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A COMPARISON OF BASE SATURATION IN SOILS 
AND THE RESPONS OF S ET CLOVER TO LD.1E 

INTRODUCTION 

tany of the soils in central and eastern Oklahoma are 

acid and are low in available plant nutrients . This con

dition is due to the leaching effect of rainfall, which is 

higher in the eastern than in the central part of the state . 

l 

Based on the results of over 20,000 tests it would re

quire approximately 10,344,886 tons of limestone to neutralize 

the acidity in the cultivated soils of Oklahoma . * These 

tests have been largely qualitative, such as the O.K. (14) 

and the modified Comber (lJ) tests, and without special con

sideration for soil properties such as texture and degree of 

base saturation. 

Limestone applied in excess of soil requirements is 

subject to leaching ; hence it is i portant to know how much 

lime would be required to provide optimum conditions for the 

growth of different legume crops , which vary in degree or 
acid-tolerance . 

It has been found in other states (7, 5, 9 , 19) that in-

creased yields of sweet clover and other leg es are not ob-

tained from limestone applications when the degree of base 

saturation of the soil is 80 percent or higher . This study 

was made to determine whether or not a similar relationship 

* Ha r per , H. J ., mimeographed bulletin 
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exists between the response of sweet clover to liming and the 

degree of base saturation of the exchange complex in Oklahoma 

soils . If such a relationship exists, the amount of lime re

quired to saturate the base exchange complex to a value of 

80 percent may be easily computed. This would be of economic 

i nportance in helping to eliminate the aste from applying 

more lime than was actually necessary to provide favorable 

conditions for plant growth and the loss of this excess through 

leaching . 



REVIE OF LI RATURE 

Bray and DeTurk (7) found that sweet clover grew well 

on unlimed soils having a hydrogen-ion concentration between 

pH 6 . 5 and 7.0 and a base saturation value of a proximately 

80 percent . They obtained a good correlation between the 

pH of the soil and base saturation when the latter value was 

above 60 percent and the pH value above 5.6. 

Ba uer (5) found that a number of Illinois soils having 
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a degree or base saturation of 80 percent or above did not 

show a profitable response to liming when a rotation or wheat , 

corn , oats and sweet clover was used . On the light-colored, 

unproductive soils which had a base saturation of less than 

80 percent lime applied i n both manure and residues systems 

increased the yield of the conun.on clovers from JOO to 465 

percent, while the yield of soybeans varied from 37 to 66 

percent . 

Naftel (30) obtained maxi mum growth or ustrian winter 

peas at 75 percent Ca saturation; maxi mum growt h for vetch 

was secured with 75-100 percent Ca saturation . 

Dunn (9) obtained data which indicate that a soil 

saturation percentage of about 80 is very favorable for the 

growth of alfalfa and red. clover . 

Hull (19) found a correlation between the response of 

alfalfa to lime and percentage base saturation or ~ iscons in 

soils . On soils where alfalfa responded to liming the base 

saturation varied from 56 . 7 to 79 percent, while the pH 

varied from 5. 4 to 6. o. 
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The general similarity of results obtained by Horner (18) 

when readily exchangeable ions, such as magnesium and potassium, 

were substituted for the hydrogen ion of the unsaturated col

loidal complex indicates that the variation in the growth of 

soybeans in moderately acid to strongly acid soils (pH 5.85 

to 5. 1) is not necessarily related to the variation in the 

hydrogen-ion concentration, but rather to its concomitant, 

namely, the degree of calcium saturation . 

owers (34) has shown that certain legumes such as les 

pedeza sericea, alsike and red clovers are more acid-tolerant 

than sweet clover . 

Albrecht (2) and Horner (18) have obtained results which 

show that as the calcium saturation of colloidal clay is in

creased, calcium availability to plants increases not only 

because of increase in supply of calcium but also because part 

of the calcium is adsorbed less tightly by the colloidal clay. 

Horner (18 ) observed that the calcium in soil colloidal clay, 

which had a lo base saturation was relatively unavailable re

ga rdless of the total weight of this nutrient medium used per 

unit number of plants . 

Using two legumes (sweet clover and Korean lespedeza) 

and two non-legumes (bluegrass and redtop) to determine the 

effect of degree of saturation of Ca on the intake and de

livery of nutrients by a soil, Albrecht and Smith ( 3) obtained 

data which emphasized the fact that more nutrients ere de

livered to these crops because of the higher degree of base 

saturation in only a limited portion of the soil. 
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Rost (35) found little correlation between the exchange

able calcium removed by electrodia l ysis and the response of 

alfalfa to lime . This may be attributed to the fact that he 

worked with soils of widely different textures and total ex

change capacity. Pierre (33) has suggested that the data 

obtained by Rost can probably be explained on the basis of 

percentage base saturation. Tvo of the soils with which he 

worked showed nearly the same percentage increase i n yield 

from liming, but more lime was removed from the finer textured 

soil . It is evident that this larger amount of lime removed 

from the finer textured soil may represent the same or even 

a lower degree of saturation than does the smaller amount ex

tracted from the coarser soil . 

