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The aims of this study were to calibrate and assess the accuracy of seven buffer
solutions for determining the lirne requirement (LR) of organic soils using buffer-
pH methodology. The various buffers were evaluated by comparing the precision
of regression equations adjusted to the relationships between the LR rates required
to achieve pH 5.0 (0.01 M CaCl.; - 5.4 (HrO)), as determined by incubation, and
soil-buffer pH values. The buffers tested and their initial pH values were as fol-
lows: Shoemaker, Mclean and Pratt (SMP), pH 7.51 tr'obdruff, pH 7.0; Yuan,
pH 7.0 and 6.0; Mehlich, pH 6.6; 0.1 N Ca(OAc)., pH 5.5; 0.1 N Ba(OAc),, pH
5.5; and 0.1 N NHlOAc, pH 5.5.

Results indicate that the liming material had reacted with the CaCO, neutraliz-
able acidity of these soils within 2 mo as the pH values of the incubated samples
did not change materially from the 2nd to the 8th month of incubation. Further-
more, the pH values of the soils utilized in this study increased linearly with
increasing rates of applied CaCO,. Incubation lime requirements to achieve pH
5.0 (0.01 M CaClr) by the 34 unlimed and 12 partially limed organic soils utilized
in this study to calibrate each buffer varied from about l to 28 meq CaCO./100
mL soil (1-28 tonne/ha to a depth of 20 cm). Although, the SMP (r : -O.!Jlx*)
and Woodruff (r : -0.943**) buffers were somewhat less precise than the Meh-
lich (r : -0.9'75), Ba-acetate (r : -0.966**), or ammonium acetate (r :
-0.976**) buffers for determining the full range of LR rates encountered in this
study, they were nonetheless as precise as any for determining the LR of organic
soils needing less than about 20 meq CaCO./100 mL soil to achieve pH 5.0 (0.01
M CaClr). Regression equations for calculating the LR of organic soils, adjusted
for differences in their bulk densities, from soil-buffer pH values are provided in
the text.

Key words: SMP. Woodruff, Mehlich, Yuan, acetate buffers

[D6termination des besoins en chaux de sols organiques acides au moyen de solu-
tions tampon.]
Titre abr6g6: D6termination des besoins en chaux des sols organiques.
Les buts de cette 6tude furent de calibrer et d'dvaluer I'exactitude de sept solutions
tampons pour d6terminer le besoin en chaux des sols organiques acides. l'6valua-
tion de ces divers tampons fut rdalis6e en comparant la pr6cision des 6quations de
r6gression ajust6es aux relations entre le besoin en chaux pour atteindre un pH de
5,0 (0,01 M CaClr; 5,4 (HrO), tel qu'indigud par la m6rhode d'incubarion, et les
valeurs du pH des m6langes sols-tampons. Les tampons suivants furent v6rifi6s

rPresent address (W.VL.): Soils Branch, British Columbia Ministry of Agriculture and Food, 1873 Spall Rd.,
Kelowna. B.C. VIY 4R2.
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aux pH initiaux indiqu6s: Shoemaker, Mclean et Pratt (SMP), pH 7,5; Woodruff,
pH 7,0; Yuan, pH 7,0 et 6,0; Mehlich, pH6,6;0,1 N Ca(OAc)', pH 5,5; 0,1 N
Ba(OAc)r, pH 5,5; et 0,1 N NHoOAcr, pH 5,5. Les resultats de cette 6tude indi-
quent que la chaux appliqu6e (CaCO,) r6agit avec I'acidit6 du sol neutralisable par
le CaCO, en moins de deux mois, puisque les valeurs de pH des sols incubds ne
changeaient plus de faEon importante entre le 2idme et le 8ibme mois. De plus,
les pH des sols de cette 6tude augmentaient lin6airement avec des doses croissantes
de CaCO, ajout6es au sol

Tel qu'indiqu€, par la m6thode d'incubation, les besoins en chaux pour atteindre
un pH de 5,0 (0,01 M CaCIJ des 34 sols non chaul6s et 12 partiellement chaul6s,
utilis6s pour calibrer chaque tampon, se situaient entre 1-28 meq CaCO,/i00 mL
de sol (1-28 tonne/ha pour une profondeur de 20 cm). A partir de sept tampons
essay6s, cinq furent calibr6s pour d6terminer le besoin en chaux des sols organi-
ques. Quoique les tampons SMP (r : -0,957**) et Woodruff (r : * 0,943*x)
furent quelque peu moins prdcis que ceux de Mehlich (r : -0,9'75**) ou de
I'ac6tate de barium (r : -0,966**) ou d'ammonium (r : -0,976**) pour
d6terminer ie besoin en chaux de 1'ensemble des sols de cette 6tude, ces tampons
6taient n6anmoins aussi pr6cis que les autres pour d6terminer le besoin en chaux
des sols organiques ayant besoin de moins de 20 meq CaCOr/100 mL pour atteindre
un pH de 5,0 (0,01 M CaCOr). Les besoins en chaux de ces sols, ajust6s pour
leurs diff6rences en densit€ apparente peuvent Otre calcul6s ir partir des valeurs du
pH des m6langes sol-tampon au moyen des 6quations de r6gression incluses dans
le texte.

