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STUDY OF THE pH VARIABILITY IN PERMANENT MEADOW SOILS
RESULTING FROM NITROGEN FERTILIZATION AND AFTER-EFFECT
OF LIMING

B. Sapek

Institute for Land Reclamation and Grassland Farming, Falenty IMUZ, 05-090 Raszyn, Poland

A bstract Investigations on the acidification dynamics of grassland soil not limed (acidifica-
tion) and renewed acidification after soil liming (reacidification) related to ammonium nitrate (AN}
and calcium nitrate (CN} fertilisation in three long-term grassland experiments (started in 1981) have
been performed. The experiments were set up in randomised blocks in 4 repetitions in 1981, and
were localised in the Mazowieckie voivodeship. The soils under the experiments differed in their
physical and chemical properties. Lime (CaCOQ3) was used once directly on the sward, at the begin-
ning of the experiments in doses related to hydrolytic acidity levels 1 Hh and 2 Hh. Two doses of ni-
trogen (N1 - 120, N2 - 240 kg/ha) in the AN form, and since spring 1992 in CN form were used.
Phosphorus and potassium were applied at constant doses. The pHici level of each 5 em soil layer
down 1o 25 ecm depth from cach fertilising treatment was measured. The recognition of specific dy-
namic of acidification and reacidification in the separate 5 em layers, on the background of different
soil properties, doses and forms of nitrogen fertilisers can be helpful in characterising the N transfor-
mation processes as well as nutrient consumption by the herbage, the roots mass of which is con-
tained mostly in 0-15 ¢m upper soil layer.

K ey w o rd s: meadow soil, long-term experiment, pH, liming, nitrogen fertilisation.

INTRODUCTION

The organic matter mineralization as well as nitrogen fertilisation, particularly
with ammonium nitrate induces continual acidification of seil surface layers in
grassland soils [3,6,10,11). Acidifying effect connected with soil processes, and
with atmospheric deposition on non-manured grassland was observed also in
course of time [S]. The thickness of soil layer undergoing acidification can differ
considerably depending upon the intensity of this process, stimulated by the soil,
climatic and anthropogenic factors [8-10] Applying calcium fertilizers, besides the
neutralisation effects, favours simultaneously the nitrification and consequently
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the release of protons and renewed soil acidification [4,7,11].

The aim of this paper was to investigate and estimate acidification dynamics
of grassland soil not limed (acidification) and renewed acidification after soil lim-
ing (reacidification) in relation to ammonium nitrate (AN) and calcium nitrate
(CN) fertilisation on three long-term grassland experiments.

MATERIALS AND METHODS

The experiments set up in the randomised blocks in 4 repetition in 1981, were
localised in Mazowieckie voivodship in villages Baniocha (B), Janki (J) and
Laszczki (L). The soils under the experiments differed in physical and chemical
properties (Table ). Lime (CaCO3) was applied once, directly on the sward, at the
start of experiment in the doses according to hydrolytic acidity 1 Hh (Caj - 5.7
(B); 2.3 (J); 3.6 (L) t CaO ha” ) and 2 Hh (Caz - double doses). Two doses of ni-
trogen in the form of ammonium mtrate (AN) (N} - 120, N2 - 240 kg ha” ) and
constant ph05phorus (P20s5 - 80 kg ha ) and potassium doses (K':O - 150, from
1992 -180 kg ha” ) were used. Since spring 1992, the plots (50 m? surface) were
divided in two parts. One part was fertilised with AN and on the second - calcium
nitrate (CN) was applied in the same nitrogen doses. The pHkcl of each 5 ¢cm soil
layer down to 25 cm depth from each fertilising treatment (CagNj, CagNa, CaiNj,
CajNz, CaaNj, CaaN2) in 4 repetitions was measured every year during 1982-
1986, every two years in 1986-1992 and every three years in 1992-1998. The re-
sults were elaborated by the analysis of variation method with a Student-
-Neuman-Keuls test. Three crops were harvested during subsequent years. Mean
values of precipitation in 1980-1996 were 521.5 mm - annually and 327.8 mm -
during the vegetation season.

