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1
A STUDY OF THE RELATIONSHIP BETWEEN pE, EXCHANGEABLE CALCIUM,
" PERCENT BASE SATURATION, AND LIME REQUIREMENT

IN SOME MICHIGAN SOILS
INTRODUCT ION

In soils there are certain general relationships between pH,
exchangeable caloium, percent base -atuntiéz;; and lime requirement
which have been examined by a number of investigators (13, 14, 16,

18, 22, 25). However, there is a need for more information concerning
the specifio sspects ef these relationships in Michigan soils. Ome

of the most impertant of these for successful crop production is the
correction and control of soil reaction. This immediately brings up
the problem of lime requirement or the ameunt of lime which must be
added to bring the soil to a desired pH velue. In the past the most
simple of the chemical methods fer estimating lime requirement hes
been the determination of soil reaction. However, on soils of varying
cation exchange capacities it is almost impessible to bease acourate
liming values on the hydrogen ion concentratien alone. Por example

it is commonly knewn that two soils having the same pH may regquire
considerably different amounts of lime. This variance is largely

due to differences in clay and organic mstter contents ef soils.
Likewise, since the percent base saturation is a soil property which
1s not directly related to the btuffering capacity, it would seem that
this characteristic would slso be limited as a measure of lime require-

ment.



Since soil pH alone has proven unsatisfactory as an scourate
measure of the needs of lims for soils, other chemical methods have
been proposed over a peried of years. liany of these procedures are |
based on sound chemical principles and give ascurate values for lime
requirement. Such methods attempt te take into consideration pH,
base exchange capecity, and percent base saturation when determining
lime requirement of soils. ‘

It is the purpese of this work to study some of the relatiom-
ships between pH, percent base saturation, exchangeadle calcium, and
lime requirement and to compare several methods for the determinatien

of lime requirement.
REVIEN OF LITERATURE

In erder te study the preblem of the need for lime in Michigan
seils, it is necessary to review the metheds fer lime requirement as
well as the relationships between percent bage ssturation, lime require-
ment and pH,

According te Peech and Bradfield (21), lime requirement metheds
may be listed under the follewing headings: (a) determination of
exchangeable hydregen; (b) rspid determinatien of the lime requirement;
(6) determination of soil reaction; (d) determination of exchangeable
calcium and degree of calcium saturation; snd (e) determination of
readily soludble saluminum, iron and manganese.

Practicsally all the rapid methods in determining lime requirement

inveIve the determinatien of exchangeable hydrogen. The first group eof



methods to be considered involve the titration of acid soils with a
base. Veiteh as reported by Truog (27), was one of the first to
propese titrating the soil to a phenophthalein endpoint with lime
water. This naturally gave high results. Bray and DeTurk (3) used

® solution of ECL to replace the hydrogen ions and then titrated the
extract with NexCOg using bfeme thymol blue as an indicater. It has
been peinted out, however, (20) that pH wvelues of sodium are higher
than those of equivalent amounts of csloium. In the metheds using
potentiometric titration of the soil, Pierre and Worley (23) have
shown that the pH of soils in the laboratery are higher than these

in the field when equivalent smounts of lims are added. Te correct
this they intreduced a liming factor of 1.5. Dumn (7) also found
thet additions of a solution of Ca(OH), to the soil gave higher pH
resdings than did additiens of 0-0'03 as measured by the glass electrode.
Hardy and Lewis (8) developed & method involving titretion ef the soil
with Oa(OH), in the presence of CaCl, to pH 7.00. Peech (20) has
shown that the presence of CaCly will preduce lower pH values even
though the equivalence point is unchanged.

A second type of method for lime requirement is a single
extraction. Here the exchangeable hydrogen is extracted with a salt
colufion and the extract titrated with a base. Peech (20) has peinted
out that extraction with KNOg, as proposed by Hepkins (27), dees not
give complete replacement of exchangeable hydrogen. He has also shown

that the use of calcium acetate, ms first given by Jones (27), tends



to give lew results on heavier soils because calcium acetate selutien

is strongly buffered at teo low a pH value to effect complete replace-
ment of excha.ngonblo hydrogen. & better suited methed would seem te

be one using a buffer ef p-nitrophenocl and lime water which is Schefield's
(24) metheds The p-nitrephencl is partially neutralized with the

Cu(OH), and is strongly tuffered at pH 7.00. Upen additién ef the

buffer to an acid soil a measurable ameunt eof the calcium is taken

upe Innes and Birch (10) have shewn that this methed gives lew results
as coiparod with the Bradfield and Allisen methed (1) eor Nehlich's

methed (12).

