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in Intensive Study of an Acid Soil

A comparison of the different methods for estimating .

the "Lime Requirement" and the degree of saturation.

Introduction

Owing to its extreme importance in practical
Agriculture no problem in So0il Chemistry has received more
attention than that of Soil Acidity or “Sourness". The
knoﬁledge that it mey be rewedied by the application of lime
has been kmown from the earliest times, but the nroblem of |
determining the exact amount necessary to bring a "sour" soil
into a state of fertility is an extremely difficult one, being
affected as it is by the type of soil, the plant, the buffering

action of the so0il end the climate. V arious methods have

| been suggested for the determination of this "lime requirement"

but it is doubtful if any one method will suffice for all
plants, on all types of.soil, wnder all climatic conditions.
The problem has been attacked in two ways:-
(a9 By measuring the concentration of H' ions or pH i.e.
the intensity factor of the acidity and the effect of
lime thereon - and
(11) By measuring the potential acidity or "lime requirement®
As regards the second method workers in different

covntries have suggested various methods and it was with the

object of comparing these methods, as well as determining the
effect of lime on other factors including the crop yield, that

this investigation was begun. For this purpose a small piece
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of "agid" land at Boghall, the experimental farm of the
fdinburgh and Hast of Scotland College of igriculture was
obtained. The field which was roughly half an acre in size
had not been cultivated for some time and was covered with
weeds, mostly as might be expected from the acid nature of the
soil, spurry and sheep's sorrel with some hemp nettle and
redshank. The soil was of two types(Soil Survey of Bogheall
Farm by Dr. Ogg, formerly Soil idvisory Officer)mostly a
browvnish chocolate coloured loam with a fairly high percentage
of send with patches of a darker loamy mineral soil containing
a considerable amount of organic matter.

The land was not very well drained and the lower
layers of soil showed the yellowish iron oxide staining
characteristic of water-logging. Previous to this
investigation the land had been cleaned and sewn with barley,
but the crop was almost a complete failure only a few patches
surviving after the first few weeks. A small part of the
surviving plants ripened, while the rest failed to do so,
remaining green and stunted throughout the season, the grain
remaining almost wholly undeveloped. In 1929 a series of
10 plots, i.e. B in duplicate each 5 yards by 4 yards were
laid down and lime applied in accordance with the amounts
determined in acﬁcrdance with the Tovborg-Jensen method which
will be discussed later. A month after liming barley was
sewn at the rate of 1 1b. per plot i.e. about four bushels
per acre. The plots were sampled before liming and at

intervals of one year for two years afterwards, the work

. carried out being briefly as follows:-—

(1)
|

Description of soil - mechenical analysis - organic matter
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on pH - change of pH during growing season - change in drying

soil.

(3) Lcidity as measured by Kappen's method, i.e. hydrolytic
acidity and as measured by Daikahura's method i.e.
exchange acidity.

(4) Lime requirement as determined by Hutchison~licLennen
hethod.

(5) Exchengeable bases - increase of exchangeable Calcium
and effect on Aluminium due to liming - aluminium and
toxicity to plants.

(6) Comparison of various methods proposed for determination
of the saturation value of soils (Hissink, (ehring and
Wehrmann, Kelly, Bobko & Askinasi, Page & Villiams,
Crowther & Basu).

(7) Effect on yield of crops.

(8) Summary and conclusions.

liechenical inalyses and percentage Organic Matter

Before beginning any detailed description of the
methods employed for the measurement of acidity, a short
account of the soil of the plots is given, more particularly
as regards the silt, clay and organic matter content, as
these are the chief factors concerned in the problem of
absorption of Calcium and other exchangeable bases, saturation
values, &ce.

Teble 1 Gives the mechanical eanalyses of the
various soils which were carried out according to the

"Rewised Official Method for the Mechanical inalyses of Soils"™
(68).



4.

Table 1
Plot | Coarse Samd  Fine Sand 5ilt Clay Loss on
| Dried Ignited Dried Ignited| Dried Ignited Dried Ignited Ignition
at at atb at
| 105°C. 105°¢C. 105°C. 1059¢
i
1| 24.7 |[23.8 |2549 |'23.6 |[16.8 15.8 22.5 18.5 10.7
2| 1946 19.2 |83.8 |23.5 |14.8 14,0 | 220  |1%.8 13 o4
3| 23.2 227 22.8 225 16.0 156.0 | 22.2 16.6 14.3
4| 22.8 |22 [22.9 |22.6 |1B.0 | 14.5 |28.0 |73 | 4.1

b | 15,8 |13.6 |2lel. | 2046 | 17D 15.8 25.0 18.8 20.1

6|11.9 1l.2 |20.0 20.9 |[18.0 15.8 R6.5 0.8 2l.4
7 |17.4 16.8 |2l.1 120.9 |16.0 14.0 22.8 17.4 18.6
8 %20.8 20.4 19.8 19.6 |1l6.2 14.6 25.0 18.5 16.5
9 | 20,0 | 19+6 (208  20.6 |17.8 15.56 22.8 18.8 15.4
10! 22.7 R2.2 23.3 23:0 15.0 14.3 22.3 18.0 12.5

As can be seen the amounts of Fine gand, Silt and
Clay vary but little throughout the plots, but the amount of
Coarse Send shows considercble variation ranging from 24.7 in
Plot 1 to 11.97 in Plot 6. This is accounted for almost
' embirely by the variation in organic matter or more correctly
"Loss of Ignition" which it will be noted varies from 10.77 in

| Plot 1 to 21.47 in Plot 6.

Orgenic Matter. ‘Though loss on ignition is sometimes talcen
as & measure of the organic matter this is not strictly correct
as the loss on ignition at least in mineral soils includes,

along with the orgamic matter the water of constitution of the

| Clay.
The problem of detemining yuantitatively the orgamic

‘matter in soils has not yet been satisfactorily solved though

| various methods have been proposed and are in use.
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The methods adopted may be classified into two groap«s.
The extraction of the organic matter or "hmums" by same
alkali and its subseyuent precipitation by acid as for
example the determination of the & fraction according to
Weksypan (71).

The amount extracted by this method appears to
depend on the temperature mnd strength of the alkali
used and on the time of extraction and in a critical
review of the methods employed Vaksman & Stevens (72)
state that not more them 30 - 507 of the soil organic
matter is extracted by such means.

The oxidation of the humified portion of the organic
matter by some oxidising agent ec.g. Ho0g as iz_l the

method of Robinson & Jones (59)

The second method is the determination of the total
carbon content of the scil; The percentage carbon
obtained is then mmltiplied by the factor 1:724 to give
the total organic matter present. This factor is based
upon the work of Van Bemmelen ,‘.‘.‘ollny and others who
found the amount of carbon present in organic matter to
be 587, The carbon may be estimated by (1) the dry
combustion methed, the most satisfactory, or (2)a wet
combustion method e.g. by chromic acid or by permangenate.
This latter method has been found to give considarainly
lower results than the former (57)

A modification of the total carbon method
which has been suggested end which has been used in the
present work is that of Robinson, Mclean & Tilliams(60).
In this method the carbon is oxidised by concentrated_

H-804 &8s in the ordinary Kjeldahl method, the SO2 i
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liberated being trapped by mesmns of standard iodine
solution. The amount of carbon found by this means
multiplied by 2 may be taken as a rough measure of the
organic matter present. The factor 2 is based (1) on
the fact that the amount of carbon obtained is found to
be consistently lower than that obtained by the dry
combustion method end (II) on the assumption that the
factor 1°724 previously mentioned is also too low. This
factor has also been criticised by Read & Ridgell(60)

who hawe suggested that the amount of carbon present in
orgenic matter should be taken as 50 - 527 instead of
as formerly 587 and by Iunt (48) who suggests 53 - 557,
The method given above would abviously not be suitable
for soilg which contained considerable amounts of
reducing substences other than carbon but with this
exception it appears to give approximate results amd is
moreover suitable for routine use. At the present time
when the nature, composition and structure of the organic
matter in scoils is almost entirely umknown, it is doubtful
whether strict adherence to any one method for its
determination can be justified.

Table &z giveé}ihe amount of carbon calculated
from the amount of 502 evolved,(2) amount carbon actual ly
present i.e. C x 1+116(Tobinson's factor) (3) percentage
organic matter calculated from 1 end (4) the loss on

Ignition .-
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Table Z.
Plot Carbon(1l) 4 carbon 4 orgenic Matter Loss on
by 505 1.8.(1) = 14116 de0.(2) % 2 Ignition
1 5.03 5.61 10.1 10.7
2 677 5B 35.5 13.4
] 7.52 8.20 15.0 14.3
& 7.65 8 .54 156.3 14.1
b 9.88 11.03 19.8 20.1
; 6 10.60 11.82 21l.2 21l.4
: 7 10.52 11.74 21.0 18.6
B 8.9 165.8 15.8
| 2 7.es 8.51 15.3 15.4
| 10 6.31 7.04 12.6 12.3

As can be seen the values for Organic Matter and

Loss on Ignition agree extremely well.

Nitrogen and Carbon —~ Nitrogen Ratio

As it has been suggested that on the basis of the

theory that the carbon : nitrogen ratio in soils is usually

10 the organic matter could be obtained by multiplying the
percentage of nitrogen present by 20, the amowmt of nitrogen
was determined after the estimation of the carbon.. The
results are given in Table 3, which gives percentsge of
Nitrogen present, Organic Matter obtained by multiplying %
Nitrogen by 20 end by multiplying 7% Carbon - by 2, i.e. from

Table 2 and also the CG: N ratio.

Table 3 - overleaf :—
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Dable 3
Plot & Nitrogen Organic latter c/w
N x 20 G 2
1 «43 8.6 10.1 15.1
2 «B0 10.0 13.5 16.0
3 .56 1142 15.0 15.5
4 49 9.8 15.3 17.4
b -6b 13.0 19.8 17.2
6 $ 73 14.6 2l.2 17.4
7 o719 15.8 21.0 18:9
8 49 9.8 15.8 14.3
9 +6b 13.0 i 15.3 13.5
10 .54 10.8 12.6 1540

There 1s little or no agreement between the orgamic
matter as estimated by the nitrogen content and by the carbon |
‘content and also the carbon : nitrogen ratio varies consider-
ably from the ratio 10 ¢ l. In an investigation into the
carbon : nitrogen ratio of soils leighty & Shorey(45) found
that the ratio varied between 3 and 35 and it is considered
doubtful whether the organic matter content can be correctly
estimated from the nitrogen content of the soil. In the
above samples the carbon : nitrogen ratio increases as the 7
orgenic matter increases, possibly due to the fact that the
organic matter in the higher samples is not so well

decomposed as in the lower.
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Measurement of Acidity end Lime Regquirement

The methods adopted are as mentioned in the

introduction grouped into two classes:-

(1)
(2)
(1)

Measurement of intensity or pH

Measurement of the'potential acidity or "lime requirement"
liay be measured either(a)colorimetrically by means of
indicators in a water extract of the soil as in Gillespie's
drop ratio method (26) or (b)electrometricelly by means
of the hydrogen electrode or Biilmann's guinhydrome
electrode method (5). This last has been used through-
out this investigation in accordemce with the procedure
recommended by Biilmann and Tovborg-Jensen (6) but using
a saturated K Cl calomel electrode instead of the Veibel
electrode (69).

