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Abstract
Soil pH is a foundational element of agronomy, profoundly influencing biologi-

Correspondence cal, chemical and physical soil processes. Adjusting soil pH is a paramount fac-
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tor for enhancing soil health and productivity with far-reaching environmental
benefits. Over time soil naturally tends towards acidity, a process expedited by
intensive agriculture practices. To determine the extent of necessary pH correc-
tions, precise soil pH testing is imperative. Various methods including buffer
systems, titrations, lime incubations and algorithms considering soil texture are
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used to assess a soil's lime requirement and each method carries distinct advan-
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tages and disadvantages. The Shoemaker-McLean-Pratt (SMP) buffer method is
extensively used in Ireland and internationally; however, safety concerns owing
to the use of hazardous chemicals required within the method have been high-
lighted. This study investigates various soil lime requirement tests and compares
their performance against a lime incubation study. A proposed alternative to the
SMP buffer test for Irish grassland soils is also investigated. Analysis of results
obtained indicates that the SMP buffer method demonstrated the highest r* value
of .497 when correlated with lime incubation results, while the calcium hydrox-
ide titration method closely aligns with the SMP buffer method with an r* value
of .816, followed by the modified Mehlich buffer method with an 7? value of .763.

KEYWORDS
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1 | INTRODUCTION et al., 2019). At lower pH levels, key plant macronutri-

ents are less available than at a neutral pH of around 7.

Soil pH has been described as a master variable as it af-
fects a diverse array of physical, chemical and biological
processes that impact soil fertility, plant development
and ultimately crop yield (Neina, 2019). Soil pH signifi-
cantly dictates the accessibility of plant nutrients, micro-
bial activity and even the stability of soil aggregates (Song

Moreover, certain micronutrients tend to leach and pose
toxicity risks at lower pH values (aluminium toxicity
hampers crop growth in acidic soils [<5.5]). Generally,
pH values between 6 and 7.5 allow optimal plant growth
(McCauley et al., 2009). Correcting the pH of soil gener-
ally involves the application of a liming material.
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The lime requirement (LR) of soil is significantly
influenced by various soil factors, with buffering ca-
pacity and cation exchange capacity (CEC) playing
pivotal roles. Buffering capacity is a soil's resistance to
pH changes in its solution and is affected by the accu-
mulation of clay and organic matter (OM) (Cherian &
Arnepalli, 2015). Soils abundant in clay and OM possess
a higher buffering capacity, necessitating a larger lime
application to induce significant pH changes. This is
a result of their ability to absorb and neutralize added
lime effectively with their higher charge retention ca-
pacity (Nduwumuremyi, 2013).

Moreover, the CEC of a soil, representing its ability
to retain and exchange positively charged ions (cations),
plays a crucial role. Soils with higher CEC can retain a
greater quantity of calcium ions from lime, requiring
a higher lime application to achieve the desired pH al-
terations (Lemire et al., 2006). In essence, buffering ca-
pacity, influenced by clay and organic matter, impacts
lime requirement by determining the amount of lime
needed for a pH change. Concurrently, CEC affects lime
requirement by regulating the quantity of lime neces-
sary to counteract the soil's innate acidity-holding ca-
pacity (Ross & Ketterings, 2011). In a study completed
by Kumar et al. (2012), 20 soil samples with similar pH
levels (4.51+£0.05) but varying OM contents and clay
contents were investigated. Despite the uniform pH, LR
varied threefold (5.6 to 18t/ha). Soils with higher OM
content showed greater buffering capacity and LR. The
study revealed a significant correlation between soil OM
content and LR (©*=.862), emphasizing OM's substan-
tial influence on LR variations (Kumar et al., 2012). In
another study, Keeney and Corey (1963) looked at the
LR of 26 Wisconsin soils along with various soil factors.
Among the soil factors considered, OM showed a signif-
icant correlation with lime requirement (r*=.620).

Various methods for determining LR have been de-
veloped including soil-buffer methods, titrations, in-
cubations and equations based on soil characteristics
(Nguyen, 2022). Most commonly, estimates for LR are
derived through the utilization of buffer methods, owing
to their ease of use, swift analysis and cost-effectiveness
(McFarland et al., 2020). Alternatively, soil incubation
with either Ca(OH), or CaCOj; at field capacity for an
extended period has been recognized as a dependable
technique, however, its labour-intensive and time-
consuming nature makes it unsuitable for routine soil
testing. Liu, Warneke, and Jacobsen (2004), Liu, Kissel,
et al. (2004) describe an alternative approach involving
direct titration using diluted alkalis, such as Ca(OH),;
however, these streamlined approaches may yield in-
complete reactions and underestimate soil pH-buffering
capacity.

Online LR calculator tools, like the Rothlime model de-
veloped by Rothamsted Research in the United Kingdom
(Holland et al., 2019), help determine LRs based on soil
properties such as texture, pH values and cropping his-
tory. RothLime considers factors like soil type, crop type,
neutralizing value (NV) of the product and regional
acid deposition. However, it is important to note that re-
gional variations may require specific equations tailored
to unique soil characteristics and environmental factors
(Goulding, 2016).

Soil-buffer equilibrations are probably the most
used technique for determining LR and involve the
equilibration of a soil sample with a buffer solution,
followed by the measurement of pH in the resulting
soil-buffer mixture (Vogel et al., 2020). Different re-
gions utilize various buffer compositions, designed to
react with soil-acidifying components and exhibit a
linear decrease in buffer pH as soil acidity or LR in-
creases. The Shoemaker-McLean-Pratt (SMP) buf-
fer method has been widely used since it was first
described to determine lime requirement in soils
(Shoemaker et al., 1961). It is the standard method of
pH soil determination in several jurisdictions including
Ireland. However, the use of the SMP buffer test pres-
ents a disadvantage because of the hazardous nature of
its reagents, such as para-nitrophenol and potassium
chromate. Para-nitrophenol is highly toxic and environ-
mentally hazardous, while potassium chromate is toxic,
carcinogenic and mutagenic, posing risks to laboratory
workers' health and the environment. Consequently,
the European Chemicals Agency has categorized potas-
sium chromate as a ‘substance of very high concern’ in
the REACH directive, leading to its phase-out. Hence,
there is a pressing need for a sustainable and reliable
alternative method to determine lime requirement
(Metzger et al., 2020).

Sikora (2006) developed a buffer method designed
to replicate soil-buffer pH values like the original SMP
single-buffer method but without the hazardous chemi-
cals. The toxic substances, p-nitrophenol and potassium
chromate, were substituted with 2-(N-morpholino) eth-
ane sulfonic acid monohydrate (MES) and imidazole. In
testing on 255 Kentucky soils, Sikora found that the new
buffer produced soil-buffer pH values comparable to
those of the SMP buffer, with 1 values of .974 and .967
when compared with SMP buffer values on Kentucky
and North American proficiency testing (NAPT) soils,
respectively.

Hoskins and Erich (2008) made modifications to the
original Mehlich (1976) buffer method. The original
Mehlich buffer ingredients included barium chloride
and because of the hazardous nature of BaCl,, they sub-
stituted Ba with Ca in the Mehlich buffer. The modified
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buffer exhibited similar buffering capabilities as the
original buffer. Moreover, the modified buffer showed
extended linearity over a pH range of 6.6 to 3.0 (Van der
Berg, 2017).