It appears that plants growing on soils having a high 

base saturation value have a better opportunity to make a 

maximum growth because of the gre.a ter availability of nutri

ents since Heck {16) found that a low degree of base satu

ration tends to give a soil a greater capacity for fixing 
L 

phosphorus in difficulty available form than if the soil is 

more fully saturated with bases . tfini mum phosphorus fix

ation for a soil was attained at from. SO to 90 percent base 

saturation . 

Jenny and Ayers (20) i nvestigating the influence of 

base saturation on the availability of potassium found that 

exchangeability of adsorbed potassium decreased with a re

duction in the degree -Of saturation. 

The possibility that percent of base saturation might 



also indirectly affect the growth of legumes such as sweet 

clover and alfalfa through its effect on nitrogen- fixing 

bacteria was indicated from data which Klingebiel and 

6 

Brown (25) obtained . McCalla ( 27) , wrking with soybeans, 

found that the best growth of the alfalfa and soybean bac

teria was secured when colloidal clay was at least 50 percent 

saturated with calcium. No nodulation occurred when both 

the bacteria and the soybeans were grown i n a medi um contain

ing no calcium. 
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EXPERDtBNT ,L PROCEDUf E 

Source of Material 

Soil samples were obtained from. 24 locations i n central 

and northeastern Oklahoma , where experi ents had been con

ducted to study the effect of lime and phosphate on the pro

ducti on of sv eet clover . The period over which these ex

periments were conducted included the seasons of 1930- 31 , 

1931- 32 , 1933- 34 , 1934- 35 , 1935- 36 , and 1941-42 . The date 

and location of the exper· ents are given in Table I . Duri ng 

t hi s period clima tic conditions varied greatly. Hi gh temper

atures and severe summer drought during the years of 1934 and 

1936 were very unfavorable for pl ant gro~th. einfall varied 

in different localities during the other years , and yields 

were dependent to a great extent upon the available moisture 

supply. Fig . 1 shows the location of these experiments and 

t he distribution of the average annual rainfall . 

In the earlier experiments (193 - 31) the limes tone and 

phosphates were appli ed broadcast at rates from 3 , 000 to 

6 , 000 pounds per acre , and from 200 to 500 pounds per acre , 

respectively, and then di sked ,or harrowed i nto the surface 

soil . In later experiments (1932- 42) the lime and phosphates 

were d~illed in rows and the sweet clover seed dropped on 

the surface of the ground above the fertilized zone at time 

of planting .• 

The yield data for the s weet clover plots were secured 

from Oklahoma Agricultural Experiment Station Bulletins 

206 and B248 and were tabulated for increase in yield of 
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sweet clover from lime alone , from lime in lime- rock phos

phate treatment, and from lime in l i me- superphosphate treat

ment . These data are given in Table II. Data for the in-

crease in yield from the use of lime alone were not avail

able for all soils, therefore the lime-rock phosphate data 

were used in order to obtain a more uniform comparison . 

TABLE I - DATE AND LOCATION OF THE SWEET CLOVER 

Soil 
:ro . 

PB** 
Pl5 
P36* 
P43 
P64 
P69 
P76 
P83 
P206* 
P216 
P338** 
P34 5 
P352 
P359 
P381 
2790 
2797* 
446) 
4511* 
4553* 
4582 
4594 
4600 
9014 

* 

EX ERIMENTS STUDIED IN THIS INVESTI GATION 

Date of 
xperiment 

1930-31 
1930- 31 
1930-Jl 
1930-31 
1930-31 
1930-31 
1930-31 
1935-36 
1930-31 
1930-31 
1933-34 
1933-34 
1933-34 
1933-34 
19)0-31 
1931-32 
1931-32 
1935-36 
1935-36 
1935-36 
1933-34 
1931-32 
1934-35 
1941-42 

Location of 
'xperiment 

F. J . Blecha , erry , Okla . 
C. J . ·~llerstedt, erry , Okla . 
Lincoln Co . Fa , Chandl er, Okla . 
V. ,i • .li racle , Okemah , Okl a . 
Roy Nichols, Checotah , Okla . 
Cleve ~artin, t ulhall, Okla . 
\ . o. ittenhouse , 1agoner , Okla. 
Frank Vilson , Okmulgee , Okla . 
•• Morton , Duncan , Okla . 

Stanley Dugan , awnee , Okla . 
T. J . Swanda , Yukon , Okla. 
Bob Stokes , Glencoe, Okla . 
Vernon Cutler, Guthrie , Okla. 
o. E. Correll, Stillwater , Okla. 
frs . ae Sumner , Vinita , Okla . 
James Dobkins, \ eleh, Okla . 
A •• Barnes , Pawnee, Okla . 
J •• Turner, Hallet, Okla. 
1 • K. Blachly, amona , Okla . 
• G. Iludspeth , Lexington , O.la . 

E. R. Show , Stillwater , Okla. 
N. ' . Series 1700, Perki ns , Okla . 
John Oakleaf , Skedee , Okla . 
Chilocco Indian School, Chilocco, 

Okla . 

