £ 1.03
Mustard + 0.1 g struvite 2.767 £ 1.34 2.320 £ 1.21
Mustard + 0.5 g struvite 1.853 £ 1.06 1.423 = 1.15
Mustard + 1.0 g struvite 3.623 = 1.90 3.073 = 1.81

4.4. Analysis of the soil after completion of the experiment

Tables 5 and 6 contain the results of the physico-chemical analy-
sis for all combinations (soil and soil mixtures) after 28 days of growing
mustard. Similarly to soil and control mixtures, the samples were charac-
terized by a slightly alkaline reaction, with the value of pH ranging from
7.58 to 7.85 in distilled water, whereas these values of KCI ranged from
7.23 to 7.39. The values of pH decreased with increasing struvite dose in
the samples. Reaction of soil and mixtures is adequate for growing
plants. Hydrolytic acidity for all samples was similar. Availability of
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nutrients for plants depends on acidity of soil they grow in (Mocek 2015,
Zawadzki 1999). Some nutrients in acid soils transform into hardly avail-
able forms e.g. molybdenum, boron and phosphorus. Furthermore, the
amount of organic matter is reduced in these soils while activity of heavy
metals, such as iron, manganese, zinc, copper and lead, and their avail-
ability for plants increase (Handzel et al. 2017).

Total organic content increased with the struvite dose in the mix-
ture and was: 15.5 mg/g for soil without additions, 15.34 mg/g for the
mixture with the dose of 0.1 g struvite and 16.55 mg/g and 17.88 mg/g
for samples with 0.5 and 1.0 g struvite. After completion of the experi-
ment, it was observed that total content of all metals in the soil material
declined in all control combinations. The basic factor that impacts on
mobility of elements in soil is water, where, depending on the natural or
anthropogenic environment, pH and chemical composition are formed
(Nowinska & Adamczyk 2013). The increase in pH and content of loamy
minerals and organic matter usually improves capacity of soil to absorb
heavy metals (Gorlach & Gambus 1991).

Table 5. Results of physico-chemical analysis of soil: control soil and mixtures
(after pot experiment)

Tabela 5. Wyniki analizy fizykochemicznej gleby: kontrola gleby i mieszanin
(po do$wiadczeniu wazonowym)

Plant Plant+0.1 g |Plant+ 0.5 g|Plant+1.0 g
control struvite struvite struvite
H,0:7.85| H,O: 7.66 H,0: 7.70 H,0: 7.58
+0.09 +0.06 +0.03 +0.08
pH
KCl: 7.39 | KCI: 7.25 KCl: 7.29 KCl: 7.23
+0.04 +0.04 +0.03 +0.09
Hydrolytic _ _ _ _
acidity pH=849 | pH=847 pH =8.49 pH =18.36
Total alkaline
cations 0.2 0.2 0.1 0.2
[mmol(+)/100 g]
Total carbon 15.90 15.34 16.55 17.88
[mg/g] +0.81 +0.15 +0.32 +0.67
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Table 5. cont.
Tabela 5. cd.
Plant |Plant+ 0.1 g |Plant+ 0.5 gPlant+1.0 g
control struvite struvite struvite
Total phosphorus
415. 471. 4. .
[mg/ke] 5.8 71.0 584.6 688.8
Available
phosphorus 253 308 490 680
[mg P/kg]
Total nitrogen
[mg/g] 0.97 0.91 1.03 1.05
Table 6. Results of heavy metals analysis for soil and mixtures
(after pot experiment)
Tabela 6. Wyniki analizy metali ciezkich dla gleby i mieszanin
po zakonczeniu do§wiadczenia wazonowego)
Heavy metals Soil Soil+0.1g Soil+0.5g Soil+1.0g
content [mg/kg] o1 struvite struvite struvite
Ag — — — —
Al 5991.1 6151.0 6269,7 5381.6
As 1.331 1.406 1.304 1.445
B 5.14 5.06 6.73 4.148
Ba 51.5 44.6 48.9 44.2
Ca 5675.1 5073.6 5761.1 7009.8
Cd — — — —
Co — — — —
Cr 10.1 9.47 9.5 7.83
Cu 11.1 10.3 12.5 12.1
Fe 5836.2 6225.0 5896.8 5408.8
K 859.0 876.7 893.7 768.3
Mg 1248.3 1051.1 1323.7 1342.5
Mn 222.4 311.2 224.9 227.0
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Table 6. cont.