Mots cl6s: SMP, Woodruff, Mehlich, Yuan, tampons acetate

A number of studies indicate that maxi- soil to raise its pH to a specific value. To
mum crop yields can be obtained on or- this end, several buffer-pH methods have
ganic soils at lower soil pH levels than been developed and verified for measuring
usually recommended for similar crops the LR of mineral soils (Woodruff 1948;
grown on mineral soils (Nygard 1954; Shoemaker et al. 1961; Ytan 1974, 1916;
Davis and Lucas 1959; Jasmin and Heeney Mehlich 1976; Mclean et al. 1978; Fox
1962; Reith and Robertson l9'71; van 1980; Tran and van Lierop 1981, 1982).
Lierop and MacKenzie 1915). These in- Mclean et al. (1966) mentioned that the
quiries have, however, also shown that SMP buffer (Shoemaker et al. 1961) had
crops attain such yields at different degrees also been calibrated for determining the
of soil acidity. Nonetheless, results ob- lime requirement (LR) of peat soils and he,
tained by van Lierop and MacKenzie presumably, published that calibration in
(1915) and van Lierop et al. (1980) indi- 1973 (Mclean 1973). Neither the tech-
cate that crop yields remain at a maximum nique used for achieving that calibration
over a fairly wide range of soil pH values. nor any verification seem, however, to

A wide variety of crops are frequently have been published since then. More re-
grown on a given field of organic soil when cently, Mehlich (1976) proposed a new LR
used for vegetable production. Therefore, determination buffer which he also cali-
an appropriate criterion for liming such brated for organic soils containing more
fields is to choose a pH level sufficiently than 2OVo organic matter; his calibration
high to allow production of the most de- was, however, not achieved by using in-
manding crop in the sequence, while main- cubation LR values as is usually done for
taining these soils as acid as possible to reference purposes. The quantities of lime-
minimize their rate of oxidation, hence stone indicated by the SMP buffer are
subsidence. The lime requirement (LR) of meant to raise the pH of organic soils to
a soil is usually defined as the amount of 5.2 (HrO). On the other hand, the quan-
liming material required by a plow layer of tities recommended by the Mehlich buffer
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LIME REQUIREMENT

are not meant to achieve any particular soil
pH but rather to neutralize that fraction of
the soil acidity presumed harmful to plant
growth.

A soil pH of 5.2 (HrO) seems high
enough for achieving maximum crop yields
on peat soils according to the results ob-
tained by van Lierop et al. (1980). Ac-
cording to their study, alfalfa attained
maximum yield at pH 4.5 (KCl) which is
equivalent to about pH 5.2 (HrO) accord-
ing to van Lierop (1981a). Although a soil
pH of 5.2 (HrO) would permit achieving
maximum yields by crops which have a tol-
erance to acid soil,conditions that is greater
or equal to that of alfalfa, this norm would
not allow any safety margin for growing
crops that have a tolerance comparable to
that of alfalfa. Such a margin might be of
some practical benefit as field pH values
fluctuate during a growing season, partic-
ularly in soils that contain unreacted car-
bonate, as indicated by van Lierop and
MacKenzie (1977). Consequently growth
of the more sensitive crops could be hind-
ered by excessive acidity during part of the
growing season if the soil pH should fall
below this norm. A soil pH of 5.0 (0.01 M
CaClr) which is approximately equivalent
to 5.4 (HrO) was, therefore, chosen for
calibrating the buffers verified in this
study.

The quantities of limestone recom-
mended by the SMP buffer method for
achieving pH5.2 (HrO) are, however, not
adjusted for differences in bulk densities
between organic soils, though in the pro-
cedure proposed by Mehlich soil samples
are scooped instead of weighed and thus
the recommended LR values obtained may
be more accurate. Laboratory data can,
however, only be accurately extrapolated
into field recommendation by compensat-
ing for differences in BD as indicated by
van Lierop (l98lb). Accordingly, the ac-
curacy of recommendations can be in,
creased by using a measured instead of an
assumed average BD value, as the actual
BD of organic soils may vary by several

DETERMTNATToN FoR oRGANrc sorls 413

hundred percent from an average value.
The objectives of this study were, there-
fore, to calibrate and evaluate a number of
buffers for determining the LR of organic
soils using buffer-pH values to indicate the
LR. Furthermore, these calibrations should
compensate for differences in BD among
organic soils thereby improving the accu-
racy of field recommendations.

