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1. PRECEDENTS AND THE SET AIMS

In horticulture there are numerous requirementsht soil and growing
matter due to the different needs of plants. Thepdexity and peculiarity of
growing preconditions the increased interest towaedulating the balance between
the processes in the soil and the plant vegetatimses. To control this one has to
know the peculiarities of the soil, the root-tregtimatter that characterize the
fundamental changes caused by various influencesensitivity and (lack of
sensitivity =) buffering capacity.

To determine and estimate the buffering capacitythef used matters
horticulture applies various, sometimes contraiieda. Soils and growing matter
with high buffering capacity have no sensitivity # certain degree towards
acidifying and alkalinizing influence, which is teditial for maintaining the optimal
reaction for the plant. However, the root treatingtter must not have a buffering
effect, moreover, it must not modify the compositiof the allocated fostering
solution.

To create artificial soils and mixtures variousanig and mineral materials
are used to treat roots and cover the soil. Thaklaase buffering capacity of organic
materials is usually high. It can be assumed thas icaused by a substantial
reducing ability why investigate if we know it is high?or we have little numerical
data on the widely used organic matter like peatampost. The researchers pay
little attention to investigating the acid and éitka load of organic leftovers on the
surface of the soil that are either left or spégiplaced there. Previous scientific
results and the newest researches enable thedlesesato interpret and estimate the
acid-base buffering ability of organic matters iarticulture and to present more
precise theses.

The primary aim of investigating the minerals’ abiase buffering capacity
is to solve the problems connected with acidifmatdf the environmental elements.

In the researches of such kind besides the retja&of applying organic materials



in horticulture one has to take into account offwnts of view to evaluate the acid-
base reduction; however, the latter needs furthalyaes.

The procedure applied in the analysis of acid-b@sation curves was
elaborated for mineral soils. To investigate théfdying capacity of organic and
some mineral materials the method should be furtieareloped. Researchers of
horticulture need further indices to numericallyaccterize the buffering capacity
of organic and mineral materials.

In creating artificial soils and growing matter on&the most important
tasks is to set the proper pH value for the plemhorticultural practice the need to
increase and decrease the pH value may emerggoDagious reasons the low and
high acid-base buffering capacity can hinder theueate regulation of reaction. A
further problem is the lack of an appropriate, lgasthievable, accurate method to
determine the necessary amount of acidifying anrdliaizing materials, the
producer often works with an estimated amount. Bfieed literature suggests
exclusively estimation on the basis of acid-basatibn curves, however, the proper

method and the principles of evaluation and apfitioaare lacking.

The main aim of my research is to get acquaintetth wnd evaluate the
natural organic and mineral materials’ acid-bas#iebng capacity, to reveal the
possibilities of regulating their reaction, to arza their importance from the point
of view of horticulture. To achieve the main airhdve put forward the following

research tasks:

- to adapt the potentiometric titration method usedsoil researches to
organic and mineral materials, to analyze the haisk titration curve of
the growing matter and artificial soil taking indccount the peculiarities

of their elements and conditions of their applicati

- to determine the exact parameters appropriate figr quantitative
estimation of the organic and mineral materialsiddmase buffering

capacity and to set their measurement unit;



to study the titration curve of organic materialed in horticulture, to
determine and estimate their buffering capacityd am conduct their

comparative analysis;

to investigate the titration curve of minerals gdducts from them used
in horticulture, to determine and estimate theiffdning capacity, and to

conduct their comparative analysis;

to analyze the possibilities of applying the partarse characterizing
titration curves and buffering capacity in reseasid practical tasks
dealing with changes caused by the reaction of miegand mineral
materials;

to reveal and analyze the importance of acid-bagéeiing capacity in

horticultural practice.



2. MATERIALS AND METHODS

2.1 The organic and mineral materials under invesgiation

For my research | have chosen 20 organic and 12ralimaterials used in
horticulture (as well). | have determined the pagtars characterizing the acid-base
buffering capacity of high moor peat and low m@aat, coir, organic manure,
composts of various ripening, their constituentradats, undecomposed plant litter,
crushed straw periodically coming to the surfacepmcifically placed there to cover
the soil. Among the minerals | used for the redeawere river sand, rock wool,
burnt clay stone, perlite, bulbous perlite, Corrgime, bentonite, natrium bentonite,
humus bentonite, vermiculite, powder (0,1 — 0,25)rand bigger grain (2 — 3 mm)

zeolite and alunite.