The methed of Bradfield and Allisen (1) uses a buffer of
Nﬂhcl = «0OlN with respect lmhon. This is strengly btuffered at pH
7.40. The difference in titratien values befere and after additien
of the buffer te the soil gives the values fer exchangeable hydregen.
Mehlich's (12) methed makes use ef barium chleride-triethanelamine
buffer. This precedure is essentially the same as that of Bradfield
and Allisen with the buffer repleacing the exchangeabdle hydregen. Beth
the Bradfield and Allisen and Mehlich metheds have been shown to cempare
feverably (10).

Brewn (5) by using nermal ammonium acetate and pH deterninatiens
develeped a simple means of deternining lime requirement. By titrating
the ammenium acetate with an acid, the number eof milliliters added are
plotted against pH depression. Then, by adding the ammonium acetate
te the soil, the m.e. of hydrogen in the soil can be read directly frem

the pH depressien caused by the addition ef the soil te the bduffer.



The pH changes in the buffer are smll, hewever, and extreme accuracy
must be exercised (20).

The most recent method feor determination ef lime requirement
in the buffer group is the Weedruff procedure (28). In this method
the tuffer consists of a mixture ef p-nitrephenel, calcium acetate
and magnesium oxide, which is used te adjust the pH to exectly 7.00.
The buffer is compounded so that when mixed with the seil each 0.l
pH unit that the buffer pH is depressed is equivalent te one n.e.
of oxéhmgoablo hydrogen per 100 gm. of soil er 1000 peunds of
00,003 per acre.

Two methods involving celor intensity have been used te some
extent. The earliest is Cember's (6) which uses an alcehelic
selutien of petassium-thiooyanate to develep a red color with the
seluble iren. The more acid a so0il is the mere intense will be the
red celer due to soludle iron. This methed is mmch toe empirical because
of other factors besides pH that influence the seludbility of irem in
the soil (20). Sieling (25) has develeped a colerimetric lime determining
method using copper. A solution ef cupric acetate - acetic acid is added
to the seil sample. The ameunt ef cepper left in selutien is measured
by adding NH‘OB which gvies a deep blue celer. This methed has been
called sufficiently acourate fer practical purpeses by Lucas (11).
However, in his cemparisons with ether metheds it is not always in
coemplete agreement.

There has also been considerable work done on the inter-
relatienships between pH, percent base saturation, and lime requirment.

Hissink (9) was the first te designate the term percent base saturation



and point out its importance. Bray and DeTurk (3) did not find a close
relationship between pH and percent base saturation in Illinois soils.
Below 60% saturation ef the soil's exchange capacity there was very
1ittle correlation. However, above this point & better correlation was
observed. Pierre and Scarseth (22) found that soils of the same reaction
may vary consideradly in their percentage bese saturation. Mgrgan (16),
Peech (18) and Meshlich (13, 14) have all found similer results. These
investigators have found a direct relation between pH and percent base
saturation. Hewever, it is not a close correlatien. Mehlich (13,14)
has attributed this veariation of percentage saturation at the same pH
value to differences in the exchange complex. He has stated that the
bese unsaturatien -~ pH reletionship is e specific expression of the
nature ef the base exchange complex present and is therefore not in-
fluenced by exchange capacity or buffer sctivity. According te Sieling
(25), indications are that, in genersl, soils of higher exchange
ospacity require greater quantities of lime for neutralisation than de
soils of low exchange capacity at the same initiel pH, Lgoces (11)

has feund an excellent correlation between lime requirement and cation

exchange capacity.






EXPERIMENTAL MATERIALS AND METHODS

The soils used in this experiment ranged in texture from sandy
soils to clay s0ils and were teken from twenty-three different
counties in Michigan. The majority ef these were in the southern half
of the lower penninsula. The soils studied, together with their
texture, depth, and lecation by county are given in Table 1. The
sppreximate loc dcions are shown on the map in Figure 1.