Attempts have been made to correlate the pH
value with the "lime requirement" but such attempts can |
naturally only be made on soils of a similar type.

Saint (63) found little agreement though Ogg and Dow(52)
working on Scottish soils found a certain agreement but
with numerous exceptions.

Table 4 gives the pH values of the plots along
with the pH values when measured in a normal solution of

K Cl as suggested by the International Society of Soil

Science: - .
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Table 4.

Plot pH(Water) pH(N.KC1)
1 4,81 4,06
2 4.77 3.98
3 4,68 3.91
4 4,70 3.98
5 4.44 S.68
6 4049 3.65
7 4.49 3470
8 4.68 387
9 4.75 4,06

10 5.08 4.27

It will be seen that the degree of acidity is
extremely high end would be classified with the exception of
1, 9, and 10 under the group "intensely acid" if one adopts
the suggestion of Hardy (29) who has prOpcied that soils might
be classified into exchange reaction groups 3 - 3.9, 4 -~ 4.9 é&c.
according to their reaction in N XKCl.

(2) Measurement of Potential Acidity or "Lime Requirement"

The methods which have been proposed for this

estimation may be classified into two groups:-

A+ (a) The determination of the amount of base required to
raise the pH of the soil to a certain value e.g. methods
of Tovborg-Jensen (67) or Hardy & Lewis (30).
(b) The amount of base left ummeutralised after treating |
a definite amount of soil with a definite amount of base
for a certain period of time, e.g. Hatchison-lMcLennan

Method (35).
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The second class is that in which the amount of base
required to neutralise the acidity released on treating
the so0il with a solution of a hydrolysable salt, e.g. .
sodium acetate or calcium acetate(Kappen's method) or that
released on treating the soil with a solution of a neutral
salt, e.g. KC1 as in Dagkalmra's method is estimated.

From field experiments a factor comnecting the amount of
base required in the laboratory and the amount of lime

which should be applied in the field has been obltained.

Methods in Class 24 (a)

The method adopted in this work is that given
by Tovborg-Jemsen (67) and also Christensen-Jensen (12)
though it has been suggested, in part at least, by others
(19) It consists in adding to 10 gms of soil varylng |
amounts of ca(OH)z solution, the total volume being made
up to 100 c.c. in each case. The suspension of soil
and Ca(O0H)p is left to stand for &4 hours with occasional |
shaking. At the end of this period any excess Ca(OH)g _
is precipitated as CaCo3 by passing a stream of COp
through the suspension whichis then followed by a stream
of air which decomposes any bicarbonate which mey hawve
been formed. At this precipitation, if there has been
any excess CapH)2, the pH should be in the region of 8.4.
By plotting pH values against c.c.'s Ca(OH), added,a
titration curve is obtained from which the amount of lime |
necessary to bring the soil to amy pH can be determined.
The authors then recormend that plots should be laid down
and limed, as follows:- No 1ime)lé, 2/5. 3/5. 4/5 of
estimated lime requirement which is taken as the amount

of lime required to bring the soil to a pH of 7. After
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a certain period, the pH of the plots is again taken and from
the results one can obtain a second curve showing pH of plot
against lime added and by consideration of the two curves, the

laboratory and the field, a factor commecting the amount of

lime added in the leboratory wnd the amount of lime vhich should

be added in the field to give the sarme pH can be obtained.

Unfortunately it was found that certain variations occurred

in each plot, chiefly in the organic matier end it was decided

t0 examine the results of the addition of lime in each plot
separsately.
Certain points in this method should be noted:-

(1) The choice of the pH value 7 The figurs 7 wes
presumébly chosen as being the reaction of & fertile soil
and because neutral solutions have that pH, but the

choice of this figure is arbitrary and has no special signific-

ances In countries such as Scotland many fertile soils have

a pH value below 7 as shown by Ogg and Dow (52) who found that

the pH of the greater proportion of secils exemined (717) lay

between 5 and 6.5. The figure chosen can, of course, be
chenged %o suit the necessary conditions, such as the crop
- grown &Ce, assuming of course that a definite relationship
?betwean the lime added in the laboratory and that added in the
| field can be obtained. Other investigators, e.g. Kutschinsky

(44) have suggested a pH of 8.5 as suitable, but this would

appear to be unnecessarily high.

(2) The precipitation of the excess Ca(0H)p by means of a

!streaﬁ of Cog would only be necessary in cases vhere an excess
' Of base remained. In practically all the plots it was found

|
 that even with the meximum amount of Ca(0H)g i.e. 100 c.c.s
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the pH barely reached the figure 8.

As the

pH according to Jensen should reach about 8.4 after the excess

Ca(0H)2

out this part of the procedure.

had been precipitated, it was umnecessary to carry

ime uire

s

equilibrium.

ion of soi

end Ca(OF

to reach

It was found by Jensen(67)that equilibrium in the

suspension could be reached in a period of 24 hours &t most

48 hours, while Crowther(14) reports somevhat similar results.

These findings were not borme out in the course of the present

work, as it was found that it was advisable to leave the

suspension for a period of &t least 4 days before measuring

the pH.

from plots 3 & 6 on allowing the suspension to stand for

Table 5 shows the results obtained from the soils

periods of from 1 - 4 days:-—

Table 5 '
pH Plot 3 »lot 6
c.cs.Ca(0H)s Hrs. Hrs. Hrs.Hrs. c.cs.Ca(OH)z Hrs Hrs.
added 24 48 72 96 added 72 96
0 4.66 4.61 4.73 4.75 0 4.39  4.40 :
10 B.33 B.26 5.24 5.27 .20 5.06 5.07 |
20 6.8% 5477 EaTL 57X 40 5.75 5.68
30 6.256 6.20 6.11 6.11 60 633 6,13 |
40 6,90 6.57 6.47 6.48 80 6:66 6.66
52 7.561 7.23 6.80 6.81 90 6.83 6.74 i
60 7.90 7.60 7.10 6.98 100 7.04 6,95
70 8e29 7.95 7.256 7.26 |

It will be seen that

in plot 3 equilibrium appears

to have been reached after 4 days, but with the more acid soil

from plot 6, the values obtained on the 4th day are still
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slightl;} lower than those on the 3rd day. Similar results
were obtained in all the plots showing that a period of 48
hours is at least in this case too short a time. It would
appear that as long as the final reaction of the suspensioﬁ
is decidedly acid eguilibrium is reached fairly quiekly, but
as it grows more alkaline longer periods are necessary.

This can be seen when the graphs, which are typical of the
results obtained for each plot, are plotted for the sbowve-—twe
ploté’;is':h(g effect of adding (in plot 3) 30 c.es Ca(OH)2

to 10 gms. is approximately the same for the four periods, l
but on adding further amounts the graphs begin slowly to
diverge.
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It would appear that 96 hours or even 120 hoﬁrs
would be necessary for the most acid soils to attain eyuilibrium
but the time could be shortened to 48 hours for the less acid
soils. 4 method has been proposed by Herdy & Lewis (30)
which apparently shortens the time required. In this a
certain amount of 0.2N neutral CaClp is added to the soil %o
which is then added successive amounts of Ca(OH), solution,
the pH being determined after 3 minutes sheking for each
addition. If the pH remains constant after 3 minutes
shsking, the time raqu_iréd for each determinetion wounld be
greatly lessened, but from experiments carried out by Dr. Smith

of this college, it appears doubtful if this is the case.
|

of curve obtained and effect of va amounts of "Humus@

on the "buffering power" of the Soil.

d f"‘“"“"?“"’" .
The curves obtalneda~which are shown in Graph 2, were

smooth and continuous with nc definite break at the end point

as in the neutralisation curve of a simple acid.
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The extent of the buffering action msy be gaged
roughly by means of the slope of the curve, but owing to the
curvature a definite range of pH nust be selected or the
method suggested by Tovborg-Jensen may be used(67). Briefly,
this method consists in treating a substance with no "buffering“
action, e.g. a yuartz semd with Ca(OH)g in a similar menner to |
that already deséribed for soils and comparing the curves '
obtained. If the soil has no buffering power, which is very
unlikely, the two curves will coincide end the greater the |
buffering power of the soil the greater will be the space be-
tween the two curves. The space between is then a measure of
the buffer power. 1If the soil is alkeline, then botn it and
the sand can be treated with dilute acid. The space between
those curves will then be a measure of the buffering action
of the soil to acid. In the soils examined, the action
against a base is, of course, measured and depends chiefly on |
the smount of clay and orgemic matter present. Teable 6 |
shows the initial pH, the percentage of clay snd organic mat‘bez%
and the number of c.cs. , N/30, Ca(0H)2 required to bring '
10 gms. of so0il to a pH of 7 in each of the soils. I

I

: Table 6
Plot Initial 7 Glay [ Orgmic c.cs.Ca(OH)g Ratio
PH Matter to give pH? Plot 6 100
: SO 22.5 10.1 45 44
2 4.7 22.0 13.5 60 59
3 4.6 22.2 15.0 60 59
4 4.7 22.0 13.5 68 67
5 4.4 25.0 19.8 100 96
6 4.5 26.5 21.2 102 100
7 4.5 22.8 21.0 97.5 96 |
8 4.7 23.0 15.8 72 71 |
9 4.7 22.8 15.53 62.5 : 61 |
10 5 22.3 12.6 44 43 !

It will be seen that though there is not much ‘
difference in the initial pH value, nor in the [ Clay, the ‘

varying smounts of organic matiter cause a large difference in
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| the amount of Ca(0H)5 required. This is also shewn if one
addpts the "buffer space" method of Jensen's previously
mentioned.
. Graph 3 shews the curves obtained for plots 6, 8 and 10 along

|
with the curve obtained for a guartz sand.
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As the soils have not all the same initial pH, the
buffer space has been measured for each plot between the pH
values 5 - 7. The curves for plots 1 - 5, 7 and 9 are given

(p96)
in the appendix., Table 7 shews the values obtained:-

| Table 7
! Plot Buffer Space Retio
Plot 6 100
1 461 24
2 523 50 ’
3 523 50
4 666 64
5 1000 96
6 1043 100
7 968 93
8 671 64
9 606 58
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Plot 6 with highest buffer space has been teken as
100 and the ratio of the others calculatfed. -It will be seen
that they agree approximately with the number of c.cs. Ca(0H)p
required to reach pH7. 90il 10 has not been included in the
list as, owing to the fact that it had an initial pH value
above 5, the buffer power would not be comparable with the
other soils. The value actually obtained 323 eand ratio 31
is too low.

Amount of Lime (Ca(OH)s) applied per Plot.

In April 1929 the following amounts Ca(OH)p were

applied per plot.

Plot Ca(OH)2applied Plot Ca(OH) yapplied
1 Wil 6 Wil
2 24 1bs. T 24 lbs.
3 48 lbs. 8 48 lbs.
< 72 1bs. 9 72 lbs.

5 96 1bs. 10 : 96 1bs. i

Barley was sewn in May, it being considered that
barley, being a crop sensitive to acid conditions would be
the most suitable for the purpose. In the following year
April 1930 the plots were again sampled, the following results
being obtained., |

Effect of liming on pH of plots 1 and 2 years after application.

Table 8 (see over)
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Table 8.