The Santa Maria (TSM) buffer was developed to es-
timate potential acidity in Brazilian acid soils, closely
resembling the behaviour of the commonly used SMP buf-
fer. TSM consists of four weak bases and calcium chloride
to regulate ionic strength. Evaluation on 21 Brazilian soils
showed that TSM's pH values matched those obtained
from the SMP buffer, making it a reliable predictor of po-
tential acidity in tropical and subtropical soils (Santanna
et al., 2010).

Incubations with a liming material in laboratory set-
tings are commonly used as a reference method for de-
termining LR (Hirpo et al., 2020). Here, soils are mixed
with Ca(OH), or CaCO, powder, brought to field capacity
through moistening and subsequently incubated at room
temperature for extended periods, with occasional stir-
ring. After incubation, the soil pH is measured, and LRs
are extrapolated from the lime-response curve. Although
regarded as the most accurate means of determining LR,
the protracted incubation time along with the different
calibration points associated with this approach renders it
impractical for routine testing.

A diverse range of grassland mineral soil samples (50)
were collected for this analysis across the south of Ireland,
selected to encompass variations in pH levels, clay content
and OM levels, with the understanding that differing clay
and organic matter content would likely yield variations in
CEC and thus LR. The objective of the study is to investi-
gate several lime requirement tests, including buffer meth-
ods (SMP, MM, Sikora test and the TSM buffer method),
the Rothlime method and a Ca(OH), titration. These tests
will then be correlated to a 4-week lime incubation, using
standard Irish agricultural grade lime (Government of
Ireland, 1953) to predict lime requirements. Finally, re-
sults from all these tests will be compared and correlated
with the SMP buffer test to identify an alternative to the
SMP test for Irish grassland mineral soils.

2 | MATERIALS AND METHODS

2.1 | Materials

Chemicals were sourced from Merck Sciences, Ireland.
Ground limestone with an Irish standard specification
(Government of Ireland, 1953) was sourced from Ardfert
Quarries, Co. Kerry, Ireland. pH measurements were con-
ducted using a Jenway 3510 pH meter equipped with a
glass electrode. Prior to measurements, the pH meter was
calibrated at the beginning of the working day with three
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standardization buffers at pH4.00, 7.00 and 10.00 to en-
sure linearity (> .98).

2.2 | Selection and analysis of soil
samples

Fifty independent soil samples were collected throughout
Ireland, with the majority of soils being located in the south
and southwest of the country. For each soil sample, ca. 2kg
of soil was taken to a depth of 15cm from three separate
digs per independent soil sample. Soils were identified
with the aid of local agronomic advisors with a clay range
from 7% to 38% and a water pH of less than 6.8. All the soils
sampled were under permanent pasture. Once collected all
samples were identified by field, farmer and coordinates.

2.3 | Processing of soil samples

Once received in the laboratory, all samples were input-
ted into an Excel file (with location coordinates), labelled
(soil 1, soil 2, etc.) and dated. Soils were dried in a convec-
tion oven at 40°C until they were a constant weight before
being mixed and crushed with a pestle and mortar. All
soils were then sieved (<2mm) and stored in preparation
for laboratory analysis.

2.4 | Particle size determination

The particle size distribution (PSD) method (adapted from
Carter and Gregorich (2006)) was used to analyse the soil
textural composition. A 40g soil portion was mixed with
10mL of 33% hydrogen peroxide. The mixture was heated
to 90°C and stirred on a hotplate for 30 min, after which a
solution containing 100 mL of 5% sodium hexametaphos-
phate and 200mL of deionized water was added while
heating and stirring for an additional hour. The resulting
mixture was poured onto a pre-weighed 0.063 mm sieve
to separate the sand fraction. This was dried at 105°C and
weighed to determine the % sand.

The remaining silt and clay fraction was placed in a
1-litre graduated cylinder, filled with deionized water
and agitated by manually inverting the cylinder 20 times.
After 7h of settling, 25mL of soil solution was extracted
in duplicate from each cylinder. These samples were
transferred to pre-weighed metal dishes, heated at 105°C
until completely dry and weighed to calculate the % clay
content. The percentage of silt in the samples was deter-
mined by subtracting the sand and clay content from 100.
The USDA soil classification triangle was then employed
to categorize the soil into 1 of the 12 textural classes.
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2.5 | Soil organic matter (SOM)
determination

SOM was quantified following the method by Sikora and
Moore (2014). Individual dry soil samples (ca. 1.5g in du-
plicate) were added to pre-weighed crucibles. After fur-
ther drying at 105°C, the crucibles were weighed again to
obtain the dry weight. They were then heated in a 550°C
furnace for 8 h. The % soil organic matter content was cal-
culated by the following formula:

Dry weight — Ash weight

%SOM = -
Dry weight

2.6 | Cation exchange capacity (CEC)

The CEC is defined as the total negative surface charges
on a soil sample, and it can be determined indirectly by
quantifying all of the acidic and basic cations on a soil
sample. The CEC analysis was determined for all soil sam-
ples following a modified procedure outlined by Ross and
Ketterings (2018). The procedure involves determining the
exchangeable cations in soil using an ammonium acetate
(NH,OAC) extraction. Initially, 25.0g of soil is mixed with
125mL of 1M NH,OAc and allowed to stand for 16 h. The
soil is then filtered through a Buchner funnel with retentive
filter paper. The soil residue is washed with NH,OAc solu-
tion four times. The soil is then washed with 95% ethanol
to remove excess NH,OAc solution. The basic cations (Ca,
Mg, K and Na) were then quantified from the filtrate using
an Agilent 7800 inductively coupled plasma mass spec-
trometry (ICPMS) while the acidic cations were calculated
using the exchangeable acidity values obtained with the
SMP buffer. CEC, expressed as meq/100 g soil, is quantified
by adding the sum of the basic and acidic cations.

2.7 | CaCl, pH measurement

The CacCl, pH was determined using the method outlined
by Eckert and Sims (2009). A 5g of soil sample was dis-
solved in 10 mL of 0.01 M CacCl, solution. After stirring for
15s, the mixture was left to stand for 30 min before the pH
was measured.

2.8 | Buffer pH tests

The SMP and MM buffer test was carried out using
the method outlined by Eckert and Sims (2009), while
the Sikora buffer test procedure was as described by
Sikora (2006), and the TSM test was described by Santanna
et al. (2010). For each test, a standard reaction and stirring

time of 15 min was applied, followed by allowing the soil-
buffer solution to stand for a further 15 min, after which
the pH was measured.

2.9 | Calcium hydroxide titration method
The calcium hydroxide titrations were carried out as de-
scribed by Liu, Warneke, and Jacobsen (2004), Liu, Kissel,
et al. (2004) using 0.022M Ca(OH), solution added in
known aliquots via a burette to an agitated soil water so-
lution (1:2). After each addition, the sample was stirred
for 15min before the pH was measured. The soils were
titrated until reaching a final pH of 6.8.