A11 seoils were air dried and screened through a 20 mesh sieve

befere using.
ANALYTICAL METHODS

Determination of pH «= & 1:] soil-water ratie was used with «
10 gn. sample of soile The soil suspensions were stirred at intervals
during a 15 minute peried and the pH values measured with a Beckman
pH meter,

Determination ef base exchange capacities -- the ammonium
acetate methed, as outlined by Peech (19), was employed. In this
methed a 80 gm, sample of s0il was extracted with K, pH 7.0 ammenium
acetate, and leached with 957 ethyl alcohel, and the ammenia displaced
by sedium. The ammonis was then nesslerised and readings made on a
pheteelectric colorimeter.

Determinatien of tetal bases -- the methed given by Bray and
Willhite (2) was used. The smmonium acetate leachate from the base
~ exchange capacity procedure was divided exsctly in half. One aliquet

of leachate was used in the determinatien of total bases, while the
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TABLE 1

THE LOCATION, DEPTH OF SAMPLING AND TEXTURE OF SCIL TYPES USED

“Soil “Location Depth

No, Soil Type County of Mich, or Layer

1 Mancelona Sandy Loam Kalkaska 6-34, inch

2 Bellfontaine Sandy Loam  Cass 8-18 inch

3 Plainfield Sandy Loam Cass 6-22 inch

L Kalkaska Sand Benzie 0-6 inch

5 Plainfield Sandy Loam Cass 0-6 4nch

6 Bellfontaine Sandy Loam  Cass 7-14 inch

7 Mancelona Sandy Loam Kalkaska 0-6 inch

8 Kalkaska Sand Benzie 6-2}; inch

9 Bellfontaine Sandy Loam  Cass 0-7 4nch
10 Warsaw Loam Kalamagoo Surface
11 Fox Sandy Loam St. Joseph Surface
12 Bellfonatine Loam Kalamazoo Surface
13 Plainfield Sandy Loam St. Joseph Surface
14 Hillsdale Sandy Loam Ingh.m Surface
15 Plainfield Sandy loam Clinton Surface
16 Waukesha Sandy Loam St, Joseph Surface
6AS Fox Loam Branch Subsoil
TAS Fox Loam St, Joseph Subsoil
104S Miami Clay Calhoun Subsoil
3148 Arenac Sand Saginaw Subsodl
T5AS Napanee Clay Macomb Subsoil
30A8 Macomb Fine Sandy Loam  Saginaw Surface
101AS Oceana Subsoil

Kent Silt Loam
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TABLE 1 - Cont'd,
THE LOCATION, DEPTH OF SAMPLING AND TEXTURE OF SOIL TYPES USED

Soil < ~ Location Depth
_No, Soil Type County of Mich, M
71AS  Miami Losm Lapeer Surface
59AS  Isabella Silt Loam Isabella Surface
15AS Berrien Sand Lenawee Surface
21AS Miami Clay Loam Clinton Subsoil
97AS Isabella Clay Ottawa Subsoil
LAS Hillsdale Loam Branch Subsoil
2AS Hillsdale Loam Hillsdale Subsoil
1LAS Conover Silt Loam Lenawee Subsoil
98AS Berrien Sand Ottawa Surface
100AS Kent Clay Oceana Subsoil
1B émover Loam Calhoun Surface
53AS Napanee Silt Loam Sanilac Subsoil
26AS  Brady Sandy Loam Inghan Surface
3AS Hillsdale Loam Branch Surface
96AS Conover Loam Ionia Surface
L2AS Coloma Sand Livingston Surface
54S Fox Loam Branch Subsoil
1AS  Conover Loam Calhoun Subsoil
27AS  Coloma Loamy Send Ingham Surface
8As Miami Silt Loam Cass Subsoll
89AS Onaway Loam Alcona Surface
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FIG. 1 APPROXIMATE LOCATIONS OF SOILS USED
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ether pertion was reguired for the determination of exchangeable
calcium,

Determimmtien of exchangeable calcium -- The abeve mentiomed
aliquet of ammenium acetate leachate was used for the determination
of exchangeable calcium. It was evaporated te & velume below 100 ml.
and brought back to a 100 ml.velume with distilled water. The flame
phetemeter used was a Perkin-Elmer flame photometer, model 52k. The

precedure followed was that eutlined by Toth and Prinoce (26).