Plot pH Lime _ pH (1 year) pH)2 yrs.)
Unlimed  Applied Fresh Semples Air Dried Lir Dry

1 4481 0 5.26 4.96 4,63

2 4077 24 1lbs. 5.57 5,51 5.15

3 4.65 48 1bs. 5.70 5.69 5433

€ 4.70 72 lbs. 6.05 6.22 5.79

5 4.44 96 lbs. 615 6.25 5.99

6 4,49 0 4.'78 4.74 4432

7 4.49 24 1bs. 5.06 4.90 4.76

8 4.68 48 1bse. 5.34 5.42 5.26

9 4.75 72 1bse. 6428 6.22 5.85
10 5.08 96 1bs. 7.15 7.21 6.80

In the colurms for 1 year after liming, it will be

noticed that the reaction of the limed plots has been measured

on the wet samples(i.e. immediately after sampling)and on the

air dry samples as changes in the reaction of drying soils

have been noticed by various cbservers. Rost and Fieger (61)

Joseph and Martin (37) Kelley(40),

the acidity is slightly increased on dryinge.

Snyder(66) consider that

Aarnio(l) has

: given results in soils 'dried at intervals of lodbfrom 100° to

' 1000°C. and obtained increased acidity at first followed by

. decreased acidity, but it is doubtful if a soil dried at such

high temperatures would possess the characteristic properties

of the soil itself.

Baver(4) found that the reaction was not significantly]

affected by drying, while Biilmemm and Jensen (6) came to the

same conclusion.

From the figures given on Table 8 it will be

seen that,except in the case of plot 1, little or no change

has occurred on drying.

The values given for the plots 2 year%
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after liming show that the acidity has slightly increased

during the year 1930 - 31, the decrease in pH being approximately

*2 = *3 in each cass.

Change of pH during the growing season @nd comparison of field

and laboratory results,

oince the above methed of determining the lime

requirerment depends on comparing the pH in the field with that

| obtained in the laboratory. the yuestion of the time of

sampling arises as it is well known that periodic variations
in the hydrogen ion concentration occur throughout the year.
Baver (4) reports that $he acid soils varied as much as +92 pH
during the period May to September, with a continual increase
in acidity the pH rebturning to approximately the same value

in the Spring. Lipman Prince @nd Blair (47)showed variation
in pH during Mgy Lo Wovember in the soils of barley and soy
bean plots which had been treated with sulphur - while

Burgess (11) showed variations in plots treated with lime.

That the change may be considerable is shewn by Kelley (40)

who found that an acid soil might vary by as much as one unit

of pH during the growing season. Smith and Robertson( )have

' also shewn that wide variations may occur.

Table @ shows the changes which occurred during the
growing season of the year 1930. As the Lime was only applied
in April 1929 no measurerents were taken throughout thé.t year
as it is probable that the lime would not be sufficiently
absorbed to give satisfactory results.

Table 9 (see over)

X PM«L’(, N A . A WW‘-&-"‘
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Table 9
Plot i pH at various times
10/4/30 12/7/30. 13/8/30. 19/9/30. 9/4/31.

1 4.96 5427 5400 5.04 4.63
g 5451 546 5.72 5.72 5.15
3 5469 6.03 5.60 5.62 5,53
4 6422 6.28 5475 6+52 5.79
5 6425 6469 6462 6.52 5.99
6 4.74 4.71 4.53 4.77 4.32
. S 4.90 5.05 5429 5.00 4.76
8 5.42 6.05 6.40 5459 5.26
9 6.22 6436 6460 6.51 5.85
10 neel 6.95 732 7443 6.80

Though the results do not show sny regular variation, it
will be see¢n that considerable chanées occur. Generally
speaking the plots become less acid during the growing season
with the highest pH,ic. least acidity in either July or iugust.
After iugust the acidity increases until the following Spring.
This is atlvariance with the results reported by Bawer above
who found en increase in acidity and suggested that this increase

| may be due to a dehydration of the eolloidal silicates of the
| soil with consequent decrease in buffer power or to an
accumulation of soluble salts in the soil during the Summer.
This explanation appears to neglect the effect of the growing
plant. The equilibrium which exists between the bases in the
soil colloids and those in the soil solution would be influancedi
to @ considerable extent by the growing plent and as the tendenc$

the acidity would tend to decrease. As the plant ceased to @

would be for the salts to decrease during the growing season
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to grow the salts would again increase, giving an increase in
aciditye.

Comparison of field end laboratory results.

The changes in reaction which have been pointed out
in the preceding paragraph show that in any investigation
where the acidity as measured by the pH value is to be used
as & basis of comparison, the soils must be sampled at as far
as possible comparative times. It would seem that the best
times for such sampling would be in the Spring before the
reaction of the soil has been changed by the growing plant,
and this time has been adopted in the present work. !

The field end laboratory results may be compared
in two ways (1) by comparison of the reaction of the original :
plots with the reaction a certain time after liming, or '
(2) by determining from the titration curves ofthe limed plots '
the emount of lime still .necessary to bring the pH of the soil |
to & certain figure. |

In order to provide a basis on which to compare the
results, the weight of soil to a depth of 9 inches on each
plot was determined by weighing 600 c.es. of each soil.

This is admittad%ot a very accurate method, but it is
probably more accurate then the usual method of assuming a
certain weight of soil per acre. That the weights may wvary
considerably is shewn by Table 10. By determining the weights
thus, the smount of lime applied per plot can be calculated in |
terms of c.cs. Ca(0H) g per 10 gms, soil and from the titration ;:
curve the pH which the soil should give. Table 10 gives
the weight of sr.;uil per plot, the amount of lime applied, the

PH obtained by adding this amount in the laboratory and the

PH obtained in the field.
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Table 10
Plot Wt. of Soil Lime pH from pH in field
per plot applied titration 1 yr. after 2 years
curve liming after liming.
1 8410 1bs. 0
3 7800 24 1bs. 6.0 5,57 5.15
3 7800 " 48 n 6475 5.70 5.33
4 7400 " et 72 6.05 5,79
b To00 ¢ QeI 7.1 6.13 5.99
6 6700 " 0 =
7 6660 24 " 5.5 5.06 4,76
8 8000 48 o 6ed 5,34 5.26
9 8100 " 2" 7e2 6428 5.85
10 8410 " 96 » 8.2 7.15 6,80

It will be seen that in no case has the pH in the field!

increased to the figure obtained in the laboratory, the i

difference, except in the case of the lowest limed plots 2 and

7, is practieally 1. showing that the "lime reyuirement™

measured by this method is considerably less than that under

field condition and that ftherefore the amount of lime actually

applied nust be greater then the laboratory figures indicate.
The above Table does not give much information

| regarding this defieiency, but a certain smount of lmowlsdge

can be gained by the second method suggested. The method

adopted was, as follows. Table 10 gives the pH to which the
plots should have risen according to the laboratory figures,
but in no case did they do so; from the titration curves of the
Ilimed plots the amount of lime necessary to give the first pH
 value was again calculated and in this way the two figures

| could be compared. 4n example from Table 11 which gives the
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results for all the plots illustrates the method used.

In plot 3 the amount of lime applied, i.c. 48 lbs. shouid have
given a pH of 6.75. A year after liming it was found that it .
still required 24 1bs. to give a pH of 6.7 so that half as

much lime as that originally applied should have besen added.

Plot Ca(OH) PH in Amount of lime necessary after
applied Field a year to give laboratory pH

1 0 lbs. - =

2 24 5.57 5 1bs. Ca(OH}2

3 48 n 5.70 24 n "

4 {2 6.05 3 0 "

5 96 n 6.13 43 n "

6 @ - ~

7 = o 5.06 g8 n "

8 48 5.24 26 " i '
9 b 6.28 . ar B I
10 96 n 7.15 o0 n L

The above Table shows that in each case approximately
half as mach lime again as that originally applied should be
added. 'Ehis, however, is open to two objections (1) dealing
with the time of measuring the pH and (2) which deals more
particularly with the calculation above. The effect of the
plant on the pH has already been discussed, but the pH apart
from that would not remain constant. We mst assume that
after the .application of the lime +the pH would rise to a
certain meximum and then begin to fall. As cen be seen from
Table 10 +the pH 2 years after liming is lower then that in
| Lpril 1930 and that if the above calculation were made on the

1931 samples, the lime necessary in excess over that obtained '
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in the laboratory would be still greater than that shown in
Table 11« As a fairly common practice is to lime about six
months before the crop requiring it is sewn it is probable
that to measure the effect after a year would be suiteble more
particularly as in the zbove case larger yuantities than those
used in practice have been applied.
Objection 2. In will be noted in Teble 1l that the excess
amounts of lime are those calculated from the titration curves
and that therefore assuming that this awount would act
similarly to the first application half as much again should
be added to give the same effect in the field. This mesns
that the ampunt obtained in the laboratory should be practically
doubled to give the same effect in the field. The "lime factor"
or the factor by which the laboratory amounts mst be
nultiplied to give the same effect in the field is then in
this case roughly equal to 2.

inother method of determining the "lime factor"
might be made, as follows:- As the pH of the plots one and
two years after liming-i;e known, one may calculate from the
titration curves the amount of lime necessary in the laboratory
to give this pH and compars this amount with the amount
actually applied. Table 12 shows the results obtained by
this method.

Table 12 (see over)
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Teble 12,

Plot pHone pH two 1bs. per plot ‘mount lime Factor .
year years necessary to applied .
give this pH !
in Laboratory

17%¥Yr. 2 Yrs. 1 Yre 2 Yrs.f
il
Ibse.

2 5.57 5.15 14.5 1bs. 7 1lbs. 24 1.7 2.8
3 5.70 5.33 AR LIS s . SRR 48 2.6 3.5
& 6.05 5.79 3% w26, W T2 2.3 2.8
5 6413 5.99 B ® 45 m 96 1.9 2.1
6 —

/¢ 5.06 4.76 2 g = 24 & 3.3
8 5.34 5.26 THC R T o L 48 2.7 3.0
- 6.28 5.85 39 'w g 72 1.8 2.7
10 7.15 6.80 oy v 1390 ~(n 96 1.9 2.5

The'lime factor" after 1 year is approximately 2,
while affer two years it has increased to 3. These results
illustrate one of the difficulties mentioned above, i.ec. time
of sampling .

In their work on Danish So0ils Christensen & Jensen(lzf
found & liming factor of approximately 3(no information given
as regards time between liming and time of sampling)which egrees
with the two years "lime factor". The factor does not seem to
be greatly affected by the amount of organic matter present as
the factor for the plots 5 - B, which contain most organic matﬁ%r,
varies from 1.9 - 2.7 for one year and 2.1 - 3.0 for two years
shows roughly the same variation as the other plots. As the j
"lime requirement" by the laboratory method and in the field |
| may be equally affected by the amount of organic matter, then |

the factor would be roughly the same for all the soils. For ‘
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a more correct comparison of the liming factors of different
soils, the pH would require to be raised to the same value for
each as the factor for a soil whose pH is increased from 5 - 6
may be yuite different from the same soil when the pH is in-
creased from b - 7, but as can be seen from Table 12 this does
not seem to cause any decided change.