MATERIALS AND METHODS
To achieve the objectives of this study, seven
LR determination buffers were evaluated by
comparing the precision of regression equations
fitted to relationships between incubation LR
and buffer pH values. The magnitude of the
standard error of estimate (sr") and correlation
coefficient (r) were taken as measures of rela-
tive precision of the regression equations in this
study. The following buffers were tested at the
indicated initial pH values: SMP, pH 7.5
(Shoemaker et al. 1961); Woodruff, pH 7.0
(Woodruff 1948); Yuan, pH 7.0 and 6.0 (Yuan
l9'74, l9'76); Mehlich, pH 6.6 (Mehlich 1976);
0.1 N NH4OAc, pH 5.5; 0.1 N Ba(OAc)2, pH
5.5; and 0.1 N Ca(OAcL, pH 5.5. The initial
pH values of 0.1 N calcium, barium and am-
monium acetates were decreased to pH 5.5 with
0.1 N HCl. All buffers were tested by using l:2
vol/vol soil-buffer ratios. The soil-buffer mix-
tures were swirled for 30-min at about 130 os-
cillations per minute before measuring soil-
buffer pH values. Both supernatant and suspen-
sion pH values were measured in each sample
for every buffer tested; these operating modes
were examined to select the one which was most
closely correlated with the incubation lime re-
quirements of these soils. After obtaining the
supernatant pH value, a magnetic stirrer was
added to the sample and used to agitate it vig-
orously while reading the suspension va1ue. The
effect of soil water content on soil-buffer pH
values was also examined by comparing the av-
erage suspension pH values obtained at two soil
water contents with a t-test. Soil-buffer pH data
for this comparison were obtained by using
buffers at their usual and twice their usual con-
centrations at 1:4 and l:2 soil-buffer ratios, re-
spectively.

A calomel reference electrode with a ground-
glass sleeve junction instead of the more com-
mon fiber junction was used with a glass elec-
trode to determine soil oH: this combination
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was tbund to give relatively faster stable read-
ings with excellent long-term reliability. The
pH meter was calibrated with the usual buffer
standards (7.0 and 4.0) to ensure that the system
was working properly. After this initial verifi-
cation, the pH meter was adjusted to the initial
pH of the LR buffer using an aliquot of that
buffer. Thereafter, the buffer was used to verify
and adjust the calibration of the pH meter pe-
riodically during its use.

Volumetric soil samples were utilized in this
study. These were obtained by pressing soils by
hand, using thumb and forefinger, until no more
soil could be compacted into a 17-mL cup as

described for the reconstituted BD method by
van Lierop (1981b). The exact size of the cup
is, however, not important, any size between
about 15 and 20 mL should be adequate as long
as twice its volume of buffer is used. This pro-
cedure was chosen to simulate the original BD
of field moist soil samples.

Thirty-four organic soils were used in this
study and represent a typical spread in histic
materials found in Quebec. The soils had the
following range in soil properties: pH(0.01 M
CaCl,), 2.64-4.46; BD, 0.17-0.40 g/ml; ash
contents 3.547Vo; and Kaila pyrophosphate in-
dex values, 93-704. The procedures used to
obtain the pH, BD and pyrophosphate data were
described by van Lierop ( 198 I a,b) and
Schnitzer and Desjardins (1965), respectively.
The ash contents were obtained by igniting
dried soil samples (105'C) in a muffle furnace
at 3'75"C for l6 h (Ball 1964).

Incubation LR values to attarn pH 5.0 (0.01
M CaClr) or 5.4 (HrO) were used to calibrate
the various buffers tested. These quantities
were obtained graphically from the relation-
ships between the quantities of added CaCO,
and the ensuing soil pH measured 2, 1, 6 and
8 mo later. The CaCO, (<400 mesh) was added
to soil samples suspended in four volumes (1:4
vol/vol) of 0.01 M CaClr: water was added to
these mixtures as required to approximately
maintain this ratio. As fairly acid soils were
sampled, they contained an insufficient number
of low LR soils for calibrating the full range of
buffer-pH values. Accordingly, after comple-
tion of the incubation period, from 12-15 par-
tially limed samples were chosen at random for
each buffer to provide a greater range in lime
requirements. To remove the CaCl, from the
incubated samples, they were transferred to a

Buchner funnel and leached with about 500 mL

of distilled water. The LR rates are expressed
in meq CaCO,/100 mL soil; these are identical
in magnitude to tonnes CaCO,/ha to a depth of
20 cm or tonnes CaCO,/2.0 x 106 L of soil.

RESULTS AND DISCUSSION
The quantities of CaCO3 required by the
unlimed organic soils of this study to
achieve pH 5.0 (0.01 M CaCl'; : 5.4
(HrO)) ranged from 4.1 to 28.3 meq/100
mL (4.1 to 28.3 tonnes CaCOr/ha to a

depth of 20 cm). The pH values of all the
soils tested increased linearly with increas-
ing rates of applied CaCO, (Fig. 1). Fur-
thermore, soil pH did not change materi-
ally between the second and eighth month
of incubation. Two important practical ap-
plications can be derived from the linear
relationships between the quantities of
added CaCO3 and ensuing soil pH. These
are as follows: (i) the LR to achieve any
other soil pH level can easily be calculated
from the information given to achieve pH
5.0 (0.01 M CaClr), and (ii) that field data
of a recent liming application can be used
to calculate the LR to achieve a desired soil
pH level.

SMP Buffer
The pH values of the soil-buffer mixtures
for the SMP buffer (Shoemaker et al. 1961)

Soil pH
(0.011'r'l CaC12 )

BD= 0.23

BD =0.37

o pH 2 months

r pH 6 months

0123
meq CaCO3/ 17mL

Fig. 1. Representative soil-CaCO, incubation
graphs for two organic soils of different bulk
densities indicating the linear relationship be-
tween soil pH and CaCO, additions.