Data not as s i gnificant because of soi l variations 
and lack of sufficient renlications . 

** Yield li ited by lack of moisture. 
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TABLE II - STUDI "S ON Tffi' EFFECT OF LIMESTONE WHEN 

Soi l 
No . 

P8 
Pl5 
P36 

P43 
P64 
P69 

P76 
P83* 
P206 

P216 
PJ38* 
P345* 

PJ52* 
PJ59* 
P381 

2790 
2797 
4463* 

4511* 
4553* 
4582* 

4594* 
4600* 
9014 

* 

.t LIED ALO AND IN COLiBINATION ~ I TU 
OC PHOSPii TE AND SUP PHOSPHATE ON 

THE YIELD OF SVIE T CLOVER 

Increase in Yield , Pounds per .Acre 
Lime Lime in Li me in 
over Li me- Super- Lime-Rock 
Check phosphate Phosphate 

250 112 350 
1 , 710 230 150 

-146 650 715 

872 601 232 
593 2 , 442 3,147 
82 112 350 

837 1,367 939 
1,350 755 

200 1 , 380 220 

683 3,080 3,780 
530 2 , 450 

1 ,970 1 , 200 

790 2,350 
1 , 530 1,615 

1 ,952 3 ,714 3 , 790 

1 ,663 850 2 ,)80 
352 280 -690 

320 880 

425 - 405 
-35 - 30 

1 , 200 

1,580 1,930 
1 , 320 1 , 510 

5,872 3 ,925 

Small applicati on of limestone, 100 to 400 pounds , 
drilled in row at time of seedi ng . On the other plots 
limestone was broadcast at the rate of 4 , 000 to 6 , 000 
pounds per acre. 
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Methods of Soil Analysis 

1 . Determination of replac eable bases 

otal replaceable baoes were determined by official 

A.O . ;, •• method (4). 
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2. Exchangeable calcium was determined by precipitation 

as oxalate in an acetic acid solution as recommended by 

\"illiams ( 39) • 

3. Exchangeable hydrogen was determined by a modifica tion 

of the Ca(OH) 2 titration method {10). 

;eigh out four ten gram samples of each soil and place 

in 25 x 150 mm. test tubes . dd various increments of 0 . 04 

normal Ca{OH) 2 solution corresponding to 0.05, 0.1, 0 . 2, and 

0 . 4 m. e . of calcium. The volume of lime ~a ter for the various 

concentrations ill be 1 . 25, 2 . 5, 5. 0 , and 10 . 0 Add 

water to make volume 20 ml ., close with a cork stopper and 

shake vigorously. l ace tubs in a water bath at 50°c and 

heat for one hour with occasional shaking . emove from water 

bath , cool and deternine the pH value of the soil suspension 

with a glaos electrode. Plot the data in the form of a titra

tion curve, using pH value on one axis and milliequivalents of 

hydrogen on the other. The milliequiva l ents of replaceable 

hydrogen ~ere calculated at a pH of 7. 0 in this investigation. 

4. Mechanica l analysis 

The hydrometer method o Bouyoucos (6) was used to de

termine the percent of sand , silt, and clay in the soil samples . 
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5. Organic matter detenninations wore made using a 

modification of the wet combustion procedure by 

Schollenberger (37) . Ten ml . of . 4 N potass ium dichromate 

solution was placed in a 200 ml . tal l form Pyrex beaker con

taining one-half gram of 100-mesh soil . Fifteen ml . of con

centrated sulfuric ac i d was added , the solution shaken vigor

ously and heated slowly on an asbestos pad to 165°C with 

frequent stirring. The solution was then cooled and diluted 

with 100 to 125 ml . of cold wate r and titrated with . 2 N 

ferrous ammonium. sulphate using orthophenan t hroline as the 

indicator, 

Procedures for the Determination of Base Saturation in Soi l 

Since the total exchange capacity of a soil is the sum 

of the total exchangeable bases and exchangeable hydrogen , the 

degree of base saturation may be caleulated i f any two of 

these three quantities are known . Any one of the followi ng 

proc edures may be used to determine the percentage of base 

saturation . 

a , Determinations of total exchangeable bases and of 
exchangea ble hydrogen (17) 

b . Determination of total exchangeable bases of total 
exchange capacity ( 24) 

c . Determinations of e changea ble hydrogen and total 
exchange capacity (32} 

Because of the difficulty of deten ni ng the t otal ex

change capacity Hissink (17) and other pioneer i nvesti ga tors 

used procedure {a) . elley and Brown {24), however , have 

shown that Hi ssi nk 's r esults are incorrect due to a funda -
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mental error in the determination of the exchange capa city of 

the soil . In addition .it wa s found that the determination of 

the total exchangeable bases may be subject to a considerable 

error because of the solution of non- exchangeable bases by 

the neutral salt used for leaching (22) . 