2.2 The procedure applied in the analysis of aciddse titration curve

| determined the concentration of acid and alkatiokitions per unit of the
material under investigation on the basis of pratphydroxide-ion.

| prepared a series of suspensions by adding aaasioig concentration of
HCI or NaOH to the 20 g mineral samples and thg bdganic matter samples. To
determine the initial pH value of the sample | made distilled water suspension as
well. In researching minerals in the proportion,3:2ample : solution the maximum
proton or hydroxide-ion load was 12,5 crgl*. The analysis of the titration curve
of organic materials and minerals capable of takingnd retaining great amounts of
water was conducted in the proportion 1:10 samgligtion. With organic materials
| applied the maximum proton or hydroxide load 6f@notkg™. With minerals in
the proportion 1:10 sample:solution the maximumtgmoor hydroxide load was
12,5 cmolkg® as well. After an hour of mixing in a concentriéxing machine | left
the sample series for 24 hours. Before measuridedrmined the balance pH value
of the mixed and subsided suspension in the series.

The samples were examined in such a form and giamthat are usually

applied while cultivating plants. The carbon diaidn the air increases the
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consumption of alkali, therefore, the analysis ithtion curves was conducted in

vacuum. To perform the measurements | used WTW dhopH/lon Level 2

measuring machine and SenTix 61 combined electrodes

2.3 Estimating the acid-base buffering capacity

| showed thgH*] — pH and[OH] — pH correlations revealed during the

measurements in diagrams and in this way | gotitretion curve of the analyzed

material. The latter helped to determine the patarseharacterizing the buffering

capacity (Table 1).

Table 1. The indices applied in estimating the acid-basi$ebing capacity

Name Mark Measurement unit

acid buffering capacity BC proportional .
measurement unit

alkali buffering capacity bBC proportional .
measurement unit

acid sensitivity index aSen pH cmoi® kg

alkali sensitivity index bSen pH cmol* kg

1 cmol kg* pH reduction caused by acid in  a_ 1 1

comparison to the initial (p§)i value Seq pH cmol” kg

1 cmol kg* pH increase caused by alkaliin b 1 1

comparison to the initial (p§)i value Ser pH cmol” kg

acid buffering index g cmol pH? kgt

alkali buffering index og cmol pH* kgt

the amount of acid causing pH value L

decrease in comparison to the initial gpH aﬁo cmol pH* kgt

value

the amount of alkali causing pH value b1

increase in comparison to the initial ()H Jifs cmol pH* kgt

value




Acid buffering capacity and alkali buffering capaciy. | determined the
buffering capacity value on the basis of the anedétdd by the titration curve. To
perform the calculations on the diagram besidedittaion curve of the analyzed
sample | made two more that formed the basis ferdbmparison. One was the
titration curve of quartz sand which correspondghe titration curve of a zero
buffering capacity material. The line crossing pHaTd the abscissa parallel line
form the titration curve, or to be exact a line, afch an ,absolute buffering
material” that is capable of neutralizing any aoid alkaline that is added. The
Labsolute buffering material” line and the quarnd titration curve form the area of
the ,absolute buffering material’'s” buffering cafigcits value both in acid and in
alkali is maximum. To avoid the deviations causgdhe differences in the initial
pH values | moved the titration curve of the anafyzample in parallel with the
ordinate axis till the initial pH value coincidedithv the starting point of the
sabsolute buffering’s” titration curve (pH=7).

The buffering capacity of organic and mineral matercan be defined as
the proportion of the area limited by their titoaticurve and the titration curve of
quartz sand as well as the line of the ,absolutffebing” and the quartz sand
titration curve. As a result we get fractions semalthan one, and to make
calculations of the buffering capacity easier | tiply it by 100. | calculated the
buffering capacity value in acids and alkali sefeya | marked the acid load

buffering capacityBC and the alkali loadBC. In the experiment the lower index
aBClz'5 and” BC,,5 shows the maximum acid or alkali load appliedtfar agent

per 1 kg expressed in cmol.