2.10 | Lime incubations

The procedure for incubations was conducted fol-
lowing the method outlined by Liu, Warneke, and
Jacobsen (2004), Liu, Kissel, et al. (2004). Incubations
were carried out with Irish-grade agricultural lime (cal-
cium carbonate) that was crushed to ensure all 100%
passed a sieve of 3.35mm, with a minimum of 35%
passing a sieve of 0.15mm. It had a neutralizing value
of at least 90% and a moisture content of less than 3%
(Government of Ireland, 1953). Incubations were carried
out in 120 mL containers containing 40 g of soil and lime
at five application rates, each in triplicate (0, 4, 8, 12 and
16 tonnes hectare!). A 6mm hole was drilled at the bot-
tom of each container for drainage. Additionally, three
similar holes were created in the lids of the containers to
facilitate aeration. Soil moisture was maintained at field
capacity using deionized water and soils were stirred
three times per week. The samples were incubated at
room temperature (20 +4°C) for a duration of 4 weeks.

2.11 | Statistics

All statistics and correlations were carried out using
Microsoft Excel and the statistical software tool XLSTAT.
Correlations (r* and Pearson values) were determined via
linear regression analysis and by carrying out the Pearson
correlation test, respectively.

3 | RESULTS AND DISCUSSION
3.1 | Properties of soils

The LR of sails is intricately linked to their texture and
composition, shaping the amount of agricultural lime
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needed for optimal pH adjustments to support plant
growth (Goulding, 2016). Table 1 describes the various
characteristics of the 50 grassland mineral soils including
the sand, silt and clay content (for texture), total organic
matter and the cation exchange capacity (CEC).

In total, there are five separate textures represented
from the 50 soils, including sandy loam (5), silty clay loam
(5), sandy clay loam (6), loam (18) and clay loam (16). Soil
texture, in particular the clay content, can play a profound
role in the lime requirement of soil to such an extent that
they are integrated into lime prediction equations (Han
et al., 2023). The Rothlime method also uses the soil tex-
ture as a variable for calculating the LR of soil. In general,
soils with higher clay content, exemplified by Soil 43 (36%)
and Soil 44 (38%), typically exhibit higher CEC values of
27.40 and 28.00, respectively, giving them the capacity to
retain a higher concentration of cations (both acidic and
basic). Consequently, these clay-rich soils might necessi-
tate more substantial lime application to effectively raise
pH owing to clay's propensity to bind with introduced
lime (Parfitt et al., 2008). There is a wide variation of clay
from these soils, ranging from 7% to 38%. In contrast, soils
characterized as sandy loam, such as Soil 8 (50.1% sand
content) and Soil 6 (62.1% sand content), have relatively
lower CEC values of 9.26 and 3.58 meq/100 g, respectively.
The lower CEC values in sandy/loam soils suggest a re-
duced capacity to retain cations and thereby maintain the
desired pH. This characteristic may result in a lower LR to
achieve the intended pH adjustments.

The soil organic matter (OM) content also plays a sig-
nificant role in soil acidity dynamics, in particular the
CEC of soil (Ramos et al., 2018). In addition, OM de-
composition releases organic acids, contributing to soil
acidification and consequently demanding additional
lime application to neutralize acidity (Neina, 2019). The
OM content varies from 5.53% to 19.46% across the 50
soils.

The variation in soils used is further evidenced by
the different soil classifications including Brown Earths,
Luvisols, Alluvial Gleys, Surface Water Gleys and Brown
Podzols. These soils would be typical of the majority
of mineral soils under agronomic activity in Ireland
(O'Sullivan et al., 2018). These classifications offer in-
sights into the soil's broader characteristics and behaviour,
which can influence lime requirements such as drainage
status, OM content, fertilizer use offtakes and CEC.

3.2 |
study

Twenty-eight-day lime incubation

The analysis of lime requirements for different soils,
derived from a 28-day incubation study with calcium
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carbonate, is detailed in Table 2. In literature, lime incu-
bation studies can range from 3days (Liu et al., 2008) to
over 60days (Godsey et al., 2007) and will depend on the
liming material, for example, its neutralizing value (NV).
The time for the lime incubation study described here
(4weeks) was chosen based on the reaction of a range of
soils to lime after 2, 4, 6 and 8 weeks of incubation. Based
on this study (results not shown) it was seen that the pH
of soil (and the slope of the lime-reaction curve; Table 2)
did not appreciably change with the additional incubation
time after 4 weeks. This finding agrees with other lime in-
cubation studies (Van der Berg, 2017).

In general, there was an identifiable linear response
to additional amounts of lime with the majority of r* val-
ues exceeding .9, suggesting that >90% of the variance in
LR can be explained by the linear regression model. The
graphs (Figure la-d) illustrate the relationship between
lime application (in tonnes per hectare) and soil pH for
four random soils.

In order to reach a target pH of 6.3 (recommended for
grassland, Teagasc.ie (2020)) the lime requirement var-
ied from O tonnes of lime per hectare (for Soils 40 and
45) to 20.4 tonnes for soil 34. One of the main factors de-
termining the lime requirement according to this incu-
bation study is not the starting soil pH, but the slope of
the lime-response curve (a lower slope value illustrates
a slower response), as evidenced by soils 12 (m=0.0311)
and 13 (m=0.0380), both had the same starting pH of 6.27
but required 3.15 and 1.18 tonnes of lime per hectare, re-
spectively, to reach a pH of 6.3. Table 1 details the differ-
ences between these two soils, with Soil 12 having over
3.5% more clay than Soil 13 (both loam). However, Soil
12 had over three times the amount of OM at 19.26% and
was designated a gley soil based on water retention being
a dominant feature of its formation. Soils with higher
OM tend to contain acidic organic compounds, poten-
tially necessitating more lime for pH adjustment (Kumar
et al., 2012; Sims, 1996).

Table 2 also shows how soil textures and CEC influ-
ence LR; for example, Soil 44, which is rich in clay (38%),
requires a lime addition of 21.1t/ha to reach the target
pH of 6.3, highlighting the influence of soil texture on
lime demand (Stiles, 2004), while Soil 38 with the high-
est CEC at 34.30 requires 20.74 tonnes of lime per hect-
are to achieve the target pH of 6.3, potentially caused by
its higher clay content (34%; OM of 9.2%), indicating the
complex interaction among CEC, texture, OM and LR
(Goulding, 2016). The combination of these factors is cru-
cial for accurate lime application. These results highlight
the necessity of considering OM, soil textures and CEC
collectively when determining LRs for specific soils, ex-
emplifying the difficulty involved in soil pH management
(Bonecke et al., 2021).
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TABLE 1 General properties of 50 grassland mineral soils.