AR

soil
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VAN LIEROP LIME REQUIREMENT DETERMINATION FOR ORGANIC SOILS 415

and the soils of this study varied from
about 3.8 to 6.0 (Fig. 2). The standard er-
ror of estimate (s,.) was, however, larger
for this buffer than most of the others
tested. Nonetheless, as can be seen from
the graph, the larger error (s" *) was caused
by the high LR soils, as the regression fit
for soils requiring less than 20 meq CaCO./
100 mL was as good for this buffer as any
tested.

This buffer is probably the most widely
used and among the most accurate for de-
termining the LR of acid mineral soils
(Mcl-ean et al. 1978; Fox 1980; Tran and
van Lierop 1981, 1982), but it is usually
calibrated for pH values ranging from 4.8
to 6.1. The calibration published by

Incubation LR
(meq CaCO3/100mL)

Mclean (1913) for determining the LR of
organic soils with the SMP buffer also cov-
ered that range. Results of the present
study indicate, however, that the effective
range of this buffer can be extended to the
calibrated range. This assertion was con-
firmed by the fact that the linearity of this
buffer was greater than most of the others
tested, as indicated by the titration curve,
for the buffer-pH range calibrated in this
study (Fig. 3). The buffering capacity of
the SMP buffer was the lowest of the buff-
ers tested. For this reason the SMP buffer
exhibited a greater sensitivity to change in
pH for a given soil LR (Table 1). This ad-
ditional sensitivity could be advantageous
when using a pH-meter which lacked this
quality. In such cases greater accuracy

oH

Soil-buffer pH

Fig. 2. Relationship between the incubation
lime requirement for achieving a soil pH of 5.0
(0.01 M CaClr) or 5.4 (HrO) and soil-buffer pH
values for the SMP buffer (. : unlimed, r :
partially limed soils).

Buffer Equation

meo H C l/20mL buf fer

Fig. 3. Titration curves of the five lime require-
ment determination buffers calibrated for use in
orsanic soils.

Table 1. Regression equations and information for calculating the lime requirement (l) of organic soils to
achieve a pH of 5.0 (0.01 M CaCl2 or 5.4 (HrO)) with the calibrated buffers

Calibrated range
(soil-buffer pH) {

LR =69.3-11.56X
sy.x=2.10

4.0 4.4 4.8 5.

SMP
Woodruff
Mehlich
Ba(OAc),
NHaOAc

3.9-6.0
5.0-6. I
4.4-6.0
4.3-5 . 3

4.6-5 .4

- 0.957r*
- 0.943**
- 0.975xx
- 0.966r*
- 0 .97 6**

tt: 69.3 -r1.s6x
t:t+2.t4-23.6x
f : 103.9 - l7 .43X
t : t+l .l - 21 ]8x
t :206.67 - 38.71X

2.10
2.45
1.64
1 .90
1.66

llime requirements are in meq CaCOy'l00 mL soil; rates are equivalent in magnitude to tonnes CaCO,/ha for
a plow layer depth of 20 cm.
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416 CANADIAN JOURNAL OF SOIL SCIENCE

could perhaps be achieved by using this
type of buffer, though the additional sen-
sitivity was not an important advantage in
this study as the precision of this buffer
was not better than most of the others
tested.

A comparison of the calibration for the
SMP buffer derived from the data of this
study to obtain a soil pH equivalent to 5.4
(H,O) with that published by Mclean
(1913) for attaining pH 5.2 (HrO) revealed
that Mclean's calibration recommended
insufficient and superfluous quantities of
limestone for organic soils when soil-buffer
pH values were lower or higher than about
5.4, respectively (Fig. 4). In fact, by using
the calibration suggested by Mclean
(1973). soils would continue to be limed
far beyond pH 5.4 (H'O). Although Mc-
Lean (1913) prescribed that soils be
weighed instead of scooped for measuring
their LR, this dissimilarity in procedure
cannot explain the differences obtained be-
tween the calibrations, as using his pro-
cedure for dried and ground organic soils
would have increased their LR, because
drying increases the BD of these soils (van

4.8 5.0 5.2 5.4 5.6 5.8 6.0
Soi l-buffer pH

Fig. 4. Comparison of the lime requirement
rates prescribed by the SMP buffer using the
calibration derived in this study and that pub-
lished by McLean (1973).

Lierop 1981b). In any event, Mclean
(1913) did not describe the procedure used
for calibrating this buffer for determining
the LR of organic soils and, consequently,
it is very difficult to speculate about the
dissimilarity between the two calibrations.
Nonetheless this difference is probably not
related to soil characteristics as such buff-
ers merely react with a calibrated portion
of the CaCOr-neutralizable soil acidity.
This conclusion is confirmed by the simi-
larities between the SMP buffer calibration
obtained by Shoemaker et al. (1961),
Mclean et al. (1978), Tran and van Lierop
(1981, 1982) for determining the LR of
acid mineral soils.

As with the other buffers reported in this
study, soil-buffer pH values should be
measured in a suspension as the correlation
coefficient calculated between the incuba-
tion LR and soil-buffer pH values de-
creased from 0.957t* to 0.793** for data
measured in suspensions and supernatants,
respectively. Furthermore, soil water con-
tents do not affect soil-buffer pH values.
This was verified by practically identical
suspension soil-buffer pH values obtained
(means 4.61 vs. 4.58, r : 0.983**) with
the SMP buffer utilized at its usual and
twice its usual concentration at l:4 and l'.2
vol/vol soil-buffer ratios , respectively. The
LR rates required by organic soils to
achieve pH 5.0 (0.01 M CaCl') or 5.4
(HrO) can be readily calculated from the
soil-SMP buffer pH values by using the
regression equation provided in Fig. 2 or
Table 1 or they can be obtained directly
from Table 2.

