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ABSTRACT

SEASONAL VARIABILITY OF pH AND
LIME REQUIREMENT IN SEVERAL
SOUTHERN MICHIGAN SOILS WHEN

MEASURED IN DIFFERENT WAYS
By

Johnnie B, Collins

The variability of soil pH and lime requirement was
Anvestigated from May through September, 1966, at nineteen
s0ll sites representing thirteen southern Michigan soil series.
The experimental errors in pH determinations were also
studled.

To be reasonably certaln of a significant difference
between individual soll pH measurements a varlation greater
than #0.3 pH 138 necessary. However, when mean soll pH values
of a representative number of observations are compared, dif-
ferences greater than +0.15 pH unit are likely significant.

On the average, during the wetter portion of the sea-
gson, the alr dry and oven dry soll pH values (measured in
water) were approximately 0.5 and 0.8 pH unit lower, respec-
tively, than the corresponding fleld moist pH values., How=-
ever, during the drier portion of the season, differences
between the average pH values measured at the three molsture
conditions were less than 0.1 pH unit and non-significant.

There wWere also no significant differences between the averages



of the air dry and oven dry soll pH values measured during
the season.

The field molst soll pH values measured in water showed
the maximum seasonal variabllity and the air dry soil pH's
measured in 1.0NKCl showed the least seasonal variability.
The fleld moist pH's measured in water showed a maximum var-
lation of 1.6 pH units and an average variation of 0.8 pH
unit during the season. Similarly, the alr dry soll pH's
measured in 1l.0NKCl showed a maximum variation of 1.0 pH
unit and an average variation of less than 0.2 pH unit during
the season.

The fleld molst 801l pH values measured in water were
positively and highly correlated with organic matter content.
This 1s probably due to the combined effect of the relation-
ships of organic matter content to field moisture content,
and fleld molsture content to electrical conductivity. The
seasonal variability of the alr dry pH's measured in water
were negatively and highly correlated with electrical conduc-
tivity of the samples. Most of the soll sites exhibited no
seasonal variability of air dry pH's when measured in 1.0NKCl.
This indicates that soluble salts are probably responsible
for most of the observed seasonal varlations 1ln soll pH values.

On the average, the 0.01H0a012 end 1.0NKCl salt solu-
tions lowered the air dry soll pH's measured in water approx-
imately 0.6 and 1.0 pH unit, respectively.

BRegardless of method of determination, seasonal varia-

bility of lime requirement was observed on eleven of the
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nineteen soil sites. Using alr dry samples, only four of
the eleven sites exhlbited a lime requirement during the
earlier part of the season, but each of the eleven sltes

showed a lime requirement during mid-summer.
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INTRODUCTION

Perhaps the most important chemical test of a soll as
a medium for plant growth is its pH value or "hydrogen ion
activity". The solubility and availabilify of many nutrients
are closely related to soil pH.

Determination of pPH 1s one of the easlest and quickest
operations used in soll chemical analysis. However, the use
of soll pH values as expressions of acidity involve the con-
sideration of several factors: In the first place, does the
measured pH value glve a true expression of the acidity of
the so0ll in the field? Secondly, how variable 1s the reac-
tion of the soll in the fleld throughout the year? Thirdly,
how do the magnitudes of seasonal variations compare to the
experimental errors encountered in pH determinations,

This study was conducted from May to September, 1966,
in order to investigate: the seasonal variablility of the
acidity of the plow layers of thirteen soil series at nine-
teen sites in Southern Michigan, to observe several of the
POssible factors influencing the apparent seasonal variatlions,
and to evaluate the experimental errors in the determinations
of soil pH,

In evaluating the experimental errors, the effects of
dif ferent operators, different pH meters and different times
were considered. Consideration was given to the effect of
fle1ld moist, air dry and oven dry samples on the pH measure-

ments., Also, the pH!s of the alr dry samples collected during
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the season were measured in water, in 0.01MCaCl, and in
1.,0NKC1l solutions in order to determine the effects of the
two salt solutions on the pH measurementse Speclal attention
was also given to the varliablility of soll pH values measured
at the following moisture conditions and in two suspending
medla: fleld molst in water and in 0.01MCaCly; alr dry in
water and 1n 0.01MCaClz; and oven dry in water and 1n 0.01MCaCl,.

