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A b s tract The paper presents the results of the
study of 3 experiments carried out on brown soil derived
from loess in the permanent fertilization field located in
Rzesz6w Submountiane Region, pertaining to the effect of
mineral NPK fertilization applied against the background
of the constant dose of farmyard manure, magnesium and
magnesium combined with liming, on the content of avai-
lable forms of phosphorus, potassium and magnesium.
The experiments were carried out on acid soil with high
phosphorus and magnesium and medium potassium avai-
lability as well as on a very acid soil with low phosphorus
and potassium availability and medium magnesium availa-
bility. During the four-year long period of plant cultiva-
tion in crop rotation with differentiated mineral NPK
fertilization against the background of the constant dose of
fann manure, magnesium and magnesium combined with
liming, the decrease in the available magnesium content in
all the fertilization objects and the decrease in phosphorus
and potassium contents in the objects without the NPK
fertilization was found.
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INTRODUCTION

The long-term application of the mineral
fertilization influences not only the quality and
quality of crop, but also soil environment [1-9].
. The studies pertaining to the effect of mineral
fertilization on the available phosphorus con-
tent were carried out by several authors [3-6,8],
as well as the research on the available potas-
sium content [1-9] and available magnesium
content [1,5,7,9,]. Other authors {3,5] carried

out the research pertaining to the interaction of
the mineral fertilization and liming on the content
of available phosphorus and potassium. The
comparison of the effect of farmyard manure
and mineral fertlizers on the content of availab-
le forms of potassium, phosphorus and magne-
sium [6] is also interesting. In spite of the often
occurring magnesium deficiency, in the acidi-
fied soils not many authors carried out the re-
secarch pertaining to the content of this
component.

The aim of the present research was to de-
termine the effect of the differentiated mineral
fertilization: NPK+farmyard manure, NPK+
Mg and NPK+Mg+Ca in the 4-year long crop
rotation on the content of the available forms of
potassium, phosphorus and magnesium in the
acidified brown soil formed from loess.

MATERIALS

The research was carried out on the basis of 3
experiments located on a permanent fertilization
field in the area of Rzesz6w Submountaine Re-
gion. Various systems of plant fertilization were
applied in these experiments. In the experiment I
which was carried out in the years 1982-85, a dif-
ferentiated mineral NPK fertilization was applied
against the background of a constant dose of far-
myard manure (FYM - 25 t/ha/ year). The plants
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were cultivated in the following crop rotation:
potatoes, spring barley, fodder sunflower, and win-
ter wheat in this experiment. In the years 1986-
89, two experiments were carried out, in which
differentiated mineral NPK fertilization against
the background of constant fertilizing with
magnesium was applied (experiment IT), as well
as the differentiated mineral NPK fertilization
against the background of constant fertilization
with magnesium and liming- 4 t CaO/ha (expe-
riment III).

The soil, on which the experiment II was
carried out in the years 1982-85 was of acid re-
action, high available phosphorus and magne-
sium contents and medium potassium content.
The experiment in the years 1986-89 was car-
ried out on a very acid soil with the low content
of available phosphorus and magnesium and
medium potassium content. The crop rotation in
the experiments carried out in the years 1986-
89 was similar with the exception of the fodder
sunflower which was replaced by fodder cabba-
ge. The remaining plants and mineral NPK fer-
tilization was identical.

In these experiments 13 fertilizing objects
were compared, where the basic level of NP, K,
fertilizations was the following:

- potatoes (Atol): N - 120 kg, P20s - 100 kg,
K20 -160 kg/ha/year ;

- spring barley (Diva): N - 80 kg, P20s - 100
kg, K20 - 120 kg/ha/year;

- fodder sunflower (Iregi): N - 100 kg, P2Os -
90 kg, K20 - 100 kg/ha/year;

- winter wheat (Emika): N - 100 kg, P2Os - 90
kg, K20 - 100 kg/ha/year;

- fodder cabbage (Putawska zielona): N -120
kg, P20s - 60 kg, K20-100 kg/ha/year.