Acid sensitivity index and alkali sensitivity index Sensitivity can be
determined on the basis of the acid-basis titratimwe. Its numerical value is equal
to the pH change caused by one cmol acid or bagtied to one kilogram of
material. Its measurement unit is: pH cthdtg. The marks are®Sen — acid
sensitivity index’Sen— alkali sensitivity index.

Sensitivity index comprises the pH change caused loynol kg' acid or

basis in comparison to the initial value @laf the material under investigation. To



mark them | used the following phras%Se@ or bSer(:gL where the 0 index is the
zero point of titration, the upper index refersth@ amount of load evoking the
change. Th&envalue can change within the 1 cmol'dgad, while Seré does not

take these changes into account. The values divilvsensitivity indices coincide in

case when the function between the pH changes a¢adunseacid or alkali loads
within 1 cmol kg' load remains linear. | use$e|f5L to estimate the buffering

capacity of minerals.

Acid buffering index and alkali buffering index. Thus, the buffering index
and the sensitivity index values of the examinedens can be determined on the
basis of%Senand "Sen The acid buffering index is markei, while the alkali
buffering index is marketg.

The numerical value of the buffering index is equwathe amount of acid or
alkali that is capable of reducing or increasing thaterial’s pH by one unit. Its
measurement unit is cmol prkg™.

For the buffering index similarly to the sensitwindex | used indices for

the acid or alkali necessary for the pH to changedmparison with the starting

value (pH). | marked themaﬁé and bﬁé. It is possible to determine their
numerical values on the basis of the titration esr\efﬁé and bﬁé are reciprocal to

the aSeléL and bSer(:gL parameters only in case the titration curve igdmin the

given section.



3. RESULTS

3.1 The adapted method for analyzing the acid-basibuffering capacity of

organic and mineral materials

The procedure used for analyzing mineral soils rihtl prove adequate in
many cases to research the acid-basis bufferingcétgpof materials used in
horticulture. Therefore, | improved the method t@ke it appropriate for the
analysis of the acid-basis titration curves of aigand mineral materials, growing
media and artificial soils. The organic and mineraterials are analyzed in such a
grain size and form that are used in growing plafite method takes into account
the samples’ substantial or changing moisture eanteus, | refer the amount of the
sample to dry substance to analyze the titrationesy the amount of water in the
sample is extracted from the amount of solutiordusemodel the load. The above-
mentioned method enables us to measure the rdatingfcapacity of the materials
containing large amounts of water as well as to mane the parameter values of
samples containing various amounts of water.

On the basis of the acid and alkali buffering ingelues calculated from the
titration curves of the high moor peat from Ivanasfkivsk and the low moor peat
from Potréte | compared the method for mineralssaihd the further developed
version. In case of samples with huge water cortfemtamount of acid buffering
index values calculated for dry substance or daniystance differs by 1,5 — 1,8, in
case of alkali buffering index the differences margetween 1,2 — 2,9. The two-
sample match t-test proved for both the high maat @nd the low moor peat that
the average values for the buffering indices cakea with the correction for

moisture content are the highest with at Igast,001significance level.

3.2 The acid-basis buffering capacity of organic marials

It can be determined for each of the organic matemnder investigation
that their titration curve is almost linear, thanis analyzed during titration form a



line (Figure 1 and 2). The relations between cotraéinns of acid or alkali added as

load and the balance pH values of suspensionsetiedted as functions.
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Figure 1. The titration curves of peats Figure 2. The titration curves of compost

and coirs: and ground coverings:
@ — the Hah6t low moor peat; 4 — composted recrement;
A —coir; A — crushed straw;
e — Voloscsa light brown high moor e —pine leaf-litter;
peat; — quartz sand

— quartz sand

The line allocated on the titration points crosfesordinate axis at the pH
value of the organic material in water solutiors. $teepness shows the degree of
changes that the acid or alkali concentration eseeby a unit causes in the pH
value of balance solutions. The pH reduction duramd titration shows acid
sensitivity. According to the definition, pH incesaduring alkaline titration testifies
to alkaline sensitivity. | used the acid sensijivand the alkaline sensitivity indices
to present the pH changes in numerical form. loaliced the phrasSento mark

acid sensitivity, anSento mark alkaline sensitivity.