RESULTS

The changes of soil pH after thirteen (B experiment), seventeen (J experiment)
and sixteen (L experiment) years from the lime application are presented below.
From three experiments started in 1981 one - in Baniocha was cancelled in 1995
from the economical and organisational reasons.

Dynamics of pH in soil microprofile

The dynamics of pH in the soil microprofiles (down to 25 cm depth) from the
plots fertilised with AN is presented in Figs 1-3. In the case of not limed soil from
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3 experiments an increase of pH, particularly in 0-5 and 5-10 cm layers, was ob-
served from the beginning of investigation up to about 1984-1985 (Figs 1-3). This
effect was more intensive in N2 treatments. Later on, the decrease of pH values,
higher in N3 treatments, started. The most intensive acidification took place in J
experiment, in the soil with low carbon content and CECior value (Table 1, Fig. 2).
The weakest dynamics of pH in 0-25 cm layer was observed in B experiment, in
the soil with very low clay and calcium content (Table 1, Fig.1). The pH values
measured every year (1982-1986) showed certain variation - increasing or de-
creasing, particularly in the 0-10 cm soil layer (Figs 1-3). The highest pH values in
the layer 20-25 cm appeared in L experiment, in soil rich in calcium content (Fig. 3).
Noteworthy, pH changes in the microprofiles of not limed soil were displaced par-
allel (Figs 1-3).

Table 1. Soil characteristics before the start of experiments (0-10 cm layer)

Soil properties Experiments
Baniocha (B) Janki () Laszczki (L)
(light loamy sand) (hevy loamy sand) (light silty loam)

pHkC1 4.5 4.5 43
Content:

Corg, % 2.5 1.9 38

Niot, % 0.173 0.150 0.315

Catot, 0.034 1.144 0.258
Bulk density, Mg m™ 1.40 148 1.27
Particles < 0.02 rnmI % 9.0 184 24
CECyg, cmol (H)kg 14.5 7.5 238

The dynamics of soil pH after liming differed depending on the kind of seil,
lime doses and especially on nitrogen doses (Figs 1-3). The increasing pH of soil
surface layer 0-5 cm during the first 2-3 years after liming was confirmed. During
elapse of the time of experiments, pH below the layer 0-5 cm increased down to
25 cm depth, stronger on double dose of lime. Just as in the case of the not limed
soil, the most intensive dynamics of pH changes, particularly in the 0-5 and 5-10
cm soil layers was observed in J experiment (Fig. 2). In these layers, the decreas-
ing of pH was observed, in 0-5 cm layer almost from the year 1984 on N7 and
from 1986 on N treatment. On the Caj plots, reacidification took place mostly af-
ter applying the double dose of nitrogen in J experiment. In L experiment, on the
soil with higher clay as well as carbon and calcium content, the most intensive
reacidification of 0-5 and 5-10 cm layers was observed on lower lime dose - Caj
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Fig. 1. Dynamics of pH in 5 cm soil layers (down to 25 em depth) from Baniocha experiment during
1983 - 1995 afier ammonium nitrate fertilization; Ny - 120 kg N ha™!, N2 - 240 kg N ha''; Cag - not
limed treatment, Caj- lime dose according to | Hh hydrolytic acidity, Caz - double dose.
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Fig. 2. Dynamics of pH in 5 cm seil layers (down to 25 cm deplh) from Janki expenment during
1982 - 1998 after ammonium nitrate fertilization; Ny - 120 kg N ha'!, N1 - 240 kg N ha''; Cao - not
limed trectment, Cay- lime dose according to | Hh hydrolytic acidity, Caz - double dose.
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Fig. 3. Dynamics of pH in 5 cm soil layers (down to 25 cm depth) from Laszezki experiment during
1983 - 1998 after ammonium nitrate fertilization; N - 120 kg N ha™', Nz - 240 kg N ha™'; Cap - not
limed treatment, Ca|- lime dose according to 1 Hh hydrelytic acidity, Caz - double dose.
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(Fig. 3). In this experiment, the renewed decreasing of soil pH appeared practi-
cally only in 5-10 c¢m layer in CajN and in 0-5 cm layer in CazN> treatments.