In the experiments II and III, magnesium
was applied in the dose of 40 kg MgO/ha under
fodder cabbage in the form of magnesium sulp-
hate. Nitrogen was applied in the form of am-
monium nitrate, phosphorus in the form of
triple superphosphate, potassium in the form of
potassium salt (57 %) and lime was applied in
the form of burnt lime (85 %) in the amount of 4 ¢
CaO/ha.

Each year, after harvesting the crops, soil
samples were taken from A, horizon of the sub-

sequent fertilization objects. Available phosp-
horus and potassium were determined with Eg-
ner-Riehm’s method and available magnesium
with Schachtschabel’s method. The results of
phosphorus, potassium and magnesium analy-
ses were worked out statistically by calculating
LSD according to Dunnet with the aim of com-
parising the average contents of available com-
ponents from the subsequent fertilization
objects after 4 years of crop rotation and fertili-
zing to the respective initial contents (before
starting the experiment).

RESULTS

The contents of available phosphorus, po-
tassium and magnesium depending on the mi-
neral NPK fertilization against the background
of the constant doses of farmyard manure, mag-
nesium and magnesium combined with liming
are given in Table 1.

The content of available phosphorus in the
carried out experiments was the highest in the
objects with the highest dose of mineral fertili-
zers: Ny ¢P; 5K 5 and the lowest in the objects
without NPK fertilization. Low phosphorus
content was also noted in the objects without
phosphorus with the exception of the phospho-
rus objects from the NPK experiment against
the background of the constant dose of magne-
sium combined with liming.

The increasing NPK fertilization at the
constant ratio of N:P:K increased the content of
available phosphorus in soil at all the systems of
fertilizing such as: NPK+FYM and NPK+Mg
and NPK+Mg+Ca.

After 4 years of the cultivation of plants in
the plant cropping system and the differentiated
mineral NPK fertilization aginst the backgro-
und of the constant dose of FYM magnesium,
and magnesium combined with liming, the ave-
rage content of available phosphorus incre-
ased significantly only in the experiments with
the highest dose of NPK (N, sP; <K; 5). How-
ever, the content of phosphorus in the experi-
ments I and II in the objects without NPK and
without the fertilization with phosphorus decre-
ased in a small degree.

The liming applied in the experiment III



EFFECT OF NPK FERTILIZATION ON SOIL P, K AND Mg

181

Table 1. The effect of mineral fenilization on the content of available forms of phosphorus, potassium and magne-
sium (in mg P, K, Mg/kg soil) on the background of FYM, magnesium and magnesium+liming application in a 4-year

crop rotation (mean values for 4 years)

Fertilization Experiment Experiment II Experiment 111
objects NPK+FYM NPK+Mg NPK+Mg+Ca
P K Mg P K Mg P K Mg
Nitrogen fertilization on the background of constant PK
NP K, 65.6 162.8 130 304 170.3 44.5 349 244.1 29.0
NosPiK, 65.8 162.8 140 28.6 159.0 41.5 320 146.1 64.5
Nlﬁll(1 68.3 162.0 137 28.0 166.4 48.7 29.2 2009 66.0
N, K, 66.8 178.0 133 2238 171.6 51.7 354 196.3 57.0
Phosphorus fertilization on the background of constant NK
PN K, 63.0 178.4 133 18.4 173.5 60.2 329 189.7 42.0
P, N K, 66.1 166.9 140 18.6 161.8 58.7 343 231.1 42.2
P NK, 68.3 162.0 137 28.0 166.4 48.7 29.2 2009 66.0
P NK| 73.6 164.5 144 309 163.3 63.2 371 171.8 56.0
Potassium fertilization on the background of constant NP
KNP, 75.6 104.7 144 28.7 120.7 4.5 29.9 123.7 525
K, NP, 65.9 1254 149 27.2 157.3 535 342 2104 45.5
KNP 68.3 162.0 137 280 166.4 48.7 29.2 200.9 66.0
KI.SNlbl 659 179.4 159 289 170.8 40.5 349 2374 25.0
NPK fentilization at a constant N:P:K ratio
NPK, 60.5 103.7 140 18.3 84.3 28.7 28.0 118.7 327
NosPosKos 67.1 121.3 149 2117 158.9 60.7 289 2328 56.7
P K 68.3 162.0 137 28.0 166.4 48.7 29.2 2009 66.0
N, P K 91.5 208.4 156 36.9 156.6 45.2 40.8 2547 41.0
Before settingup  65.0 161.8 185 235 124.5 68.0 235 124.5 68.0
the experiment
LSD at P=0.05 19.0 245 16.8 13.2 23.0 8.8 16.0 28.8 8.2