Soil number
Soil 1
Soil 2
Soil 3
Soil 4
Soil 5
Soil 6
Soil 7
Soil 8
Soil 9
Soil 10
Soil 11
Soil 12
Soil 13
Soil 14
Soil 15
Soil 16
Soil 17
Soil 18
Soil 19
Soil 20
Soil 21
Soil 22
Soil 23
Soil 24
Soil 25
Soil 26

Soil 27
Soil 28

Soil 29
Soil 30
Soil 31
Soil 32
Soil 33
Soil 34

Soil 35
Soil 36
Soil 37

Soil 38

Sand %
52.1
50.9
49.0
47.9
47.1
62.1
62.9
50.1
49.2
48.9
46.3
41.9
46.2
45.0
50.0
40.0
46.4
41.9
47.4
48.9
56.3
49.4
49.0
50.9
49.6
45.2

34.6
40.3

44.3
58.8
28.2
34.9
41.8
37.1

17.0
36.2
28.0

17.0

Silt %
40.9
422
41.1
40.1
40.4
24.4
22.6
33.9
34.8
34.1
36.2
40.1
39.4
40.0
40.0
45.0
33.1
35.6
30.1
28.1
24.3
27.1
27.5
25.1
254
29.3

38.4
31.7

27.8
13.2
43.8
41.1
31.2
33.9

54.0
34.8
42.0

49.0

MACKESSY ET AL.
CEC Soil
Clay % OM % (meq/100g) Soil texture classification
7.0 6.9 17.8 Sandy loam Alluvial gleys
7.0 8.4 19.6 Sandy loam Alluvial gleys
10.0 74 14.5 Loam Brown earths
12.0 9.4 11.2 Loam Brown earths
12.5 8.6 17.9 Loam Brown earths
13.5 6.1 3.6 Sandy loam Luvisols
13.5 5.5 15.0 Sandy loam Alluvial gleys
16.0 7.0 9.3 Loam Luvisols
16.0 6.9 16.2 Loam Brown earths
17.0 8.2 7.0 Loam Brown earths
17.5 8.6 34 Loam Luvisols
18.0 16.9 19.3 Loam Alluvial gleys
14.4 10.1 6.4 Loam Brown earths
15.0 9.4 5.7 Loam Brown earths
10.0 9.2 7.7 Loam Brown earths
15.0 7.6 6.3 Loam Brown earths
20.5 8.6 11.0 Loam Brown earths
22.5 8.2 3.2 Loam Brown podzolic
22.5 8.1 11.3 Loam Luvisols
23.0 7.9 6.3 Loam Luvisols
19.5 9.7 13.2 Sandy loam Alluvial gleys
23.5 6.6 13.0 Sandy clay loam Alluvial gleys
23.5 5.8 13.3 Sandy clay loam Brown earths
24.0 7.4 14.2 Sandy clay loam Brown earths
25.0 6.5 5.8 Sandy clay loam Brown earths
25.5 9.1 14.6 Loam Surface water
gleys
27.0 8.2 16.3 Clay loam Alluvial gleys
28.0 13.1 12.0 Clay loam Surface water
gleys
28.0 8.1 11.1 Clay loam Brown earths
28.0 9.1 4.7 Sandy clay loam Luvisols
28.0 9.7 5.1 Clay loam Luvisols
24.0 11.3 1.8 Loam Luvisols
28.0 8.0 14.9 Clay loam Brown earths
29.0 16.4 26.3 Clay loam Surface water
gleys
29.0 11.8 20.5 Silty clay loam Luvisols
29.0 9.9 22.9 Clay loam Brown podzolics
30.0 9.7 23.8 Clay loam Surface water
gleys
34.0 15.5 34.3 Silty clay loam Surface water
gleys
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TABLE 1 (Continued)

Soil number Sand % Silt % Clay % OM %
Soil 39 40.0 26.0 34.0 11.3
Soil 40 37.7 30.1 32.2 14.1
Soil 41 39.6 29.2 31.2 13.0
Soil 42 37.8 27.2 35.0 8.6
Soil 43 20.0 44.0 36.0 19.5
Soil 44 24.0 38.0 38.0 15.3
Soil 45 21.5 41.2 37.3 17.9
Soil 46 15.0 56.0 29.0 13.1
Soil 47 18.0 54.0 28.0 14.1
Soil 48 20.0 50.0 30.0 12.2
Soil 49 24.0 44.0 32.0 15.1
Soil 50 25.0 45.0 30.0 13.5
3.3 | Correlation with the lime

incubation study

Table 3 examines the correlations between the various
lime requirement methods and values obtained from
a 28-day lime incubation study for all soils and soils in
lower (7% to 23%) and higher clay (24% to 38%) categories.
Table 3 presents Pearson correlation coefficients (Pearson
correlation) and coefficients of determination (#* values)
for each method, along with corresponding p-values and
correction equations as predicted by linear regression.

For all methods, apart from the SMP buffer method,
there is a dis-improvement in r* value as the clay content
increases to the higher category (7%-23% and 24%-38%);
this is most stark for the TSM buffer that goes from an 7
value of .488 to .284 in the higher clay amounts. The SMP
buffer bucks this trend with a slight improvement in r*
from .442 to .514 for the higher clay soils.

The clay content of the soils has been shown to have
a significant impact on the lime requirement according
to a lime incubation study (Makepeace et al., 2022). The
clay components of soils will retain multi-charged cations
such as Fe and Al, in the interlayer spaces of phyllosili-
cates and will have a profound effect on both the LR of
these soils and their interaction with other cations and an-
ions (Kumari & Mohan, 2021). The SMP buffer contains
four separate chemicals that contribute to its buffering

CEC Soil
(meq/100g) Soil texture classification
17.8 Clay loam Surface water
gleys
5.5 Clay loam Surface water
gleys
6.5 Clay loam Surface water
gleys
18.1 Clay loam Brown earths
274 Silty clay loam Surface water
gleys
28.0 Clay loam Surface water
gleys
8.4 Clay loam Surface water
gleys
10.8 Silty clay loam Luvisols
17.7 Silty clay loam Luvisols
12.0 Silty clay loam Surface water
gleys
14.5 Clay loam Surface water
gleys
17.7 Clay loam Surface water
gleys

capacity — triethanolamine, para-nitrophenol, potassium
chromate and calcium acetate. Sikora details the individ-
ual and sum of these components to act as a soil pH buf-
fer, as a function of acidity neutralized in an effort to find
an alternative buffer (Sikora, 2006). Para-nitrophenol in
particular with a pKa of 7.5 is essential to the buffering
capacity of the SMP buffer along with other well-known
buffers such as the Adams-Evans and Woodruff buffers
(Hoskins & Erich, 2008). Both the TSM and Sikora buffers
contain imidazole and MES to replace para-nitrophenol
and potassium chromate, respectively, as described by
Sikora. McLean et al. (1966) found that the SMP buffer
was more suitable for soils requiring more than 4.5 tonnes
of lime per hectare and having a pH lower than 5.8. A sim-
ilar finding was found with South African soils where soils
requiring less than 4 tonnes of lime per hectare had an r*
value of .28 when correlated with an incubation experi-
ment, but this r? value rose to .98 for soils requiring over 4
tonnes per hectare of lime (Van der Berg, 2017).

The overall * value between the SMP pH and LR ac-
cording to the incubation study was .497 (a Pearson value
of —.705; the minus sign is a result of soils with a lower pH
requiring additional lime). This * value was slightly lower
than the .6 value obtained by Godsey et al. (2007) for 97
Ohio soil samples, however, the target pH here was 6.8; in
addition, the majority of these soils only required between
2 and 6 tonnes of lime per hectare in comparison to the
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TABLE 2 Lime requirement for 50 grassland soils according to the 28-day lime incubation study.