The mean pH values of investigated soils, calculated for the whole 0-25 cm
soil layer showed quite different picture of the pH changes after lime use as well
as in the function of time (Fig. 4). In the case of single dose of nitrogen (120 kg
ha'l), the increase of soil pH after liming with the higher dose of lime in B experi-
ment, and more intensive in J experiment was only confirmed. The effect of lime dose
in L experiment, as well as the effect of double nitrogen dose in B experiment on soil
pH were not observed. Like in the investigation of separate soil layers, the highest
acidification as well as reacidification process was observed in ] experiment.

Changes of pH in relation to fertiliser factors and soil layer

An interaction between fertiliser treatments (A factor) and soil layers (B fac-
tor) has proved the results from J and L experiments for each of two saltpetre
forms (AN and CN) after 16-17 years of experiments. Significant differences be-
tween the pH values of soils from six treatments for each 5 cm layer down to 25
cm depth as well as between. the separate layers at the same treatment have been
estimated (Tables 2-3).

In J experiment, pH of 0-5 cm layer of soil fertilised with AN, not limed and
limed, differed significantly 17 years after liming. The highest values of pH in this
layer (5.1) was in the soil fertilised with lower dose of nitrogen and limed with
double dose of lime (Ca2N1). After CN use, the difference of pH appeared also in
the case of two lime doses, regardless on nitrogen doses (Table 2). In L experi-
ment, in the same layer of soil fertilised with AN, the dose of lime differentiated
significantly soil pH after 16 years of experiment. The highest pH values appeared
in the CaaNj treatment. The higher nitrogen dose resulted in decreasing of soil pH
in this layer. After CN use in this experiment, no significant effect of higher nitro-
gen dose (N2) on pH in 0-5 cm soil layer was observed, even on limed plots (Ta-
ble 3). In both experiments, in the deeper layers of not limed soil, below 5 cm
down to 25 cm, a clear tendency of lowering pH appeared after higher nitrogen
dose application. However, significant differences between the pH values were not
proved, also in the case of CN use (Tables 2-3).

In the J experiment after AN used, the 5-10 and 10-15 soil layers are the most
sensitive to the after-effect of liming as well as different nitrogen doses. In the 15-
20 cm layer the lime doses still differentiated soil pH, but in 20-25 cm layer the ef-
fect of lime was only proved. In the case of CN used, the significant effect of



B. SAPEK

160

"530uaI1a§Ip JueatIudLs Jou - 5137)3] swies J1f1 LapIs Y|
uoQ 19112 2yl - J012E] Y JO |9A2] IWES Il U0 JOjoe] g JO 5a0[vAa ueswl Jo cOmm._mn_EOu uu_umm :.—w_.ﬁ Uo $§13113] Y] - 10J9E] { JO [9A3] awWes ay) Uo
loyae] v Jo sanjea ugaw Jo uostedwos (S - 10'0 = © 10§ J eamdwa) ,, - (gXy) uonswsu (N 10] (655°2 - 10°0 = © Joj 4 [eautdwsa)
»% - (GXV) UoLIRINUL IN Y 10, *SI3AR] - 10121) ¢ 'SIUALLITAN JDZI[IL) - 10198) Y [UON2IEISIUI I3Y) puB AI[IGULIEA SI0108) UBSwW JO edljudLg