Tore recent work has resulted in a better understanding 

of the base exchange reaction of soils, and with this better 

understanding hes come more accurate procedures . Among the 

best known of these have been the method developed by .elley 

and Brown (22) for determining the total exchange capacity 

and the method of Parker (31) for determining exchangeable 

hydrogen . Pierre and Scarseth (32) modified Pa rker ' s barium 

acetate method of determining exchangeable hydrogen for the 

determination of the total exchange capa city . The modified 

method consisted of leaching soil iith neutral, normal barium 

acetate and titrating the leachate electrometrically to de

termine exchangeable hydrogen . The soil was then leeched with 

neutral, normal ammonium chloride to replace the barium by 

ammonium. The absorbed ammonium as t hen determined by dis 

tilling Nith magnesium oxide and titrating the distillate ~ith 

0 . 1 N sulfuric acid . 

The method of Kelley and Brown (22) consisted of leach

ing the soil with neutral , normal ammonium chlori de and de

termining the replaceable bases in the filtrate . Kelley (23) 

later substituted neutral , normal ar.nnonium acetate for the 

chloride . The soil residue was then washed vith ethanol and 

the total ammonia determined by distillation with "gO . Re-
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plaeeable hydrogen was obtained by subtrBcting the replaceable 

bases from absorbed an::rraonium. 

Schollenberger' s a~1rn.onium acetate 111ethod { 36) of deter

m.ining bot,h exchangeable hydrogen and total exchange capacity 

is of special inte1·est because of its re1c1ti-ve sinpllcity. 

Instead o.f leaching the soil wt tl1 barium. acetate, as in 

Parker's method, he leached the soil with anunonium acetate 

and titrated the leachings in order to deter.mine the e:.1Cchange

able hydrogen content. Since the exchange cmnplex was believed 

to be saturated with ammoniun1 by this treatment, he determined 

the arnount of a.rnrnoniun1 absorbed as a measure of' the ·total ex

change capacity. 

The determination o:t' base saturation by procedures (b) 

and (a) is objaetional because of the lack of an accurate 

met.hod .for the cleterminatio11 of total exchange capacity. 

The methods previously mentioned depend upon the determination 

of the ammonium absorbed by a soil when treated with a neutral 

amrr1onium salt. Pierre and Scarseth { 32) compared tllci barium 

hydroxid.e-a:m.m.oniUfil chloricie method of Kelley and Brown as 

slightly m.odified by .Parker ( Jl) with the barium acetate

a:m.rrionium chloride method and found that the latter procedure 

almost invariably gave lower values. Kelley a11d Brown ( 24) 

found that the ar11n1onium chloride method gave low results with 

oe:rtain soils,, and suggested that this is due, not so much to 

inaccuracies in the determination of the absorbed arm:1oniurn, 

as to the fact that tl1t1 replacement of soil bases is incom

plete. They also state tl1at an error of more or less magni-
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tude may be caused by the conversion of nic nitrogen 

into during the; dis tilh''<tion process. 

.Procel.:l.ure (a) was used in this ,st 

detc.:.rxnined by t:.he ic 1 A. o. A. C. method (4) 

ancl exchan&:eable hydrogen bv Ca(01.=l),, tit,ration, the milliequiv-
-· "' ~ A.. -

alents of hydrogen b calc ·"''"' ·7·· '~l vJ.. ·•"" • 
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EXPERllJJEN'l'.A L RESULTS 

Base Saturation and Response of Sweet Clover to Lime 

Data on the yield of sweet clover from unfe.rtilized and 

limed plots were available tor only thi.rteen of the twenty

four soils. Of the five soils with a base saturation above 

80 percent only one showed an appreciable response to lime. 

Three or the soils (2797., P206, and P69) were 84 percent 

sa·turated with bases and showed average increases of J52 

pounds, 200 pounds, and 82. pounds, respee·tively. A statisti

cal analysis was not made of the original data ·to determine 

s1gnlflcant yields, but it is quite evi.dent that the slight 

inereases obtained would not be economical. Soil P36, with 

a base saturation percent value of 100 shov,ed a deerease ot 

146 pounds per acre from liming as com.pared to the cheek plot. 

This was probably due to the decreased availability of phos

phorus and othe:r:·plant nutrients. Only one soil (PS) with a 

base saturation value of less than 80 percent failed to show 

an appreciable response to liming. The base saturation value 

for this soil was 77 percent and a partial explan.ation may be 

found in the fact that it was a silt loam containing 62.6 

percent silt and drought was also a limiting factor in crop 

production on this plot. 

