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THE INFLUENCE OF A LONG-TERM RECLAMATION ON THE CON TENT OF
PHOSPHORUS FORMS IN SOILS FORMED FROM POST-MINING L ANDS

Summary

The paper contains the results of the researcthercontent of phosphorus and its speciation irsthiks formed from post-
mining lands after over thirty years of their reglation. Experimental factors included two crop tatas: frumentaceous-
rapeseed and fodder-frumentaceous, and threeifatiibn levels: ONPK, 1NPK and 2NPK. Fractioning smeonducted
with Hedley’s method. Total content of phosphomsiliated between 397,2 and 935,8 mgkg‘of soil. The content of all
the analysed forms of phosphorus increased alotig tive growth of fertilization level and was betwdg27 and 24,6 mg
P - kg* of soil — for water-soluble phosphorus, 5,5 and35@g P- kg™ of soil for 0,5 mole dm® NaHCQ, extracted phos-
phorus, 5,2 and 44,4 mg-Fkg'of soil for 0,1 mole dnmi® NaOH extracted phosphorus, 227,0 and 649,2 mddof soil
for 1 mole: dm?® HCI phosphorus and 60,9 and113,5 mgkgjof soil for residual phosphorus. Statistically inm@mt dif-
ferences have arisen between the same combinaifomsneral fertilization implemented in the analgserop rotations.
Higher content of phosphorus both in total and tingority of analysed fractions, was found in thenpées collected from
the fields with fodder-frumentaceous crop rotation.
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WPLYW WIELOLETNIEJ REKULTYWACJI NA ZAWARTO SC FORM FOSFORU
W GLEBACH TWORZ ACYCH SIE Z GRUNTOW POGORNICZYCH

Streszczenie

W pracy przedstawiono wyniki batldotyczce zawartéci fosforu oraz jego specjacjv glebach wytworzonych z gruntéw
pogorniczych po przeszio trzydziestu latach ichultglvacji. Czynnikami daviadczenia byly dwa ptodozmiany: zbwo-
rzepakowy oraz paszowo-zbwy oraz trzy poziomy nawenia:ONPK, 1INPK oraz 2NPK. Frakcjonowanie przeprdaa:
no metod Hedleya. Catkowita zawaré6 fosforu wahata siod 397,2 do 935,8 mg-Fkg'gleby. Zawarté¢ wszystkich ana-
lizowanych form fosforu zgkszata st wraz ze wzrostem poziomu naewia i wahata si w przedziale dla fosforu wodno-
rozpuszczalnego od 6,27do 24,6 mgkg* gleby, ekstrahowanego 0,5 malm?® NaHCQ, od 5,5 do 50,8 mg Pkg'gleby,
ekstrahowanego 0,1 motim® NaOH od 5,2 do 44,4 mg-Fkg'gleby, ekstrahowanego 1 madm?® HCl od 227,0 do 649,2
mg P- kg'gleby, fosforu rezydualnego od 60,9-113,5 mdé'gleby. Wystpity statystycznie istotne idice pomgdzy tymi
samymi kombinacjami nawenia mineralnego zastosowanymi w analizowanychgamianach. Wksze ilgci fosforu za-
réwno catkowitego, jak i w wkszdci analizowanych frakcji stwierdzono w probkach raotych z poletek ptodozmianu
zbaowo-rzepakowego. Tylko frakcja fosforu rezydualndgminowata w glebach pobranych z poletek ptodoamiga-
Szowo-zhgowego.

Key words: grunty pogornicze, ekstrakcja sekwencyjna, frakogforu, nawgenie

1. Introduction form of easily dissolving monocalcium phosphatesjar-
goes chemical sorption. This phenomenon occursila af
both, acid and alkaline reaction. This preventseitgion
and therefore limits the share of this particlesin called
eutrophication process. Egner's — Riehm’'s method is
widely used method for the determination of sodlsun-
dance in this particle’s available forms in Polahdyever,
it does not provide information about the procegsathnics
of so called phosphates retardation [19]. Suchrinéion
is provided when methods of sequential extractamesim-
plemented, where phosphorus is extracted with ggoand
stronger extractors [4, 17, 18].