To help understand the seasonal variation in soil reac-
tion, electrical conductivity (or salt content), percent base
saturation, field moisture content, and organic matter con-
tent of the soll samples were investigated.

In addition, the seasonal variation of the lime require-
ment was determined and compared by the following methods:
McLean-Shoemaker-Pratt buffer, exchange acidity, and pH plus

soil texture.
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LITERATURE REVIEW

Introduction

PH 1s commonly defined as the negative logarithm of
the hydrogen ion activity. Methods for determining soil pH
may be divided into two groups: electrometric (hydrogen
electrode, quinhydrone electrode and glass electrode) and
colorimetric. The hydrogen electrode (5,25) measures the
e.m.f. of the equilibrium between gaseous hydrogen dispersed
in platinum black and hydrogen ions in solution agalnst the
e.n.fe Oof a standard calomel half cell. The quinhydrone
electrode (5) is based on the principle that for pH values
up to 8.5, the oxidation-reduction potential between quinone
and hydroqulinone depends on the hydrogen ion activity in sol-
ution., The glass electrode (30) evolved from the observa-
tion that the potential between membranes of certain low-
aluminum glasses and a solutlion is closely related to the pH
of the solution. The colorimetric methods (22) make: use of
sultable dyes or acld-base indlcators, the colors of which

change with the hydrogen ion activity.

Seasonal Variations of soll pH

It has frequently been observed (6.7.9.18.31.33,37.41,
h5-53.59.75.78.79,82,87) that pH values of soil samples taken
from the same site at different times during the year show

Considerable variations. Studies of seasonal variation in

-3=
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soll reaction are of much practical importance where this chem-
ical test is used to determine the fertllizer (particularly
micronutrients) and lime requirement of soils. Soil reaction
is also one of the criteria used in the new soil classifica-
tion system (7th Approximation) to classify certain soils

at the family level, and it has very commonly been a criterion
for differentiation among soll series. Therefore, an inves-

tigation of seasonal varliatlions in soil reaction should be

very useful.

Causes of 8easonal Yarlations in pH

Many investigations (6,7,9,18,31,43,44,45,53,78,79,82)
have also been conducted in an attempt to ascertain why soil
reaction fluctuates during the year, and to determine the mag-
nitude of the apparent varlation. A large number of inves-
tigators (18,43,44,53,78,82) have reported an increase in soil
acidity durlng the summer months. In some instances (43,44,
78) a varilation during the year of as much as 1.0 pH unit has

been reported.

Influence of salt content

Baver (6) attributed the increase in soil acidity dur-
ing the summer months to the accumulation of soluble salts.
Others (33,53,59,66,87) have reported similar findings.
Purj, et, al, (59) and Schofield, et. al. (66) pointed out
that "natural non-saline" soils contain varying amounts of

salts, and that soll pH 1s altered appreclably in the presence
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-5-

of even small quantities of neutral salts. Yuan (87) found
that a change in pH resulted when the soll was brought into
contact with a salt solution, and that the change was accom-
panied by the liberation of exchangeable and hydrolytic acid-
ity from exchangeable hydrogen and aluminum. As polnted out
by Olson (53), probably one of the important factors respon-
sible for an increase in acidity during the late spring or
early summer is the relative high concentration of salts in
the soll solution following the application of fertilizers.
This conclusion 1s contrary to the results of Bell, et, al.
(7) who found that fertilizers had no effect on seasonal

changes 1in soll pH.

Influence of drying, moisture content of samples or rainfall
The effects of drying and moisture content on variation
Of so0ll reactlion have been the subjects of many investigations
(3,6,16,19,28,41,51,52,64). Olson (53) determined the acidity
on the same sample but at different moisture contents, and
concluded that soil molisture may have an appreciable effect
on soil pH. Chapman, et. al. (19) found that at moisture
contents corresponding to the moisture equivalent, stable
Teadings may be obtained provided the electrodes are well
COovered with the moist soil. They also found that constant
and consistent readings may be obtained with the soll at or

Near the "sticky point," and that differences in moisture

Content in this general range had but little effect on the
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pH values. McGeorge (51) employed the spear type electrode
and concluded that it ylelds values that truly reflect the
aclidity under any and all growing conditions, and that the
readlngs are accurate and can be closely duplicated. Davis
(28) pointed out that attempts to measure soil pH with the
glass electrode below the moisture equlvalent are undesirable
and that there 1is no acceptable evidence that alir dry solls
are characteristically more acid or more alkaline than moist
solls.,

Burgess (16) pointed out that both air drying and oven
drying had 1little or no effect on acid soils but that drying
alkaline soils rendered them somewhat less alkallne. Arrhenius
(3) reported the effect of drying on the pH of an alkaline
soil and found that neither air drying nor drying in an oven
at 100°F brought about any change in pH values. Huberty (41)
conducted an experiment to determine the sultability of oven
dry pH values as expressions of soill acidity. He obtained
lower pH values with the oven dry samples than with the air
dry samples and observed that the oven dry pH's were no more
vVariable than the air dry pH's.