B. Lime Requirement Methods of Kappen and Daikalmra.

Kappen's Method - Hydrolytic Acidity(39) In this method the

amount of base required to neutralise the acidity obtained by

treating an acid soil with a solution of an hydrolysable salt

usually sodium or calcium acetate is deftermined amd from the
amount of base required the lime-requirement of the soil mey
be calculated. Kavpen has suggested that soill acidity may be
classified into four groups, viz:- (1) Hydrolytic iLcidity,

(2) Exchange Acidity, (3) Neutral Salt Decomposition emd (4)

Active scidity:-

(1) Hydrolytic Acidity is that developed on treating a soil
as above. If a soil is only slightly acid, it will only
shgv: acidity when treated with a hydrolysable salt, but not
when a salt such as sodium or potassium chloride is used.
The acidity which develops with sodium or potassium chloride
is known as "Bxchange Acidity" and is supposed to be due
to the replacement of "Aluminium" by the catiom of the sali
added,with conseyuent productions of iluminium Chloride,
which on hydrolysis gives rise to acidity. ‘The"Neutral
Salt Decomposition" +type is that giving higher acidity
then the exchange acidity, while the acidity shown by soils
whicfx are practically denuded of replaceable bases is
called "Ac;tive Acidity!.

fxplanation of various types :~  Hydrolytic Acidity. To
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explain this acidity Kappen has put forward the following
concention. Owing to the hydrolysis of sodium acetate to
sodium hydroxide and acetic acid, there will be an excess of
OH ions in solution owing to the sodium hydroxide being more
strongly dissociated than the acetic acid. The scil absorbs
the OH ions which bake with them the Na ions leaving an excess
of acetic acid in solution giving rise to hydrolytic acidity.
The idea of hydroxyl absorption by the soil has been

eriticised by Page (54) who has pointed out that there is

| 1little or no evidence that absorption by the soil of OH ions

| or other anions occurs. He is also of opinion that soil

| acidity is of one kind only and hes advanced a theory whereby

if one assumes that H ions,as well as the bases of the soil

can be replaced by the cation of an added salt, the four types

- of acidity are vhat might be expected from soils of increasing

acidity, i.e. soils which show an increasing proportion of
replaceeble H ions in the soil complex. Page's conception is
mch simpler snd appears to explain the various phenomena
equally well with that of Kappen's, whose classification of
soil acidity into 4 types which merge gradually into one
another and which on many soils could not be distinguished from
each other, is perhaps unnecessarily complex. This, however,

need not debar the method from being extremely useful in

. practical routine work, as it is possibly the simplest of the

nany methods which have been suggested for the determination

| of lime requirement.

The procedure adopted by Kappen is as follows(39)
100 gms. air-dry soil are shaken for ome hour with 250 c.cs.

normal sodium or calcium acetate. The solution is filtered
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and 125 ce.cs. of the filtrate are titrated with *INsodium
hydroxide using phenolphthalein as indicator. The number of
c.cs. required, usually denoted as Y1 is a measure of the
hydrolytic acidity.
To determine the lime requirement caleium acetate is used
and the titre for 125 c.cs. filtrate multiplied by 4.5 gives
the number of double centriers of pure CaCoz required per
hectare.

Kgs. soil
1 double centrier = 2 cwbs., 1 hectare= 2¢4 acres =3,000,000 |
A method embodying the same principle was suggested by Jones
(36) in imerica in 1913. Jones used 5.6 gms. soil, 0.5 gms.
calcium acetate =and 200 c.cs. water and titrated 100 c.cs.
against *1 W ¥aOH the number of 1lbs. Cal per acre reyuired
being determined by multiplying the alkeali titre by 3600.
The eémount of soil used is perhaps rather small, but its
simplicity in use was a decided advantage over the somewhat
laborious method of Veitech (70), which was then in common
use.

Ls in all the methods for estimating lime require-
ment, the ratio between s0il and solution is an important
factor thus Csiky and Zperjessy(l6) found in investigating
42 soils of varying acidity that the amount of alkali required
when the ratio of soil to solution was 1 ¢ 2.5 (Kappen's ratio)
varied from 2 - 10 times the amount reguired when the ratio
was chenged to 1 ¢ 60. Rath(56) elso foumd variations
when the ratio was changed.

Hissink (33) has suggested that the time of sheking |
might be increased to 3 hours and that the amount of soil
used should be 256 gms. or alternatively that the weight of .

soil used should depend on the amount of clay and hums present.
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The estimation of these substances, however, would be laborious
in a routine method.

Results using Sodium and Calcium Jecetate.

As has been stated either of the =zbove sults may be
used, the latter being used for the lime reyuirement. ° That thé
two values may vary considerebly is shown in Table 13 which
gives the results for the plots unlimed, one and two years
after liming.

Table 13.
Unlimed Cale 1 ¥Yr. after Cakic. 2 Yrs after OCslc.
plot Cakc Nabc Nahe Ca ac Nahe Naic. (Cadc. Naic. MNaic,

1 4es8 BoiE 13 - - 4 = i § e .

S 49,70 5T.80.5  B8B  25:0 T 581 249 14

3 B8 40,2.0.4  30.0 1948 1.5 2545 28,0 1.

4 BY.:6 BBl 1.5 81.8  15:8. 2.1 . 856 157 1.6

5 70 B2.5 1.5 56.8 16,8 2.8 J26i2 13i0 Zm

§ BB BER LS = e = - -~ ~ ;
W o wELs B Ak BRLE A% | 144 B&8 44.B 1.3

8 B3i2 42.8 1.4 4B,1 28.0 1.6 358 23,7 1.6

9 657 40.0 1.5 - 85,6 I3:5 1.8 B2:2 14.9 1.5

10  55.0 36.4 1 127 1640 7 Bl 950 Bl - 2.9

The Table shows that the ratio between the two values
is spproximately l.5. This may possibly be due to the fact
that calecium,being a more powerful replacing base than sodium,

| displaces more H. ioms and thus gives rise to a greater acidity |

Comparison of Christensen-Jensen and Kappen's Method. :
|

As mentioned before, the amoumt of lime necessary
| according to Kappen to remove the hydrolytic acidity and to
bring the soil to a pH of 7 is obtained by multiplying the

| alkali titre by 4.5. This can be reduced to 1lbs. ‘Ca005 per



plot.  Further, the mumber of milligram eyuivalents per 100
gms. 20il necessary to give pH 7 is obtained by multiplying
the alkali titre by 5.5. Table 14 gives the lbs. CacoOy
necessary to bring each plot to pH 7; the number of milligrem
equivalents necessary according to euach method, emd also the
pH which is obtained in the laboratory by adding to the soil

the amount of lime reyuired by Kappen's method.

Table 14.
Plot Lbs. CaC0z ver plot M. ey. per 100 gms. PH obtained in
to give pH7 Hyd. Ac.Kappen Chris-Jensen 1laboratory by
Kappen Chris.- adding Keppen!s

Jensen amt. CaC03 to
soil
1 bl 63 B.2 12.2 15 6.6
2 58 78 9.5 14,9 20 6.5

3 68 78 9k6r - ATE 20 6.8 |
% 64 84 115 17.3 2Leb 6.5
5] 81 117 15.4 231 333 6.4
6 79 114 15.7 23.6 34 644
7 74 106 15.0 23.6 3245 64
8 | 75 96 12.6 19.0 24 646
9 65 84 10.7 16.1 20.8 6.6
10 44 62 7.0 10.5 14.5 6.6

As cen be seen the amount of lime required by Kappen's
method is lower them that required by the Jensen method, i.e.
the factor 4.5 is in this case too low. The last columm gives:
the pH value obtained by adding to 10 gms. soil the number of
c.cs. Ca(0H)p equivalent to the hydrolytic lime reyuirement.
The values range from 6.4 to 6.8 with an average of 6.5. In
a similar comperison by Kutschinsky(44) it was found that the

factor 3 gave good results in bringing the soil to pH 7 end
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suggests other factors to bring the soil to various pH velues

4 for 7.5, 5 for pHB and 6.5 for 8.5. He considers that 6.5
would be a suiteble factor for bringing a soil into a state of
saturation corresponding to natural conditions. Tith the above
soils b would be a convenient factor though this would not raise

the pH value to anything like that suggested by Kutschinsky.

| Bffect in field.

The effect of the lime in the field has been compared
with the lime reyuirement obtained in the laboratory in the
following way. From the hydrolytic acidity of the unlimed
plots the amount of lime necessary to remove this acidity ean
be calculated(i.e. according to factor 4.5).

The same estimation one mmd two years after is then
made and, if the factor is correct, the difference between the
gcidity of the limed and unlimed plots should be approximately

the amount actually added. Table 15 shows the results i

obtained: ~
Table 15.
| Plot Lbs CaCo03y Lbs. necessary amount Lmte Factor
necessary to after apparently actually Yr Yrsl.
remove hyd. ac. 1 Yr. 2 Yrs., added added,. . L 2
after
1 Yr. & XT3
& 58 42 38 16 20 32 2 1.6
3 68 35 29 33 39 64 B L%
| 4 64 35 28 29 36 96 3.3 2.7
5 81 38 28 43 63 .18 8. 2.
| 7 T4 61 56 13 18 32 2.4 1.8
8 75 54 43 21 32 64 3.12
9 65 31 26 34 39 96 2.8 25

10 44 16 11 28 33 128 4.4 4.0




; same as that which would be oﬁtained from the same éﬁnunt of

33.

The results show thet the effect in the field is

,l.again much less than that in the luboratory; from the factor

given in the last two columms the effect is roughly L - 1/3.

This agrees with the results obtained in the previous method

and shows that in ver?acid soils the factor 4.5 is too low for |

| the complete removal of the hydrolytic acidity. It is probable

| however, that meny soils would be yuite fertile even though '

they still showed a slight hydrolytic acidity.

Exchange icidity (Kappen(39) end Daikahura(l7).

As previously mentioned exchange acidity is the i

acidity obtained by treating am acid soil with a neutral salt,

: e.gs Potassium Chloride. This aeidity is supposed, ot least,

in the case of mineral soils, to be almost entirely due to the |
é;::gangof seluble aluminium salts, which, on hydrolysis give |

rise to acidity - the acidity observed being practically the

; aluminium chloride solution. This, of course, does not hold

good with humus soils. The method is, as follows:-

100 gms. air-dry soil are shaken with 250 c.cs. N KCl for 1 hour.
Lfter filtering 125 c.cs. of the filtrate are treated with

0*1 ¥ NaOH using phenolphthalein as indicator and boiling to

remove the COgz. This titre is denoted as Y1 the exchange

acidity. The so-called "total acidity" is then obtained by

| again by l.b. This gives the weight calcium carbonate required|

' multiplying this titre by 3.5and the amount of calcium carbonate

necessary to remove this acidity is obtained by multiplying

in double centriers per hectare. Instead of multipolying by !

i
3.5 to obtain the total acidity, it may be more accurately ;

determined fy replacing the first 125 c.cs. removed pe® fﬁfﬁ

|
titration by amother 125 c.cs.NKel sheking 1 hour. filtering
|



| of so0il used and use 200 c.cs. Potassium Chloride. This would |
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and titrating 125 c.c. This second titre is ueuwally denoted

by Y2 & 5 the total acidity is given by : -

8=2( Y1+ 421 ) where S totel acidity

A1z Y3~ Y3

&

XK= .86 a constant |

|
The total acidity is the acidity obtained if one kept replacing:
125 cec. with fresh smounts until no more acidity was observed. |
L similar method had been previously proposed by Hopkins(34) i
who used 100 gms so0il =nd 250 c.cs. Sﬂ sodium chloride, the i
total acidity being obtained by using the factor 4. Later, |
potassium nitrate was found more reactive and substituted for
the sodium chloride.
As in the case of The hydrolytic acidify different

results are obtained on varying thé ratio soil $ solution md

also on varying the concentration of the salt used. In the

above it would probably be an advantage to reduce the amount I
|

| be of considerable practical use since, if successive titrations

were to be made, it is easier to remove and add 100 c.cs in-
stead of 125 c.cs. Table 16 shows the results obtained using
80 gms. s0il end 200 c.cs. Kol., 100 gms. soil emd 250 c.cs.
Kel, and the "total acidity" using the factor 3.5 amd

Daiksira's formila.