Motheds for Determinatien ef Lime Requirement - |

1- Caloium carbonate methed - mdditions ef precipitated cnco3
were made te 100 gm.samples of soil. On light textured soils these
additiens were made at rates varying from 1000 to 8000 pounds per acre.
On the heavier soils the spplicatiens ef CaCOg ranged from 2000 peunds
te 12000 peunds per acre. These soils were incubated in a meist
cenditien for three menths. After incubation the soils were air drted
end the pH measured.

2- Method ef Bradfield and Allisen (1) - Twe-gram samples of
seil were theroughly mixed with 100 ml of ammonium chleride buffer
selutiens The buffer consists ef N ammonium chloride - .01 N with
respect to ammenium hydrexide and with a pH of 7.4. The mixture of
seil and buffer wes allewed te stand fer one heur and filtered.
Twenty-five milliliters ef the filtrate were then titrated with .01
N HOL using methyl red as an indicater. A blank of twenty-five

milliliters ef buffer selution was titrated to the same end point end
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exchangeable hydrogen measured by difference between the twe titratioen
values.

3= Weedruff buffer method (28) - Weodruff's buffer solutien
consists eof a mixture of 8 gm. of p-nitrophenol, 40 gm. of celcium
acetate, and 0.62 gm. of magnesium exide per liter of solution. It
is adjusted to exactly pH 7.00 with lgO er dilute HCl as required.

Ten gme 80il samples were mixed with 20 ml of btuffer solutien and
ellowed to stand for 30 minutes. A pH determination was then made on
the sample. From this pH reading the lime requirement was determined
by ebserving hew much the additien eof the seil te the bduffer had
lewered its pH valuee. This is called the pH depression. The buffer
is so compounddéd that when mixed with the seil each 0.1 pH depressien
belew pH 7.0 is equivalent to one m.e. of hydregen or te 1000 peunds
of c.coa per aore.

h- Beuyouces Hydrometer Methed (4) - This methed was used fer
the mechanical analyses ef selected soils. In this most recent methed,
as eutlined by Bouyeucos, a dispersing agent of sedium hexametophosphate
is used and enly two readings teken, 40 secends and twe hours. Other
steps in the precedure are, in general, the same as have been in practioce
for & number ef years in making mechanical analyses with the hydrometer,
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EXPERIMENTAL

Fer each soil the pH, cation exchange capacity, percent base
saturatien, and exchangeadle calcium was determined according to the
metheds previously given. These basic soil chemical date are presented
in Tedle 2.

The values for the determination ef lime requirement by the
Woedruff methed fer all soils are given in Table 3 along with the pH
depressien.

In Table 4 is 1isted the increments of &003 in pounds per acre
added to 15 selected soils, some fine and some cearse textured. Six
treatments were carried out for each seil. The additiens of lime fer
both light and heavy soils are given slong with the pH value, recorded
after a three months moist incubation peried, with that particuler
inorement. From these data the lime requirement value was considered
te be the increment of 01003 which breught the soil sample clesest te
e pH of 7.0, By using the lime requirement data eobtained with the
carbonate methed and pletting them against exchangeabdle hydrogen
obtained by the difference between the cation exchange capacity and
tetal base content of the soils, a definite relationship was feund.
This is shown in Pig. 2 where it is observed that the lime requirement
increases regularly with the exchangeable hydrogen in the seil. This
weuld prebably indicate that an acocurate determination ef exchangeable
hydrogen leads to an accurate evalugtion ef the lime needs of seils.

In Pig. 3 curves sre pletted to represent the rise in pH with increasing
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inocrements eof 00.003 for three selected soils. From this graph it can
readily be seen that the eriginal pH value is a peor indicater for the
estimtion of lime requirement. So0il no. 10 has the higher eoriginal
pH, dut it also exhibits the higher lime requirment. This soil is the
finest textured of the three samples and also has the highest cation
exchange capacity (17.21 as compared to 7.49 and 5.91 m.e. per 100 ga.
soil). This high lime requirement is to be expected, since it weuld
require considerably mere lime te saturate the higher cepesity even
though the original pH was greater.

A comparison ef the carbonate, Weodruff, and Bradfield and
Allisen metheods, is shown in Table 5. Altheugh the agreement ef lime
requirement values by the two methods is goad fer a few soils, there
eppears to be & real difference in the values given by the twe buffer
precedures. On the ether hand, the 0&603 method for obtaining lime
requirement values checks mere consistently with the Weodruff values
then it dees with the method ef Bradfield and Allison. However, there
are instances where the carbomate methed alse checks fairly well with
the results of the Bradfield and Allisen precedure.