Rost (64) et, al. studied 144 soils developed from
glacial and loessial materials and found that all but one
became more acid upon air drying. Therefore, they concluded
that the only reliable indication of conditions existing in
the field are obtalned when pH!'s are determined on field moist

Samples,



Severs
fluetuations
Tan Der Pan
alternating
tat the tp
g wet arz
of high anz
Nserved g
Elperi:ent
it po,
a4 soilg
Nt ingigy

tion) ang



Several investigators (6,53,82) have related seasonal
fluctuations in soll pH values to variations in rainfall.
Van Der Paauw (82) attributed fluctuations in soil pH to
alternating periods of low and high rainfall. He observed
that the trend of pH corresponds falrly closely to alternat-
ing wet and dry periods: 1t gradually increases in periods
of high and decreases in periods of low rainfall. Baver (6)
observed similar trends in soil pH at the Ohio Agricultural
Experiment Station and he reported variations of 0.6 to 0.7
PH unlt for alkaline solls and as much as 0.9 pH unit for
acid soils. Olson (53) observed no effect of rainfall on pH
but indicated that if factors such as temperature, evapora-
tion, and others could be kept constant it 1is possible that

rainfall would have a decided influence on soil acidity.

Influence of soil water ratio

There has been little agreement among different inves-
tigators (2, 10,19,35,41,50,57,65,70,76) as to the proper
ratio of soil to water that should be used in preparation of
the s011 suspension for pH measurements. Several investlgators
(19,41,76) agree that the increase in pH upon dilution from
the 1"gticky point" to a soil-to-water ratio of 1:5 may be
Over 1,0 pH unit.

Plerre (57) found that the hydrogen activity of some
SOlls were not affected by changing the soil-water ratio from

1:2 to 1:50. Further, those soils that showed a change in pH
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no longer showed such differences after the soluble salts

were leached out. Sharp and Hoagland (25) reported no sig-
nificant differences in the pH's of soils at soll-water ratios
varying from 1:2 to 1:500, Gillespie and Hurst (35) found

no consistent differences in the hydrogen ion activity of
soils uslng soll-water ratios of 1l:1 and 1:2. His results
varled from a minus 0.15 to a plus 0.25 of a pH unit, based
on 1:1 as a standard.

Changes in soil pH with different soil-water ratios may
be dependent on organic matter content, as pointed out by
Arrhenius (2). This investigator found but little change
with a humus rich soll, but a change of 0.9 pH unit with a
sandy soil (low in organic matter), when ratios of 1:2.5 and
1:500 were compared., McGeorge (50) pointed out that the
increase in soil pH with different dilutions 1is most rapid
for soll-water ratios below 1:10. Likewise, Bradfield (10)

found that the increase in pH is most rapid for soil-water

ratios below 1:8.

On the basis of the above reports it became apparent
that a standard soll-water ratio was needed. Therefore, in
1930, the soil reaction committee of the International
Society of Soil Science (38) adopted a 1:25 soll-water
ratio as the standard. However, several states have adopted
8@ 1:1 ratio (55), and various investigators have adopted
Various ratios. The procedures used here for pH's in water

(1:1) and in 0.01MCaCl,(1:2) are those recommended jointly by
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the American Soclety of Agronomy and the American Socliety of
Testing and Materials in Agronomy No. 9, Methods of Soil

Analysis Part 2, 1965.