Yield data for litne-rock ,phosphate tx·ea tments over rock: 

phosphate were available for twenty-three soils. These data, 

together with the results of chemical analyses of the soils 

and rate of liming, are given in Table III. As shown in Fig. 2 

nine soils were more than 80 perce.nt .saturated with bases, 



'l1ABLE III - CHEMI CAL .ANALYSES OF EXPERIMENTAL SOILS , RATE OF LIMI NG, AND 
EFFECT ON SWEET CLOVER PRODUCTI ON 

Soil 
pH Percent Total Exchange- Exchange - Percent Rate of Increase 

No . Organic Exchange able able Base Sat- Liming , in Yield, 
tatter Capaci tyl Calcium l Hydrogen 2 uration Pounds/A ,Poundl} 3 

PB 6. 0 1. 57 10 .6 5. J 2. 4 77 4 , 500 350 
Pl5 6 . 3 1 . 23 8 . 8 4. 9 1. 5 82 6 ,000 150 
P36 7.6 0. 60 4. 6 2 . 8 O.CI· 100 6 ,000 715 

43 5. 7 2. 47 16 . 3 8 . 1 4. 1 74 4 , 500 232 
P64 6. 1 1. 50 6 . 2 2. 7 2 . 6 58 6 ,000 3 , J,.4 7 
P69 5. 9 1. 62 12 . 6 5. 6 2. 8 84 6 ,000 350 
P76 5. 7 2. 79 11 . 4 6. 1 J . 6 68 4 , 500 939 
P83 5. 6 1. 95 9. 7 5. 0 2. 7 72 100 755 
P206 6 . 9 0. 92 9 . 3 5. 0 1 . 5 84 4 , 500 220 
.P216 5. 5 2.00 12 . 6 5. 5 4. 0 68 4 , 500 3,780 
P338 ~.8 1. 50 8. 7 4. 5 2. 0 77 40Q v 2, 450 

345 5. 9 2. 07 14 .9 6 . 4 3. 4 77 40({ 1 , 200 
P352 5~5 1. 57 9. 9 5. 5 1 . 7 90 lOk1 2 , 350 · 
P359 5.6 1. 57 10 . 6 5. 2 2. 0 ~n lQ :1 1 ,615· 
P381 5. 3 1. 84 7. 0 3. 3 2. 6 63 4 , 5QH 3 , 790 
2790 5. 2 2. 52 11 . 8 5. 0 4. 5 61 4, 501l 2 ' 380 ° 
2797 5.9 1. 84 15 . 1 8. 7 2. 4 84 4 , 50 .1 - 690 l 

4463 5. 7 1. 98 13 . 0 6 . 5 3. 3 74 101) ' 880 f 
4511 6. 3 J . 12 16 . 8 10 . 4 3. 3 80 l Ofl - 405 
4553 6. 2 0. 78 7. 0 3. 7 o. 6 91 lOU - 30 t 

4582 6 . 1 1. 26 10 . 7 5. 8 2 . 2 79 100 1 , 200 , 
4594 5. 5 1. 17 6 . 9 4. 0 1. 6 77 400 1 ,930 C 

4600 6 . 1 1 . 53 7. 7 3. 7 2. 4 69 lOp 1 , 510 (/ 
9014 5. 6 2. 81 14. 5 7. 9 ) . 4 76 4,oop 3,925* 

1 m. e . per 100 g . of soi l 3 Lime - rock phosptw te data 
2 m. a_. per 100 g . of soil at pH 7. 0 * Lime- superphospl'\Qte data ..... 

---J 



Figure 2 - A comparison of base saturation in 23 surface soils 
and the effect of lime on sweet clover production. 
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and of' tb.ese nine only th:r:ee showed an appreciable response 

to 11:me.. Tvm of these soils, P352 and PJ59, had a pR of 5. 5 

and 5.6, respectively, although P352 was 90 percent saturated 

and P359 was 81 percent sa·turated. The organic mat,tar content 

of these two soils was the same, 1.57 percent; this value is 

111uch greater than that of soils o.f similar degrees of base 

saturation. 

The reason f'or tJrn increase iu yield for soil 1?36 is 

apparently the joint effect of lime and phosphate, as the 

lime-alone data shows a decrease in yield. 

There is a .marked f.lepre~sing effect produced by lime on 

soils 4511 and 2797 which are SO and 84 percent, respectively, 

saturated with bases. 

Data rron1 lime ... superphosphate treated soils were avail

able for twenty-three of the twenty-four soils. 1f'ive of nine 

soils over 80 percent saturated ·with ba.ses shovv a noticeable 

respo11se to liming. Two of that group. P206 and P36, do not 

show an appreciable response to lime-alone, so apparently the 

increase is a-ue to the m.utual effect of' lime and phosphate. 

A third soil, 2797, shows an increased. yield f'ro1a lime

superphosphate treatment, hut a. marlced. decrease in yield from 

lime-rock phosphate treatment. This d1ff'erenca. :may be attri

buted to the effect of the more rEH1dily av.ail.9ble phosphorus 

from. the superphos,phate in an alkaline ruediur11. 