Woodruff Buffer
The pH values of the soil-buffer mixtures
for the Woodruff buffer (Woodruff 1948)
and the soils of this study varied from
about 5.1 to 6.1 (Fig. 5). Woodruf cali-
brated this buffer for measuring the LR of
mineral soils so that for every 0.1 pH unit
decrease in pH of the soil-buffer mixture,
for values situated between pH 7.0 and
6.0, a furrow slice of soil (: 17 cm depth)

Prescribed LR

.,(meO CaCOS/100mL

accord i ng
to McLeanC

an
. J

. S
oi

l. 
Sc

i. 
19

83
.6

3:
41

1-
42

3.
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
69

.1
78

.1
17

.1
62

 o
n 

12
/0

7/
16

. F
or

 p
er

so
na

l u
se

 o
nl

y.



VAN LIEROP - LIME REQUIREMENT DETERMINATION FOR ORGANIC SOILS 4I7

Table 2. Relationship between soit-buffer pH values and the lime requirementst of organic soils for achieving
a pH of 5.0 (0.01 M CaClr) or 5.4 (HrO) for the various calibrated buffers

Soil-buffer
pH SMP Woodruff Mehlich Ba(OAc)2

6.1
6.0
5.9
f.6
5.7
5.6
5.5
<A

5.3
5.2
5.1
5.0
4.9
4.8
4.'7
4.6
4.5
4.4
4.3
4.2
4.1
4.0
3.9

0.01
0.0
1.1
2.2
3.4
4.6
5.1
6.9
8.0
9.2

10.3
11.5
t2.'7
13.8
15.0
16.1
t7.3
18.4
19.6
20.7
2t.9
23.0
24.2

0.0
1.5
3.9
o.J
8.6

11.0
IJ.J

15.7
18.1
20.4
22.8
25.1

0.0
0.0
1.1
2.8
A<

b.J
8.0
9.8

1i.5
IJ.J

15.0
t6.7
18.5
20.2
22.0
LJ.I

25.5
27.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.8
5.6
8.4

tt.2
14.0
lo. /
19.5
zz. J
25.O
27.8

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.5
5.4
9.3

13.1
r7.o
2t.0
24.7
28.6

lRates are expressed in meq of CaCOy'lOO mL soil and are equivalent to tonnes of CaCO,/ha to a depth of
20 cm.

Incubation LR

Soil-buffer pH

Fig. 5. Relationship between the incubation
lime requirement for achieving a soil pH of 5.0
(0.01 M CaClr) or 5.4 (HrO) and soil-buffer pH
values for the Woodruff buffer G : unlimed.
1 : partially limed soils)

would need 1000 lbs CaCO.lacre to achieve
pH:6.5. Furthermore, the Woodruff
buffer is probably the first widely used
buffer for determining the LR of mineral
soils using buffer-pH methodology. Al-
though the precision of this buffer has been
corroborated over the years, it has fre-
quently been accused of lacking accuracy
(Mclean et al. 1966; Webber et al. 19'77;
Fox 1980). The likely reason for this short-
coming is that the calibration of this buffer
was not derived by using incubation LR
values for reference purposes as pointed
out by Tran and van Lierop (1981). In any
event, a different portion of the buffer ti-
tration curve was calibrated in this exper-
iment than used by Woodruff: i.e. 6.1-5.1
instead of 7.0-6.0 by Woodruff for mineral
soils. The buffer zone calibrated in this
study was substantially less linear and
more strongly buffered than that proposed
for mineral soils by Woodruff. The line-
arity of a buffer, however, seemed not to

LR =143.14-23.6X'
sy.x= 2.45 a

0
5.0 5.2 5.4 5.6 5.8 6.0
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be of overriding importance as the more
precise NHoOAc buffer had a linearity and
buffering capacity comparable to that of
the Woodruff buffer.

The standard error of estimate (s, -) for
the relationship between the incubation LR
to attain pH 5.0 (0.01 M CaCl,) or 5.4
(HrO) and the soil-buffer pH values was
greater for the Woodruff than the other
buffers. However. as can be verified from
the graph and found for the SMP buffer,
the regression fit for soils requiring less

than 20 meq CaCO./100 mL was as good
for the Woodruff buffer as anv tested. The
sensitivity of dhe Woodruff buffer, though
lower than that of the SMP buffer, was
comparable to some of the more precise
buffers tested; the sensitivity is, therefore,
not a primary contributing factor for
achieving high precision LR measure-
ments.

A curvilinear equation probably would
have provided a better regression fit for the
relationship between incubation LR and
soil-buffer pH values. This greater preci-
sion would, however, not be of any prac-
tical importance as it would only apply to
soils requiring more than 20 meq CaCO,/
100 mL (20 tonnes CaCO./ha). On such
soils it would probably be better to make
several smaller limestone applications as

this would result in a more homogeneous
dispersion of the liming material through-
out the plow layer of soil and thus avoid
localized overliming.