Influence of CO, pressure in the atmosphere

Several investigators (39,57,61,85) agree that the

effect of increased carbon dioxide 1s to decrease soil pH,

and that its effect at the partlial pressure prevalling in

the atmosphere is very small in solls having pH values below
7.0. Hoagland, et., 2l. (39) found that the hydrogen lon ac-
tivity of the suspension of acid solls is not markedly affected
by increasing the carbon dioxide content of the suspension up
to ten percent, but that the acldity of a slightly aklaline
solls 1s slightly increased by such treatment. They pointed
out that when the orliginal conditlons are restored no perma-
nent change in soll reaction could be attributed to the car-
bon dioxide., Whitney and Gardner (85) found that the pH

of calcareous solls 1s a strailght-line function of the log-
arlithm of the carbon dioxide pressure and concluded that the
PH of such soils, measured after equilibration with known
Partilal pressures of COp, should give a better indication
°f the probable pH range in the field than the pH measured
In water. In the U.S. salinity laboratory (61), the pH
Deasurements are ordinarily made after equilibration of the

8011 with the carbon dioxide pressure of the atmosphere,

regardless of the soll to water ratio used.
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Influence of plants and relation of pH to base saturation

It has been reported that plants may 1nfiuence seasonal
changes in soill reaction by removing bases from the exchange
complex during the growing season (75). Relationships be-
tween pH and base saturation have been the subject of many in-
vestigations (48,49,58,72). Morgan (52) pointed out that the
rélationship between pH and percent base saturation may be
fairly constant within a soll type, but that 1t may vary
widely between soil types. Mehlich (48,49) studied the base
saturation and pH relationships and concluded that this re-
lationshlp is almost solely influenced by the nature of the
exchange complex. For montmorillonitic solls base saturation
of the complex at pH 7.0 1s practlically complete; whereas for
kaolinitic soils at the same pH value mnly 50 to 80 percent
of the colloids are base saturated. The base saturatlion re-
lationships are very useful in classifying solls in the new

so0il classification system (7th Approximation).

Influence of absorbed aluminum

It has been reported by several investigators (13,20,
24,40,46,62,63,67,70,80,83) that in very acid soils aluminum
contributes to soil acidity. On the breakdown of clay, alum-
inum contributes to soil acidity. On the breakdown of clay,
aluminum is released and absorbed on the exchange complex.
The hydrolysis of aluminum results in the formation of
hydroxy-aluminum ions and hydrogen ions, thereby increasing

the apparent soil acidity.
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Influence of organic matter

Several investigators (1,12,15,34,68,69,74,84) have
studied the organic matter content and organic acids of
solls in relation to variations in soil reaction. They con-
cluded that the organic matter acts as a buffer, whereas the
organic aclds accumulated under anaeroblc conditions may

slightly 1nfluence soil acidity.

Influence of time interval between preparation and pH measurements

The time interval between preparing the suspension and
making the determination in relation to changes in soil pH
values has been the subject of several investigations (4,29,
50). Working with alkaline soils, McGeorge (50) concluded
that the pH decreases with an increase in the time interval.
Contrary to the above, Bailey (4) used boiled distilled
water, a 1:2 and 1:4 soil-water ratio, field moist and air
dry samples, and concluded that the pH of the suspension was
not affected by the length of time the water was 1in contact
With the soil sample. Balley's conclusion was substantially

in aggreement with the results of Dean and Walker (29).

CCanarisons of ¥arious dolorimetric methods for pH measurements

At the present time, the colorimetric method for pH de-
termination is primarily confined to fileld test kits. Mason
et.al, (47) compared several pH fieldkits based on their cost,
accuracy and adaptability for rapid use. They found that the

Teproducibility of pH values as indicated by the several field
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kits were influenced by the following: (1) experience of
operator, (2) purity of chemicals and proper adjustment of
pH, (3) cleanliness, (4) contamination, (5) and manipulation
of soll extract. In most colorimetric techniques, the pH of
an aqueous soll extract is usually measured. Woodruff (84),
however, has recently proposed a colorime tric method based
on measurement of the pH of a O.OlMCaC12 extract of soil i1n
an attempt to fix the salt concentration of the soil and
thus minimize the variation in soil pH due to fluctuation in

the amount of soluble salts.

Accuracy of glass electrode mecasurements

At present, the glass electrode is the most extensive-
1y used electrometric method for pH determinations. It is
standard equipment in most laboratories and it may be line
or battery operated.