"T661 WOLY Pasn eIy wnidfe) /|

A0L98  qLL92 QLG 98L°99  q46£'93Q Qie’Sq qL1'9q®  Qpl'99q  BLESq BEEPI  ©OLSq  BOO'SAq  S7-0C
porLqe  9zR9I AILQ 089 96T99 91§69 9L1'9qe 49099  ©CEPE BLpbq  BIQST EROP Q. (-6l
ATLY MLY92 WI'Lq 29692 Q099 BIgEPT  QST9qQ 299.°¢Q  BISpE  BfeE®  eEUpe ETEpE S[-01
VLY IT9Cq AH0L 38099 qle€q  q8SHT QO6'SqE 2qL06E  EILPE EI9EE BEOFE  QEIQp T or-¢

JCL9T DqERLF T IpO9T  JQI'CE® Q9SG Oqep|'p®  QLLCE OqUELpE B[QST QUILEE BRLPT QUQGET $-0
NO NV N3 NY NO NV NO NV ND NV ND NV (ws)

TNEe)) INZED) [N ) INte) NoED INOED)

SJUBLLIE3) JOZI|IUD] 12he]

(8661) Sunun woyy sieak 7] saye wawsadxa pjuer uo s)uatieal

1921|142} JO 19249 Ut pue | (ND) 1BIHU WAIEd Put (N V) SHNU WNIUOWILE Y)ia UONEZI[IISY Iaye S1948| [105 JO Hd jo uosuedwo) ‘7 a[qe |



161

pl VARIABILITY IN MEADOW SOILS

*S32UAIBLY P WEDIUTHS 10U - 513
=13] awes 31 13pIs Yaj U0 SIAYI) AN - I0JITY  JO [3.43] SWES 31 UO JOIE] g JO SAN[CA Ueaw Jo uosuedwod Lapis 1T uo sIoy) oY) - J013E) g JO [2A3]
SUIES 3Lf 10 JOIDE] Y JO sanjea Lta jo uostedwod {Qzg'L - 1070 = © Jof 4 eamdwa) ., - (gxy) voepowaagur (N0 107 (13701 - 100 = @ 10} J [e3
-widwa) , - (gXV) uonazIaug ;N 10, *S134”) - J0IIE) g SIUBUNEAN JOZII3) - JOIJEY Y IUOUSRIE 1Y) puk QI[IGELEA SIDI0E) Ueaty Jo wesiudig

‘T6G| W0y pasn ey wWnE] /]
9869t ©8999 99999 ©S99T qegc9q EBEE9D  qEGP'9E  BLSOD  BQ[TOP  BEIOP BZESI  BLRCI  ST-0C
qsi'ce 299L'9q qp8'99 3QSR'9T  qey'9q  QeSE9d  qF9®  qek'9d  BEB'SY  ®BIR'¢I  ESGSq  TEIHQE 0TS
96CLE®  0q18°99 20I'LE X9YL® q1F99  qr092  46£9T  q6K9d  e8FSq  ®SI'Sq  TEIST  eLTST  SI-01
JELT 99499 OIRILT OR0°LE 4899 QL0649 qQ9T9F G¥6'SQ  BSEpE  wHTpE CLRFY BILEQ o1-¢
L qig'se 9g'Gqe SpL9E  Q9e'cT  EBOL'PT  qE09T  QEI'ST  EQICE  epRET  vaRpE  qeElp e s-0

ND NV NO NV NO NV ND NV ND NV NO NV
INIED INced tNIED INIED) TNIED) INOED
SIUDWIEIT 1321|133 SETS ]

(w2}

(2661) Sulwr woy syeak 91 e uswadXa 1§ZIZSE] U0 SIUAWIEST I9ZI[1U3)
Jo 19330 ue puc ___AZUV AU WNIO[ES pue (NY) JIENIU WHIMOWNMUE YA U0)ITZI| L) Ja)je siake] 105 Jo Hd jo uosuedwo} ' a[qe [,



162 B. SAPEK

A 4 dleriietitt

i & 4 & i 4 4 & S

S O :t & 4 4

Fig. 4. Dynamics of pH calculated for 0-25 ¢m soil layer from three grassland experiments - Banio-
cha (during 1983-1995), Janki (during 1982-1998) and Laszczki (during 1983-1998) after ammo-
nium nitrate fertilization; Ny - 120 kg N ha'l. Na-240kg N ha'l; Cag - not limed treatment, Caj-
lime dose according to 1 Hh hydrolytic acidity, Caz - double dose.
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double dose of nitrogen on pH of not limed and limed soil in the layers down to 25
cm depth did not appeared (Table 2). In the L experiment after AN use, a differ-
ences between soil pH resulting from the liming appeared only to the 20 em depth.
This effect afier CN use can also be observed in 20-25 cm soil layer (Table 3).