The LR rates required by organic soils
to achieve pH 5.0 (0.01 M CaClr) or 5.4
(HrO) can be readily calculated from the
soil-Woodruff buffer pH values by using
the regression equation provided in Fig. 5

or Table I or they can be obtained directly
from Table 2. As with the other buffers in
this study, soil-buffer pH values should be
determined in suspensions as the correla-
tion coefficient calculated between the in-
cubation LR and soil buffer pH values de-
creased from 0.943** to 0.813** for data
obtained in suspensions and supernatants,
respectively. Furthermore, soil water con-

tents did not affect soil-buffer pH values.
This was verified by the practically iden-
tical suspension soil-buffer pH values
(means 5.38 vs. 5.35, r: 0.993**) of the

Woodruff buffer utilized at its usual and

twice its usual concentration at 1:4 and l'.2
vol/vol soil-buffer ratios, respectively.

Mehlich Buffer
The pH values of the soil-buffer mixtures
for the Mehlich buffer (Mehlich 1976) and

the soils of this study varied from about
4.1 to 5.9 (Fig. 6). The sensitivity of this
buffer, as indicated by the size of the de-

crease in soil-buffer pH for a given LR,
was intermediate between that of the SMP
and the other buffers reported in Table 1.

The slope of the titration curve for the cal-
ibrated range showed that the buffering ca-

pacity of this buffer was also intermediate
between the SMP and the others as shown

in Fig. 3. Compared to the SMP or the

Woodruff. the Mehlich buffer was, how-
ever, more precise for determining the full
range of LR values encountered in this
study. Mehlich calibrated this buffer to

measure the LR of organic soils (soils

which had organlc matter contents rn ex-

I ncubation LR'
(meq CaCO3/100mL)

4.4 4.8 5.2 5.6 6.0

Soil-buffer PH

Fig. 6. Incubation lime requirement for achiev-
ing a soil pH 5.0 (0.01 M CaCl,) or 5.4 (HrO)
as related to soil-buffer pH values for the Meh-
lich buffer (. : unlimed, 1 : partially limed
soils).

LR =103.9-17.43X\
sy."=1.64 \
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cess of 20Vo) for soil-buffer values ranging
from 3.9 to 5.4 (lime requirements ranging
from 0-12.8 tonnes/ha vs. 0-21 tonnes/ha
in this study).

The main differences in the procedures
used to derive the original calibration and
that obtained in this study are as follows:
(i) only half the quantity of buffer solution
was used in the original, (ii) the reference
LR values were calculated from soil cation
exchange properties instead of, as more
commonly done, incubation LR values,
and (iii) 60-min of soil buffer equilibrium
times vs. 30-min in this study. The rates
of liming material prescribed by this
buffer, according to the original calibra-
tlon, were not intended to achieve any par-
ticular soil pH but rather to neutralize that
portion of the soil acidity presumed harm-
ful to plant growth. Effectively, this was
achieved by reducing the concentration of
exchangeable acidity in soils to a level that
had been shown by previous liming exper-
iments to allow maximum crop yields.

Despite the differences between the pro-
cedures followed by Mehlich and this
study, the limestone rates prescribed by
both calibrations were compared for the
soil-buffer values calibrated in this study.
However, as twice as much buffer solution
was used in this study than by Mehlich,
which should consequently lead to only
half the soil-buffer pH decrease, the AC
values calculated according to the equation
proposed by Mehlich were corrected by
multiplying them by two: i.e. (6.6-BpH)
x 8 instead of (6.6-BpH) x 4. Accord-
ingly, the LR rates calculated with the
regression equation derived from the data
of this study (included in Fig. 6) were con-
trasted with those calculated with the sys-
tem of equations proposed by Mehlich, us-
ing corrected AC values, for soil-buffer pH
values ranging from 4.8 to 6.0 (Fig. 7).
This comparison revealed that both cali-
brations prescribed practically identical
quantities of limestone, but at the lower
lime requirements the Mehlich calibration
prescribed slightly higher rates.

soil)

Frg. 7 . Comparison of the lime requirement
rates prescribed by the Mehlich buffer with the
calibration derived in this studv and that oro-
posed by Mehlich.

The surprising similarity between these
two calibrations revealed several important
facts. Firstly, that the calibrations derived
in these two independent studies are appli-
cable to a wider range of soils than used
in either study. Secondly, that the more
rapid (1/2-h) soil-buffer equilibrium time
can be substituted for the longer (1-h) pe-
riod used in the original calibration without
sacrificing precision. Lastly, that the orig-
inal calibration unintentionally prescribes
quantities of limestone that tend to raise
the pH of soils to the same level. Similarly,
Tran and van Lierop (1982) found that the
Mehlich buffer tended to prescribe the lime
requirements necessary to achieve a pH of
about 5.5 (HzO) of acid mineral soils.

