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Abstract. The aim of the experiment was agrochdneicaluation of the influence of liming
and fertilization with ammonium or nitrate nitrogen changes of pH, acidity and saturation of sorp-
tion complex with exchangeable cations. The studg hased on chemical analysis of soil materials
obtained from a two-year pot experiment. The facwi the study were: liming, fertilization with
ammonium sulphate or calcium nitrate at two lewgld fertilization with phosphorus in two doses.
The obtained results indicated that liming as @&slhitrogen forms influenced significantly the cadi
tors of soil acidification. The use of Cagéhd nitrate nitrogen caused an increase of pHlaogease
of hydrolytic acidity, exchangeable acidity and rf®aluminium. The content of mobile aluminium
also was significantly lower in treatments ferglizwith superphosphate in higher level. The coraént
Mg?*, N& and K was higher in treatments fertilized with ammonismiphate than with calcium
nitrate. A different situation was observed in tese of CH. The content of calcium ions was the
highest in treatment limed and fertilized with @ata nitrate at higher dose. Granulated triple super
phosphate fertilization did not essentially inflaerthe sorption complex of soil.
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INTRODUCTION

In the group of factors influencing soil fertility a significanle is played by
mineral fertilization. The direction of changes in the sodperties under the
influence of fertilization depends, among other things, on the kingpdiea fer-
tilizers. Nitrogen fertilizers influence the physical androleal properties of soil
the most. Not only the dosage but also the form of nitrogenngisant in fertil-
izers, because it determines the pH of the soils@aak and &ski 1994, Filipek
and Badora 1999). The reaction intensely affe@dgahic equilibrium and the sorp-
tion properties of soil environment (Bednarek aiqpiriski 1996, 1998, Chwil 2002,
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Czekata 2002). Excessive participation of acid cations in thei@orppmplex
leads to intense elevation of basic cations into the soil profderders in nutri-
ent uptake by plants and, consequently, to yield quality deterioratimofthe
ways of preventing chemical degradation of soil is limingdBarek and Lipiski
1996, Lalktowiczet al 1998, Laktowiczet al 2004).

The aim of these studies was agrochemical evaluation dafiftbence of lim-
ing and fertilization with nitrogen in the form of ammonium orati#ron changes
in reaction and saturation of soil sorption complex with exchangeable cations

MATERIAL AND METHOD

The basis of the presented paper was a two-year pot experimeas set up
on soil material with the grain size composition of light loaagd. The soil had
very acid reaction (pkd 4.00), low content of available phosphorus and
potassium, as well as very low content of available magne8omption capacity
of the soil was 42.35 mmol (+) kgand base saturation degree was 13.15%.

For our tests we used pots that held 5 kg of teraderial. The scheme of the
experiment comprised 9 combinations in 4 replicegion limed (G2) and non-limed
soil (G1). The experimental factors were: liming, fertiliaatiwvith ammonium
(F1) or nitrate (F2) form of nitrogen applied at two levels (N1 — 0.1 g\ Kg —
0.2 g N kg"), as well as fertilization with phosphorus, alsdvwo doses (P1 — 0.06 g
P kg*, P2 — 0.12 g P K. The above-mentioned experimental factors wepdiep
on the background of permanent fertilization withtgssium (0.1 g K kY and
magnesium (0.025 g Mg K} Liming with CaCQ was applied once, before
establishing the experiment, in the amount calculateatdiog to 1 Hh. On the other
hand, fertilization with nitrogen, phosphorus, gstam and magnesium was applied
every year of the studies, before sowing the plants. Nitrogerapgied in the
form of ammonium sulphate or calcium nitrate, phosphorus as grantdigied
superphosphate, potassium was in the form of potassium chlorinegeasher
magnesium was in the form of magnesium sulphate.

In the vegetation period permanent soil moisture maintained on the level of
60% field water capacity by watering the plantsaigonstant weight with distilled
water. The test plant was Bryl variety of spring barl#ye plants were harvested
in the phase of their full ripeness.

In each year of the studies the soil material was collected for anadystthe
following determinations were made:

« pH values in the solution of 1 mol KCI dhvy means of the potentio-

metric method, with soil-to-solution ratio of 1:2.5;
» hydrolytic acidity by titration method, after extraction with tidution of
1 mol CHCOONa drit (Kappen method);
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» exchangeable acidity and contents of mobile aluminium by tirati
method, after extraction with the solution of 1 mol KClH(Sokolov
method);

« contents of exchangeable cation§ Ka', Mg®*, C&" by means of AAS
method, after extraction with 1 mol GEOONH, dm?;

» sum of exchangeable bases (S), total sorption capacity (T) anekdafy
soil saturation with bases (V) were calculated.