Only two of th.f.3 fifteen soils having a base saturation 

value below 80 percent fail to show a response to lime. l'hese 

soils, l:;,B and J.;.463, were 77 and 74 1Jercent, respectively, 

saturated with bases. 
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Effect, of Soil 'I'exture and Hes pons e to Limintc:>:: • . w 

It was thought that a better una_erstanding of' the prob-

lem would be afforded by studying the res1)0.nse of s v,•eet clover 

to lime and its relationship to soil texture. Accordingly, 

the <twenty-four soils VJerf) grouped into classes using the 

method of Bouyoucos (6) for nechanical analysis.. 1I'hese data 

are given in ·rable rv. 
The yield date obtained froin tho liHt1:J a.nd rook phosphate 

treatments 1;vere used in preparing the for the various 

textural groups. 1:'he lirne-tmperphos t1;:1 yield ta ere very 

similar to the lime-rock phosphate da with the exception 

that the superphosphate data i1hO'W a slightl:J greater response 

for most soils. 

Sandy Loar~: Three of the five srJils in this group are 

over 80 percent s1;1tura ted wit~ll ses. ]'ig. 3 shO'iiVS the t only 

one soil over 80 percent. sstu.r1:rted. responded appreciably to 

liming; this f':loil, P36, showed no onse to lit:ie-alone, but 

instead a .marked decrease.. The res_ponse shmJn in this figure 

is no doubt due to the mutual effect of the lime phos-

phorus. 'fhese data indic.a t;e that a decrease i.n response of· 

:2rweet clover to liming may be expected ·when the base satu-

ration value is 80 percent or higher. 

Loam: 'l1here were only tvm soi.ls in this class, and 

although one is 91 percent satur0ted with ses and the (.rther 

79 percent saturated, both shov,1 :rathe:r large responses to 

liming in the lirne-rock phosphate da·ta. 'l1his suggests that 

si;milar soils of this texture group will require a higJ1t1r 
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TABLE IV - MECHANICAL ANALYSIS DATA FOR EXPERIMENTAL 
SOILS 

Sample Percent Sand Percent Pe:ree.nt Texture 
~io. end/~r Coarse Clay Silt Group 

Material 

PS 18.2 19.2 62.6 Sil.t loam 
Pl5 23.3 24.8 51.9 Silty clay loam 
PJ6 68.2 10 .. 8 21.0 Sandy loam. 

PiJ 20.5 18.6 60.9 Silt loam 
p 4 53.3 12.6 34.1 Sandy loam 
P69 40.3 25.s 66.l Silty ¢lay loam 

P76 ·24.7 22.8 52.5 Silty elay loam 
P8J 29.7 14.0 56.3 Silt loam 
P206 60.2 17 .. 6 22.2 Sandy loam 

P216 25.5 28.0 26.5 Clay loam 
P338 J0.2 18.0 51.8 Silt loam 
P345 30.0 29.4 40.6 Clay loam 

l.3352 42.0 19.2 J8.8 Loam 
P359 49.0 26 .. 8 24.2 Glay loalll 
1?381 22.2 16.0 61.S Silt loam 

2790 19.2 25.9 54.9 Silty olay loam 
2797 2;.3 28.8 45.9 Clay loam 
4463 39,.7 27.4 32.9 Clay l9am 

4511 31.7 21.1+ 40 .. 9 Clay loam. 
4553 52.9 17.7 29.4 Sandy loam 
4582 45 .• 7 19.3 35.0 Loam 

4594 51.0 11.6 37.4 Sandy loam 
4600 41 .. 2 17.3 58. 5 Silt loem 
9014 15.2 26.0 58.8 Silty clay loam 
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degree of base saturation for optimum growth of acid-sensitive 

o:iro.ps. 

Silt Loan: The six soils in this texture group are all 

less than 80 percent saturated with. bases. ]'ig .• 4 shov,s that 

one soil (P43} does not give an appreciable responSJe to lime 

at 74 percent saturation with an exchangeable calcium. content 

of' 8 .. 1 .m.e. per 100 g. of soil. The lime-superphos_phate data 

show that soil PS at 77 percent .saturation also fails to show 

a noticeable response.. It appears that a base saturation 

value of 75 percent is the :maximum value at which an appre

ciable rosponse may be expected from sweet ¢lover to liming 

ror this textural group. 

Silty Claz LoaD!: Data from four of the five soils in 

this group are shovm in Fig. 5. Two of the soils in tllis 

group are over 80 percent saturated; one of these soils shows 

an appreciable :respons.e. The maxim.um base saturation value 

f'or an appreciable response o1' sweet clover to lime is also 

approximately 75 percent tor this group. 

Olaz Loam: Three of the six soils in this group are 

over ao percent saturated with bases. Limestone increased 

the yield of sv.reet clover on only one o:r them as indicated 

in Fig. 6. ·. The other two soils over 80 percent saturated 

show marked decreases in yields from liming, the decreases 

being -405 and -680 pounds. 



Figure 3 - A comparison of base saturation in 5 sandy loam soils 
and the effect of lime on sweet clover production. 

3500 

SANDY LOAM 

(fl 

~20001-----+---~~-~---+-~~-I 
:::> 
0 
0.. 