The LR rates required by organic soils
to achieve pH 5.0 (0.01 M CaCl.) or 5,4
(HrO) can be easily calculated from the
soil-Mehlich buffer pH values by using the
regression equation provided in Fig. 6 or
Table 1 or they can be obtained directly
from Table 2. As with the other calibrated
buffers, soil-buffer pH values should be
measured in suspensions. This was indi-
cated by a lower correlation coefficient for
the relationship between the incubation LR

Prescribed LR

,tTo.r.o./1oomL

acc0rd i ng
to Meh lich

0
4.8 s.0 5.2 5.4 5.6 5.8 6.0

Soi l-buffer pH
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and soil-buffer pH values measured in su-
pernatants (.r : - 0.823**) instead of sus-
pensions (r : -0.975**). Furthermore,
soil water contents did not materially affect
soil-buffer pH as found with the other buff-
ers tested. This was indicated by the prac-
tically indentical suspension pH values
(means 5.03 vs. 5.01, r : 0.994**) for
the Mehlich buffer utilized as its usual and
twice its usual concentration at l:4 and l:2
vol/vol soil-buffer ratios, respectively.

Yuan Buffer
The range in soil-buffer pH values ob-
served with the Yuan buffer (Yuan 1974,
1976) and the soils of this study varied
from 4.36 to 5.75 and 3.67 and 5.18 with
initial buffer pH values at 7.0 and 6.0, re-
spectively. No calibration is offered for
determining the LR of organic soils with
this buffer as it was significantly less pre-
cise than most of the others tested. This
lower precision was indicated by the
smaller correlation coefficients for the re-
lationships between the incubation LR of
the unlimed soils of this study and the soil-
buffer pH values for both initial buffer pHs
'7.0 (r -0.751**) and 6.0 (r
- 0.764**). Although Yuan proposed that
his buffer be used in an innovative double-
buffer procedure, and that his methodology
was adapted by Mclean et al. (1978) for
the SMP buffer, this buffer, at either initial
buffer pH values, was shown by Tran and
van Lierop (1982) to work very well as a
single buffer method for measuring the LR
of mineral soils to achieve pH 5.5 or 6.0.
It was thought that the probable reason for
the lower precision of this buffer in the
present study, when used at the 1:2 vol/vol
soil buffer ratio, was caused by the loca-
tion of the soil-buffer pH values on a very
curvilinear portion of the titration curve.
For example, the shape of the titration
curve for this buffer is fairly linear between
pH 7.0 and 5.0, but it is strongly curvilin-
ear between pH 5.0 and 4.0, while it is
fairly linear again between pH 4.0 and 3.0.

The buffering capacity of this buffer is,
however, about eight times greater (0.4
meq HCI/A pH for 20 mL buffer) between
pH 7.0 and 5.0 than between pH 4.0 and
3.0 (0.05 meq HCI/A pH). Therefore, the
Yuan buffer was also tried at l:5 vol/vol
soil-buffer ratios to raise the soil-buffer pH
values in a more linear working range.
With the wider soil-buffer ratios, the pH
values varied from 5.61 to 6.43 and from
5.2 to 5.8 for data obtained with initial
buffer pHs of 7.0 and 6.0, respectively.
Unfortunately, the correlation coefficients
for the relationships between the incuba-
tion LR and soil-buffer pH values de-
creased to - 0.37* and - 0.43** for these
corresponding initial buffer pH values.
Possibly this buffer could be calibrated by
selecting a more suitable soil-buffer ratio,
however. no exact reasons can be offered
for its failure in this studv.

Calcium-acetate Buffer
The oH values of the soil-buffer mixtures
for the Ca(OAc)z buffer, adjusted initially
to pH 5 .5 , and the soils of this study varied
from 4.49 to 4.81 . As for the Yuan buffer,
no calibration is offered for this buffer for
determining the LR of organic soils be-
cause the relationship between the incu-
bation LR and the soil-buffer pH values for
the unlimed soils of this study was less pre-
cise (r : -0.'722**) for this buffer than
those calibrated in this study. The probable
reason for this lower precision may be that
calcium reacts preferentially with carbox-
ylic exchange groups in organic soils as

indicated by Schnitzer and Desjardins
(1965). This conclusion was confirmed by
adding I vol of 0.01 M CaCl' to barium-
and ammonium-acetate soil-buffer mix-
tures. The effect of the CaClr was to reduce
the correlation coefficients between the in-
cubation LR and soil-buffer pH values for
the unlimed samples from -0.905** and

-0.923** to -0.83x* and -0.52** for
the Ba(OAc), and NH,*OAc buffers, re-
spectively.
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Barium-acetate Buffer
The range in soil-buffer pH values ob-
served with the 0.1 N Ba(OAc), buffer,
adjusted initially to pH 5.5, and rhe soils
of this study varied from about pH 4.4 to
5.2 (Fig. 8). The sensitiviry, or rhe change
in pH of the soil-buffer mixture for a given
LR, was comparable for this and the
Woodruff buffer. Furthermore, the preci-
sion of this buffer was intermediate be-
tween, on one hand, the SMP and Wood-
ruff buffer, and on the other, the Mehlich
and NHoOAc buffer. The main advantase.
in addition to its good precision, for uslng
this or the NHoOAc buffer is their simplic-
ity and ease of preparation compared to the
other calibrated buffers. The Ba(OAc),
buffer may, however, be somewhat more
resistant to microbiological decay than the
NH.OAc.