The titration curves of organic materials can bétem down with the help of the

following functions:

for acid titration:

PH, = PHy 0 —aSer{H+] 1)

for alkaline titration:

PHy = PHy 0 —bSer[OH ‘] @

where: pH, andpH,, — are the suspension balance pH values afténgdd

certain concentration of acid or alkali;
pHHZO — is the pH value of the organic material's water
suspension;

[H*] and [OH] — show the concentration of acid or alkali addsch

load to the organic material, expressed in cmat kg

On the basis of equations (1) and (2) we can catiewdensitivity

for the acid media:

a PHy o ~PH,4
Sen= " 3)

H

for the alkaline media:

PHa = PHy0
OH

b -
Sen=

“

The numerical value of the sensitivity index is @qto the pH decrease or

the pH increase that one cmol acid or alkali cauge=n added to one kilogram of

material.

On the basis of formulae (3) and (4) the sensjtigieasurement unit is —

pH cmol? kg.
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The smaller théSenor "Senvalues the less sensitive is the material under
investigation under acid and alkaline load. Theoadly, the minimal acid and
alkaline sensitivity indices can be equal to zerbicl testifies to the lack of
sensitivity to influences. In reality such sensitivcan be assumed for materials with
large buffering capacity, e.g. organic materiald amclusively with small acid or
alkaline load. The maximum value of the sensitivindex, judging from its
definition, should be within the pH range. Distillevater which has neutral reaction
and quartz sand are characterized by maximum 8etysito acid and alkaline
influence.

The reverse of the acid sensitivity index is thig dwffering index, marked
as =8, the reverse of the alkali sensitivity index ig tilkali buffering index 2.
The acid buffering index value is equal to the amoaf acid that lowers the pH
value of one kilogram of organic material by onat,uthe alkali buffering index
value is equal to the amount of alkali that incesathe pH value of one kilogram of
organic material by one unit. Its unit of meassrernol pH! kg™.

| conducted a linear equation matching (Figure @ 4 of the titration
points of peats, composts and ground coveringsrunuestigation according to the
smallest squares method. The value of determinatefficient is 0,96 — 1,00, the
matching standard error varies in the range 0,026 pH depending on the organic
material. The F-test verified the rightfulnesstod todel in each case.

The cause of the linear character of the organitemads’ titration curves
can be accounted for by the following. The diffees between the pH values of
proton’s functional groups capable of binding andrsission are small, the
dissociation stages overlap, therefore there areleamr maximums on the titration
curves, during titration the pH value changes mamotonous and steady way. The
titration points form a line, which is differentending on the characteristics of the
organic material, but it usually goes moderatelyunper a small directional angle
from the acid area to the alkaline one.

The linear model describing the titration procetshe organic material is
valid only within the examined acid or alkali contmtion. To analyze the titration

points | used maximum 25 cmol kgcid and alkaline load. To expand the validity
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of the linear character more researches with at@resoncentration range are
needed. Under a greater load the titration curve tmecome flat significantly
changing the straight steepness, thus the funetidindescribe the process with

significant error.

0 5 10 15 20 25 0 5 10 15 20 25
[H'] cmol(+) kg™ [OHT cmol(-) kg™

Figure 3. The influence of the acid Figure 4. The influence of the alkaline
treatment aimed at reducing the balancetreatment aimed at increasing the bal-
pH value of coir ance pH value of coir

e the value measureé; regressive straight line;
— 95% confidence bane: 95% prediction limit
Judging from the pH change during regression thwl bs small and large,
during alkaline load we overestimate its pH valughile during medium
concentration we underestimate it. The confidenaedb show the limits within
which the regressive straight line moves withinphtrange (Figure 3 and 4).