A lack of significant differences between pH of analysed soil layers down
to 20 cm depth in the soil not limed was proved in the case of CN use in J ex-
periment regardless of nitrogen doses (Table 2). In the soil of L experiment,
much higher variability of pH after CN as well as AN use was observed (Table
3). In J experiment, in the case of AN and CN use, considerable differentiation
of pH between the layers in 25 cm microprofile of limed soil were found (Ta-
ble 2). On the contrary, in L experiment on soil fertilised with AN and limed
with double dose of lime no significant differences ware observed in soil pH
down to 25 cm depth at lower nitrogen dose (N1) and in the layers below 0-5 cm,
at N2 dose. After CN use, similarly to the case of AN, the lack of differentia-
tion of pH in the whole 25 cm soil layer was noted in CajN)] and CaaN»> treat-
ments (Table 3).

Effect of different saltpetre forms, lime and nitrogen fertilisation on soil pH

The significant interaction between the fertiliser factors and saltpetre forms
have been proved in 0-5 em soil layer in J and L experiments (Table 4). Sig-
nificant effect of saltpetre form on soil pH for each treatment was shown in J
experiment. The CN fertilisation resulted in increasing pH value of this soil
layer. Lime stimulated this effect. The effect of nitrogen doses was not ob-
served. In L experiment, the differences between the soil pH after AN and CN
fertilisaiion appeared only on plots with higher nitrogen dose regardless of liming,

Significantly higher mean values of pH in the deeper soil layers, down to
25 cm, with CN use were recorded in J experiment but only in 5-10 cm soil
layer in L experiment (Tables 5-6). In | experiment, besides the differences be-
tween AN and CN effect on soil pH, an effect of liming in the deeper soil lay-
ers was also demonstrated. Significant effect of nitrogen doses appeared only
in 10-15 cm layer in the case of AN use (Table 5). In the 5-10 cm soil layer in
L experiment, beside the effect of saltpetre forms, the effect of liming was
shown, In the soil fertilised with CN, no significant differences due to nitrogen
dose was found (Table 6). Noteworthy, given soil pH on AN treated plots is a
result of fertiliser impact during 17 (Janki) and 16 (Laszczki) years, but on CN
treated plots - during 7 years.
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T able 4. Comparison of the effect of saltpetre forms (ammonium nitrate - AN and calcium nitrate
- CN”) on the pH of 0-5 ¢m soil layer in grassland experiments after 17 (Janki) and 16 (Laszczki)
years from liming

Saltpetre Fertilizer trealments
form CaoNj CaglNa CaiN; CaN3z CaxNy CazN»
Janki
AN a3.90 a3l b 4.73 a4.14 c5.10 b4.78
CN b 4.78 b 5.01 c5.77 c5.56 d 6.64 d6.72
Laszczki
AN a4.23 a3.B4 b5.13 a4.20 cb 6.74 b5.61
CN a4.8% b35.16 b 6.03 b 5.96 c 6.86 c7.15

1/ Calcium nitrate used from 1992, A factor - fertilizer treatments (Ca - liming, N - nitrogen fertiliza-
tion); D - salipetre form (AN, CN). Significance of main factors variability and theirs interaction,

For Janki experiment: interaction (DxA) - * (empirical F values with & = 0.01 - 2.681); for Laszezki
experiment: interaction (DxA) - * (empirical F values with o = 0.01 - 2.716). Comparison of mean
values of D factor on the same leve) of A factor - the letters on feft side. The same letters - not signifi-
cant differences.