Tabela 6. cd.
Heavy metals Soil Soil+0.1g Soil+0.5g Soil+1.0g

content [mg/kg] o1 struvite struvite struvite

Na 75.4 218.6 90.7 85.4

Ni 1.147 1.886 2.385 2.496

P 415.8 471.0 584.6 688.8

Pb 30.2 30.0 38.8 37.3

Zn 65.7 58.8 61.7 62.4

5. Summary

At the end of the 20th century, a discussion was started among
people who are involved in agricultural production concerning technolo-
gies of plant nutrition. It was found that previous fertilization method do
not meet their role since a barrier of efficiency of the nutrient doses used
was already reached. The increasing physical and chemical degradation
of soil has led to changes in the physiological status of plants, resulting in
the decrease of yield and its quality. First and foremost, one should care
for adequate soil status as a basic and the only source of nutrients, water,
growth substances for plants.

Soil additions, composed of specific mixtures of mineral com-
pounds, should impact on activation of the processes of cellular metabo-
lism and soil microflora which is best prepared for the environment.
Adequate fertilization has a mild effect on processes that occur in humus.
This leads to several reactions which are conducive to the development
of soil and plants, thus allowing for compensation of the degrading effect
of intensive agricultural production.

The research studies were started in order to develop fertilizers
rich in microelements, growth regulators or amino acids with extended
period of release of biogenic elements (Ciesielczuk et al. 2015, Cie-
sielczuk et al. 2016). An important factor of using fertilizers is their dose,
which is closely related to specific expected soil parameters.
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6. Conclusions

The focus of this study was on comparison of the effect of various
synthetic struvite doses used as a fertilizer on the growth and biomass
of mustard. A pot experiment was conducted in controlled conditions
of a phytotron chamber. The analysis of the results obtained in the study
leads to the following conclusions:

- It was found that physico-chemical properties of soil such as: pH, acid-
ity, content of biogenic elements (N, P), content of micro- and macro-
elements improved with the increasing struvite dose.

- Comparison of the length of mustard shoots, grown on the mixtures
with struvite leads to the conclusion that the dose of 0.5 g is sufficient
for maintaining a maximal length of the plants.

- The highest value of plant biomass (10.87 g) and dry biomass (9.22 g)
was obtained for the dose of 1g struvite to soil.

- Based on the results of physicochemical analysis of soil and the ob-
tained biomass, it was found that the most beneficial struvite dose was
1.0 g.

- It should be noted that the most beneficial dose of struvite was consid-
ered the largest of the experiments, so in the future the research should
be extended with more than 1.0 g doses, also taking into account the ex-
tension of the experiment duration to determine the time of action and
release of struvite components as a fertilizer.

The research was funded by the project No. BS/MN-401-310/17.
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Ocena wplywu struwitu na wzrost gorczycy Sinapis alba

Streszczenie

Struwit to uwodniony fosforan amonowo-magnezowy o wzorze che-
micznym MgNH,PO,4-6H,0,0odkryty w 1845 roku. Mineral charakteryzuje si¢
barwg przejrzysta/polprzejrzysta biata o szklistym polysku, twardosciag wedtug
skali Mohsa wynoszaca 2, masg wiasciwa 1700 kg-m™. Jego krystaliczna forma
tworzy si¢ przy odpowiednich stezeniach jondw magnezowych, fosforanowych
oraz amonowych. W §rodowisku naturalnym jego obecnos¢ stwierdzono gtow-
nie w rozkladajace si¢ materii organicznej. Jednak krysztaly struwitu moga si¢
takze tworzy¢ na oprzyrzadowaniu instalacji do oczyszczania $ciekéw (w ruro-
ciggach, wirnikach pomp itp.). Odbywa si¢ w to sposéb niekontrolowany i nie-
sie za sobg problemy techniczne w oczyszczalni. Najczestsze wystepowanie
stwierdzono w osadach $ciekowych po oczyszczaniu metodami biologicznymi
oraz osadach $ciekowych pochodzenia zwierzecego po fermentacji beztlenowe;.
Jednak z racji tego, ze dany zwiazek stanowi zrodlo fosforu, zauwazono mozli-
wo$¢ wykorzystania struwitu w celach nawozowych. Jako granulat nawozowy
ma niska rozpuszczalnos$¢ przez co uwazany jest za bardziej przyjazny srodowi-
sku. Wolno rozpuszcza si¢ w glebie co powoduje, Ze ro§liny same moga dozo-
wac jaka jego ilo$¢ pobiora z otoczenia. Technologie odzysku tego mineratu nie
sa jednak jeszcze powszechnie stosowane poniewaz sa wymagajace pod wzgle-
dem ekonomicznym. Nad struwitem prowadzone sg ciagle intensywne badania
majgce na celu zoptymalizowanie jego procesu wytragcania.