Lime requirement to a

target pH of 6.3

Soil number Incubation equation ¥’ Value Initial soil pH (tonnes ha™")
Soil 1 y=0.0474x+5.719 .90 5.81 12.30
Soil 2 y=0.0569x+5.538 .95 5.44 13.40
Soil 3 y=0.0397x+5.965 .85 5.83 8.50
Soil 4 y=0.0405x+6.096 .95 5.99 5.00
Soil 5 y=0.0449x+5.659 94 5.57 14.3
Soil 6 y=0.0765x+5.634 .96 5.53 8.71
Soil 7 y=0.1116x+5.289 95 5.10 9.06
Soil 8 y=0.102x+4.832 .98 4.80 14.39
Soil 9 y=0.0407x+5.799 .98 5.77 12.31
Soil 10 y=0.0768x+5.455 .98 5.41 11.00
Soil 11 y=0.0472x+6.150 .88 6.02 3.18
Soil 12 y=0.0311x+6.302 .97 6.27 3.15
Soil 13 y=0.038x+6.355 .89 6.27 1.18
Soil 14 y=0.0351x+6.192 .84 6.07 3.08
Soil 15 y=0.0297x+6.141 .98 6.11 5.35
Soil 16 y=0.0345x+6.187 L8 6.18 3.28
Soil 17 y=0.039x+5.971 95 5.99 8.44
Soil 18 y=0.0715x+6.139 .89 5.95 2.24
Soil 19 y=0.0991x+5.158 .96 5.00 11.52
Soil 20 y=0.1025x+ 5.4027 97 5.25 8.75
Soil 21 y=0.0632x+5.184 .98 5.11 17.65
Soil 22 y=0.0724x+5.619 .96 5.51 9.41
Soil 23 y=0.0824x+5.750 97 5.67 6.67
Soil 24 y=0.1137x+5.358 91 5.12 8.28
Soil 25 y=0.0772x+6.260 .90 6.08 0.52
Soil 26 y=0.0399x+6.106 92 6.07 4.86
Soil 27 y=0.0751x+4.999 97 4.91 17.32
Soil 28 y=0.046x+6.245 .93 6.18 1.20
Soil 29 y=0.0301x+5.991 97 5.96 10.27
Soil 30 y=0.0772x+6.189 .95 6.05 1.57
Soil 31 y=0.0428x+5.817 97 5.78 11.28
Soil 32 y=0.0298x+ 6.064 97 6.10 7.92
Soil 33 y=0.0796x+5.251 .87 5.01 13.17
Soil 34 y=0.0678x+4.915 .98 4.97 20.42
Soil 35 y=0.0789x+5.299 .99 5.33 12.68
Soil 36 y=0.0756x+5.785 .98 4.80 6.81
Soil 37 y=0.032x+5.989 .96 5.96 9.71
Soil 38 y=0.0309x+5.659 .98 5.69 20.74
Soil 39 »y=0.0513x+5.890 .98 5.83 7.99
Soil 40 y=0.0467x+ 6.508 .93 6.41 0.00
Soil 41 y=0.0568x+6.210 94 6.12 1.58
Soil 42 y=0.0711x+5.218 1.00 5.20 15.22
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Lime requirement to a
target pH of 6.3

Soil number Incubation equation ¥’ Value Initial soil pH (tonnes ha™")
Soil 43 y=0.0519x+5.582 .96 5.56 13.83

Soil 44 y=0.0349x+5.563 .92 5.62 21.12

Soil 45 y=0.0372x+6.541 93 6.48 0.00

Soil 46 y=0.037x+6.192 .88 6.10 2.92

Soil 47 y=0.0639x+4.952 91 4.96 21.1

Soil 48 y=0.0423x+6.002 97 5.98 7.05

Soil 49 y=0.0275x+5.971 .92 5.91 11.97

Soil 50 y=0.0712x+5.239 .99 5.27 14.91

Note: y=The lime response in tonnes ha™", while x is the pH measured following a 0.02M CaCl, extraction.
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FIGURE 1 (a-d) Scatter graphs representing the relationship between lime application and soil pH.

wide LRs displayed by Table 2. The same study also in-
vestigated the correlation between the calcium hydroxide
titration method and the lime incubation study in two tri-
als: 16 soils in a lab incubation trial and 12 soils in a field
incubation trial, with the 7* value moving from .95 for the
lab trial to .76 for the field trial. In another field incuba-
tion study across 14 sites (but with a total n value of 437),
the 1 values for MM, Sikora and SMP decreased from .28
to .18 and .12, respectively (Pagani & Mallarino, 2012),
highlighting the additional variability in a field incubation
trial.

Using seven soils all with medium levels of OM (4.3
to 7.1), Hoskins and Erich (2008) saw #* values from .87

to .96 comparing the SMP buffer to the lime incubation
study. The increase in r* values was seen when the LR pH
was increased from 6.0 to 7.0. In the same study, the MM
buffer had slightly better r* values of .91 to .96—again the
increases see when the LR pH was raised from 6.0 to 7.0.
In a similar lime incubation study conducted over 3weeks
with 22 soils from Pennsylvania in the United States, the
opposite trend was seen with the r* values when the LR
requirement was raised from 6.5 to 7.0 with the SMP buf-
fer having values of .87 and .82 while the MM had values
of .92 and .87, respectively (Wolf et al., 2008). Again, these
improved correlations may be explained by the textures
of the soil as well as its OM content, with the clay content
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TABLE 3 Correlations between soil pH or lime requirement estimates provided by various lime requirement methods and lime requirement values determined by a 28-day lime incubation

study.

Roth lime
method

Calcium hydroxide

titrations

Modified

CaCl, pH

Sikora

TSM

Mehlich

SMP

.576
379

480
391

.545
.382

522
327

488
284

471
.376

442

514

7%-23.5% Clay r* value

SoilUse
and Management

24%-38% Clay r* value

All soils

429
.655

410 .397
.630

.384

.348

409

497

R?value

—.640
<.0001

—.620
<.0001

—-.590
<.0001

—.639
<.0001

—.705

<.0001

Pearson correlation

<.0001

<.0001

p Value

&

4.554+1.28x

y=-

2.8+382x

y=

40.1-6.2x

y:

142.3-20x

y=

53.6-6.5x

y:

65.2-9.6x
pH was determined by individual methods listed in the above table.

y=

54.8-7.5x

y=

Correction equation

sRmsH
SOGETY
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LR as predicted by the lime incubation study, while x

Note:y

varying from 16% to 26% and the OM varying from 2.2%
to 4.8%.

The Rothlime method provided the strongest correla-
tion in the lower clay category (+* value of .576), however,
this was reduced to .379 in the higher clay category. The
Rothlime method was designed for simple on-farm calcu-
lations and thus uses rounded figures from broad variable
inputs, for example, arable versus grassland, along with
five types of soil from peats to sand. This ease-of-use ap-
proach (although it still requires the inputters to have a
water—soil pH) thus will affect accuracy and it has been
shown to overestimate the LR, particularly with more
acidic soils (Boyko et al., 2023).

3.4 | Correlations with the SMP buffer

Table 4 describes the correlations between the SMP buffer
method and other LR determination methods. The corre-
lation is evaluated for different clay content ranges, low
clay (7%-23%) and high clay (24%-38%), which empha-
sizes the effect of this factor on lime prediction. The goal
of these correlations was to find an alternative LR method
to the SMP buffer method for Irish grassland mineral soils.
The Ca(OH), titration method had the highest ? (.816)
values across all soils with little difference seen between
the two clay categories (.882 for low clay and .848 for high
clay soils), while the Sikora buffer method ¥ values im-
proved from .496 to .724 from the low to high clay soils.
Of the buffer methods, the MM buffer had the highest P
value of .763, again with little difference in correlations
from low to high clay soils (.800 to .771). Liu, Warneke,
and Jacobsen (2004), Liu, Kissel, et al. (2004) carried
out a study to establish the equilibrium pH of saturated
Ca(OH), solution with 17 diverse soils and assess the ti-
tration procedure's ability to predict LR compared with
standard incubation methods. The findings indicated that
LR estimates were accurate when a 30-min equilibration
time between base additions was employed with r* values
of .99.