significantly mobilized the available phosphorus
in sotl, because the average content of the avai-
lable phosphorus from the subsequent fertiliza-
tion objects was always higher than the phos-
phorus content in soil before starting the experi-
ment comparing to the respective objects in the
experiment II, in which liming was not applied.

The content of available potassium was the
highest in the objects with the highest potas-
sium dose (K, sP;N; and N, <P, sK| 5) in the
experiment I with the applied constant dose of
farm manure, and the lowest in the objects without
the NPK fertilization in all the experiments. In
the experiments II and III, in which the NPK
fertilization with magnesium and magnesium

combined with liming was applied this depen-
dence did not always occurred. In all the experi-
ments it is possible to note that the increasing
potassium fertilization, both at the constant NP
fertilization and the constant N:P:K ratios in-
creased, in general, the content of available po-
tassium in soil. The mineral NPK fertilization
against the background of constant farm manu-
re doses, magnesium and magnesium combined
with liming in the 4-year long crop rotation, in-
creased the content of available potassium in
soil with the exception of the objects NyPoKy,
and KyN,P,and in the experiment with
NPK+farm- yard manure with the exception of
Kg.sN(P; and Ny 5P 5K 5 in comparison to the
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initial contents of available potassium.

The content of available magnesium in the
brown soil formed from loess at the tested sy-
stems of fertilization after the 4-year long culti-
vation of plants in crop rotation was signifi-
cantly lower in comparison to the initial content
in spite of supplying soil with magnesium in
farm manure and magnesium sulphate. No ex-
plicit effect of the increasing mineral fertiliza-
tion with the subsequent elements and the
proportional increase of NPK on the content of
available magnesium in the A; horizon of
brown soil formed from loess was noted.

DISCUSSION

The 4-year long cultivation of plants in the
plant crop rotation system and differentiated
mineral NPK fertilization against the backgro-
und of constant fertilization with farmyard ma-
nure, magnesium and magnesium combined
with liming modified the content of available
forms of phosphorus, potassium and magne-
sium in the acidified brown soil formed from lo-
ess. Under the influence of the differentiated
mineral NPK fertilization in the 4-year plant
cropping system, the content of available pho-
sphorus in soil fertilized with the highest dose of
mineral NPK fertilizers increased significantly.

The increasing fertilization with phospho-
rus both at constant fertilization with the remai-
ning components and proportional increase of
all components increased in general the content
of available phosphorus in the A, horizon of the
acidified brown soil formed from loess.

The favourable influence of the fertiliza-
tion with phosphorus on the content of this
component in soil was noted by Wilk er al. [8].
Similar dependencies were obtained by Mercik
et al. [4] in the long-term static experiments,
achieving higher content of available phospho-
rus at phosphorus fertilization, and the lowest
without fertilizing with phosphorus and lime
against the background of constant NK.

The mineral NPK fertilization against the
background of the constant dose of magnesium
combined with liming increased available pho-
sphorus content to a greater extent in compari-
son to NPK+Mg fertilization, which was con-

nected with the mobilization of phosphorus in
soil under the influence of liming.

Moskal et al. [5] and Gajek et al. [3] obtai-
ned a significant increase of available phospho-
rus content at the application of mineral NPK
fertilization and also after the liming of soil.

The content of available potassium was
usually the highest after the application of the
highest potassium dose, and especially after the
application of the mineral fertilization with
NPK +farmyard manure. The increasing fertiliza-
tion with potassium against the background of
constant NP fertilization at the constant N:P:K
ratio increased, in general, the content of avai-
lable potassium in A, horizon. Similar results
were obtained by Demczuk et al. [2], who noted
the lowest content of available potassium in the
objects without potassium. Wilk et al. [8] obtai-
ned the increase in available potassium content
in soil at complete NPK fertilization. Mercik et
al. [4] noted the accumulation of available po-
tassium as the result of long-term mineral ferti-
lization in the objects with full mineral
fertilization combined with liming. Moskal ef al.
{5] did not record the increase in available potas-
sium content in the light textured soil as the result
of liming and mineral fertilization. However, Gajek
et al. [3] obtained the favourable effect of mineral
NPK fertilization on the potassium content and
not explicit effect of liming on the content of this
component.