The influence of experimental factors on the examined soil fiepavas de-
termined by means of variance analysis with the applicatidukéy confidence
half-intervals (p = 0.05). The results presented in tables aaestitean values
from the two-year experiment.

RESULTS AND DISSCUSION

Liming and the applied form of nitrogen had the strongest effethesoil
pH (Tab. 1). Using calcium carbonate contributed to changing theqoii iery
acid to slightly acid. Ammonium sulphate caused a decrease ofvpeteas
calcium nitrate caused its increase. The effect of interatietween liming and
form of the used nitrogen on the increase of pH was more disthen we used
calcium nitrate than when we applied ammonium sulphate. Increasinpsiks
of nitrogen in the form of ammonium led to a decrease of pH, regardf using
calcium carbonate. A different situation was observed incds® of nitrogen
doses in the form of nitrate. Positive effect of higher dafesN-NO; was
especially distinct in non-limed soil. Differentiated dosagelaisphorus did not
cause any significant changes. A significant influence ohlijnan the increase of
pH was also found by Bednarek and Tkaczyk (2002). However, iexfieriment
conducted by tafiowicz et al (2004) significant changes of reaction were
observed only when the dosage of CaC@lculated in accordance with 2 Hh was
applied. Acidifying effect of ammonium sulphate uks from the fact that it is
a physiologically acid fertilizer and this compouwnttergoes nitrification in the soil.
In the process of biological oxidation of ammoninitnogen, 1 mol of N gives 2
mol of protons in the soil. However, calcium nitras a physiologically alkaline
fertilizer. Significant effect of ammonium and nitratenfisrof nitrogen on the soil pH
was confirmed by many authors (Barszczak aris@ 1994, Filipek and Badora
1999). Lack of significant influence of phosphordgses on the discussed soil
properties is also indicated by the results of Beekiand Lipiski (1996) studies.

Liming contributed to the largest decrease of soil hydrolgticlity values
(Tab. 1). The form of used nitrogen also significantly affetibedHh formation,
but its influence was smaller than that of liming. Ammonium satiplcaused
aincrease of hydrolytic acidity values. A different situatios wlaserved after



Table 1. Influence of experimental factors on the indicatof acidification of soil

H Hydrolytic acidity Exchangeable acidity Mobile aluminium
Phi (mmol (+) kg?) (mmol (+) kg?) (mg AP* kg'")
Object*
Gl G2 Gl G2 Gl G2 Gl G2
F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2
P1N1 388 437 573 6.76 4125 2750 1388 6.38 1751 451 1.40 0.44 12390 33.87 7.09 2.66
P1N2 379 466 536 7.04 4200 2588 1875 488 1864 3.07 224 052 127.18 27.17 1575 3.15
P2N1 391 441 578 6.75 39.38 27.38 1388 6.25 1453 423 1.18 037 9159 3190 7.88 276
P2N2 385 479 536 7.07 39.75 2588 1875 425 1632 188 2.19 0.27 104.21 1142 1575 1.97
XG - - 33.63 10.88 10.08 1.07 68.90 7.13
XF - - 28.45 16.05 925 1.91 61.67 14.36
G,P,F-3091
LSD G,F-136 G,P,F-0.78
- - GP, GF, PF, NF -7.32
(p =0.05) GF, NF - 255 GF, NF - 1.47
GPF -12.35
Control 3.96 6.36 37.00 9.38 14.35 0.62 106.02 3.75

* - explanations as in Methods.
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using calcium nitrate. The ammonium form of nitrogen causedhhege of Hh
value in limed soil to a greater extent, whereas the effethe nitrate form
was greater in very acid soil. According to ktdwicz et al (1998), light soils
have much greater buffer properties towards alkalisation thaardls acidifica-
tion. In the conditions where there has been no liming for many ykansrdpor-
tion of buffer surface of soil undergoing acidification and tindage that is sub-
ject to alkalisation equals even 1:4. It gets narrowed undénfthence of liming
to 1:2. In the analysed experiment, what turned out to be signifi@also the
interaction between the dosage and form of nitrogen. Fertilizatith phospho-
rus had no significant effect on soil hydrolytic acidity valudewever, in the
experiment performed by Bednarek (2002) as well as by Bednarekiindki
(1998) fertilization with phosphorus contributed to increase df lsgirolytic
acidity values.