Seversl scatter disgrams showing the relationships between the
lime requirement, pH, percent base saturation, base exchange capesity,
and soil texture are presented in the follewing pages.

As shewn in Fig. 4 there is a definite relatienship between
PH and percent base saturation. Hewever, it is not one which can be

relied upen to give acourate information concerning the percent btase

saturatien ef a specific soil complex at a certein pH value. At any
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given pH walue, such as 5.5 in Fig. 4, the percent base saturatien
may range from as low as 45¥ to as high ss 758 for & number of
different soils.

Pig. 5 data of pH and exchangeable calcium were pletted to
see if a definite relation exists between these twe soil preperties.
Frem the scatter diagram it is doubtful whether there is a relatien
By exsmining enly the left hand portien of Fig. 5, the pH is neted.
to increase with decreasing calcium. This is just the eppesite of
what one might expect. Hewever, by clese examination it is seen
that the soils with higher pH values end lower exchangeabdble calcium
contents have relatively lew ostion exchange capacities and therefere
do noet require a large ameunt of calcium fer complete saturation.
Altheugh this observation is net borne out tee well in Fig. 5, it is
emphasized because later figures shew & similar relationship to e
much greater degree.

By comparing pH with Woedruff lime requirement welues in Fig.
6, & definite relationship is neted; as pH decreases lime requirment
increases. Although this cerrelation is greater than that between
pH and percent base saturatien, the fact remains that the peints on
the diagram are still widely scattered.

Since there is a cleser cerrelatien between Woodruff lime
requirement and pH than is exhibited between pH and percent base
saturation, it is only logical that there should be a rather leese
relationship between Woodruff lime requirement and percent bese
saturation. These date are shown in Fig. 7. There is a moderate

deorease in percent base saturation with an inoreased lime requirement
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es sheown by the Weodruff method. Hgwever, the diagram shows a large
scattering of points.

Pig. 8 has been included to explain why a definte correlatien
between percent base saturation and lime reguirement should net be
expected. In this graph two different methods of lime requirement,
Bradfield and Allison, and Weedruff, are plotted against percent base
saturatien. Both lime requirement methods in Fig. 8 show the lime
requirement values to be higher for the soil with a greater exchange
capacity, even though the percent base saturatien values are nearly
equal. A similar relationship was previously shown in Fig. 3 between
PH and lime requirament.

Exchangeadle calcium and lime requirement values are plotted
in Pig. 9. In this diegram exchangeable calcium is definitely shown
te increase with an increasing requirement fer lime by the seils.
Once again, as in Pig. 5., this relationship might net be expected.

A reagonable explanation is that soils which Mave higher lime require-

| ments (and higher calcium contents) have larger exchange capacities.
Bven though the caloium content is relatively high, it requires
oensiderably mere lime te saturate the exchange complex eof a seil with

a high saturation cepacity than it does with a lew capacity. PFrem

these ebservations it weuld seem plausable to conclude that determinatien
of exchangeadle calcium is a peer indicater for lime requirement of
soils.

The impertant effect of catien exchange capacity en lime

requirement is illustrated in Fig. 10. A relatively constant inorease



31

*posn seMm sTduwes ‘uwd O ® sSIeYy0 TT® X0 °pesn erdues °wd QOT

eetn
[4: 38 v/
eE6T
98°'e
98°re
ees
e8°€Ee
c8°9
cey
9€°€
e
98°S
e8’e
98°S
%S

82 ce
9ee
9T
8e°LE
82°0¢
9°19
#9°0€
9°6%
2E°T6
82°06
c8°68
82°99
434 1
8€°9L

)

‘UOT3ISTIRA 6anjeledmeq JOJ PeIOSII0)

9¢°¢ce weOT X04
8T te . Ler) qwey
g6 w0 AeT) VTWETH
9¢£°1E Letoy eouedey
98°11€ - £t wTTeqwS]
89°LT weo Apueg wyseMEM
89°%¢ £8T) TWRTH
8T°Sse WeOT ABSJIEM
89°8 PUES SWOTOD
98°% pusg ueTrIeqd
8T°0T puvs Seusly