Table 16 (overleaf)
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Table 16.

Plot 80 gms.so0il 200 c.cs Kel. 100 gms. soil 250 c.es. Kel
= ¥, Y5 3.5%; 3 h Y 5.5Y, S

o
o
=

1 12,6 7.0 441 34,0 14,8 B8 518 452
2. 167 97 58,5 Ep8 179 314 64.1  64.1
3. 178 104 B6B.3 '55.7.°99.7 I1.4  8BLD 6344
4, A74 21.0.. 60.9 6B:E L 2004 21T 0 HLB 61.2
5 25.2 15.3 88.1 85.8 25.4 15.3 89,0 85.9
6 23,2 13,9 1.2 T7.5 27.0 16.9 94,6  99.1
7 23.7 13.9 82.9 74,8 29.3 18.2 102.6 104.8
8 18.9 10.5 66,1 51.9 25.0 13.9 80l e
9 15,5 8.7 54.2  Bl.6., 19.1 11.3 66.8 59.4 f

10 8.3 4.7 29.0 23.4 10.4 6.3 36.4 35 .4

It will be seen that there is on the whole a satis-
factory agrecment between the two methods of estimating the ‘
| total acidity, i.e. 3.5Y; and 5. With regard to the acidities
measured for 80 gms and _100 gms., while the acidity for 80 gms. |

is naturally less than that for 100 gms. it is higher then the |
|
|

 ratio4 ¢ 5 showing it would not be possible to assume that

the'*total acidities" would be proportional to the amount of
|
s0il used even if the ratio soil ¢ solution were kept the same

| in each case.

Comparison of amowmts of lime required by above method with the !
[

two previous methods.

Pable 17 shows the amount of lime reguired by the

three methods mentioned calculated in lbs. CaC0Op Der plot.



Toble 17.

Plot Lbs. CaC0O3 necessary to remove

CaC0; to give

Bxchange Ace.  Hydrolytic Ac. PH 7.
;| 19 .4 51 63
2 25.0 58 78
3 24.7 68 78
4 22.6 64 84
5. 30.1 81 117
6 3343 79 114
7 ; S4a4 T4 106
8 30.9 76 96
9 24.1 65 84
10 14.9 44 62

The amounts necessary in the case of the exchange

1 |
acidity are from 1/2 - /3 - those necessary for the hydrolytic |
|

y I
acidity and practically a  of the CaCOz necessary to give a pH

|

Affect in the Field.

1t was not possible to obtain any actual data on the

amount necessary to remove the acidity in the field as compared |

with that required in the leboratory, as the lime applied,

except in two cases, was greatly in excess of the quantity

required. ‘Table 18 gives the exchange acidity as determined

1 and 2 years after liming.

Table 18 (see over)
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Table 18,
Pt 1T Y] Plot Y3 ¥
1st Year 2nd Year 1st Year 2nd %ear
2 34 3.0 7 12.5 10.2
3 9 .76 8 2.4 1.4
4 1.9 «31 9 o6 +30
5 1.0 .52 10 ol «25 |

Only in plots 2, 32 1bs. applied for 25 required and plot 7
32 applied for 34.4 reyuired can exchenge acidity be said to

exist, i.e. from these two cases more than the leboratory emountt

would be reguired, but it would be unwise to draw any inference
|

from so few samples.

While th e exchange acidity has disappeared from
plots 3, 4, 5, 8, 9, and 10 it is apparent that from the
previous data given ,A?hesa plots except perhaps 10 are still
acid., As a further test the pH to which the soil would be
raised by adding in the laboratory the proportionate amounts

of calcium hydroxide could be determined from the titration

The results are'as follows:~

CUIrves.
Plot pH Plot pH
1 5.5 6 5¢3
2 547 7 5.6
3 5.6 8 5.7
4 5.5 ' 9 5.5
5 5.5 10 5.7

These show that the pH would not be raised above 5.7 |
snd as the effect in the field would be less, the pH would be |
less than this figure, showing thet the amount of lime by this |

method is ftoo small. If the exchenge acidity is due entirely |



to the presence of aluminium compounds in solution then
exchange acidity would net be shown ebove pH 5.5 as above
this pH aluminium salts would be precipitated. Goy(Z7) has
suggested that this soil may show slight exchange acidity
with phenolphthalein which chenges about pH 8.2 - 10 amd
that methyl red, which changes from 4.6 - 6, should be used.
The difference shown by this chemge in his results is very
small end would not greatly affect the emount of lime required
In general the above results show.that the removal of the |
exchange acidity is not enough and that greater emounts of ° |
lime are required. Gehring(22) in a study of the method
considers that while the method may be of use in sendy soils

it is not of much use on clayrminéral so0ils or on hums soils.

Hatchison-lcLennan Method for Lime Requirement(35)

In this method a definite amount of soil is shaken

with a solution of stamndard Bicarbonate smd the amount of

Caleium tekén up by the soil determined by titration of the
Bicarbonate before und af‘ter shaking. The method has been
subjected to critical amalysis by Fisher(l9) who showed that
s0ils containing free CaC0z may give a lime requirement, that
variations occurred on chenging the ratio of soil &md
solution end on varying the size of so0ll perticle, and that
as the pH of the bicarbonate solution is about 6 the soil
could not be said to be neutralised when in egquilibrium with
an acid solutiom. Crowther & Lartin(15) elso pointed out |
this last defect and that therefore the method underestimates |
the amount of lime regquired %o give a meutral soil in practice;

They recommended that three amounts of soil should be msed

10, 15 end 20 gms. with a definite volume of bicarbonate _ |
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solution und She lime requirement determined by interpolation
to some arbitrary concentration. MacIntire(49) has also
suggesbed & method involving the use of calcium bicarbonste
| whereby the soil after tréatmnt shows no lime reu{uirg:\mﬁsi in
the case with the udbove method. The soil is treated with
- bicarbonate,evaporated to d,wness,'cmd the residual carbonate
decomposed by phosphoric acid, the 002 evolved being estimated.
This method, however, is rather cumbrous for routine use.
Despite the defects of the Hutchison-MeLennen method,
. it is widely used in this country, possibly owing to the fact
that with meny of the types of soils found it has given

| satisfactory results for the crops usually grown.

The method used was as follows:—

| 10 gms. soil were shaken with 200 c.cs. *02N calcium bi-
carbonate for three hours in an end-over-end shaker, the
confaining bottle having been previously filled with COy to
| prevent precipitation of calcium carbonate. The suspension
was then filtered snd an aliguot portion titrated with acid
using methyl red as indicator. The results obtained calculated
in 1bs. CaC0z Der plot are given in Table 19 along with the

- @amounts given by the previous methods.

Table 19
| Plot . Lbs. CaC03 per plot pH on adding
H. McL. Hyd. Ac. 1Exc. Ac. to give pH H. McL ambt. in
. laboratory.
|
[ 45 51 19.4 63 604
|
[ 2y B0 58 25.0 78 604
3 54 68 24.7 78 6.5
4 50 64 22.6 84 643
B 68 81 30.1 117 6.2
6 65 79 333 114 6.1
7 54 74 54 .4 106 6.1
8 51 75 30.9 96 6.1
9 43 65 24.1 84 6.1
lo 38 44 14.9 ba 643



| Hutchison-lMcLennan results are lower than the hydrolytic acidity

In the four methods given it will be seen that the

40.

| and much lover then the amount rewired to give pH 7,especially
|

in the more acid plots 4 - 8.

concentration and pH value of the bicarbonate solution emd as

this concentration amd pH will be the lower the mbre acid the

those reyuired to give a definite pH , in this case ’i}will be

the greater as the scidity of the soil increases.

Hutchison-NMcLennen method depend partly on the final

Ls the amounts obtained by the

| soil, the divergence between the amount by this method end

In the last

colurm is shown the pH which would be obtained in the lcboratory

by adding the amounts of lime obtained by the Hutchison

McLennan method.

amounts added are too smell at least on the very acid soils

They vary from 6.1 - 6.5 showing that the

under investigation.

affect in the field,

Table 20 shows the lime requirement for the unlimed

| CaC0z per plot.

| plots end for the plots one and two years after liming in 1bs.

Tsble  20.
Plot Unlimed Limed Diff. fmount CaClz |
1st Yr. 20d Yr. 1lst Yr. 2nd Yr. added
2 50 30 28 20 22 32
3 54 28 24 26 30 64
4 50 20 15 30 35 96
5 68 21 15 47 53 128
7 54 40 35 14 19 32 ;
8 51 24 22 27 29 64 |
9 43 16 16 27 27 96 i
10 35 Nil Nil = f
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It will be seen thst the gcidity has decreased
slightly during the second year, but only slightly, similer
results being found by the hydrolytic acidity measurements.
It is rether curious that while the acidity as measured by
the pH value has increased slightly during that time, the
acidity measured by the above two measurements has slightly
decreased. In plots 4, 5, and 9 more lime was added then
was required by the Hutchison McLennan method yet a consider-
able lime reguirement s$ill exists measured by the seme method.
If we compare the differences between the unlimed plots end
the limed plots, i.e. the amounts lime presumebly added with
the amounts actually added we find the ratio between the

leboratory : field effect varies between 2 & 3, which is

. comparable with the results already obtained. |

. The gxchengeable bases. - The amount of bases (including |

Alvminium in the unlimed soils and the effect of liming thereong

|
The replaceable bases in each of the plots are shown in Table 21

The calcium and magnesium were estimated by Hissink's method
ands

(32) by leaching with sodium chloridejthe sodium potassium |

by leaching with ammonium chloride Prescotts Method(55), end

the ammonium by leaching with sodium chloride according %o

McLean snd Robinson's method(51). The exchangeable hydrogen

is dealt with in a later section. The method of Gedroiz(20)
in which the soil is leached with I Barium Chloride until the

leachings give the same colour with methyl red as the original |
NoOH

| solution, the leachings being then titrated with 0:02 N Het and |

| the section on Saturation Value. The amounts of exchangeable

the exchengeable hydrogen estimated was tried, but the results |
were so indeterminate that the method had to be &abandoned.

Other methods have been suggested and these are discussed under



bases are given in milligrem ewivalents per 100 gms soil

except aluminium, which is given as a psrcentage.

Table 21.