Brown coal mining conducted in Konin-Turek basin
leads to land geo-mechanical transformations. Seakiany
rocks left over an excavation on inner and outewilsp
dumps, are reclaimed in this area either in arcatjtral or
forest direction [2, 3]. Agricultural reclamatiors icon-
ducted in accordance with the model of Polish Acagef
Science created by professor Bender [1]. Main ifethis
model is to regulate the chemistry of the parenteniel
(rock). Mineral fertilization and the implementatiof agri-
culture plants are used to achieve this objectl@. [Phos-
phorus fertilization is o.ne of the reclamation hoets.
Phosphorus is necessary for the growth and propeeld The aim of the paper was to determine the cordént
opment of organisms. Mineral soils are dominateditey phosphorus forms with Hedley’'s method in soil samspl
inorganic compounds which are 70-95% of its totaltent  collected from an arable horizon formed from posting
[9]. They are a component of a parent rock andllysoa-  lands under the conditions of differentiated levemineral
cur in the sparingly soluble form. When implementei  fertilization and to crop rotations after over thiyears of
soil, phosphorus combined with mineral fertilizénsthe reclamation.
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2. Materials and methods

sandy loams. The humus content in these soils digpleon
the dose of mineral fertilization and cultivatedus. Spy-

The research was conducted on medium samples cahalski et al. [13] also conducted research on pihagis
lected in the year 2013 in 15 fields from top dwikizons
from a reclaimed outer spoil dump which were araase accordance with Chang’s and Jackson’'s method [4] by
long- term experiments for more than 30 years. ErpEn-
tal factors included two crop rotations (frumentace
rapeseed and fodder-frumentaceous) and three lefels materials were highly differentiated in the contefiphos-
mineral fertilization (0 NPK, 1 NPK and2 NPK). Labe
tory analyses were conducted on air-dried mat@daised of soil solid phase. The results of total phospbarantent
through a sieve of 2 mm meshes. Fractioning was eoth
Hedley’'s method [6] (Tab. 2), whereas phosphorusen-
tration in the obtained extracts was marked witbobori-
metric method with blue-staining ammonium molybdate
and ascorbic acid and emetic (antimonyl-phosplaateate)

according to Murphy’'s and Riley’s method [8]. Reayli

was done on Cary 60 apparatus. The results wererler
variance analysis and the importance of differenices
tween the averages was verified with Tukey’s teéstel-

ance (p = 0,05).

Table 1. Mineral fertilization doses in accordanei¢h 1

NPK combination

(kdpa®)

speciation in these soils. Appreciation analysis Vea in

separating six fractions of mineral phosphorus. ie
tained results proved that soils formed from postimg

phorus, both total and connected with individuanents
and its fractions are present in table 3.
3.1. Phosphorus soluble in water

In the analysed soil samples collected from togpzbos
of soil formed from post-mining lands, the averagatent
of phosphorus soluble in water oscillated betwe@7 éng
P - kg — fodder-frumentaceous crop rotation —ONPK fer-
tilization and 24,60 — frumentaceous-rapeseed twapa-
tion —2NPK fertilization (Tab. 3). The differentian of
content of this phosphorus form relatively high aohet
pended on the dose of mineral fertilization andpcrota-
tion. The highest differences in the content of qgiwrus

Tab. 1. Dawki nawdenia mineralnego zgodne z kombina-soluble in water (P-yD) were observed especially in the

Cig 1 NPK (kcha™)

Chemistry remediatior] Mineral fertilization
Plant used for the first 10 used from the 11
species years year until now

N P,Os K,0 N POs | K,0O
winter | 160 | 270| 140 | 16d 40| 80
wheat
Rapeseed 200 46( 150, 2( 7 90
Luceme | 120 | 380| 260 | 179 70| 150
with grasses|

Source: own studiesZtédto: badania wtasne

3. Results and discussion

After thirty years of agricultural reclamation ahutted
within the established experience on an outer ghoiip of
Patnéw lignite exposure, chemical composition of soil content. In the soils of the crop rotation, feztliion doses
which formed there changed. Investigations conogrbia-
sic physical and chemical properties were condudted of this ingredient. When analysing the influenceao€rop
Spychalski et al. [11]; mentioned authors also ysed
changes in phosphorus compounds [12]. The auth®rs rrus, statistically significant differences betwethre same
ported that after thirty years of reclamation, theture of
forming soils was weakly differentiated, characttci for

samples collected from fields with rapeseed-frumesbus
crop rotation where fertilization of ONPK in relati to
2NPK was implemented. The content of this form lodg
phorus doubled. Along with the increase of ferditian, the
content of this form of phosphorus grew. Percentuee
of average values of P,8 obtained from each fertilization
combination for two crop rotations was not highrétation
to its total content and oscillated from 1,96% -F{fod-
der-frumentaceous crop rotation to 2,84% - 2NPKerap
seed-frumentaceous crop rotation (Fig. 1). Fedtilon of
INPK dose in fodder-frumentaceous crop rotation rbtl
statistically lead to any crucial changes in thatent of
phosphorus soluble in water. Similar and not sigaiftly
differentiated values of 7,95 and 8,31 mg IRj* were ob-
tained. The implementation of mineral fertilization
2NPK dose caused statistically significant growtiPiH,0O

of INPK and 2 NPK led to a statistically importamtrease
rotation on changes in the content of this fornpladspho-

fertilization combinations in rapeseed-frumentace@nd
fodder-frumentaceous crop rotations were found (Aab