DISCUSSION

The results allow for answering the following questions: (1) why the temporal
variations of pH in grassland soils have to be investigated? (2) why the investiga-
tion of pH in separate layers (down to 25 cm depth) of grassland soils is needed?
(3) which layers of not limed and limed soils show the greatest temporal dynamics
of pH changes? (4) does the saltpetre form affect the dynamics of pH changes in
25 cm surface layer of grassland soils ?

Conyers et al. [3], among others, considered the importance of temporal vari-
ation of soil pH. These variations (up to 0.45 pH units depending on the site, soil
depth and weather conditions) were attributed by authors to variable responses of
crops and pastures to liming, that had been observed on acidic soils in south-east-
ern Australia,

The temporal variations of pH in 5 cm soil layers down to 25 cm depth in the
same experiments as in this paper, were observed earlier, in the years 1982/83-
1986 [9]. During this time, two phases of pH changes were observed in the not
limed and limed soil. In the first phase (I}, about 2-3 years from the start of experi-
ments, the increase of pH was observed. This effect in the soil of not limed plots
could resulted from the release of bases after the fertiliser use. In the next phase
(1), the gradual pH decrease took place [9]. The character of phase of pH changes
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in the soil was confirmed by the mean values of annual rate of pH changes (A pH
yr") during the investigations in the years 1982/83-1995 [8]. In these studies,
three phases of pH changes could be distinguished. In the Il phase, the pH vari-
ability presented certain specific stability in the soil layers below 5 cm. Intensive
acidification, especially reacidification, was demonstrated in the third phase (111)
[8]. In the present paper, the dynamics of soil pH changes confirmed previous ob-
servations (Figs 1-4). The results of Wheeler [11] presented also two phases in
lime effect in his 8 years investigations. After the use of lower lime dose (5 t ha"),
pH of 0-7.5 c¢m soil layer changed from 5.27 to 6.22 during the first 3 years and
decreased to 5.84 in eighth year of experiment.

Wheeler [11] showed greater reacidification at higher lime dose (0.083 pH
units yr'l with 5 t ha™ and 0.117 pH units yr'l with double dose). In the present
paper as formerly (8], the increase of reacidification efficiency with the increased
lime dose depending on the kind of soil was proved. This effect, expressed by the
differences between the soil pH at the start of experiment and 17 years later, ap-
peared chiefly in the soil with low carbon content and CECiqt value, in J experi-
ment (Figs 1-3). But the reacidification exceeded acidification of the soil in all
three experiments. In spite of recidification process, the effect of lime use (lime
doses from 2.3-11.4 t CaO ha']) could be confirmed in the soil of 3 experiments,
even after 16-17 years in L and J experiment (Figs 1-4). Wheeler [11] observed
the lime effect on acid soils (increase of pH above that in the soil not limed) after
applying the doses of lime between 1.25 -10t ha'! during about 11 to 12 years.

Wheeler [11] presented the effect of surface lime applications (5 t ha™! initially
and25thaa year later) on soil properties, including pH, in four soil layers (0-5,
5-10, 10-15 and 15-20 cm) over 15 years. The maximum increase of pH in sub-
sequent soil layers appeared in different terms - after 2, 5, 12 years, and in 15-20
cm layer a constant increase of pH was observed. In the present paper, consider-
able temporal changes of pH can be observed in the soil layers down to 15 cm
depth, particularly in the case of fertilisation with higher dose of nitrogen (N2) in J
and L experiments (Figs 2-3). The maximum pH values in subsequent 5 cm soil
layers in three experiments depended on soil properties as well as on lime, and
particularly nitrogen doses. For the most part, including limed plots, the maximum
pH in 0-5 cm layers appeared after 3 years from the start of experiments. On the
plots not limed, after elapse of this time, the highest pH values involved the whole
0-25 cm soil layer. In most cases, maximum of pH appeared in 15-20 and 20-
25 cm soil layers after 16-17 years. The lowest variability of pH in subsequent
5 em soil layers was noted after 7 years indicating a kind of ionic equilibrium
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(Figs 2-3). In B experiment on the soil with low clay content, a tendency to in-
crease pH with the depth of soil profile was observed after 15 years. The maxi-
mum pH was attended in 20-25 cm soil layer, the minimum in 0-5 cm soil layer on
the limed plots, fertilised with N2 dose (Table 1, Fig. 1).