Plot # Al 03 Ca  lg. K. Na NE,

1 06 B BT a2 .95 .09

2 20 43 T Jd8 75 .14

3 2099 3.6 1.03 .18 .80 .09

4 5 M 7% SRR [ .80 o312

5 ABE Bz 3.0 8 91 .12

6 w158 o ReR . el 18 5% .11

7 29 8.6 W96 E .86 .15

-

8 .088 4.5 .87 .13 .88 .08

9 086 BT W92 16 .93 #15

10 OX5 . - BBl Yudl 20 s72 .15 |

The amount of bases is small showing the highly un-
saturated nature of the soil. Ais the calcium decrecases the
asluminium increases with, as shovmn from the other tables, a
corresponding increase in acidity.

The amount of potessium is exbremely small ad is
mach lower than the cmounts of Magnesium snd Sodium.  Owing
to the difficulty in determining such smell amounts, it is

. doubtful if too much relience can be placed on the results.

Position of iluminium. |

In recent years the part played by Aluminium in
plant life has been th e subject of much experiment end
discussion, but it cammot be said that ifs role in soil re- i
action’ or in plant metabolism has been definitely established. :
|

The ceuse of the presence of Aluminium in neutral salt extracts
|

! is still a matter of controversy. Suggestions have been
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| made that soluble aluminium salts may be formed during the
process of nitrification(3) or by the formation of sulphates

! due to the oxidation of sulphur as th e result of bacterial

| action(2) but this would presume the presence of water soluble

| aluminium salts, which haie been considered doubtful.

| Denison(18) found that the aluminium obtuined by leaching with
a solution of potassium nitrate did not diffuse through a
collodion membrene emnd concluded that the aluminium was present
as soluble Al(OH)gz (hydrosol):, Knight (43) also found
aluminium present in the colloidal <form. licGeorge(50) in
experiments in Hawaiin soils found soluble crystalloid selts
of iron @nd aluminium in soils #ith a pH below 5.8 amd in soils
with & pH above 6 only the hydrosol form was present though
these pH limits would eppeur to be too high for soils contain-
ing soluble aluminium salts.

Its presence in neutral salt extract hss also been |

- considered due to =z secondary reaction of the salt. According
to this view the acidity resulting in the displacement of
hydrogen ions from the adsorptive soil material then dissolves
alvumina from the alumino-silicic complex amd that the aluminium
is not'"replaced" .

The greater the acidity then, in the case of mineral
soils, the greater the amount of aluminium dissolved by the
active salt a process vhich is helped by the fact that the
alumino-silicic complex tends, asisaturation of the soil in-
creases, to decompose into its constituent oxides. Page(54)
has suggested tha:fthis is so, then hydrogen ions and aluminium :
hydroxide may exist together in emilibrium in solution end if

the concentration of hydrogen ions increases due %o their re-



. rather that its appearamnce is due to some such method as that

. to the acidity, but alsoto the presence of aluminium. A numbexr

existence of wat'er soluble aluminium salts in soils less acid

a4,
placement by some added cation, then the Alumihium mey also
increase due to a further decomposition of the aluminonsilic;ic
complex. ‘Jhen &n acid soil is leached with successive
yuentities say 500 ce.cse. of a solution of a neutral salt
aluminium is usually found in decreasing gquentities in each i
leaching. ©Such being the case, it is improbable that the
eluminium exists in a cationic exchamgeable condition, but
suggested by Pege or that it is dissolved by the acid formed
by. displacement of H ions from the soil complex.

The question of aluminium has also gained importance

| from the fact that it has been considered toxic to plant life

| and that the poor growth obtained on acid soils is due not only

of investigators(3), (7), (13), (62), have described experiments

showing the toxic effeect of sluminium and Hartwell & Pember(31) |

in experiments on barley amnd rye came to the conclusion that

the beneficial effect of manuring with phosphates and lime may

be due as much to the precipitation of the active aluminium

| as to the reduction of the acidity.

On the other hand Line(46) considers that Aluminium
is not ‘toxic to plemts. He considers that a substence like

aluminium which is so widely distributed and in such close

| contact with plant absorbent substances cen hardly have an

injurious effect emd that it is doubtful whether Aluminium can

exist in a soluble form in a soil of pH above 4.5, while the ,

then pH4 has not yet been definitely proved. From his

experiments he concludes that the toxic effect of aluminium

reported by other workers is due to the increased ecidity
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ceused by the partial hydrolysis of its saltsyto their
buffering sction wvhich prevents the decrease in acidity which
an actively growing plant causes in a culture medium ,end
also to the precipitation of phosphate as aluminium phosphate
and comseyuent phosphate starvation.

Stoklasa(6b) considers thet Aluminium has an
important physiclogical function in plant life and that unless :
present in fairly high concentration is not toxic to plants.
In his experiments he found that while in water or artificial |
cultures very small cumtities of aluminium were injurious to i
plant life, in soils this was not the case. As a general ruleé
the amount of Aluminium below a certain limit wshich could be |
added to the soil without having m injurious effect on the '
plant depended on the amount of caloium present in the soil |
and on the carbon present as organic metter and that.in pot
growth tests, all the plants tested took up Aluminium in
larger or smeller (uantities when applied in an assimileble
form. He elso found that, hen sterilised snd nemtralised
peat was added to sand culbtures, an amount of aluminium could
be _added without injury to the plent, which proved fatal when
added to the sand without peat. He maintiined that there was
no experimental foundation for the statement that. Lluminium
compounds have en injurious effect on plant growth.

In order to determine what connection there might be between

the exchangeuble calcium, the aluminium present, amd crop .
growth, a number of samples were teken in the field where the
barley (mentioned in introduction)had partially failed amd &lso |

from a field in which clover and barley grew well and from

a field in which oats were failing. In each sample the

amount of exchangeable calcium, the arount of aluminium in an
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ammonium chloride extract, end the amount of so-called"cective! |
ke Aelianci e A l
aluminiume ~  This is the aluminium dissolved by & dilute
solution of agetic acid according to the method of "Burgess(10) |
The results grouped together for comparison eccording to crop

growth are given in TPable 22.

Toble 22

soil  § Exch. % dotive 4105 - WOl Grop
] 41503 axtract
179 «056 «15 <044 No Barley
188 197 .033 .020 Good "
180 062 «015 .041 No Barley
182 .067 .018 .048 dO.
181 « 069 - ".016 « 041 Barley poor
\
184 .08 <10 «060 o Barley
183 B .05 «002 Barley fairly
good
186 - 059 -04 «001 o Barley
185 o17 «017 -001 Barley F. G.
187 «09 ' - .01 do.
16 «079 «016 «001 Good Clover
17 «113 0013 <009 i " &
Barley
18 . 064 - 065 «024 Qats Failing

Considering first the exchangeable calcium, there i’s
a direct correlation in each group belween the amount of
| exchangesable calcium end crop growth. In all cases where the
Barley has failed the amount of exchangeable calcium is very
low though the smount varies over the whole group of samples
| In different groups the amount of calcium which supported plent
| growth seems inadeyuate in the case of another soil, e.g. the
barley failed in sample 184 which has .08% Calcium, whereas

fairly good barley was obtained from soil 187 vhich has 097




| a7, |
| Calcium. The same pe@uliarity may be noticed in soils 16

: and 18, both of which have a low Calcium content, but while
16 gave good crops those on.16 were failing.

The cause for this variance seems to be closely |
connected with the amount of Alwminium present. Where the
aluminivm is high and calcium low the barley has feiled.

In soils 180, 181, 182 where these conditions are present

the barley has failed &altogether or else was very poor. In |
samples 186 and 185 though the aluminium by ammonium chloride
extraction is low and the same in both the low Calcium content
of 186 seoms to have resulfed in the failure of the crop. In |
samples 16 and 18, the opposite appears to hold good: though i
in both the Caleium is low the crop in soil 18 where the
Aluminium is high is failing. Soil 188 also on which the .
best barley was obtained has a fairly high aluminium content,
but the calcium is also high. |

Llthough the above results are too few to say with
any degree of definiteness that Aluminium is toxic to barley
they would at least appeair to indicate that it has an injurious|
effect. It would also appear that a higher percentage of
Aluminium may be tolerated when the caleium is high than when
it is low, i.e. between fairly low limits of calcium content.
The chief factor, however, in the failure of the crop is
| probably the lack of Calcium.

The effect of various cations on the plant has been

recently published by Gedroiz(21) He has fully saturated

soils with a number of different cations and has noted  the
effect of growing plants, mostly oats, on the saturated soil,
end on the saburated soil treated with Nitrogen and hosphate &

withCalcium Carbonate, Nitrogen and Phosphate. Frem his !



observations he came to the conclusion that when calcium
carbonate was added to the soil in addition to nitrogen and
phosphate, & normal crop similar to that in the original soil
was obtained only in the soil which had been saturated with
Hydrogen. In the soils saturated with magnesium, mangenese, |
iron and aluminium, a crop was obtained smaller however than |
in the original soil. The plants perished entirely in the
soils saturated with the other bases Ammonium, Sodium,
Potassium, Cadmium, Barium, Covper, Cobalt, Nickel, both in
the presence and absence of Calcium Carbonate. The bases !
Magnesium, Mangsnese, Irom and sluminium when fully saturatingl
the soil were toxic to plants, but to a less extent than
reported previously. Of these bases Magnesium and Aluminium
were less injurious than Mengemnese and Iron. He found that
Calcium is essential to the life of the plant and that
apparently none of the other elements tested except Strontium |
could take its place.

The experiments with Aluminium do not seem to be
absolutely ct;nclusive. No crop was obtained when the soil
was fully saturated with Aluminium, but a certain growth was
obtained after Calecium Carbonate had been applied. In the
first place the soil saturated with Aluminium would probably
contain Aluminium in & soluble form, but when Calcium Carbonate
was added the Aluminium would be srecipitated and would not be |
in en assimilable form. The question also remains '"Ghat is
meant by a substance being toxic to plants?". If one
saturates a soil completely with say Aluminium and no erop
results, one is perhaps not entitled to say that Aluminium

is toxic to plents, but only to assume that Ailuminium alone
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does not support growth. By ‘f!oxici‘sy in the usual sense,

one assumes that a certain amount of the toxic substamce
usually small, is fatal to a plant even vhen elements
necessary for its growth are present. The result of his
experiments appear to be that as regards Calcium and Aluminivm
the chief condition necessary for plantgrowth is that there |
should be a sufficiency of exchangecble calcium( he found

that the plant could not utilise unexchangesble calcium) end
that if this were the case the injurious effects of Aluminium |

were greatly lessened.

Increase in Calcium end Decrease of Aluminium due to Liming

Table 23 shows the increase in Calecium and the
decrease in amount of Aluminium in esch of the plots one and

two years after liming:-

Table 23
Plot 7 41503 % Exch. Ca. Incresse in
Unlimed .1 Yr. 2 Yrse Unlimed 1 ¥Yr. 2 Yrs. lixch. Ca. |
2 .10 .0056 Wil J0B4  .221  .228 144
099 Nil 073 213 .288 211
4 101 " " 069 408  .392 .323
5 ,154 i " 064 .526  .560 494
7 129 .068 .02 SO0 w182 L4207 <1517
8 088 Wil  mil 091 «26% 316 .225
9 .086 " u 118 <438 ARl 308
10 .016 " W 4196 .b40¢ 4520 344

It will be seen that after two years no Aluminium
except & small yueantity in No. 7 was obtained end that the '
exchangeable calcium has increased comsiderably with little
difference between the @mounts for the first and second years

showing that most of the absorption had taken place during
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the first year. The amount of Calecium absorbed in 1bs.
Calcium per plot and as & percentage of the amount applied

is given in Table 24.