3.3 The sensitivity index and the buffering index &lues of organic materials

The parameters of linear functions allocated at thganic materials’
titration points show the numerical values of aatl alkaline sensitivity indices. |
calculated the buffering indices on the basis efgénsitivity indices. The numerical
values of sensitivity and buffering indices chagsizing the organic materials’ acid-

basis buffering capacity are summarized in Table 2.
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Table 2. The sensitivity and buffering index values caloetatrom the acid-basis
titration equation of organic materials

sensitivity index buffering index
The name of the organic material agen bsen 3 bg
pH cmol* kg cmol pH! kg*
Peats
Lithuanian white high moor peat 0,08 0,08 12,5 12,5
Voloscsa light brown high moor peat 0,05 0,04 20,0 25,0
Ivano-Frankivszk dark brown high 0.06 0.06 167 167
moor peat
Voloscsa dark brown mixed peat 0,06 0,10 16,7 10,0
the fibrous low moor peat from Kiraly-t6 0,04 0,04 25,0 25,0
the fibrous low moor peat from Hansag 0,05 0,07 020, 14,3
Potréte low moor peat 0,06 0,11 16,7 9,1
Szélmes low moor peat 0,13 0,21 7,7 4.8
Hahot low moor peat 0,03 0,09 33,3 111
Coir
coir 0,09 0,09 11,1 11,1

Composts, raw materials

manure 0,11 0,17 9,1 5,9
composted cattle manure 0,03 0,06 33,3 16,7
raw recrement 0,11 0,18 9,1 5,6
composted recrement 0,07 0,07 14,3 14,3
composted recrement +poultry manure 0,04 0,10 25,0 10,0

Ground coverings

undecomposed leaf-litter (indigenous

beech forest ) 0,09 0,06 11,1 16,7

undecomposed leaf-litter (oak park) 0,05 0,08 20,0 125
undecomposed leaf-litter (pine forest) 0,07 0,05 314 20,0
undecomposed leaf-litter (fruit) 0,11 0,06 9,1 16,7
crushed straw 0,08 0,11 12,50 9,1

13



The average acid sensitivity index of organic mateis 0,07 pH cmal kg,
the minimum value is 0,03 pH cnbkg, while the maximum is 0,13 pH crilokg.
The average alkaline sensitivity index of invedtighaorganic materials is 0,09
pH cmol* kg, its values vary between 0,04 — 0,21 pH ¢chig). The average value
of the acid buffering index is 17,0 cmol PHkg* (minimum — maximum: 7,70 —
33,3 cmol pH kg, while the average value of the alkaline buffgrindex is 13,5
cmol pH? kg (minimum — maximum: 4,8 — 25,0 cmol PHg?).

3.4 Estimating the acid-basis buffering capacity ofinerals

The minerals’ acid-basis buffering capacity varggsatly, their buffering
capacity ranges from zero to very high valuesassified the minerals with similar

buffering capacity (Table 3). | singled out five@gories on the basis of the acid and

alkaline buffering capacity BCyzs. ® BC,,5. and the pH change caused by 1 cmol

kg acid or alkali in comparison with the initial valpH,) — aSelé, bSe@L. Due

to various relations and buffering mechanisms diaasion is performed separately
on the basis of acid and alkaline parameters.

The first category of the investigated materialdudes: river sand, perlite,
rock wool, burnt clay stone and Cornish stone. &hesnerals from mining and
those produced by heat treatment have no buffedpgcity, they are very sensitive
even to the smallest amounts of acid and / or ialkakir titration curve follows the
titration curve of quartz sand. Their acid and klkaffering capacity is below 20
units. Their balance pH value per cmol‘kghanges by more than two units after
adding acid or alkali.

Among the minerals in the first category rock weditration curve shows
greater deviation. It differs from all the otheerhnon-organic media by the fact that
its buffering capacity increases with the increaacid loads. In acid media below
pH <5 rock wool dissolves, the compounds of baattas in its content get to the
solution and neutralize a substantial part of ttid added for the treatment. Due to
proton absorption accompanying dissolving the plievaf rock wool after adding

the maximum 12,5 cmol Kgacid load does not decrease lower than pH 4.
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Table 3. Classification of minerals according to their ab#sis buffering capacity