The reproducibllity of pH values with the glass elec-
trode has been the subject of several investigations (19,23,
25,54,55,59,60,66). Chapman, et. al. (19) found that read-
ings with the glass electrode were stable, constant and con-
sistent at moisture contents corresponding to the moisture
equlvalent and/or the sticky point; providing the electrodes
were well covered with the moist soll and there was good
contact. They reported a maximum variation of 0.08 pH unit
wWith a loam soil, and a range of 0.4 pH unit with a clay loam

S01l at the above moisture content.
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However, soll pH measurements with the glass electrode
are usually made 1in dilute suspensions rather than at the
lower moisture contents. Coleman, et. al. (25) observed that
pH values obtained for a stirred soll suspension was lower
than that of the supernatant liquid and that the pH value
measured when the electrodes were pressed into the sediments
were still lower. He concluded that the measured e.m.f. which
is interpreted in terms of pH includes two terms, the activity
of hydrogen ions and a Jjunction potential, and that potentio-
metric measurements of the pH of soll suspensions or pastes
cannot be entirely attributed to soil acidity. For twelve
different soils they reported that the pH of the suspenslons
were 0.1 to 0.9 pH units lower and the pH of the sediments
were 0,5 to 1.7 pH units lower, than the pH of the supernatant
liqguid.

Peech, et. al. (55) pointed out that the error due to
the Junction potential when both the glass and calomel elec-
trodes are immersed 1n the flocculated soil suspension should
not exceed 0.25 pH unit. They indicated that the error may
be avolded in flocculated soil suspensions by placing the
salt bridge or the conventional type calomel electrode in the
clear supernatant liquid and the glass electrode in the sedi-
ments or partly settled suspension.

Schofield, et., al. (66) proposed the measurement of pH
in a 0.01MCaCl, solution. They indicated that the error due
to the jJunction potentisl could thus be minimized because

Soll suspensions are flocculated in 0.01MCaCl,. Also, they
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pointed out that the pH in 0.01MCaCl, is independent of dil-
ution over a wide range, and that 0.01MCaCl, is approximately
equlvalent to the total electrolyte concentration of the soil
solution of a non-saline soll at optimum field moisture con-
tent., Therefore the observed pH in 0.0lMCaClz should be
independent of the initial amount of salts present in non-
saline solls.

Clark (23) found that the errors due to the Jjunction
potential were not eliminated by placing the KCl bridge in
the clear supernatant liquid. However, he indicated that
the errors are essentially eliminated by insuring that the
i1onic strength of the salt in solution is less than 0,005
molar,

Many European workers have attempted to minimize sea-
sonal variatlions in soll pH values by measuring pH in 1N KCl
(59). They have indicated that pH values in 1N KCl are less
influenced by changes in biological and meteorological condi-
tlons and thus reflect a more intrinsic characteristic of the
soll than the soll pH measured in water, as is commonly done

in the United States.
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EXPERIMENTAL PROCEDURE

Location of Sites

This study was initiated in May, 1966, using thirteen
soill serles and nineteen sites. All of the series and sites
were mineral solls except one which was an organic soil
(Houghton muck). The texture of the surface, and the natural
dralnage of the solls varled from clay loam to sand and from
well to poorly drained, respectively. The pH's of air dry
samples measured in water varied from 5.2 to 8,0. The loca-
tion of each site i1s gilven 1n Table 1, and the texture, natural
dralnage, degree of erosion, percent slope, direction of slope,
vegetation or crop, and area studied at each site are glven in
Table 2.

The general soll areas were located by the use of soil
maps. From these areas, plots with uniform topography, tex-
ture, natural drainage, vegetation or crop, color of surface
and pH were selected. The sltes selected were not close to
gravel roads, dead furrows, lime or manure plles, or burned

muck areas.
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3011 Site

— et Gt

Blount

Ceresco lo.
Ceresco HNo.
Colwood No.

Colwood No.

Chelsea®*

Tiﬁbl e l °

NOH N M

Hillsdale lYo. 1

Hillsdale No. 2

Hougnton

Lapeer

Neltoosa No.

Nelkoosa No.

Oakville
Fewamo No.
Pewzmo lio.

Plainfield

Sp inks No. 1

Spinks No.