In my own research the liming of soil com-
bined with mineral NPK+Mg fertilization in-
creased the content of potassium in brown soil
formed from loess comparing to the analogous
fertilization objects NPK+Mg without liming.
Dechnik et al. [1] noted the favourable effect of
the fertilizing with potassium on the content of
available potassium in brown soil formed from
loess from the area surrounding Lublin. Wojno-
wska ef al. [9] noted that the content of potas-
sium was proportional to the fertilization with
potassium in the 8-year long period of research.

Mineral NPK fertilization against the
background of the constant dose of farmyard
manure, magnesium and magnesium combi-
ned with liming in 4-year long crop rotation
system decreased the content of available mag-
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nesium in A horizon of the acidified brown soil
formed from loess. The application of 240 kg
MgO/ha during the 4 years of cultivation did
not increase the content of available magne-
sium in soil at such a high its acidification. No
explicit effect of mineral NPK fertilization and
the fertilization with the subsequest compo-
nents against the background of the constant ap-
plication of farm manure, magnesium and
magnesium combined with liming on the con-
tent of available magnesium was noted. Rusz-
kowska et al. [7] noted especially high leaching
of calcium and magnesium ions and not large
elution of nitrogen and potassium ions, as well
as the minimal elution of phosphorus ions in the
strict lisymetric experiment with which would
explain the lack of the enrichment magnesium
of A, horizon of loess soils. Wojnowska ef al.
{9] recorded the increase in available magne-
sium content in the light acid soil formed from
medium clay together with the increase of mag-
nesium doses (up to 84 kg Mg/ha) in the 8-year
long period of research. Dechnik et al. [1] on
the basis of the research on brown soil formed
from loess (the reaction - slightly acid to neu-
tral) noted the very distinct decrease in availab-
le magnesium content under the influence of the
fertilizing with high doses of nitrogen and po-
tassium.

Nowosielski et al. [6] noted that the soil
constantly fertilized with farmyard manure in
comparison to the soil fertilized with mineral
NPK fertilizers contains much more available
phosphorus, potassium and magnesium.

CONCLUSIONS

1. The differentiated mineral NPK fertili-
zation against the background the constant dose
of farmyard manure, magnesium and magne-
sium combined with liming applied in the 4-ye-
ar long crop rotation of plants modified the
content of the available phosphorus forms, po-
tassium and magnesium in the acidified brown
soil formed from loess:

a) the increasing fertilization with phosp-
horus at the constant fertilizing with nitrogen
and potassium and NPK fertilization at the con-
stant N:P:K ratios increased the content of avai-

lable phosphorus in soil at all the systems of mi-
neral fertilization;

b) the increasing fertilizing with potassium
at the constant nitrogen-phosphorus fertiliza-
tion and mineral NPK fertilization at the con-
stant N:P:K ratios increased, in general, the
content of available potassium in soil at the ap-
plied systems of mineral fertilization;

¢) the increasing mineral fertilization with
the subsequent components and the proportional*
increase of NPK did not have the explicit effect on
the content of available magnesium in soil.

2. The mineral NPK fertilization decreased
the average content of the available magnesium
in soil during the 4-year long crop rotation as
compared with the initial content in spite of
supplying soil with magnesium in the farmyard
manure and magnesium sulphate.

3. The highest content of available phosp-
horus and, in the majority of objects, of potas-
sium was noted after the application of the
highest doses of these components.

4. The lowest content of available phos-
phorus, potassium and magnesium in brown so-
il formed from loess was usually noted in the
objects without NPK fertilization.