In an interlaboratory trial, Tunney et al. (2010) found
strong agreements across 57 mineral grassland soils be-
tween the SMP buffer pH and Sikora, MM and the Ca(OH),
titration pH, with Pearson values of .98, .96 and .97, re-
spectively. Pearson values for this study were quite simi-
lar .822, .873 and —.903 for the same techniques. Tunney's
study, however, did not calibrate the various methods
against a lime incubation trial (Table 2). Another study
on arable soils in Iowa, USA (n=481), found 7 values cor-
relating the SMP buffer pH to Sikora buffer pH and the
original Mehlich buffer pH of 0.85 and 0.72, respectively
(Pagani & Mallarino, 2012). After calibrating both the SMP
and MM buffer method against a lime incubation study,
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TABLE 4 Correlations between soil pH or lime requirement estimates provided by various lime requirement methods, and soil pH as predicted by the SMP buffer.

Roth lime
method

Calcium hydroxide

titrations

Lime

CaCl, pH

Sikora

Modified Mehlich TSM

incubations

611
.667

.882
.848

.674
.684

496
724

.653
.626

.800
771

442

7%-23.5% Clay r* value
24%-38% Clay r* value

All soils

514

.587

.816

.585
.765

.675
.822

.620
787

.763
.873

497

 Value

—.766
<.0001

—.903
<.0001

—.705
<.0001

Pearson correlation

<.0001

<.0001

<.0001

<.0001

p Value

7.6-0.14x

y:

6.95-51.48x

y:

2.6240.7x

—10.5+2.5x y=

y:

0.52+0.81x

y:

—1.11+1.24x

y:

63.49-7.3x

y:

LR as predicted by the SMP Buffer, while x

Correction equation

pH is determined by individual methods listed in the above table.

Note:y
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Hoskins and Erich found a significant difference between
their LR predictive values, with the SMP buffer showing
a higher bias for soils with a low LR, while MM biased
towards soils with a higher LR; however, these differences
were found to be within the limit of resolution according
to local testing guidelines (Hoskins & Erich, 2008).

In Ireland, soils tend to have a higher OM content as
a result of higher rainfall and the fact that almost 80% of
the area under grassland can be considered permanent
grassland owing to not having been ploughed in a num-
ber of years (Rath & Peel, 2022; Tunney et al., 2010). The
level of OM will have a significant influence on the buff-
ering capacity of the soil and ultimately the LR of the soil
(Kumar et al., 2012). The higher OM levels are often as-
sociated with soils with a higher clay content caused by
the water retention properties of this fine-earth material,
thus the impact on the buffering capacity may be synergis-
tic. The range of soils used here appears to have a much
wider range of % OM and clay content and thus LR (as
seen from the incubation study; Table 2) than currently
seen in similar studies across literature. It is likely this di-
versity of traits had an impact on the predictive powers
of these tests. This impact is seen by the superior correla-
tions between the SMP buffer method and other LR tests
(Table 4), that is, not seen in the comparisons with the in-
dividual LR tests and the lime incubation study (Table 3).

4 | CONCLUSION

The SMP buffer test, despite the need to find a suitable re-
placement, was the most accurate predictor of LR accord-
ing to a lime incubation study for Irish mineral grassland
soils. Any choice of alternative methods must consider a
number of factors, as well as accuracy, and include ease of
use, throughput and safety for technicians and disposal.
The buffer methods allow for a high throughput of sam-
ples as a result of their relatively quick reaction time. After
the SMP method, of the other buffer methods described,
the MM was the next best predictor of LR based on the in-
cubation study; however, the accuracy of the MM was re-
duced in the higher clay category. The MM buffer was also
the closest alternative buffer method to the SMP buffer
method in terms of correlations (after the Ca(OH), titra-
tion method). Finally, this study highlighted the impact of
soils with a higher OM and clay contents on the accuracy
of current methods for determining LRs.

ACKNOWLEDGEMENTS

The authors wish to acknowledge Michael Murphy and
Philip Dwyer for their help in identifying appropriate
farms and locations for soil collection and analysis. This
research has been funded by the postgraduate scholarship

85U8017 SUOWWOD BRI 3(edl|dde auy Aq peusenob a1e seolie VO ‘8sn JO S8l J0j Afeid)8Ul|UQ AB|IA UO (SUOIPUOD-PUR-SLLIBI WD A8 | 1M AReq1Bul Uo//Scy) SUOTPUOD pUe Swis | 8y} 89S *[rZ02/v0/vz] Uo A%iqiauliuo A8|IM ‘A vYOa HOX V3S3H HLTvaH Ad ¥E0ST Wns/TTTT 0T/I0p/W00 A8 | Aeiq 1 pul|uo's funosssay/:sdny wioly pspeojumod ‘T '¥20z ‘ev.2SLyT



120f 13 WILEY SoilUse %

MACKESSY ET AL.

and Management

SGiEnce

scheme from MTU Kerry. This funder provided support
in the form of scholarship for the author F.M. Open access
funding provided by IReL.

CONFLICT OF INTEREST STATEMENT

All authors declare that the research was conducted in
the absence of any commercial or financial relation-
ships that could be construed as a potential conflict of
interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID
P. Quille ( https://orcid.org/0009-0004-8842-3549
REFERENCES

Bonecke, E., Meyer, S., Vogel, S., Schroter, 1., Gebbers, R., Kling, C.,
Kramer, E., Liick, K., Nagel, A., Philipp, G., Gerlach, F., Palme,
S., Scheibe, D., Zieger, K., & Rithlmann, J. (2021). Guidelines
for precise lime management based on high-resolution soil pH,
texture and SOM maps generated from proximal soil sensing
data. Precision Agriculture, 22, 493-523. https://doi.org/10.
1007/s11119-020-09766-8

Boyko, R., Paton, G., Walker, R., Watson, C., & Norton, G. (2023).
A comparison of soil liming requirement methodologies in
temperate, northern European pedo-climates. Journal of Plant
Nutrition and Soil Science, 186, 543-553.

Carter, M. R., & Gregorich, E. G. (Eds.). (2006). Soil sampling and
methods of analysis. In Canadian society of soil science (2nd
ed.). Taylor & Francis Group, LLC.

Cherian, C., & Arnepalli, D. N. (2015). A critical appraisal of the role
of clay mineralogy in lime stabilization. International Journal
of Geosynthetics and Ground Engineering, 1, 8.

Eckert, D., & Sims, J. T. (2009). Recommended soil pH and lime re-
quirement tests. In Recommended soil testing procedures for
the Northeastern United States.

Godsey, C. B., Pierzynski, G. M., Mengel, D. B., & Lamond, R. E.
(2007). Evaluation of common lime requirement methods. Soil
Science Society of America Journal, 71(3), 843-850.