The LR rates required by organic soils
to achieve pH 5.0 (0.01 M CaClr) or 5.4
(HrO) can be readily calculated from the
soil-Ba(OAc), buffer pH values by using
the regression equation provided in Fig. 8
or Table 1 or they can be obtained directly
from Table 2. As with the other buffers

4.3 4.5 4.7 4.9 5.1 5.3

Soil-buffer oH

Fig. 8. Relationship between the incubation
lime requirement for achieving a soil pH of 5.0
(0.01 M CaClr) or 5.4 (HrO) and soil-buffer pH
values for the 0.1 N Ba(OAc), buffer adjusted
initially to pH 5.5 G : unlimed, 1 : partiallv
limed soils).

calibrated in this study suspension soil-
buffer pH values, which were not affected
by soil water contents, should be used to
calculate the LR rates for organic soils.
The precision of this buffer was similarly
affected by the mode of pH measurement
and the soil water content as reDorted for
some of the others.

Ammonium-acetate Buffer
The pH values of the soil-buffer mixtures
for the 0.1 N NH4OAc buffer, adjusted in-
itially to pH 5.5, and the soils of this study
varied from abour 4.65 to 5.35 (Fig. 9).
Although it was the least sensitive buffer
tested, as indicated by the size of soil-
buffer pH change for a given LR, the
NH.OAc and the Mehlich buffers were the
most precise buffers calibrated. In addition
to its unexcelled precision, the main ad-
vantages to using this buffer, over the
others tested, are its low cost and ease of
preparation. It should, however, probably
be pointed out that this buffer can be read-
ily contaminated by microbiological
growth and should therefore be treated ac-
cordingly. Probably the best way to avoid
possible contamination is by not preparing
more buffer than required for every 4 or 5

Incubation LR

4.6 4.8 5.0 5.2 5.4

Soil-buff er pH

Fig. 9. Connection between the incubation lime
requirement for achieving a soil pH of 5 .0 (0.0 1

M CaClr) or 5.4 (HrO) and soil-buffer pH val-
ues for the 0. I N NHTOAc buffer adjusted ini-
tially to pH 5.5 (.: unlimed, 1: partially
limed soils).

Incubation LR

1eq CaCO3/100m1)

LR =147 .3-27 .78X '
sy.x=1.90

(meq CaC03/100m1)

r =-0.976"
LR=206.67-38.71X

C
an

. J
. S

oi
l. 

Sc
i. 

19
83

.6
3:

41
1-

42
3.

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

69
.1

78
.1

17
.1

62
 o

n 
12

/0
7/

16
. F

or
 p

er
so

na
l u

se
 o

nl
y.



CANADIAN JOURNAL OF SOIL SCIENCE

days of operation and store the unnecessary
portion in a refrigerator. Though it can be
prepared so easily by simply titrating the
required volume of 0.1 N NHoOAc to pH
5.5 with 0. 1 N HCI that it is probably just
as simple to make it fresh daily.

The rates of LR necessary by organic
soils to achieve pH 5.0 (0.01 M CaCl') or
5.4 (HrO) can be readily calculated from
the soil-NHoOAc buffer pH values by using
the regression equation provided in Fig. 9
or Table I or they can be obtained directly
from Table 2. As with the other buffers
calibrated in this study, suspension soil-
buffer pH values, which were not affected
by soil water contents, should be used to
calculate the LR rates for organic soils.
The precision of this buffer was similarly
affected by the mode of pH measurement
and the soil water content as reported for
some of the others.

CONCLUSIONS
The calibrations derived in this study re-
vealed that the SMP and Woodruff buffers
were somewhat less precise than the Meh-
lich, Ba(OAc)r or NHaOAc buffers for de-
termining the LR of organic soils needing
more than about 20 meq CaCOr/100 mL
(20 tonnes/ha to a depth of 20 cm) to
achieve pH 5.0 (0.01 M CaCL). Nonethe-
less, the SMP and Woodruff were as pre-
cise as the other calibrated buffers for de-
termining the LR of soils needing lower
rates of liming material to achieve this pH
level. Frequently, liming rates determined
from calibrations such as given in this
study are multiplied by about 1.4 to com-
pensate for differences between finely
ground pure CaCOr, used for calibrating
the buffer, and commercial limestone used
for liming fields (Woodruff 1948; Shoe-
maker et al. 1961). A commercial lime-
stone is usually less finely ground than the
CaCO3 used in this study, and its neutral-
izing power may vary from about 85 to
l05%o CaCO, equivalent. As no accurate
means seem to be available at present for
correcting for differences between reactiv-

ity of available commercial limestone and
pure CaCO. as used in this study, it is
probably more prudent not to apply any

correction factor unless the prescribed rate

is less than about 6 tonne/ha. For larger
prescribed rates it may be wiser to frac-
tionate these into two or more smaller ap-
plications of around 4-8 tonne/ha instead
of a single large addition. This approach
will result in a more homogeneous disper-
sion of the liming material in the plow
layer and will, thereby, also minimize the
risk of yield reductions caused by over-
limed zones. The choice of buffer for de-

termining the LR of organic soils is not
very important. Probably, if one of these

calibrated buffers is already in use for de-
termining the LR of mineral soils, it may
be advantageous to merely use the same

buffer with the procedure described in this
study and the appropriate calibration to de-
termine the LR of organic soils. If a buffer
has to be prepared for determining the LR
of these soils, however, it would be much
simpler to use either the Ba(OAc), or
NHoOAc buffer.
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