Pable 24.
Plot Lbs. Ca Lbs. Ca. Percentage
absorbed anplied absorbed
2 10.7 13 80
3 16 26 60
2 245 39 | 63
5 35 52 67
7 9 63 69
8 18 26 69
) 26.2 39 67
10 5046 52 60

Show ing that the Calcium absorbed is between 60 und
707 of that applied.

Bffect of Liming on other bases.

It had been proposed to determine the effect of
liming on the amounts of the other exchangeable bases present,
but the emounts in the unlimed plots were so small that the
effects were barely noticeasble. The results are given in
Table 25 in m. ey. per 100 gms. soilfor the limed wnd unlimed

soils.

Table 25 (see over)
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: Ca. igo K. \ Ha I\J'H;@ Total
i Plot Unl. L Unlc 11- Unl- Lo Unl. Lo Unl. Tis Unl. L.

1 5.2 -] IS'? 7 iy -11 - 095 - .09 — 7,22 -
2 442 11.1 1.03 .86 .16 .30 75 75 .14 .14 7.28 13.18

| 3 3.6 13.7 1.05 .24 18 .12 80 .98 .09 .17 5.70 16.21

4 3.5 21e4 .84 .08 .12 .15 .80 .90 .12 .17 5.40 22.67
| B 3e2 2643 le= 16 .18 12 .91 .86 .12 .16 4.41 27.60
Bi | MaB e FL w35 e oS8 ai AT L BLEE L &

|7 8.5 8.l 9.4 .64 .24 .16 .86 1.08 .15 .16 5.69 10.14
| 8 4.5 13:1 87 bz ¢13 16 B8 .95 .0B .09 6.46 14.3é
! 9 B.7 2l.9 492 .64 416 L1565 93 .80 .13 10 7.84 25.59

10 8.8 27.0 1.4 .62 .10 .10 .72 .76 .15 .12 11.18 28.6Q

The amount of Magnesium has decreased, ’she decrease
being greater the larger the increase in the calcium. With
regard to the others, there appears to be little or no differenc!e,
but this was perhaps to be expected considering the amounts
originally m. The increase in Calcium has taken place
I almost entirely at the expense of the exchangecble hydrogen.

‘ Various methods have been suggested for the determination of
| hydrogen amd it is proposed to deal with this in the next
section.

ixchengeable Hydrogen, Steauration Value and Degree of Saturation

of the Soil. |
It has been shown by Hissink(32) that the determination
of the an:omit of exchangesble bases in the soil is of little use

|
‘ in characterising that soil unless the total amount of base '.\\__\’\-J_.___F;Ej_{x
; (2
| A
)
|
|
|

A
which the soil can absorb is mown, and that it is the relation :-\-'{‘ ;}=;
| . : N A
between these two factors which is important. This relation S _"é

| is called the saturation value(usuelly denoted by V)and is the
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ratio of the absorbed bases actually present (5) to the total |
quentity T which the soil is capable of binding 5 and T |

) 100 S -
being expressed as eguivalents, i.e. V = q |

Methods of determining 3 ‘
|

values of 5 & T and various methods are in use for their i

The determination of V as seen above depends on the

estimation. S5 may be determined by summing the bases which

|
have been determined separately, as already described. As ‘

this is a somevhat tedious process, shorter methods have been
proposed, c.g. Kappen's method(38) whereby the soil is shaken
with 0*1N Hel and by titration with Soda, the amount of Hel
absorbed by the soil is calculated. From this a wvalue for 3
is obtained, but of course gives no information as to the
relative amounts of each base present, emd is only applicable
to carbonate face soils. i
In the soils investigated here S is the sum of the |

bases which were estimated separately.

Methods for determining T

The direct leaching method of Gedroiz, which has
been mentioned already gives the hydrogen or T - S and if 3
were known T can be obbtained, but the method is not satis- I
factory end other methods have been adopbed. :
(1) A definite amount of soil ;i.s treated with increasing!
amoﬁnts of an alkeline base e.g. Barium Hydroxide
and the amount remaining in solution affer a certainj

period estimated. This gives the emount of H ions

present or T - S and hence T if S5 Dbe known,

Hissink's method(32) is typical of this class.

(11) The soil is leached with some neutral salt



’ |
solution $ill all the bases have been replaced by the cation ‘
of the leaching solution. i‘his is in tum leached out and ‘
the amount estimated. The replacing cations are preferably |
those which are not already present in the soil or only in
small quantity and which mey be easily estimated . Such are |
Ammnium,LKelley's method{é:l)] end Barium,[Bo'bke and Askinasi's
method (8) (GJJI The methodf(}h'éring end Wehrmenn (23) (24)
in which the Hydrogen is replaced by Calcium, the Calcium
being then estimated by leaching out with Sodium Chloride)and
the method of Page and Williams(53), in which the Hydrogen is
replaced by the Calcium of CaCOg ythe Calcium absorbed being

then estimated are also examples of the class in which the

Hydrogen i.e. T - 5 is estimated.

The methods used in this work were those of Hissink'y.
Bobko @nd Askinesi, Kelley', Gehring and Wehrmamn and Page and :
| Williems.
Hissink's Method.

Varying amounts of .1 ¥ Barium Hydroxide were added
to 10 gms of soil. Ths suspensions were allowed to stemd
for three days and on the fourth the amount of Bariuml

Hydroxide left ungbsorbed was estimated by titrating an aliquoﬁ

. portion of the supernatent liyuid with stendard alkali.

The guantities Barium Hydroxide added are plotted against
those remaining in solution. The stypight part of the curve
is then drawm and produced until it cuts the Z-axis, the point

of intersection expressed in m. eys. gives T - S. As an

example the graph obtained from plot 3 is shown.

|
£1-
The graphs of the other plots are given in the append_ix.[;fP 1 lﬂJ

1
|
|
|
3 !_
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40 so 60 Jo go G0 /oo,

dem N Ba(oH), adacd.

The shove method has been criticised on various

grounds.
(1) As in all ecuilibrium reactions various results are ,i
obtained according to the amount of soil used. Hissink

considers that enougﬁ soil to give 2 gms. of Clay should be

(]

taken. As the sbove soils contained 207 Clay 10 gms. were |
taken. |
(11) EKutschinsky(44) considers that the method is artificial]
in that the soil is_‘traated with a strongly alkaline solubion '
(pH(lIb which does not correspond to natural conditions nd |
that neutralisation of the complex may lead to purely physical

: |
absorption of barium oxide ; further, the fact that many i
s0ils do not readily yield clear solutions mekes titration |
difficult. He found that results for T were mich too high i
and V therefore too lowe.

Gericke(25) also found T by this method rmch

higher then that given by other methodse.
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Kelley(42) has pointed out that the barium hydroxide is absorbed

by Silica, Alumina, end Iron Oiides tius giving too high a

value for the absorption.
Certain difficulties are also met with in the
| practical use of the method.  Theoretically after the first

few points have been plotted, the remainder should be in =

straight line. This is not always the case as can be seen
from the various graphs. Also thestraight line may denend
| on the number of points plotted, i.c. if sgy 7 points are
plotted the last 3 may be in a straight line, but if 9 are
plotted, the last 3 though giving a straight line mgy not be
in the same line as the first, e.g. in plots 4 & 5 emtirely
i different results could be obtzined according to the points

chosen. In each the last two points have been chosen to

| indicate the straight part of the graph.

/ o
- 5)5'?0 (3._(‘440" 45‘[1,_._,_4:.' Fo roe

_ ==



Table 26 shows T - 3,

3 & T in m. eys. per 100 gms. of soil
and V for each plot, but it is probable that T is much too

high.

|

‘ Teble  26.

|

Plot T - Se i T v = LQ%_&

| 1 58 7o 6542 11

= 58 %5 65.3 ) 11,2
3 63 547 68.7 8.3
4 83.5 5.4 88.9 6al
5 94.5 4.4 9€.9 4.5

| 6 93.5 649 100.4 6.9

! 7 82.5 5.7 88.2 645

: 8 67 645 7345 8.8

- " @76 7.8 75.3 10.4

| 10 56 11.2 67.2 10.6

The yresults show that the degree of saturation is
very low anmd while the results may not be accurate, they show

the same variation as the acidity measurements previously
|
described, i.e. the greatest acidity corresponds to lowest :

1 |
_degree of saturation and highest amount of exchangeable hydrogen.

' Kelley's method, saburation with armonium and method of Bobko and

| Askinasi, saturation with barium.

Kelley (41) - 25 gms. soil and 100 c.cs. normal ammonium
chloride are left over night in =n oven at 700C. The soil !
is then transferred to a filter paper and leached with |
ammonium chloride to 1000 c.cs. It is then washed free from
chloride, trsa;sferred to a flask, sodium hydroxide added &nd

‘the ammonia distilled into standard sulphuric acid. In this
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work the leaching was continued to almost two litres and as |
it was discovered impossible to distil the ammonia from the

soil itself, owving to frothing and bumping, the crmonium was

leached out with sodium chloride and distilled using magnesium |

oxide instead of sodium hydroxide. The amount of armonium

|
obtained expressed as milligram equivalents per 100 gms of soilli
gives the absorption capacity of the soil. ‘
Babko end Askinasi (8, 9) - 10 gms.(l mm)air-dry soil are ‘
worked up in & porcelain basin with a smell ~=f{:eanti1:3::.{:1'1:3rm»:il
barium chloride snd are then washed on to a filter paper.

Leaching is continued until no more calcium is detected in the |
filtrate - in this case to almost two litres to remove the
exchangeable hydrogen. The soil is then washed free from
chloride and the barium leached out with normal hydrochloric ‘
acid and estimated. The amount of barium expressed in ‘
milligram equivalents per 100 gms soil gives the absorption

capacity of the soil. The method is not suitable for soils

containing free celcium carbonate as part of the barium
chloricie goes into barium carbonate and is dissolved out by
the hydrochloric acid. To avoid this sodium chloride has
been suggested as the leaching agent. |
TPable 27 shows the results of both methods in milligram

equivalents per 100 gms. soil.

Table 27 (see over)
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Table 27

Plo® Milligram iGyuivalents
NH4 Ba

1 | 10.36 10.74
& 10.24 10.86
3 11.64 10.90
4 10.11 10.91
5 13.03 16.39

‘ 6 14.81 18.23
7 15.58 16.65
8 12.14 15.17
9 12.67 14.21

10 11.85 13.64

The Table shows that while fairly good sgreement
exists between the two methods, the results are very much
smaller than those obtaineﬁ by Hissink's method.