Table 2. Sequential fractioning of phosphorus atiogrto Hedley’s method [6]
Tab. 2. Frakcjonowanie sekwencyjne fosforu wg myettetileya [6]

Fractions name| Extractant Procedure Specification
P- H,O H,0 2 grams of soil + 40 ¢hiH,0, shaking for 16 h| -active — labile forms of phos-
phorus in soil solution
P — NaHCQ 0,5 mole dm® NaHCG 0,5 mole dm?® NaHCGQ, shaking for 16 h Replaceable and loosely absorbed
phosphorus compounds
Phosphorus compounds connecied
P - NaOH 0,1 moledm® NaOH 0,1 mole dm® NaOH shaking for 16 h with hydroxides of iron, alumin-
ium and with organic matter
P- HCI 1 mole dni® HCI 40 cni 1 mole- dm?® HCI shaking for 16 h Difficult to solve phosphorus
compounds — apatites
P - Residual Concentrated HCI Burning at 508C +15 gr_ﬁ + concentrated HCI Orgamcqlly stab!e organic and
+ boiling inorganic P
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Table 3. Content of phosphorus fractions in thésformed from post-mining lands
Tab. 3. Zawartg frakcji fosforu w glebach wytworzonych z gruntég@rniczych

Crop rotation Plant Level NPK | P-H,0 | P-NaHCQ | P-NaOH | P-HCI| P-residual I:r-;;ltjignngf Tgt_al
A) (B) m -
gPkg
0 NPK 6,27 5,47 5,18 299,6775,53 392,12 485,17
Wheat after .
lucerne 1 NPK 6,97 9,57 10,72 309,70 113,53 450,49 474,57
2 NPK 7,93 14,33 15,78 332,50 85,70 456,24 521,20
Fodder- Lucerne in 0 NPK 10,00 5,70 6,68 245,63 73,03 341,04 397,77
frumentaceous the 1st year 1 NPK 9,50 16,20 14,77 349,10 82,10 471,67 482,47
2 NPK 12,57 23,43 19,28 416,50 85,40 557,18 622,20
Lucerne in 0 NPK 7,57 577 8,30 227,00 76,83 325,47 483,13
the 2nd yea 1 NPK 8,47 14,80 20,30 328,47 83,43 455,47 479,47
2 NPK 13,97 36,30 44,38 554,90 99,17 748,72 917,77
0 NPK 12,40 13,50 15,40 342,80 69,13 453,23 397,23
Rapeseed 1 NPK 18,60 44,50 30,10 535,40 90,67 719,27 813,10
Rapeseed- 2 NPK 24,60 44,97 33,68 649,23 92,83 845,31 935,80
frumentaceous 0 NPK 11,13 13,23 12,28 419,60 60,93 517,17 422,30
Wheat 1 NPK 16,30 29,73 24,53 426,17 76,27 573,00 614,63
2 NPK 23,23 50,80 37,23 638,53 89,57 839,36 864,50

Source: own studiesztédto: badania wiasne

Table 4. Average content of phosphorus fractiosoifs formed from post-mining lands in mek§*
Tab. 4.Srednie zawartéci frakcji fosforu w glebach wytworzonych z grunggegérniczych mg Rg*