1 .
ca. Consid- BCizs Sen Minerals
d
te- ere under acid under under
buffer- . . .
go- ing pH cmol kg and alkaline acid alkaline
ry capacity loads loads loads
river sand
perlite (rock)
. verylow 0-20 >2,00 ockwool
burnt clay
stone
Cornish stone
101-  extended .
1. low 21-40 200 perlite zeolite
) 0,31 - . sodium .
ll.  medium 41 - 60 1,00 bentonite bentonite zeolite
. 0,15 - - ) sodium
IV. high 61 -80 0.30 vermikulite alunite bentonite
very <0,15 humus .
V. high >80 bentonite alunite

The two analyzed fractions (0,1 — 0,25 mm and 2 miB) of zeolite
(klinoptilolite) buffer the alkaline loads on a nieah level and belong to the third
category considering the alkali buffering capacitie titration curves of zeolite
fractions of significantly differing sizes show skly similar results, the difference
between their buffering capacity values is not icemt (Figure 5). In other words,
the increase of surface size does not cause stibfitahigher neutralization of
alkali. During the alkaline titration of zeolite determined the amount of the
remainder sodium-ions at some titration pointsdessithe pH values. | experienced
great sodium-ion absorption in both fractions oblize when | presented the
concentration of Nasolutions (NaOH load) in the form of a functionigiire 6).
Klinoptilolite exchanges its own cations duringrdtion for the added sodium

hydroxide N& ions. Taking into account klinoptilolite’s catigoreference, only
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weaker basis-forming cations (compared to sodiurdrdyide) can get to the
balance solution. Thus, in the process of zeolkaliae titration not hydroxide ions

are neutralized, but the alkaline metal is exchdnfpe a weaker basis-forming
metal.

14
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Figure 5. The titration curves of zeo-  Figure 6. The change of Nabalance
lite’s two fractions solutions’ concentration during the alka-
line titration of zeolite’s two fractions

The straight line formed during the alkaline titoat of bentonite can be
matched, its pH value increases by 0,31 after gddime cmol kg NaOH. Na-
bentonite’s titration curve is linear in the whagh# interval. Having a strong
alkaline reaction Na-bentonite is more sensitivea¢id than to alkali. The acid’s
sensitivity index is 2,5 times higher than the blkduffering index value.

Vermikulite can be classified into the fourth categ its buffering capacity
is high both in acid and alkaline media. Vermikeilttitration curve is not steady,
its buffering capacity significantly increases wifeater acid and alkaline loads.

Alunite has significant buffering capacity in badlsid and alkaline media.
Its titration curves are linear. Alunite is moraésigve to acid than to alkaline loads,
its alkaline buffering index valu€4 = 6,7 cmol pH kg?) is twice as large as the
acid buffering index¥ = 3,5 cmol pH kg™).

Humus bentonite belongs to the fifth categorybliffering capacity is very
high, one cmol kg acid treatment causes only pH=0,11 decrease, whdlesame

amount of alkali causes pH=0,10 increase. The charaf the titration curve and

16



the buffering capacity indices testify to the fdwat one third of humus bentonite’s

organic components play a determining role in ra¢izing acids and alkalis.

3.5 Calculating the changes of organic materials’aaction on the basis of the

buffering index

Regulating organic materials’ reaction on the basisof the buffering
index. The buffering index is the index-number of the amtoof acid or alkali
necessary to change pH by one unit. Judging frendéfinition it can be used to
calculate the necessary amount of acidifying oalalizing materials with the aim
of setting the optimal reaction for the plant.

The necessary amount of calcium-carbonate necessancrease the pH
value — proportionally to the volume of the orgamiaterial — can be calculated on

the basis of the alkali buffering index by meanshef following formula:
Leaco, = (PHy = PHy 0 )P (s [ ®)

where: LCaCOS — is the necessary amount of CaC@ni®;

pHyx — is the pH value to be achieved,;

PHi 0 — is the pH initial value determined in a watelution;

®s — is the alkaline buffering index, cmol BHg™;
Ts — is the volume of the organic material, kg:m
| — is the necessary amount of alkaline materialessary to
neutralize one cmol hydrogen-ion, g ciholin case of CaCgQ

| =0.5 g cmaoh)

17



The necessary amount of acidifying materials taeise the pH value can
be calculated on the basis of the acid bufferirdpinby means of the following

formula:

A=(pHy — PH,0 )Cp G L (6)

where: A — is the amount of agent necessary toceethe pH value, g h
38 _ is the acid buffering index, cmol gtkg?;
f — is the necessary amount of acidifying matemietessary to neutralize
one cmol hydrogen-ion, g cmbl (for sulphur f = 0,16 g cmd

aluminium-sulphate f = 1,11 g cmbliron-sulphate f= 0,72 g cmd)

Interpretation and measurement units of the otlaeameters coincide with
formula (5).