0 

9 1500 -----+----- J----~~------+-----t 
L&J ->-
z -
w 1000------

23 

(/) 

<t 
uJ 
a:: 

n 

~ 500 ·- - LEGEND 
V - 4553 
0 - 4594 
Cl) - t>206 Cl) 

"' - P64 
n - P36 V 

0 

-500 
50 60 70 80 90 100 

PERCENT BASE SATURATION 



Figure 4 - A comparison of base saturation in 6 silt loam soils 
and the effect of lime on sweet clover production. 
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Figure 5 - A comparison of base saturation in 4 silty clay loam soils 

and the effect of lime on sweet cloyer production. 
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Figure 6 - A comparison of base saturation in 6 clay loam soils 

and the effect of lime on sweet clover production. 
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Exchangeable Calcium. and Re.$,ponse to Lime 

In this study no -0lose relationship was round to exist 

between the respona e to lime as shown by the increased yield 

of sweet clover and the amount of ex.ohangeable calcium. 

Fig. 7 shows a general decrease in response with increasing 

amount of exchangeable calcium., with no appreciable increase 

iri yield when the exchangeable caleium. content is more than 

8.0 m .. e. par 100 g. of soil. These data suggest that the 

neutralizing action of the lime is more hn.portant than the 

· exchangeable calcium thus furnished. For instance 1 soils 

P64 and J?j6 contain 2.7 and 2.8 m.e. of exchangeable calcium, 

respectively, yet P64, with a. pH of 6 •. 1, shows an increase 

in yield of 3,147 pounds from the application of lime while 

P36, with a pH of 7.6, shows an increase of 715 pounds. The 

organic matter content of PJ6 is only o.6 percent while that 

ot P64 is 1.50 percent. 
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and the effect of lime on sweet clover production. 
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Che.m.1oal Studies 

Many so11 tests are dependent upon methods for deter.min

ing pH value. If a close relationship should exist between 

pH and degree -of base saturation, this relationship oould be 

used as a basis for making recommendations f'or limestone ap

plications on soils on which sweet clover is to be grown. 

These data for t.bi.s study were plotted and a.ra shown in Fig. 8. 

It is evident from this graph that a fair correlation between 

pR and base saturation exists for the soils in this study. 

The plotted line of regression ·was determined by the method 

of least squ.ares and the correlation coeffi.cient was found to 

be .61.. There are :rour soils which depart rather .etri.kingly 

from the line and in seeking a possible explanation for this 

departure,analysas were ma.de to determine the organic matter 

content of th.e soils studied in this investigation. T.b.ese 

and other chemical data are given in Table III. lio;plose 

relationship between the pU value and organic matter content 

was found. .A general relationship was found bet\veen organic 

:matter content and base saturation in which the two values 

varied inversely. These soils which departed from the plot

ted line of regression, P64, 4600, PJ52, and 4553, all contain 

less than l.60 percent, organic matter. For ?64 and. 4600 this 

quantity is relatively low when com.pared to soils of similar 

- percent base saturation values. 'l:he organic m.atter content 

of PJ52 is 1. 57 percent, which is relatively high 't'Vhen com. .. 

pared to soils of the same range of degree of base saturation 

(P206, 0.92 percent; :PJ6, 0.60 percent). The organic matter 
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Figure 8 • Relation of pH value and degree of base saturation of the 
base exchange oomplex in 24 samples of surfaoe so i l. 
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content of 4553, 0.78 percent, apparently is not the reason 

for its departure from the line, as the value is near that 

of soils of a similar degree of sa.turation. 

Several investigators have studied the relationship 

'between pU and degree of base saturation ot soils. Conrey 

and Sehollenberger (8) obtained a fair correlation between 

these two values of the various horizons in a Glerro.ont soil 
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profile.. Green ( 11), Bray and DeTurk { 7), Walker and Brown {JS), 

and Merkle (26) all found a rather close relationship between 

the pH and degree ot base saturation of soils. Joffe and 

McLean ( 21) , however, concluded the t there is no correlation 

between the hydrogen-ion concentration and degree of' base 

saturation. Pierre (33) also observed that the hydrogen-ion 

concentration O·f' soils and the degree or saturation of the 

exchange complex with bases were not correlated in soils that 

varied widely both in physical and oh0111ical characteristics 

and suggested th.at the rather c.lose relationship between these 

two eharacteristics obtained by other investigators may be 

due to the fact that they had worked with soils of similar 

origin or of' similar physical and chemical characteristics. 

Pierre and Scarseth (32) and other workers (21, 8) 

found that soils of the same pH values may have very diff'er ... 

ent degrees of saturation.. They suggest t!1at the following 

factors should be considered in explaining the tact that 

soils differ greatly in their percen,tage base saturation at 

.given pH values .. 

1 • .Presence of soluble aoids 
2. Mature of the bases in the exchange complex 
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3. Nature of the exchange co plex as might be revea led by 
a. Organic matter content of the soil 
b. ilica-sesquioxide ratio of the soil colloid 
e . Total exchange capacity of soil colloid 

4. Strength or avidity of the soil acids 

Since all the soils in this study developed under a sub

hum.id, temperate climate t he cl ay minera ls will be sinilar in 

composition; however, some variation in organic matter occurs 

which a parently is an important factor in explaining he 

departure of several of the soils from the general relation-

ship whi ch was found to exist between pH and degree of base 

saturation. 