Crop rotation (A) NPK P-H,O | P-NaHCQ | P-NaOH| P-HCI| P- r_clesiduau P- sum of fractidns P- Total
Level (B) mgPkg
0 NPK 7,95 5,65 6,72 257,43 75,13 352,88 455, 34
Fodder 1 NPK 8,31 13,52 15,26 329,09 93,02 459,21 478,84
2 NPK 11,49 24,69 26,48 434,63 90,09 587,38 687,0p
0 NPK 11,77 13,37 13,84 381,20 65,03 485,20 409,7y
Frumentaceous-rapesegd 1 NPK 17,45 37,12 27,32 480,19 83,47 646,14 713,8f
2 NPK 23,92 47,89 35,46 643,88 91,20 842,34 900,1p
NIR B/A 1,48 4,18 2,08 60,57 9,16 73,87 72,85
NIR A/B 1,21 3,43 1,71 49,71 7,52 60,61 59,78
Source: own studiesZtddio: badania wiasne
3.2. Phosphorus solubale in NaHC® 100%
90%
According to numerous authors [5, 16], phosphaxis  80% - Iy N L . .
tracted in 0,5 moldm™ NaHCQ is defined as a exchange- 70% ; . . . = p- residual
able and loosely connected fraction with soil, staybal- s 172 == mm BN - P-HCI
ance with P-HO and is a reservoir of phosphorus which is > LA — T
easily available for plants. In the analysed saihples, the ~ *** 4 1 1 +—f — 1 +—
. . . . 30% 7 P- NaHCO3
content of phosphorus in this fraction oscillatestween . || | ] —
5,47 and 36,30 mg Fkg™ (on rapeseed-frumentaceous crop . 1 L b4 L L] i P20
rotation fields) and between 13,23 and 50,80 mggd (on 0% -
fodder-frumentaceous crop rotation fields) (Tab.IBwas 0 NPK | 1 NPK \ 2NPK | ONPK \ 1 NPK | 2 NPK ‘
found that, Sim“arly to phOSphOI‘US soluble in watihe fodder- frumentaceous frumentaceous-rapeseed

higher content of implemented mineral fertilizatiotie
more phosphorus (P- NaHGCthe analysed soils samples
contained. This fraction oscillated from 1,60% (MYRo  Fig. 1. Percentage share of individual forms ofgpwrus
4,20% (2NPK) in fodder-frumentaceous crop rotattord  marked with Hedley’s method in relation to its tatantent
accordingly in rapeseed-frumentaceous from 2,75%sum of fractions).

(ONPK) to 5,74% (1NPK) of total phosphorus (Fig. Ay-  Rys. 1. Procentowy udziat poszczegélnych form riosfo
erage values of this form of phosphorus in samplds oznaczonego metpdHedleya w stosunku do jego catkowi-
lected from each fertilization combination and crofation  tej zawartgci (suma frakcji)

showed high differentiation. Statistically signéiat influ-

ence of mineral fertilization on the increase aétform of  3.3. Phosphorus soluble in NaOH

phosphorus both in rapessed-frumentaceous and rfodde

frumentaceous crop rotation soils was observed .(A3b Phosphorus extracted in 0,1 molim® NaOH, includes
When comparing the same established combinations inthe hardly soluble combinations of phosphorus viitim,
plemented in both analysed crop rotations, a $talyy  aluminium and organic matter. Its content in thalgsed
higher content of this form of phosphorus was foimthe  soil samples oscillated from 5,18 mg -Pkg” (fodder-

samples collected from the frumentaceous-rapeseagl ¢ frumentaceous crop rotation — control -ONPK) to384mg
rotation.

Source: own studiesZtédio: badania wiasne
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P - kg'(fodder-frumentaceous crop rotation — control —samples was between 397,2 and 935,8 mgd® (Tab. 3);

2NPK) (Tab. 3). The implementation of growing misuer
fertilization doses caused a statistically sigmifitincrease
of this form of phosphorus both in frumentaceoyseszed
crop rotation and in fodder-frumentaceous one. \dam-
paring the same mineral fertilization combinatiamgoth
crop rotations, a statistically higher growth ifstiorm of
phosphorus in the soils of fodder-frumentaceoup doo-
mation was found (Tab. 4). This fraction oscillatetween
1,90% and 4,51% in the fodder-v crop rotation aetivieen
2,85% and 4,21% of total phosphorus (Fig. 1).

3.4. Phosphorus soluble in HCI

Phosphorus extracted in 1 molém?® HCI constitutes a
stock of its hard available compounds. These foares
mostly combined with calcium [5,17,18]. Its contescil-
lated from 227,00 mg Pkg* (fodder-frumentaceous crop
rotation — control - ONPK) to 649,23 mg Rg™ (frumenta-
ceous-rpeseed crop rotation - 2NPK) (Tab. 3). Waea-
lysing the impact of mineral fertilization on thentent of
this phosphorus fraction, it was found that thelengenta-
tion of mineral fertilization both in INPK and 2NRfoses
statistically significantly influenced the growtli the con-
tent of this phosphorus form in soils of both crogations.
A percentage share of this phosphorus fractioelgtion to
its total content was between 71,66% (1NPK) an®(%,
(2NPK) (Fig.. 1), which was on average 72,87% idder-
frumentaceous crop rotation), and between 74,419K)

the same regularities in the changes of total phags as
in the case of its previously described fractiorerevob-
served. Significant differences in case of totabgghorus
were observed in the soils with frumentaceous-reges
crop rotation between the implemented levels ofilifza-
tion. In the soils of fodder-frumentaceous cromtion, the
implementation of INPK dose did not cause a sieaity
significant growth in the content of this phosprfarm;
the similar results were obtained in case of ONBES5,4
mg P- kg and 1INPK 478,8 mg Pkg* doses. The imple-
mentation of 2NPK dose in this crop rotation causesig-
nificant increase of the content of total phospkoru