The application of calcium carbonate caused theedse of exchangeable soil
acidity values from 14.35 to 0.62 mmol (+)'k@ab. 1). Fertilizing with calcium
nitrate also resulted in a decrease of exchangesablacidity, whereas ammonium
sulphate contributed to its significant increadee Tosage of phosphorus was also
quite important, although in this case the obseclethges were not as great.

The content of mobile aluminium was determined to the gteaéent by liming
(Tab. 1). The application of CaG®@aused a significant decrease of the contents of
that component in the soil. Similar relationshigarevfound by other authors (Bed-
narek and Lipiski 1996, Bednarek and Tkaczyk 2002, Brasli 2002, Labktowicz
et al 2004). The kind of nitrogen fertilizer also had a sigaificeffect. Using ammo-
nium sulphate enhanced the increase of mobile alumicontent, whereas using
calcium nitrate enhanced its decrease, which unddiybwas related to the effect of
these fertilizers on the pH of soil solution. Thsage of superphosphate also affected
the decrease of concentration of the analysed aeempowhich suggests the forma-
tion of sparingly soluble aluminium phosphateshia presence of a large quantity of
phosphorus (Filipek and Badora 1999). Similarlyzegnski (2002), comparing the
contents of aluminium in NPK and KN objects, foundistinct decrease of alumin-
ium contents under the influence of applying phosphortikz&ion. However, Bed-
narek (2002) observed a significant increase ofilmaluminium contents as a result
of increasing the dose of triple superphosphate.

Maintaining the appropriate number of exchangeediens in the soil has a sig-
nificant importance in plant nutrition. Analysistbe data contained in Tables 2 and 3
indicates that the number of alkaline cations depeiath liming and the applied form
of nitrogen. Calcium carbonate and calcium niticaatributed to the decrease of
basic cation contents, excluding calcium. Most abbja the reason for this was the
significant increase of plant yields under theuiefice of CaCg@and Ca(NG), (Bed-
narek and Reszka 2007) and, consequently, increaskaline cations uptake.



Table 2. Influence of experimental factors on the saturatibsorption complex with basic exchangeable catio

ca’ Mg** K* Na'
(mmol (+) kg") (mmol (+) kg") (mmol (+) kg*) (mmol (+) kg%
Object* Gl G2 Gl G2 Gl Gl Gl G2
F1 F2 F1 F2 F1 F1 F1 F2 F1 F2 F2 F1 F2 F2 F1 F2
PIN1 6.00 12.3 30.7 39.0 4.61 1.80 1.69 1.18 3.87.72 0 0.81 0.70 0.88 0.63 0.74 0.61
P1N2 7.77 17.7 31.3 43.2 4.63 1.77 1.69 1.44 4.10.09 1 0.65 0.61 0.81 0.65 0.70 0.57
P2N1 7.94 14.8 33.9 40.0 3.34 1.62 1.58 1.49 3.3812 1 0.59 0.61 0.86 0.64 0.72 0.66
P2N2 8.05 18.7 32.2 444  4.34 1.66 1.48 1.28 3.83.78 0 0.61 0.52 0.76 0.56 0.71 0.61
X G 11.7 36.8 2.97 1.48 2.36 0.64 0.72 0.66
X F 19.7 28.8 2.92 1.53 2.23 0.77 0.77 0.61
LSD G, NJF-1.6 G,F-031 G,F-0.20 G, N, F-0.04
(p =0.05) NF — 3.0 GF - 0.58 GF - 0.38 GF - 0.07
Control 4.82 32.9 3.37 1.92 3.82 1.13 0.62 0.63

* — explanations as in Methods.