9€°LT  wWeoT Lpueg STEPSTIWH
89°9 PI¥S wiSENTYY
98°Tt  WeoT Apuss PTOWUTVIJ

SVeL

QOHILIN YALTWOUAXH JAHI ,
DONISN STIOS QELOTTES ST JO SASKIVNY ‘TVOINVHOIW

9 THVL
1€






(4
(S0

-

~ ne ) ) J O 1 e}
2039 030 2024 ,&3 ojoists 0037 052 0021 00Y
T ] V T GEIY ¥IT O0eh squnld Sv A.n.ﬂw..n.& R N | | _ ]
, p . . “ . ' - - a : ) - _
N | . ! . ; . . - 1
S RS SO SR SRR SO SR ) 8 - .- e ool s e
, | ; co : o : o | S
I S _ A ! B | L o0 SRR R ST N S
| | | B | | : | : S L
: ; N o ; e “ i
| “ i . I P i 4 “ | . Omvw M
: : : : | - - A S S U S I
- b P L | o | - | ]
T T b‘ i Sttt el A\vtll - - ’n.lx__( — N ‘I*‘tnliillnﬂ..- - e b,.! e i S .,Hil.m - .4.|‘~.» m— 'II.I'I.MOI “ - m
q : : i ) ; : _ . _ | :
! M L. L . hd PRSI b el S R
i | B i q ¢ i ST B | o
, | 3 —— ’ " 1 | » . oot
h . ! " _ o o P [ e St
. - - e -k - _ * oL e . - m_ _ m - Ly
' \ : B i ' : # n
: ! PR SSPR S PR ; —— e b . - - m -
| : S . m o & o . : T :
~ : ; L I . T B e e e e B
: o T : | O _ A _ 82 .,.
_1 _ 4 . ; . : _ : S : : i :
, B _ L T N . T “
| C . " o ! o b B opee:
! S B ) I AR SRS I AR SR A S S SO LA A
DR T A R B A |- P A | M ; : )
: ' i , : ! | i w i i : : | , . ! « | _ : oI S
i I S s — N R s o e
' i B ] : : | I ! ' ; ,
¢ . ; . ) A : _ | . w . [ [ S P S 5o ISR
- [PUPI G o . - PR, [ SR @t — L ST . 4 oo
! ] N | | n m REnRn
_ ! — n v . T ” 5| 000¢
i : ' ! i X : : : : .
) - - . L T SO S N PR _ a4 T oo TS S . - n!wu.,-.” e
: Co A Py o P i : -
; ] I ® SRS S SRS s B
o L . _ L P o
. i : : : _ , i o ! , i . “ [ ]
- _ - ;,II\W - —— e L - b .Hv:l - SO “ - — . “.. ;" — ,_i..l.” vn‘w — O ’ —.- - ,o,,!»,‘_; e AN kel + B ﬁ'livrl..ll.%‘vn‘ﬂ.!.xA
ﬁ o | Co . : b Cm _ . Lo : “
Coo o Lo " L@ M P :
- T | w T T e | T opet
. , : ! _ ; ' I B U S IS GG SN S,
s S PSP I : e e I T 4o - + :
N _ i b _ o P +
S S i it o --rl-._riy e B + N R S e +- _ i
,, _ : : ! o i A ” |
r SN SUUE S P U A - R S S Y O R IDUUUN FO S
! ) _ A ! C Lo Lo . w o
P i ! . , ' . H . : .
I i | d _ W — — . ” o0y
| i ‘ . ' ! ' I 1 . [ ' . ) -
[ S S A R SO A S IEEEDR A . r Qamnmﬁ ,m.mbudcor.v | q b ” m : i S
' . ‘e : H i ! ! ! : -
! H N : i ! ' , SRR TIPS S S { i i
et v - : ” f MNTY VO’ mEEuz« aXE w SoTET T : , u M
3 3 m ﬂ : h : . . | . u ? e .”--L - SR 4- - i deaoo
ISR DU SR P eeedl USRS S R S RTS FY M o S R : :
: ! . ! ; ; " : d _ o o n | P
| : : | | ! | Lo B R ] ]




BHJN' cv 4,”““5&:4

003¢

RI4Y TRYNTYY T
giiva

i _
JEE N SO AL U
| i ;
I @ -
i i :
i i | ]

R S

'
— .
!
L L T S
|
'
l
—
|
-
1
I

T P S D

i
|
'
.
|
|
[
i
1
!