Goulding, K. W. T. (2016). Soil acidification and the importance of
liming agricultural soils with particular reference to the United
Kingdom. Soil Use and Management, 32(S1), 390-399.

Government of Ireland. (1953). Standard specification (Ground
Limestone) order, 1953. Industrial Research and Standards Act,
1946 (No. 25 of 1946). Sean F. Lemass, Minister for Industry and
Commerce.

Han, D., Zeng, S., Zhang, X., Li, J., & Ma, Y. (2023). Integrating soil
pH, clay, and neutralizing value of lime into a new lime require-
ment model for acidic soils in China. Agronomy, 13(7), 1860.

Hirpo, T., Tesfamaraiam, A. A., & Abebe, A. (2020). Comparison
of laboratory methods in predicting the lime requirement of
acid soil in Wombera District, North-western Ethiopia. African
Journal of Agricultural Research, 16(6), 860-868. https://doi.
org/10.5897/AJAR2019.14665

Holland, J. E., White, P. J., Glendining, M. J., Goulding, K. W. T., &
McGrath, S. P. (2019). Yield responses of arable crops to lim-
ing — An evaluation of relationships between yields and soil
pH from a long-term liming experiment. European Journal of
Agronomy, 105, 176-188.

Hoskins, B. R., & Erich, M. S. (2008). Modification of the Mehlich
lime buffer test. Communications in Soil Science and Plant
Analysis, 39(15-16), 2270-2281.

Keeney, D. R., & Corey, R. B. (1963). Factors affecting the lime re-
quirements of Wisconsin soils. Soil Science Society of America
Journal, 27(3), 197-201. https://doi.org/10.2136/sss2j1963.
03615995002700030019x

Kumar, M., Khan, M. H., Singh, P., Ngachan, S. V., Rajkhowa, D. J.,
Kumar, A., & Devi, M. H. (2012). Variable lime requirement
based on differences in organic matter content of iso-acidic
soils. Indian Journal of Hill Farming, 25(1), 26-30.

Kumari, N., & Mohan, C. (2021). Basics of clay minerals and their
characteristic properties. Clay and Clay Minerals. IntechOpen.
https://doi.org/10.5772/intechopen.97672

Lemire, E., Taillon, K. M., & Hendershot, W. H. (2006). Using pH-
dependent CEC to determine lime requirement. Canadian
Journal of Soil Science, 86, 133-139. https://doi.org/10.4141/
S05-002

Liu, D., Warneke, J. E., & Jacobsen, J. S. (2004). A simple method
for estimating lime requirement of acid soils from pH and base
saturation data. Australian Journal of Soil Research, 42(5), 579—
587. https://doi.org/10.1071/SR04010

Liu, M., Kissel, D. E., Sonon, L. S., Cabrera, M. L., & Vendrell, P.
F. (2008). Effects of biological nitrogen reactions on soil lime
requirement determined by incubation. Soil Science Society of
America Journal, 72(3), 720-726.

Liu, M,, Kissel, D. E., Vendrell, P. F., & Cabrera, M. L. (2004). Soil
lime requirement by direct titration with calcium hydrox-
ide. Soil Science Society of America Journal, 68(4), 1228-1233.
https://doi.org/10.2136/ss52j2004.1228

Makepeace, C., Moore, A., Sullivan, D. M., & Huggins, D. R. (2022).
Evaluation of nonhazardous lime requirement estimation
methods for Oregon soils. Soil Science Society of America
Journal, 86(5), 1354-1367.

McCauley, A., Jones, C., & Jacobsen, J. (2009). Soil pH and organic
matter.

McFarland, C., Shiwakoti, S., Carpenter-Boggs, L., Schroeder, K.,
Brown, T., & Huggins, D. R. (2020). Evaluating buffer methods
for determining lime requirement on acidified agricultural soils
of the Palouse. Nutrient Management & Soil & Plant Analysis,
84,1769-1781. https://doi.org/10.1002/saj2.20111

McLean, E. O., Dumford, S. W., & Coronel, F. (1966). A comparison
of several methods of determining lime requirements of soils.
Soil Science Society of America Journal, 30(1), 26-30.

Mehlich, A. (1976). New buffer pH method for rapid estima-
tion of exchangeable acidity and lime requirement of soils.
Communications in Soil Science and Plant Analysis, 7(7), 637-
652. https://doi.org/10.1080/00103627609366673

Metzger, K., Zhang, C., Ward, M., & Daly, K. (2020). Mid-infrared
spectroscopy as an alternative tolaboratory extraction for the
determination of lime requirement in tillage soils. Geoderma,
364, 114171.

Nduwumuremyi, A. (2013). Soil acidification and lime quality:
Sources of soil acidity. Effects on Plant Nutrients, Efficiency of
Lime and Liming Requirements.

85U8017 SUOWWOD BRI 3(edl|dde auy Aq peusenob a1e seolie VO ‘8sn JO S8l J0j Afeid)8Ul|UQ AB|IA UO (SUOIPUOD-PUR-SLLIBI WD A8 | 1M AReq1Bul Uo//Scy) SUOTPUOD pUe Swis | 8y} 89S *[rZ02/v0/vz] Uo A%iqiauliuo A8|IM ‘A vYOa HOX V3S3H HLTvaH Ad ¥E0ST Wns/TTTT 0T/I0p/W00 A8 | Aeiq 1 pul|uo's funosssay/:sdny wioly pspeojumod ‘T '¥20z ‘ev.2SLyT


https://orcid.org/0009-0004-8842-3549
https://orcid.org/0009-0004-8842-3549
https://doi.org/10.1007/s11119-020-09766-8
https://doi.org/10.1007/s11119-020-09766-8
https://doi.org/10.5897/AJAR2019.14665
https://doi.org/10.5897/AJAR2019.14665
https://doi.org/10.2136/sssaj1963.03615995002700030019x
https://doi.org/10.2136/sssaj1963.03615995002700030019x
https://doi.org/10.5772/intechopen.97672
https://doi.org/10.4141/S05-002
https://doi.org/10.4141/S05-002
https://doi.org/10.1071/SR04010
https://doi.org/10.2136/sssaj2004.1228
https://doi.org/10.1002/saj2.20111
https://doi.org/10.1080/00103627609366673

MACKESSY ET AL.

. 13 of 13
SoilUse
and Management % Shive Wl LEY

Neina, D. (2019). The role of soil pH in plant nutrition and soil re-
mediation. Applied and Environmental Soil Science, 2019, 1-9.
https://doi.org/10.1155/2019/5794869

Nguyen, T. (2022). Lime requirement for agricultural soils: A review
of the current and potential methods for routine use. Journal
of Plant Nutrition and Soil Science, 15(3), 127-140. https://doi.
0rg/10.1002/jpln.202100357

O'Sullivan, L., Fealy, R., Simo, L., & Creamer, R. (2018). Soil geogra-
phy and development of the Third Edition National Soil Map.
The Soils of Ireland. (pp. 55-116). Springer.

Pagani, A., & Mallarino, A. P. (2012). Comparison of methods to
determine crop lime requirement under field conditions. Soil
Science Society of America Journal, 76(5), 1855-1866.