St. Clair

1
2

15

Loc=ztion of plots

County
Clinton
Ingham
Ingham
Clinton
Clinton
Clinton
Ingham
Ingham
Clinton
Ingham
Clinton
Clinton
Ingham
Clinton
Clinton
Shlawassee
Inghan
Clinton
Clinton

#Formerly celled Graycalm.

to Northern Michigan

[IW' e

watertown
Feridian
leridian
Bath

Bzth
Victor
Leslie
Feridlen
Bath
lieridien
Batn

Beth
Fleridlen
Watertown
Eagle
Woodhull
Feridian
Bath

Dalles

Graycalm is now restricted
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Sec.
SecCe
SecC.
Sec.
Sec.
Sec.
Sec.
Sec.
SecCe
SecC.
SecCe.
Sec.
SecC.
Sec.
Sec.
SecC.

Sec.

6,
36,
35,
22,
23,
31,
24,
30,
14,
19,
22,
2k,
22,
6,

20,

30,
24.

TS5,
TLN,
T4y,
T5N,
TSN,
T36N,

R3W
R1d
R1d
R1W
R1W
R1A
R1W
R1J
R14
R2d
R1W

- RIW

RLd
R34
RAW
R1E

R1lw
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Tabtle 2. Texture, degcree of erosion, rercent slope,
direction of slope, crop or veretatlon and
natural dralnsz:e of the 19 gites uced in

the study.

Soill Site Texture Decree of %

Surfece wrosion Slope
(1) (4)

Blount Clay Loam Slight 0-23
(0) (&)

Ceresco Lo. 1 3andy Loanm lorie 0-2%
(0) (4)

Ceresco No. 2 Sandy Losam Ilone 0-27%
(1) (&)

Colwood No. 1 Loam Slight 0-273
(1) (4)

Colwood No. 2 Loam 51izht 0-2%
(1) (4)

Chelcea Sand Slicht 0-2%
(1) (B)

Hillsdele Ko. Sendy Loem S%i*ht %£§;

Hillsdale No. Sandy Loam Slight 3-€%
(0) (a)

Houghton Muck None 0-273
(1) (4)

Lapeer Sandy Loam Slight 0-25%
(1) (A)

Nekoosa No. 1 Sand Slizht 0-2%
(1) (2)

Nekoosa Ko. 2 Sand Slight 0-27%
(1) ()

Oakville Sand Slight 3-€3
(1) (4)

Pewamo No. Clay Loan slicht 0-27%
(1) (a)

Pewamo No. Clay Loam Slight 0-27%
(2) (E)

Plainfield Sand Foderate 3-€3%
(1) (B)

Spinks No. 1 Loanmy Sand Slisht 3-€3
(1) ()

Spinks No. Loany Send S%ight %—%3
1 E

St. Clair Cley Loam 51light 3-€1%






Direction

of Slone
Southern
Southern
Southern
South Western
Southern
South Western
South western
Southern
Southern
Southern
South western
Southern
South western
South western
Southern
South western
South western
Southern

Southern

Table 2 .

Crop or
Vecetation

Corn
Grass
Grass
Grass
Grass
Grass
Alfalfa
Grass
Sod
Grass
Grass
Grass
Fasture
Corn
Alfalfa
Grass
Alfalfa
Corn

Alfalfa

=~J
L

Continued

MNetural
Lrainn-e
Imperfect*
Inperfect
Imperfect
Foor
Foor
Well
well
Well
Poor
well
Imperfect
Juperfect
well
Poor
Poor
Vell
Well
Well
well

Arena of Flot

Lo
50
50
30
Lo
1060
€0
Lo
1C0
Lo
Lo
30
30
100
100
30
50
80
Lo

ft.
ft.
rt.
ft.
ft.
ft.
ft.
ft.
rt.
ft.
ft.
ft.
ft.
rt.
ft.
rt.
ft.
ft.
rt.

50 ft.
50 ft.
€0 ft.
80 ft.
50 ft.
100 ft.
30 ft.
€0 ft.
200 ft.
50 ft.
100 ft.
100 ft.
80 ft.
200 ft.
200 ft.
70 ft.
80 ft.
Lo rt.
60 ft.

* nwImperfectly dralned" and "somewhat poorly dralned" are
synonymous expressions of the natural dralnage condltlons

of a soll.
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Collection of samples

Uniformity of the pH at each site was ascertained by the
variability of pH among six individual cores and a composite
sample which consisted of 20 cores. The six individual cores
were 3 inches in diameter and extended to a depth of 6 to 8
inches (the plow depth). The 20 cores of the composite sample
were one inch in diameter and extended to a depth of 6 to 8
inches. The six cores were collected by dividing each plot
into slix equal parts and takling a core from the center of
each of the six parts. The 20 cores of the composite sample
for each slte were taken according to Extension Bulletin E-498
of the Cooperative Extension Service of Michligan State Univer-
sity (23¥). Two sub-samples were taken from each of the six
individual cores and from the composlte sample, and the pH's
were determlned with the glass electrode in a 1:1 soil-
water suspension, Table 3.