Table 3. Influence of experimental factors on the sum ahengeable basic cations, total sorption capanitylese saturation degree of soil

T Y,
(mmol (+) kg*) (mmol (+) kg") (%)
Object” Gl G2 Gl G2 Gl G2
F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2

PIN1 15.4 15.5 33.9 415 56.6 43.0 47.8 47.8 271 603 711 86.5
PIN2 17.3 21.2 34.3 45.8 59.3 47.1 53.1 50.7 291 494 649 91.4
P2N1 15.5 18.1 36.8 42.8 54.9 455 50.7 49.0 281 973 726 87.2
P2N2 17.0 21.8 34.9 46.8 56.7 47.6 53.7 51.0 298 564 653 91.5
X G 17.72 39.59 51.3 50.5 35.0 78.8
X F 2564  31.67 54.1 47.7 485 65.3
LSD G, N, F-1.9 N, F-1.7 G,F-29

(p=0.05) GF,NF-35 GF-3.2 GF,NF-5.4

Control 12.63 36.57 49.6 45.9 25.3 79.5

* - explanations as in Methods.
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Nutrient uptake also had a decisive effect on quantitatiamges of exchange-
able cations in the experiment conducted by Czekata (2002).

In that experiment, the effect of calcium carbonate on thease of the de-
gree soil saturation with bases was distinctly greater that of the nitrate form
of nitrogen. Similarly, in the studies conducted by Chwil (200&)ing of very
acid soil modified to the greatest extent the saturation gliearcomplex with
exchangeable cations and especially significantly affetiedncrease of the ex-
changeable calcium amount. In the analysed experiment the contalkalifie
cations was not significantly conditioned on the dosage of triglerphosphate.
However, in the studies conducted by Bednarek anc4kp{1998), as a result of
applying high doses of triple superphosphate there occurred acsighifiecrease
of saturation of the sorption complex with calcium and sodium ions.

Generally, it can be stated that the application of limiggther with mineral
fertilization contributed to the improvement of physical and d¢balnproperties
of very acid soil through the increase of pH values, irsered the degree of satu-
ration with alkaline cations, as well as decrease of mobile alumigiiamtity.

CONCLUSIONS

1. Liming and the applied form of nitrogen had the greatest effe¢ch®n
formation of soil acidification indicators. Calcium carbonasewell as calcium
nitrate contributed to the significant decrease of hydrogen iomseatration, as
well as the values of hydrolytic and exchangeable acidity of the soil.

2. Liming of very acid soil, as well as using the nitratexf@f nitrogen, led
to statistically proven decrease of mobile aluminium quantitgimilar effect
was caused by the application of increased dosage of stplerphosphate, al-
though in this case the observed changes were not as great.

3. The application of liming, as well as the use of calciumatet contrib-
uted to the decrease of saturation of the sorption complex with Mgand Na'
ions. A different situation was observed in the case 6fiGas.
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ODDZIALYWANIE WAPNOWANIA | NAWO ZENIA AZOTEM
NA FIZYKOCHEMICZNE WLASCIWOSCI GLEBY
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Streszczenie. Celem badhyta agrochemiczna ocena wptywu wapnowania i riawia
forma amonow lub azotanow azotu na zmiany pH, kwasowooraz wysycenie kompleksu sorp-
cyjnego gleby kationami wymiennymi. Badania oparéoanalizie chemicznej materiatu glebowego
uzyskanego z dwuletniego &uiadczenia wazonowego. Czynnikamisdéadczalnymi byly wap-
nowanie, nawgenie siarczanem amonu lub saletrmapniova na dwoch poziomach oraz nakeoie
fosforem w dwoch dawkach. Otrzymane wyniki badeskazaty,ze zar6wno wapnowanie jak
réwniez forma azotu miaty istotny wptyw na wskaki zakwaszenia gleby. Zastosowanie CagCO
a take azotu azotanowego spowodowato wzrost pH orazejsaginie wartéci kwasowdci hydro-
litycznej i wymiennej gleby oraz ifgi glinu ruchomego. Zawargé glinu ruchomego byta tak
istotnie nizsza w kombinacjach nawonych zwikszor, dawkg fosforu. Zawarté Mg?*, Na' i K*
byta wyzsza w obiektach nawonych siarczanem amonuwzrgalets wapniows. Odmienma sytuacg
zaobserwowano w przypadku jonéw*ta&Zawartdéé jonéw wapnia byta najwksza w kombinacii
wapnowanej i nawmnej salety wapniowa w zwigkszonej dawce. Nawenie superfosfatem po-
tréjnym granulowanym nie wptywato wyzaie na wysycenie kompleksu sorpcyjnego gleby.

Stowa kluczowe: zakwaszenie, gleba, formy azotypnesvanie