The highest efficiency of acidification process and connected with this phe-
nomenon the leaching of bases, particularly lime losses, was recorded in the limed
soils (reacidification) [2]. Significant differences, presented in this paper, between
pH of the subsequent layers of soil fertilised with AN, chiefly in J experiment on
the soil low in carbon content, confirm these observations (Tables 1-3). Chambers
and Garwood [2] as well as Goulding and Annis [5] and de Klein ef ai. [7] consid-
ered the importance of humus in the acidification and reacidification processes.

In spite of CN use for only 7 years (from 1992), the different variability of pH,
in separate 5 cm soil layers, connected with variable effect of saltpetre forms (AN
and CN) was proved in presented investigations {(Tables 4-6). The soils fertilised
with AN from the 5 cm layers down to 25 cm depth, had lower pH compared to
the soil fertilised with CN, regardless of the effect of fertiliser factors (Ca and
N). The acidifying effect of AN - 240 kg ha™! N was confirmed in the soil lay-
ers down to 15 cm depth on not limed plots after 16-17 years of experiment.
No such effect was found after CN use. The previous liming of soil diminished
and even removed the different effect of two forms of saltpetre. The different ef-
fect of two forms of saltpetre is connected probably with various amount of H'
ions produced for two kinds of N inputs and N losses [7]. Cited authors showed
that 0.14 kmol H' per kg of lost N resulted from the leaching of NO3 in the
case of NH™ fertilisers and there was no H* ions production in the case of NO3
fertilisers. On the other hand, calcium ions from AN fertilisation could suppress
the leaching process of bases by intensifying microbiological processes, and thus
stimulating nitrogen immobilisation [1].

Improving measurement and understanding temporal long-term variation of
soil pH as well as the dynamics of pH in the separate surface layers of grasstand
soils is needed [3,10]. The knowledge of these problems could help recognising
the effect of lime on nitrogen mineralization [7,11] as well as the response of herb-
age to lime applications {3,5]. It could be supposed that the estimation of soil
acidification resulting from different sources, such as soil organic matter, fertilis-
ers and grazing [7] requires a better understanding of the temporal variation of pH
in separate soil layers. The subsequent conclusions could serve as an answer to
questions presented at the beginning of the discussion.
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CONCLUSIONS

1. The high temporal variability of pH in the separate 5 cm soil layers down lo
25 cm depth as well as the diversity in the direction and intensity of pH changes,
proved in the long-term experiments on grasstand soils, calls for the improving of
understanding of these phenomena.

2. The recognition of specific dynamics of acidification and reacidification in
the separate 5 c¢m layers, related to different soil properties, doses and forms of ni-
trogen fertilisers can be helpful in characterising the development of nitrogen
transformation processes as well as of nutrient consumption by the herbage, the
roots mass of which is contained mostly in 0-15 cm soil surface layer.

3. The knowledge of temporal variations of pH in separate 5 cm soil layers is
needed for estimation of the acidification rate of grassland soils as well as of lime
requirement and could be helpful for the calculations of reasonable lime doses on
such soils.

4. The 5 cm soil layers down to 15 cm depth presented the greatest dynamics
of pH and considerable temporal variability, particularly after lime application and
in the case of fertilisation with higher doses of nitrogen.

5. Ammonium nitrate (AN} and calcium nitrate (CN) have a different impact
on pH changes in subsequent surface layers of grassland soils. The same dose of
nitrogen (240 kg ha'l) in the CN form used during 7 years, in comparison to AN
form used during 16-17 years, have no acidifying effect on the soil in the most
sensible soil layer down to 15 cm depth.
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