After the slites or plots were located and established,
the plow layer of upper 6 to 8 inches of each-plot was sampled
about the fifteenth of each month. Ten of the sites were
sampled from May through September the other sites were sampled
from June through September. One composite sample was collected
from each plot each month in the same way the first composite

sample of each plot was collected.
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Preparation of samples

The composlite samples were well mixed in a plastic
pail., After uniform mixing, a sub-sample was taken from the
orlginal sample of each site and placed in a plastic bag.
After the sub-sample from each site was brought into the lab-
oratory, part of it was refrigerated at about 40°F. until
the fleld moist pH's could be determined and the remainder
was placed on a laboratory bench and allowed to air dry. The
samples were covered with wrapping paper, while air drying,
in order to prevent contamlnation by dust particles. Deter-
minatlons of pH on the alr dry samples were made after three
or four weeks of air drying. The pH of the field moist sam-
ples were determined from one to three days after collection
of the samples. A portion of the field moist sample from
each plot was dried in an oven for 24 hours, at approximately
100-110°F, and the pH's of these oven dried samples were also

determlined.
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METEODS OF ANALYSIS

All samples were crushed and sieved through a two mill-
imeter screen prior to analysis, and all determinations were

run in duplicate, except where otherwise indicated.

Soil reaction

The hydrogen 1lon activity was determined with a Beckman

Zeromatic pH meter and with the Hellige-Truog colorimetric kit

at the followlng moisture statuses: fleld moist, air dry,

and oven dry.

All pH measurements made with the glass electrode were
on samples with the soll water ratios as indicated, on a welight
baslis. Glass electrode pH's of the oven dry and fleld moist
samples were measured in a 1:1 soil -H,0 suspension and 1in a
1:2 soil - O.OlMCaCl2 suspension. The hydrogen ion activitiles
of the alr dry samples were also measured in a 1l:2 soil -

1NKC1 suspension, in addition to the above two suspensions.
The suspensions were each allowed to equlilibrate for fifteen

minutes with several intermittent stirrings.

Cation exchange capacity

The catlon exchange capacities were determined by sat-
urating the exchange complex with sodium ions (1N NaAc, at pHB8.2)
and replacing the sodium ion with ammonium ions (1N NH4Ac)

(42). The sodium in dilute solution was determined with a
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Coleman flame photometer, and expressed as m.e./100 grams

of soil.

Total exchangeable metallic cations

The total exchangeable bases were determined by the

titration method as described by Bray and Willhite (42).

rlectrical conductivity

The total soluble salt content was estimated by the
electrical conductivity method as described by Greweling and
Peech (36). A Solu-Bridge soil tester (Model RD-15) was used

and the specific conductance was expressed as mhos x 10‘5/cm.

Organic matter content

Total organic matter was determined by the ignitlion and

welight loss method as described by Mitchell (42).

Lime requirement

Lime requirement was evaluated by the following three

methods:

1. Shoemaker, et. al., buffer method (73).

2. pPH - Texture method (77). ,

3. Exchange acidity - determined by difference be-
tween cation exchange capacity and total exchange-
able metdallic cations.

The lime requirements as determined by the above three

methods were compared.
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RESULTS AND DISCUSSION

Evaluation of the errors encountered in the

measurements of soll pH with the glass electrode

To evaluate the errors in soll pH measurements with the
glass electrode, consideration was given to: (1) the varia-
bility of the pH!'s of several standard laboratory check sam-
pPles measured repeatedly during the perlod of this study,

(2) the effects of different operators, different pH meters
and different times on the pH's of five alr dry soll samples,
and the reproduciblility of soll pH measurements made on these
alr dry samples: 1n water, in 0.01MCaCl, and in 1,0NKCl,

(3) the variations in duplicate pH measurements made on com-
poslite fileld moist samples from each of the 19 sites, com-
pared to the variablility of duplicate measurements made on
six core samples from each of these sites.