[0 W

U S

~n
)

— ‘lryll?li

!
!

1
i
U
|
i
'

R .} e -
|

‘e
@ -

il

- {-r:!,i-w-.i:

N SRR

__

U SN RN S

T
i

—
'

—

'

|
:
|

] _4___. — __J-_._,:‘.‘._____

. ' .

i

w '
’

: '

 caoman

Eb«a&t I

Ba&uu wHa(.u

TOVIVY EONVED

. i .
—J llﬁil._v} fpp——

| .

. N i

H 1 .

;Edwdx.s

A

e




~

0009 000%

0002

00001

0008

0009

000Y

r T T . | T i -
b o | | | _ m
. - B e e - ! : ,~ . M o
. =OW~44w o¢< QuEtdaved) e . ” d40EQ00L. o o°
Tif:ﬁ-i-u-fi!l*. aﬁ.ﬁmgdam fris & AN A B T oTy T .ﬁ:x,u,cgnﬂw m.:HAH , &
MRS S . PR S _ B ,T; IO U e o ; - [ —. h
: . i , ) ! |
' I | i ! N . : i . ! | ; i '
! ! _ . Do | “ _ e OU
i [ Lt e P B i Lo o : B
AR e A A R | Co w . | _ P
: 1 ® S R RS S SRS S — .Il“»-l.-|rl SO SO U RN S
! i M ' E i . | i |
ol e e AT S i- o L e R R
) 1 : ' ! ; : , ! |
! ' Co , _ ! ; ° ”
] : ® I N «r ‘ ;
R R L R P , © 02
SIS T A i I CURTTCPES FRRE SERRY NP m i e - . B R S
P ; _ o P ! Co i !
i | } : S “ |T<Lr<tvle.' . - . B |
- g ’ : ; 1 ' | : i :
: i . B H ! o X . ! H ' ! i
: { N .A:, : ' ' . R o wL1* o S .:W;vl A . L S rd o .
ORI A SRR U S g o - + + ' ¢ : ' - 3 .
. ,“r ! i » . ! : N , oot ! L i mw w
AU SO U FOUS S S (U O A ESSTURN RN NS SO HOIUNN H N AU RS SR
R N A N A RN T > ! . L
R RS . » R R . ) L Mw
L , : m m P Lo ; : : | . Co 4 :
. . . K : : : . ; R P R RO DR S SN SR SR BN S
wrlth?,w - Tt Rt SRS S el 1 I:IN i , T : i : ¢ + +
P , .. N P |
b i Y i . 1 1 .
. u ! S T Co _ ” M Moa“
e s e et SIS RN e et b @ i e
: W : o ; b S R m : P
. ; A . ; S ——t , : : T
m , i Cood _ : | o
SRS S FRSY NS G ) SRR H SN SRS S S NS SO S SO O S GUAY (SRS SO SO PO S SOET N S S
L iy L L R L S
m T : _ _ “ : ” . : ., : __0me
SN SRR SR DRSS S S lywz BSOS SR S S SRS SRS SRR SRRSO S - RN IO l_.l-‘,;-.f: Wx B A
m m ” | . , . | m , C ol . | |
BEEEEEEEEE BEREEEEREEE | B
R S e T —ey bt SRR S I - IO S A R
: X : : U, : i “ i _ :
: _ ‘ . : : . i | ! ' . m . _ .
R Rl E ek Pk Skt Tt Lg TR T mﬂamaﬂx oE. g zmw&mngam: ’ I + I E R
! i 5 _ . ' P ”
1 . 4 - ! ;. + S WD S, 4 — + - .
1 —— —1— i T owhmm% zu »<qp_aznommm 3HL ~4 A
i T i ! o S : NI S . I BT R
S 18 IEFS SR EOE S SRCSracis St e St o e ; i e - * i ;
| SR | g m * _ i M Py | !




35

in lime requirement as calculated by the method ef Weedruff is
acoompanied by an increase in base exchange capacity.