Calculating the acid and alkaline reducing capacityof the ground-
covering organic materials Knowing the buffering indices one can calculdte t
acid or alkaline neutralizing capacity of the orgamaterials regularly coming to
the surface or specifically placed there. To de trie has to know the amount of the
organic materials on the territory.

| used the following formulae for calculations:
|H*| =8-ApH-m-0,01 %)
| OH'| ="B-ApH-m-0,01 (8)

where: | H*| and | OH | — show the amount of acid and alkali causing/thil
change, kmol hg
3 and®B — are the acid buffering index and the alkalin&esing index,
cmol pH?* kg;
ApH — is the pH change taken into account durinignasion;
m — is the amount of organic material found pet aha territory, t h;

0,01 —is the conversion coefficient between cngpl &nd kmol T.

18



3.6 New scientific results

1.

| have determined that the acid-basis titrationvesirof peats, composts,
organic materials covering the ground are linedre Telation between the
balance pH values of acid or alkaline concentratiand suspensions can

formally be dealt with as a linear function.

During the analysis of linear functions | have cam¢he conclusion that the
straight line's steepness forms the value of thlgawic material’s sensitivity
index, while the ordinate axis crossing point fortims pH value measured in
water solution. The acid or alkaline buffering ice can be defined as the
reverse of the corresponding sensitivity indices.

I have proved beyond doubt that the sensitivityeinend the buffering index
are exact parameters properly characterizing tharmec materials’ buffering
capacity. The sensitivity index of organic materiak 0,03 — 0,15
pH cmoi? kg, the buffering index is 5,0 — 30,0 cmol pkg™.

| have found out that the acid and alkaline titmaticurves of humus
bentonite, Na-bentonite, alunite are linear. Thensitivity indices range
between 0.10 — 0.41 pH crilokg, their buffering indices are between 2,4 —
10,0 cmol pH kg™.

Zeolite (klinoptilolite) neutralizes acid weakly dlkali moderately. | have
proved that zeolite’s buffering capacity can becacted for by the fact that
during sodium-hydroxide titration the alkaline nieig exchanged for the

mineral’'s weaker basis-forming metal ions.

Rock wool as an inert media is very sensitive id &eatment. | have shown
that with increased load its buffering capacityr@ases greatly during its
dissolving due to the free basic compounds andplisvalue does not
decrease below pH 4 even after adding large amatiatsid.

I have improved the acid-basis buffering capaagearch method and made

it applicable to analyze the titration curves ofamic and mineral materials,
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artificial soils, and growing media. The procedtia&es into account the

sample’s moisture content and emphasizes its gtalqieculiarities.

8. | have elaborated a category system to determieeatiid-basis buffering
capacity of organic and mineral materials. | hawgled out five buffering
capacity categories, the criteria for differentiatare the acid-basis buffering
capacity value and the pH change caused by one kgfcécid or alkali in
comparison with the initial value.

9. I have defined the indices characterizing the &eéisis buffering capacity of
organic and mineral materials. | have elaboratethaaking system that
includes the amount of acid and alkaline loads attarizing to a great
degree the numerical value of the buffering capacind reflects the
correlations between various parameters. | havgreess a measurement unit
to each of the buffering capacity indices.

10.1 have revealed that in many branches of horticeltthe regulation of
processes in the soil, the control of the soil-plomnection is based on the

growing media’s large buffering capacity or itskac
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CONCLUSIONS, RECOMMENDATIONS

Effective regulation of the soil's acid-basis baarpresupposes being well
aware of the regularities, mechanisms, and charstiteparameter values of acid
and alkaline neutralization. In many branches dfibtwaltural cultivation regulation
of the processes in soil is performed by applyingambining materials possessing
large buffering capacity; less prominent changess Isensitive materials (mainly
organic), or those lacking buffering capacity attriess attention of the scientists,
though their application (mainly minerals) would/githe necessary total control.
The expectations from the buffering capacity offiaral soil and root-treating
media are aimed at regulating the processes isdiheat controlling the needs and
possibilities of the soil-plant relation system.