4. Discussion

The paper covered the research on various amadints
phosphorus forms in the soil formed from post-minin
lands as a result of reclamation processes. A rsydie,
over-30 year-long implementation of mineral fergliion
increased the content of the analysed phosphommsfo
when compared to the control. Even fertilizatiothwgduch
a minor dose as 1NPK increased the content ofrthlysed
phosphorus forms in soil samples collected fronhtwwbp
rotations. Numerous investigations conducted orblara
lands by various authors proved an impact of feation
on the content of more or less easily availablenfoof

to 78,57% (ONPK), which was an average of 76,47% iphosphorus [5, 7, 9, 14 15, 20]. In the investidaeils, the

soils of fodder-rapeseed crop rotation. Statidifcsignifi-
cant differences were found in the content of ifisspho-
rus forms in soil samples collected from the saernéliza-
tion combinations in frumentaceous-rapeseed andefed
frumentaceous crop rotations. Higher values of R-hi€le
found in the soils of frumentaceous-rapeseed avtgtion

3.5. Residual phosphorus

Remains from the sequential extraction are a pdol
mineral and organic phosphorus which is not avéldior
plants. Its content in the analysed soil samplesllated

dominating fraction was the compound of phosphenug
calcium, which on average summed up to 73% of total
phosphorus in the soils of fodder-frumentaceoup cota-
tion and 77% in the soils of frumentaceous-rapeszed
rotation. It confirms what numerous authors havevpr
ously claimed about the susceptibility of phospkota
chemical sorption. On the basis of various reseaggy-
chalski et al. [13] pay attention to the pronenetsoils
formed on post-mining lands to strong chemical sonpof
this element, especially to forming compounds witi-
cium. The authors emphasize that in alkaline seilsich

between 60,93 mg Pkg® (rapeseed-frumentaceous cropare rich in CaCg easily soluble forms of phosphorus de-

rotation - control - ONPK) and 113,53 mg Rg* (fodder-
frumentaceous crop rotation — control - 1NPK) (Tah.
Mineral fertilization implemented in the experimemt
1NPK dose caused a statistically significant inseeaf this
element in the analysed soil samples from both coba-
tions. Further increase of fertilization did nosu# in any
statistically significant growth in the content thiis phos-
phorus form. Comparison of the same fertilizatiambi-
nations in both crop rotations showed that sigaifity
higher content was found in the fields with a fodde
frumentaceous crop rotation which were not fesiiz-
ONPK — and fertilized with the dose of 1INPK (Tah). 4
Whereas none statistically significant differencegre
found in the content of residual phosphorus betwaep
rotations in which fertilization with 2NPK dose was-
plemented. A percentage share of residual phosphioru
relation to its total content in soils of foddewinentaceous
crop rotation oscillated from 15,3% - 2NPK dose2193%
-control ONPK, and in the soils of frumentaceoyseseed
crop rotation - 13,4% and 10,8% (Fig. 1), respetyiv

3.6. Total phosphorus

fined as labile forms and present in such compouagls
CaH,(PQy),, CaHPQ, they undergo a process of retarda-
tion, if not retrieved by plants. Mineral fertilizan caused
the highest possible growth of phosphor in the aetéd
fraction of 0,5 moleim® NaHCGQ,. The increase of this
fraction in relation to the control was from moham dou-
bled to almost four-times higher.

5. Conclusions

The obtained results allowed to define final casns:
1. Factors implemented in the experiment (NPK fewHiz
tion and crop rotation) significantly influencecetquantity
and quality changes of phosphorus compounds iedte
2. With increasing level of NPK fertilization also thie-
crease of the total phosphorus and all the inveistdyfrac-
tions content marked with Hedley’'s method, werecobsd.
The average content of the analysed phosphorussfarm
in gradation order: {30 < P naon< Pnatcos< Pesidua< Pci-
3. High share of phosphorus forms combined with catciu
was observed — on average 75% of its total content.
4. Small increase of the most analysed phospohorus, wa

The content of total phosphorus in the analysetl soobserved in the soils of fodder-frumentaceous covgtion.
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