Varliability of pH measurements made on standard laboratory
check samples during the season

pH values of the check samples used in this investiga-
tion were each measured several tlimes during this study from
May to October and approximately on the same dates that the
pHt*s of the nineteen soil sites were measured. In addition,
these pH measurements were not always made by the same op-
erator and the measurements were not always made with the

same pH meter on the different dates.



-23-

Varlability of pH values measured during this study
for each of three of the standard check samples are 1illus-
trated 1n Figure 1l. Check sample No. 1 has the highest
PH value and it showed the least variability. pH values
of this check sample fluctuated only 0.1 pH unit from time
to time during this study. The maximum and minimum pH
values for each of the other two check samples were observ-
ed during the earlier and latter part of this study, re-
spectively, Figure 1., Differences between the maximum and
minimum pH values for each check sample were 0.3 pH unit
or less. Varlations of ‘the pH!'s of the other three check
samples were comparable and simllar to the variations, as
1llustrated in Figure 1, of check samples number 2 and 6.

The standard deviations of the means for the indi-
vidual check samples ranged from a low of 0.07 to a high
of 0.22 pH unit (Table 3). The combined standard error
of the difference between the "known mean pH values and
the measured mean pH values was + 0.075., Twice this value
willl Jjudge significance at the 0.05 probability level. By
this criterion none of the measured mean pH values of the
check samples differed significantly from thelir known pH
values., However, 1t is interesting that all the observed
means were less than the known values: on the average this
difference was 0.09 pH unit. It is concluded that differ-

ences between mean soil pH values of a group of represen-
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Sample

Time

Figure 1. Variability of pH measurements made on
several alr dry standard laboratory
check samples from May through October.
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Table 3. "YKnown pH Values!" and varlabllity of pH
measurements made on standard laboratory
check samples from May to October, 1966.

Number
Sample "Known mean of pH Means and standard
Number pH Values" measur- deviations of pH
ments measuremnents
1 7.75 13 7.68 + 0,07
2 5.05 12 L.oh + 0.17
3 6.0 10 5.94 + 0.22
n 5.9 10 5.75 + 0.17
5 5.7 9 5.68 + 0.16
6 €.05 5 5,90 + 0,14
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tative observations may be significant when the differences

are greater than + 0.15 pH unit.

Effects of different operators and different pH meters on
the variability of the pH's of five alr dry soill samples

The pH's of one alr dry sample from each of five of
the nineteen soll sites used in this study were measured
repeatedly to evaluate various possible sources of exper-
imental errors in the pH measurements. The textures of these
five samples ranged from loamy sand to clay loam, and thelr
reaction, measured in water, ranged from a pH value of
6.0 to a pH value of 7.4.

Three operators measured the pH's of the five so0ll
samples with one pH meter on the same day in the followilng
suspending medla: water, 0.01MCaCl, and 1.0NKCl. A three
way analysis of varlance (5 solls, 3 operators, and 3 sus-
pending media) was performed on the data; soils and media
were conslidered fixed and operators random in that analysis,
Table 4. Significant differences were found for all main
effects and a soll by media interaction, Table 4. There-
fore, the variability of soll pH measurements made by dif-
ferent operators must be considered in studies of this

type.
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Table 4. Analysis of variance for a three way
analysis (5 soils, 3 operators, 3 sus-
pending media).

Source of Degrees of Means
Varlance Freedom Squared
Soil L 1,96%%
Operator 2 O 13%%
Soil X operator 8 0.01
Suspending media 2 Fo62%%
Soil X Suspending Media 8 0.04*
Operator X Suspending L 0.01
Media
Error 16 | 0.01

#*%* Sjonificant at probability less than 0,01

# Significant at probabllity less than 0.05



The pH's of the filve soll sanples were mezsured in
the three suspending medla ty one operator using two dif-
ferent pH meters on the same dey. The maximum average dif-
ference between the two pH meters was 0.06 pH unit, Tatle 5.
This 1s not a siznificant difference. Thus 1t appears that
varletions in pH messurements made under these conditiorns
with the different pH meters are not important.
Reproducibllitsy of soll pH messurerents made in H-C,

in 0.C1NC2aC)ls snud in 1.C1HCl1 bty one operstor using
orie ptd meter on the ca2me d=ay.

One operator employed the ssme pH meter ard made ten
PH measurements on each of the five soll semples at hourly
intervals on one day. On the average the standard deviations
of the measurements made in water, in 0.01lCaCl2 and in
1.0NKC1l were +0.08, +0.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>