There was a general relationship between the percent clay 

and the total exchange capacity of the soils, the total exchange 

capacity increasing directly with the clay content . 
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Discussion 

Until recently {29) i.t was thought that soil acidity had 

'to be com.11letely neutralized to provide optimum. conditions for 

the growth of acid-sensitive crops. Several work(n•s (25, .3, 

12, 2$) have founcl that small applicat5.ons of limestone ap

plied. in the drill row produce practically the san1e incr,;H:1sec1 

i.n yields as rnuoh larger a:pp11o.ations applied broadcast. 

Similar results ·were obtained by Harper (15) i:n t.he second 

group of experiments from V:Jhic:h d.ata for this study ·were se

cured. The experimental plot on the John Oakleaf far:m, near 

Skedee, Oklahoma, r::howed an increase or l, 510 pounds of sv.,reet 

clover when limestone wes a_ppl.ied in the drill row at the rate 

of 100 pounds per acre. Applying lime and f'ertiliz:ers in the 

row with the sweet clover seed at the 'time of planting will 

provide the young plants with a readily available supply of 

calciu..11 and. other plant nutrients during the seedling stage 

of dev,alopw.ent. This treatment will keep the plants alive 

until they have developed a root system capable of securing 

nutrients it' they are available from the surface and sub

.surface soil. If the sub-surface soil is sufficiently acid, 

or is low in phosphorus, t,l1e growth of the plants may be iu

hi bi ted by a nutrient deficiency v,hen the roots develop out

side the limed and fe.rtil.ized zone •. 

tthen limestone is applied broadcast at t11e rate of one 

Ol" two tons per acre ancl thoroughly mixed id th t11e surface 

6-inch layer of soil, the concentration of calcium e.t any 

particular point in the soil is necessarily low. rrhe lime

stone between the plants or rovii·s of.' plants can.not be ut:.i-



lized unless the plant roots come in contact with the lime

stone particles, and consequently a considerable amount of 

the calcium vdll not be used.. Finely ground lime.stone ap

plied in tho row over an area 2 inches wide and J inches 
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deep at the rate of 100 pounds per acre would be equivalent 

t9 an application of 4,000 pounds par acre broadcast and 

mixed with the surface 6-inch layer of soil. Row a,pplication 

of l.1:mest,one provides a small, we11 .... aaturatea zone in the 

imnediate vicinity of the plant roots and provides more ef

f'ioient utilization of the calcium thus applied. The poor 

results from row fertilization in some instances may have 

been due to an insufficient quantity of finely divided l.ime

stone to saturete the bc1se-.exchange complex in the fertilized 

zone. If' the subsoil were acid anci. plants V?"Ottld be required 

to obtain a hlgher percentage of their calcium from the lime

stone applied 1 t would be insufficient i.i.1. som~ soils unless 

the rate o:r application were increased. Because of the s:mall 

amount of limestone usually added in row applications and its 

efficient utilization by sweet clover plants, lin1e must be 

applied whenever a succeeding crop of sweet clover is planted. 

Althou€,:h ca1cium saturation in the suri'ace. soil is un

doubtedly a primary factor in the growth of the sweet elover 

seedling, tb.e chemical character of the sub-surface layers 

m1t2Y be a very im.por~ant factor in subsequent development. 
i 

Small applications or lime applied in the dri 11 row are more 

effective in increasing the growth of sweet clover on acid 

a.oils \lihich have a neutral or basic subsoil than on soils 

having a deeply leached profile .• 
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Summary 

A study was made of the relation betv:1een ;ir·es_ponse of 

s,Neet~ clover to liming and base saturation of the soil. No 

appreciable response of sweet clover to liming should be ex-

pected on soils that have a base saturation value of 130 per-

cent or more. This may be somewhat 1:1odj_fied by the applica-

tion of phosphate fertilizers .• 

The data for the various soil c.lasses show that sandy 

loams, silty clay loams, and clay loams do not respond to 

liming when the base saturation value is above 80 percent. 

Silt loarns show no response Vll'hen the base saturation value 

is above 75 :oercent. The data for the two loams in this 

study indicate that some response may be .secured from lin1ing 

swee·t clover on such soils when t.he degree of base saturation 

is as high as 90 percent. 

A fair correlation b<:rtween pH and the percent oi' base 

saturation of soils was observed in thls study. A pH of 6.2 

approxim.ates a base saturation value of 80 percent. 

lt general correlation betv1een the percent of clay and the 

rllilliequi valents of' excha:ngeable calcium per 100 g. of soil 

exists for the soils studied. Exchangeable calcium increased 
' 

with increasing clay content. 1.1 direct relationship was also 

found between peroen·t clay a:n.d the total e:x.change capacity. 

There was no close relationship bet.v11een the response of 

$VJeet clover to liming and the amount of exchangeable calcium.. 

1rl1e organic matter con·tent of a high percentage of the 

soils studied varied inversely with the percentage of base 

satura·tio:n. 
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