Parfitt, R. L., Giltrap, D. J., & Whitton, J. S. (2008). Contribution of
organic matter and clay minerals to the cation exchange capacity
of soils, 1343-1355.

Ramos, F. T., Dores, E. F. G. C., Weber, O. L. D. S., & Maia, J. C. D. S.
(2018). Soil organic matter doubles the cation exchange capac-
ity of tropical soil under no-till farming in Brazil. Journal of the
Science of Food and Agriculture, 98(9), 3595-3602. https://doi.
0rg/10.1002/jsfa.8881

Rath, M., & Peel, S. (2022). Grassland in Ireland and the UK.
University College Dublin, Department of Animal Science,
Belfield, Dublin 4, Ireland. Email: myles.rath@ucd.ie; Rural
Development Service, Department for Environment Food and
Rural Affairs, Otley Road, Lawnswood, Leeds LS16 5QT, UK.

Ross, D. S., & Ketterings, Q. (2011). Recommended methods for de-
termining soil cation exchange capacity. In Recommended soil
testing procedures for the Northeastern United States.

Ross, D. S., & Ketterings, Q. (2018). Recommended methods for de-
termining soil cation exchange capacity. In Recommended soil
testing procedures for the Northeastern United States. Edited
by Chapman (1965).

Santanna, M. A., Kaminski, J., dos Santos, D. R., dos Anjos, J.,
Cella, C., & Calegari, D. S. P. (2010). A new buffer that imitates
the SMP solution for determining potential acidity of Brazilian
soils. In: 19th World Congress of Soil Science, Soil Solutions for
a changing world. 1st-6th August 2010, Brisbane, Australia.
Department of Physical, Federal University of Santa Maria.

Shoemaker, H. E., McLean, E. O., & Pratt, P. F. (1961). Buffer meth-
ods for determining lime requirements of soils with apprecia-
ble amounts of extractable aluminum. Soil Science Society of
America Journal, 25(4), 274-277.

Sikora, F. (2006). A buffer that mimics the SMP buffer for determin-
ing lime requirement of soil. Soil Science Society of America
Journal, 70(2), 474-486. https://doi.org/10.2136/sss2j2005.0164

Sikora, F. J., & Moore, K. P. (2014). Soil test methods from the south-
eastern United States. Southern Cooperative Series Bulletin.

Sims, J. T. (1996). Lime Requirement. In D. L. Sparks, A. L. Page, P.
A. Helmke, R. H. Loeppert, P. N. Soltanpour, M. A. Tabatabai,
C. T. Johnston, & M. E. Sumner (Eds.), Methods of soil analysis:
Part 3 Chemical methods, chapter 17. SSSA. https://doi.org/10.
2136/sssabookser5.3.c17

Song, D., Xi, X., Zheng, Q., Liang, G., Zhou, W., & Wang, X. (2019).
Soil nutrient and microbial activity responses to two years
after maize straw biochar application in a calcareous soil.
Ecotoxicology and Environmental Safety, 180, 348-356.

Stiles, W. C. (2004). Soil analysis and interpretation. Cornell
University.

Teagasc.ie. (2020). Teagasc soil fertility review and lime recommen-
dations. [Online]. https://www.teagasc.ie/crops/soil--soil-ferti
lity/research-reports/soil-fertility-review-lime-recommenda
tions/

Tunney, H., Sikora, F. J,, Kissel, D., Wolf, A., Sonon, L., & Goulding,
K. (2010). A comparison of lime requirements by five methods
on grassland mineral soils in Ireland. Soil Use and Management,
26(2), 124-132. https://doi.org/10.1111/j.1475-2743.2010.00263.x

Van der Berg, V. (2017). An evaluation of lime requirement meth-
ods for selected south African soils. (Doctoral dissertation,
Stellenbosch: Stellenbosch University).

Vogel, S., Bonecke, E., Kling, C., Kramer, E., Liick, K., Nagel, A.,
Philipp, G., Riithlmann, J., Schréter, 1., & Gebbers, R. (2020).
Base neutralizing capacity of agricultural soils in a quaternary
landscape of north-East Germany and its relationship to best
management practices in lime requirement determination.
Agronomy, 10(6), 877. https://doi.org/10.3390/agronomy10
060877

Wolf, A. M., Beegle, D. B., & Hoskins, B. (2008). Comparison of
Shoemaker-McLean-Pratt and modified Mehlich buffer tests
for lime requirement on Pennsylvania soils. Communications
in Soil Science and Plant Analysis, 39(11-12), 1848-1857.

How to cite this article: Mackessy, F., McCarthy,
E., Broderick, E., O’Donnell, B., & Quille, P. (2024).
Investigating the accuracy and comparability of
various lime prediction methods for Irish grassland
mineral soils. Soil Use and Management, 40,
€13034. https://doi.org/10.1111/sum.13034

85U8017 SUOWWOD BRI 3(edl|dde auy Aq peusenob a1e seolie VO ‘8sn JO S8l J0j Afeid)8Ul|UQ AB|IA UO (SUOIPUOD-PUR-SLLIBI WD A8 | 1M AReq1Bul Uo//Scy) SUOTPUOD pUe Swis | 8y} 89S *[rZ02/v0/vz] Uo A%iqiauliuo A8|IM ‘A vYOa HOX V3S3H HLTvaH Ad ¥E0ST Wns/TTTT 0T/I0p/W00 A8 | Aeiq 1 pul|uo's funosssay/:sdny wioly pspeojumod ‘T '¥20z ‘ev.2SLyT


https://doi.org/10.1155/2019/5794869
https://doi.org/10.1002/jpln.202100357
https://doi.org/10.1002/jpln.202100357
https://doi.org/10.1002/jsfa.8881
https://doi.org/10.1002/jsfa.8881
mailto:myles.rath@ucd.ie
https://doi.org/10.2136/sssaj2005.0164
https://doi.org/10.2136/sssabookser5.3.c17
https://doi.org/10.2136/sssabookser5.3.c17
https://www.teagasc.ie/crops/soil--soil-fertility/research-reports/soil-fertility-review-lime-recommendations/
https://www.teagasc.ie/crops/soil--soil-fertility/research-reports/soil-fertility-review-lime-recommendations/
https://www.teagasc.ie/crops/soil--soil-fertility/research-reports/soil-fertility-review-lime-recommendations/
https://doi.org/10.1111/j.1475-2743.2010.00263.x
https://doi.org/10.3390/agronomy10060877
https://doi.org/10.3390/agronomy10060877
https://doi.org/10.1111/sum.13034

	Investigating the Accuracy and Comparability of Various Lime Prediction Methods for Irish Grassland Mineral Soils
	Investigating the accuracy and comparability of various lime prediction methods for Irish grassland mineral soils
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Materials
	2.2|Selection and analysis of soil samples
	2.3|Processing of soil samples
	2.4|Particle size determination
	2.5|Soil organic matter (SOM) determination
	2.6|Cation exchange capacity (CEC)
	2.7|CaCl2 pH measurement
	2.8|Buffer pH tests
	2.9|Calcium hydroxide titration method
	2.10|Lime incubations
	2.11|Statistics

	3|RESULTS AND DISCUSSION
	3.1|Properties of soils
	3.2|Twenty-­eight-­day lime incubation study
	3.3|Correlation with the lime incubation study
	3.4|Correlations with the SMP buffer

	4|CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