411 relationships thus far would seem te indicate that catien
exchange capacity is one ef the predominating facters in determining
lime requirement fer soils. If this is true, then some relationship
between persent clay and lime requirement sheuld be expected. In
table 6 is presented the mechanical analyses fer 15 selected soils
ebtained using the Beuyouces hydrometer not}nod. The percentage eof
clay fer each eof these soils has been plotted against lime requirement
as calculated by Weedruff's methed and the methed ef Bradfield and
Allisen in Pig. 1l. The relationship in both cases is enly fair,
since in all cases lime requirement dees net increase with percent
clay. Indications are then, that percent clay should be used in
conjunctien with ether seil properties such as erganic matter content

in order te be of wlue as & lime requirement indicater.
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DISCUSSION

From the foregoing experimental work, the facters influencing
lime requirement determinations are seen te be numereus. To choese
any one ef these (such as exchangeable hydrogen) as a basis for lime
requirement is very likely to invelve some appreximations. This
becomes evident when results ef the three methods, used in this study
for ebtaining lime requirement values in seils, are compared. Since
they are net in close agreement, it is evident that there are facters
either in the seil or in the moethods themselves which are not being
evaluated cerrectly er in the same manner. It is pessidble, then, that
one source for variance in results when determining lime requireament
by various methods is the extractien ef exchangeable hydregen.
Bradfield and Allison's duffer solution, at a pH eof 7.4, might be
expected to extract mere ef the total exchangeable hydregen than would
the ammoniunm acetate or Woedruff's buffer at a pH eof 7.0.

Woedruff (28) has stated that fer seils ef low bage exchange
capacity his methed for evaluating lime requirment may be as much as
43% belew the actual requirement eof the seil. By using the oarbomate
lime requirement methed as a standard,this investigatien did net reveal
Weedruff's methed to give results below that ef the carbonate methed
with any more consistency en light textured seils than en soils of
heavy texture.

There were ne indications that the Weedruff method was sudjeot
te any more error than the other methods compared with it. This

aleng with the faoct that it is the simplest and mest rapid methed eof
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any used in this investigation sheuld serve te emphasize its value as
a chemical test for lime requirement.

The relationship between pH and percentage base saturation,
which has been considered previeusly in this work, has been given
attention by Nehlich (13,14). He has stated that the pH - base
saturation relatienship varies fer different seils because of differ-
ences in the predeminating exchange complex in the soils. His results
have shewn that the pH - percentage base saturation is tee imperfect
for the soils studied te permit its use as a single facter for lime
requirement values. Hewever, the relatioenship is fairly comstant en
a1l seils with the same exchange complex or seils ef a specific soil

types The results of this investigatien tend te cerroberate his werk.
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SUMMARY

The ebjective of this investigatien was to study some ef the
relationships between pH, exchangeable calcium, percent base saturation,
and lime requirement in some Michigan soils. The 8soils used were
gathered from & number of different counties in the lower penninsula
of Michigan.

The above mentioned chemical soil preperties were determined
for all soils used and the relationships were shewn by pletting them
in a soeries of graphs.

Three metheds were used for the determimation ef lime regquirement
and thournnlts compared.

Mechanical analyses of seleoted soils were completed to show
the effect of clay en the lime requirement ef seils.

As & result of these studies the fellewing statements can be
mades

l. pH slone does not give an acourate liming value for soils
of widely warying textures and exchange capacities.

2. The quantitative determination ef exchangeable hydrogen is
probably the best known methed for determining lime requirement, since
it cerrelated more closely with the lime requirement when compared te
the other soil chemical preperties studied.

3¢ The methods feor determining lime requirement compared as
fellews: The Bradfield and Allison methed gave consistently higher
results than did the Weedruff method.

4. The pH - percentage base saturation relationship is tee
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imperfect to permit its use as a single factor in lime requirement
determinat ions.

5 Lime requirement as calculated by the Weedruff method
exhibits a olose relationship to the soil pH.

6. There exists only a very limited correlation between lime
requirement, as calculated by the Woodruff methed, and percent dase
saturation of the soil. In general, soils of higher exchange capacity
require greater gquantities of lime for neutralization than do soils of
low exchange capacity at the same initial percentage base ufnution.

7 The determimation of exchangeable calcium in soils is a poor
test for lime requirement, since exchangeadle calcium, in general,
increases with increasing lime requirement.

8. There is a close relatienship between tetal base exchange
capacity and lime requirement in soils when considering seils eof
similar pH.

9. The Woodruff buffer methed for determining lime requirement
was the simplest and most rapid method used to determine lime require-
ment in this study. The results obtained by the Woodruff methed
compared with the carbonate method as well as did the methed ef

Bradfield and Allisen.
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