The organic and mineral materials used in horticalt(as well) were
classified into five categories on the basis ofrtheid-basis buffering capacity. The
criterion for differentiation was the acid or aliked buffering capacity value and the
pH change caused by one cmolkagcid or alkaline treatment in comparison with
the initial (pH) value.

Peats, composts, the compost’'s raw materials, piftdvers regularly
coming to the surface or specifically placed thpossess the greatest acid-basis
buffering capacity per unit of volume. The titraticurves of the above-mentioned
organic materials are linear. The relations betwberbalance pH values of acid or
alkaline concentration and suspension loads camritten down by means of linear
equations.

For the quantitative representation of the orgamiaterials’ buffering
capacity | suggest using the numerical values ef ahid or alkaline sensitivity
indices and their reverse — the acid or alkaliniebimg indices calculated from the
linear equations of the titration curves.

The investigated organic materials’ acid sensitivitdex ranges between
0,03 — 0,13, alkaline sensitivity index varies betw 0,04 — 0,21 pH cmbkg. The

21



acid buffering index values are 7,7 — 33,3, whhte tlkaline buffering indices
constitute 4,8 — 25,0 cmol ptkg ™.

The acid-basis buffering capacity of the analysétkenals varies greatly and
characterizes each of the suggested categorieasider appropriate two parameters
to characterize the acid-basis buffering capacftynmerals: the acid or alkaline
buffering capacity value, and the amount of pH deacaused by one cmol kacid
or alkaline load. The latter parameter relatesh® most important changes of
minerals from the point of view of cultivation.

It would be plausible to single out zeolite conilain70% klinoptilolite from
the other minerals with buffering capacity due thbits mechanism of neutralizing
alkali, and horticultural applicability. During thalkaline titration of klinoptilolite
sodium-ion is exchanged for a weaker basis-formiegal ion. Thus, as the building
element of growing media klinoptilolite is both edyle of preventing sodium
accumulation, and the increase of pH.

The organic materials’ great or changing moistuoatent significantly
changes the titration curves. The averages of aodl alkaline buffering indices
calculated for dry and damp sample volume diffeleast byp=0,001 significance
level. My suggestion makes it possible to take iattwount the correction for
moisture content during measurements.

The numerical values of buffering indices are appate to determine the
amount of acidifying and alkalinizing agents neeegso regulate reaction. The
same parameters can be used to estimate the hgffeapacity of organic materials
covering the ground under acid load. | suggestednidtae to perform the
calculations. Further on the appropriateness ofrtethod and the correctness of the
formulae need to be analysed in experiments witn dppropriate amount of
acidifying and alkalinizing agents.

The various acid-basis reducing ability of orgaenc mineral materials, the
various buffering mechanisms have methodical siggnite for cultivating
experiments as well. The comparative study of verimedia often explains setting
the reaction to one level. Treatment with the saam@unt of alkalinizing or

acidifying agents does not bring about correct Itesdue to different buffering
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capacity. In case of organic or mineral materiaith wWifferent characteristics the
correct setting of the pH value to the same leveén the comparison and
interpretation of the measured results is only ipessvhen their buffering capacity
and buffering mechanisms are known.

The study of the acid-basis buffering capacity ofjamic and mineral
materials goes beyond the possibilities of hortigal application, it has enormous
significance in researching the soil. The undeditanof the numerous component
functions of the soil is mostly only possible bgnpiifying a complex heterogeneous
system and analysing each component separatelyintihedual study of organic
and mineral materials, understanding and reveath acid-basis neutralizing
mechanism can elucidate the important role they ipldhe soil processes and in the
soil in general. In soils there are no or few exspf extreme values that can be
seen in mineral and organic materials. The conmestrevealed in our research
draw attention to important regularities and enatle exact description of the

processes.
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