REFERENCES

—

. Dechnik I., Bednarek W., Filipek T.: Wplyw nawoze-
nia azotem i potasem na niektére wlasciwosci gleby bru-
natnej wytworzonej z lessu. Mat. Symp. ‘Diugotrwale
statyczne doswiadczenia nawozowe’. Part 1. Zesz. Na-
uk. AR Krakéw, 1993. .

2. Demczuk M., Fotyma M., Mazur T.: Wplyw wzrasta-
jacego nawozenia mineralnego na plon roslin i zawar-
10§¢ przyswajalnych skladnikéw w glebie. Zesz. Nauk.
ART Olsztyn, 34, 1982.

3. Gajek F,, Machnicka J.: Wspéldzialanie wapnowania
Z nawozem mineralnym w wieloletnich doswiadcze-
niach lanowych. Pam. Put., 76, 1981.

4. Mercik S., Nowosielski O., Paul M.: Wptyw zréznico-
wanego nawozenia i Zzmianowania na zawarto$¢ sklad-
nikéw pokammowych w glebie po 35 i 70 latach
statycznych doswiadczeri nawozowych. Part I, Zesz.
Nauk. AR Krakéw, 1993.

5.Moskal S, Merdk S.: Wspéldzialanie wapnowania z
nawozZeniem mineralnym. Mat. Symp. ‘Skutki wielolet-
niego stosowania nawozéw’. IUNG, Pulawy, 1976.

6. Nowosielski O., Nowosielska B., Szwonek E.: Wptyw

wieloletniego organicznego i mineralnego nawozenia

na stan odZywiania roslin i zasobnos$¢ gleby w dosigpne
formy skladnikow pokarmowych. Mat. Symp. ‘Skutki wie-

loletniego stosowania nawozdw’, Part [, Putawy, 1976,



184 J. KANIUCZAK

7. Ruszkowska M., Warcholowa Z., Sykut S., Re¢bo-
wska Z.: Bilans skladnikéw pokarmowych w doswiad-
czeniu lizymetrycznym (1971-1981). Bilans azotu i
potasu, Pam. Put., 72, 1982,

8. Wikk K., Rabikowska B, Dumanowski K.: Nawozenie
fosforowo-potasowe w zmianowaniu. Mat. Symp. ‘Skutki
wieloletniego stosowania nawozow’. Part 1, Putawy, 1976.

9. Wojnowska T., Panak H,, Sienkiewlcz S.: Zmiany fi-
zyko-chemicznych wlasnosci gleby w warunkach wie-
loletniego nawozenia potasem, magnezem i sodem.
Mat. Symp. ‘Dlugotrwale statyczne doswiadczenia na-
wozowe', Part I, Zesz. Nauk. AR Krakéw, 1993.

WPLYW ROZNYCH SYSTEMOW NAWOZENIA
MINERALNEGO NA ZAWARTOSC
PRZYSWAJALNYCH FORM FOSFORU, POTASU
I MAGNEZU W GLEBIE BRUNATNOZIEMNE]
WYTWORZONE] Z LESSU

W pracy przedstawiono wyniki badaf 3 dos§wiadczei

prowadzonych na glebie brunatnoziemnej wytworzonej z
lessu na stalym polu nawozowym polozonym na Podgérzu
Rzeszowskim, nad wplywem nawozenia mineralnego NPK
zastosowanego na tle stalej dawki obornika, magnezu oraz
magnezu Wraz z wapnowaniem na zawarto$¢ przyswajal-
nych form fosforu, potasu i magnezu. Doswiadczenia pro-
wadzono na glebie kwasnej o wysokiej zasobnosci w fosfor
i magnez, a §redniej w potas oraz bardzo kwasnej glebie o
niskiej zasobnosci w fosfor i potas, a $redniej w magnez. W
4-letnim okresie uprawy roslin w zmianowaniu i zréznico-
wanego nawozenia mineralnego NPK na tle stosowania sta-
tej dawki obornika, magnezu oraz magnezu i wapnia stwier-
dzono obniZenie zawartoéci przyswajalnego magnezu na
wszystkich obiektach nawozowych, oraz fosforu i potasuna
obicktach bez nawozenia NPK.

Stowa kluczowe:nawozenie NPK, przyswajalne
makrosktadniki, zmianowanie ro§lin, gleba lessowa.