Niniejsza praca skupiata si¢ na poréwnaniu wplywu réznych dawek
(0,1; 0,5; 1,0 g/250 g gleby) struwitu syntetycznego zastosowanego jako nawo-
zu na wzrost oraz biomas¢ gorczycy. Doswiadczenie, miato charakter wazono-
wy 1bylo prowadzone w kontrolowanych warunkach komory fitotronowe;j.
Stwierdzono, ze wiasciwosci fizycznochemiczne gleby takie jak: pH, kwaso-
wos¢, zawartos¢ pierwiastkow biogennych (N, P), zawartos¢ makro i mikroele-
mentow; poprawialy si¢ wraz z wzrastajaca dawka struwitu. Na podstawie uzy-
skanych wynikéw dla poszczegolnych kombinacji, stwierdzono, ze dawka 0,5 g
jest wystarczajaca, do uzyskania maksymalnej dlugosci plondéw. Jednakze, nie
korelowato to z uzyskang §wiezg oraz suchg biomasg, gdzie najwyzszg warto$¢
(10,87 g dla $wiezej biomasy oraz 9,22 g dla suchej biomasy ) uzyskano dla
dawki 1,0 g struwitu.
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Abstract

Struvite is a hydrated ammonium magnesium phosphate of chemical
formula MgNH4PO,4-6 H,O, discovered in 1845. Mineral is characterized by
a transparent / translucent white color with a glossy gloss, a Mohs hardness of 2,
a specific weight of 1700 kg-m™. Its crystalline form is formed at appropriate
concentrations of magnesium, phosphate and ammonium. In the natural envi-
ronment its presence was mainly found in decomposing organic matter. How-
ever, struvite crystals may also be formed on the equipment of sewage treatment
plants (piping, pump impellers, etc.). This is done in an uncontrolled manner
and carries with it technical problems in the treatment plant. The most frequent
occurrence was found in sewage sludge after biological treatment and sewage
sludge of animal origin after anaerobic digestion. However, due to the fact that
a given compound is a source of phosphorus, the possibility of using struvite for
fertilization has been noted. As the fertilizer granule has low solubility, it is
considered to be more environmentally friendly. It slowly dissolves in the soil,
which causes the plants themselves to dispense the amount that they take from
the environment. The recovery technologies of this mineral are not yet widely
used because they are economically demanding. There are still intensive re-
searches on the struvite to optimize its precipitation process.

This work focuses on comparing the effects of different doses (0.1, 0.5,
1.0 g/250 g of soil) of a synthetic struvite used as a fertilizer for growth and
biomass of Sinapis alba. The experiment was vase-shaped and was carried out
under controlled conditions of the phytotron chamber. It was found that the
physical physico-chemical properties of soil such as: pH, acidity, content of
biogenic elements (N, P), content of macro and microelements; they improved
with the increasing dose of struvite. Based on the results obtained for each com-
bination, it was found that a dose of 0.5 g is sufficient to obtain the maximum
yield length. However, this did not correlate with the obtained fresh and dry
biomass, where the highest value (10.87 g for fresh biomass and 9.22 g for dry
biomass) was obtained for a dose of 1.0 g of struvite.

Stowa kluczowe:
struwit, nawozy mineralne, biomasa roslinna, gleba, nawozenie

Keywords:
struvite, mineral fertilizers, plant biomass, soil, fertilization




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [481.890 680.315]
>> setpagedevice