Gehring and Wehrmenn's Method (23, 24)

100 c.cs. saturated Calecium Hydroxide were added fto
10 gms. s0il (not 25 gms as recommended by the iuthors) and
the whole heated to 60°C. with a thermometer in the liquid.
The thermometer is then washed down with 5 c.cs. of water.
4Lfter standing for 24 hours phenolphthaelein is added amd COp
led in until the colour is discharged. The wheole is then
well boiled to decompose amy bicarbonate formed and sufficient
sodium chloride added to give a normal solution. After
standing for 12 hours the soil is filtered end leached with
sodium chloride to & litres, the calcium in eéch litre being
determined. The difference gives the maximum amount of

caleium the soil is capable of holding. The degree of
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saturation is defined as ratio of calecium present in the soil

to the amount it is capable of holding. The results are
ghown in Table 28. |

Plot  ixch. Ca.  Ca (Gehring) 100 C1(Degree' of Saturation)

Cq 02 02 ! |
1 5.2 35.0 14.9 ‘
Z 4.2 37.1 11.3 |
! 3 S.6 35.2 10.2 ‘
|74 3,5 35.2 10.0 |
| % 3.2 38.9 8.2 {
3 4.2 36.8 11.4 ‘
7 3.5 33.7 10.3 !
3 4.5 35.8 12.6 :
9 5.7 35.3 16.1 |
10 8.8 37.6 23 44

The resuli?s given here are pigher then the ammonium |
and barium results, but considerably lower then Hissink's. i
1t will be seen that there is no great difference in the
absorptive capacity of plots 5 - 8 an increase which would
be expected from the other results and also from the measure- i
i |

ments of acidity already given. This is almost certainly

due to insufficient caleium being added as 100 c.cs. saturated |

calecium hydroxide = approx. to 4 m. equivalents = 40 m. Lgs. |

calcium per 100 gms. soil practically all of which has absorbed

by the soil as shown by 5 and 6, so that decreasing the amount
of soil from 25 gms. to 10 gms. is apparently not enough.

This conclusion is borne out by the results obtained by the




next method.

Page & Williem's Method - Original method (63)

25 gms. s0il were mixed with 1 gne Calcium Carbonate
and the vhole treated vith hot Sodiwm Chloride and allowed to
stand over night. The mixture is then leached with normal

‘ - |
sodium chloride to two litres, the caleium in euch litre being |
|

determined. 1In this method the hydrogen ions of the soil

are replaced by sodium, the hydrogen ions reacting with the
caleium carbonate to give carbonic acid, which escapes sd that:
in time complete replacement of the exchangeable hydrogen
takes place. Thus we have in solution not only the calcium

ions displaced by the sodium, but also calcium eguivalent

to the hydrogen which has been displaced.' The technigue of
the method has been criticised by Tarner(68) who found that
leaching to two litres was not enough: from 9.2 - 21.87 of i
the total calcium being found in the second litre. He found ‘
also that the amounts of calcium carbonate dissolved by the !
sodium chloride under the conditions of the experiment(no
details as to mebhod are given)in the first and second litres
were eguivalent to .038 and .036 gms. Calcium Oxide respectivelyf.
As a litre of sodium chloride saturated with calcium carbonate
contains .038 gms. calcium oxide the leaching solution
apparently remains long enough in contact with the celcium
carbonate to become saturgted.

The method adopted by Turner was as follows:-
25 gms. soilt were moistened and thoroughly mixed with excess
calcium carbonate and then 100 ce.cs. hot sodium chloride
solution added with thorough stirring. The mixture was

allowed t0 stend for seven days at least and frequently shaken




| brought on the the paper and leached to two litres. The total

of the soil. In this work the same method was adopted using,

| however, only 10 gms. soil and 2.5 gms. Calcium Carbonate and

| in some cases, 2 litres were sufficient, but in others 2% and
[ 3 litres were requived before the amount of calcium obtained

in each 500 c.c¢s. became constant. Table 29 shows typical

61l. ' :
to assist the escape of the GO, formed. Rinally the !
supernatant liquid was poured through filter peper, the soil -
' |
amount Calcium found in the two litres less the mount of |

Calcium dissolved, as given above, gives the saturation capacity

it was decided to leach to four litres in each case determiningi
|

the amount of calcium in each 500 c.cs. . It was found that, |

examples of the results obtained. The complete results are
given in the appendiz.
Teble. 29

Amount Ca in each 500 c.cs. "
Plot 1 Plot o Plot 7

1st 500 c.cs. 0748 «066 «0913
&nd it .0184 021 .0191
Srd n L .0139 «016 . .0194
4th " W opigd .0144 0165
5th " ‘ " .0119 20134 .0186
6th " n +0124 .0121 0184
G R " .0019 .0127 .0138
8th Ly .0123 0121 .0126

When the axmun£ of Calcium in each 500 c.cs. had
become practically constant, it was found thet this was egual
on the average to .012 gms. Calcium or .035 gms. Calcium Oxide
per litre, which agrees very closely with the figures given by

Purner. Ls the percentage of humus increased, the amount of

|
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leaching required became greater. |

| Tms for plots 1, 2, 9 and 10,2 litres; plots 3 and 4,2 litre;
‘ end in plo¥s 5 - 8, 5 litres were required(ixamples of each arei
| given ébove} The amount of Culcium absorbed by the soil was |
calculated by adding together the amounts obtained in each ‘
[ BOD cecss until the amount of Caleiwm became constent, =nd

subtracting from this sum 4, 5 or 6 times .012 gms calecium as

Was Necessary. The results are given in T &ble 30.
| ' Table 30

| Plot Ca absorbed by soil in milligrem ewuivalents
per 100 gms. soil

1 36.2
: 2 i
| |
| 3 3D o4 |
i 4 35.0
Y & 47.2
. 6 6240
|
|
! 7 5645
| 8 41.0 i
\ 9 _ 37.5 ‘
10 2.0 |

These figures agree fuirly well with those obtuined
by Gehring's method except in the plots 5; 6 wnd 7 for which ‘
a probable explamation was given earllier. Harada(28) is a
comparison of these methods fov.nd Gehring's results smaller, J
| but that when Calcium Carbonate was added to the soil after !
| the treatment with calcium hydroxide, the two rethods agreed
Vei-y well. i.6. the soil was not saturated with calcium by

addition of calcium hydroxide. This may have becn due either

| 0 the fact that insufficient was added or that complete re-
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placement of the hydrogen is not possible by this method.

After this work had been completed, it was pointed
out by Crowther snd Basu,Edvance Note in Technical
Commmications No. 12 Imp. Bur. of SeSe, ulso private
cormunication from Dr. Crowther,] that the method was in-
accurate in so far that in a suspension of an acid soil,
caleium carbonate and sodium chloride solution there nust be
some caleium bicarbonate formed owing to the action of the Cop
formed by the interaction of the soil wand the calcium carbonase

This .is true,the authors state, even if as in Turner's mebhod

some_ﬁays are allowed to elapse to allow the escape of the COp
The ‘result is that hydrogen equivalent to this emount of Bi-
carbonate is thus counted twice end to obviate this they
estimate the bicarbonate as well as the calcium in the leaching
solution. The method adopted is, as follows:-

10 hms. soil (lmm)amd 2.5 gms. cdl cium carbonate are made into

a paste with & small amount of normal sodium chloride in a
conical flask. By suitable rotation the paste is spread out
as a thin film on the sides of the flask and allowed to stand
until it is nearly dry. The soil is now sheken with 100 c.cs.i
normal sodium chloride ab 700@.and. allowed to stand 45 minutesi
with occasional sheking and exposed to the air. This allows |
escape of the COy thus reducing the amount of the correction |
end accelerating the approach o equilibrium. The clear 1iqui§.
is decanted through a filter into a 500 c.c. flask and the
extraction repeated in the same way wntil two or three
successive lots of 500 c.'cs. are obtained .

200 c.cs. are titrated with 0.1N hydrochloric acid %o a boiling

methyl red end point and the bicarbonate content subtracted

from the total calcium content of the extract. 1t is
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advisable to run a blank with all determinations as the
results mgy be affected in a laboratory where there is a ‘
considerable wmount of 002 present. The authors consider
that estimations of the carbonate - bicarbonate and calcium ‘
in the first two half litres are sufficiently accurate for '
most purposes. This method was used for the soils under
investigation, leaching being carried out to 4 lots of 500 c.c%.
I Sodium Chloridé. |
The results per plots i, 4, 7 & 10 in milligram equivalents
per 100 gms. soil end a blank experiment are given in Tuble 31!
the remaining results being given in the appendix.(ﬁP?3“f$) |
Table 31. |

Plot 1 Plot 4 Plot 7 Plot 10
Ca HCO; Diff. Ca HI0; Diff. Ca IOz Diff Ca HUOz Diff.

R7.9 5.8 22,1 32.5 6.5 26,0 44,7 7.5 37.2 31.8 6.7 25.1

Je7 D5e2 4.5 12.3 DT 646 14,0 6.5 7.5 10.6 5.5

6.8 4.3 2.5 9.6 5.7 3.9 11.1 6.4 4.7 9.0 5.8

%3 4.7 2.6 B8 T0%E W35 11.T B3 GL8., YT TELS

31.7 39.8 54.2 3
Blank .
ca. H 0 Diff. |
4.4 304 1.0
|
3.8 3.6 = |
4.0 3.6 -4
4.2 3.5 3

2e3

Ls mentioned above Crowther and Basu have stated
that for most purposes determinations of the bicarbonate and

caleium in the first two half-litres would be sufficient, but

for such acid soils as above it is doubtful if this would




suffice as Table 31 shows. It mey be that four 500 c.cs.
lots are not sufficient, but by subtructing the blsnk from the
total emounts of the difference colums in the first four

500 c.cs., one should obtain a good approximation at least to
the saturation value. The values obtained by this method
are shown in Tuble 32 in m. egs. per 100 g;ﬁs. 50il with the

values previously obtained by Turner's :nd Gehring's method.

Table 32
Plot Crowfher & Basu Turner Gehring
1 29 .5 36.2 35.0
2 33.0 33.2 37.1
3 34.0 35.4 35.2
& 37.5 35.0 35.2
5 4;-4.3 47.2 38.9
6 49.5 62.2 36.8
7 - 52.9 5645 337
8 41.6 41.0 35.8
9 373 375 35.3
10 33.7 $2.0 37.6

Apart from the discrepancy in soils 5 and 8 in

Gehrings column, the results show good agreement which in the
case of Crowbther & Basu @nd Turner is rather surprising. One
can only assume that in Turner's method as the suspension of
soil , calcium carbonate and sodium chloride is allowed to
staﬁ.d for seven deys the greater part of the COg has escaped
and that therefore the amount of calcium bicarbonate formed
is extremely small, thus giving no difference between the two
results. That this asgreement occurs in this case is not %o

say that the two methods are equally correct, as it is obvious




that Crowther & Basu's method

results.

in the final section - the surmary.

6.

will give the more accurate

4 short discussion on all the results is given

affect of Limine on Crop Yield znd the emount of Culeium in

The yield from each plot, the pH wnd notes on the

crop are given in Teble 33.

the grain

Teble 33,
Plot Liming PH Grain Straw Total Iotes
Lbs Ca(OH)z 10/4/30 Ibs. Lbs. Lbs.
1 0 - - - - -
4 24 5.5 1 5.5 6.5 Str&‘.’f
short
3 48 5.7 1.2 6.7 769 dos
4 72 6.2 1.1 65 7.6 do.
|
5 96 6.2 1 4o 5.4 do & thin
6 0 Nil Nil Nilt -
7 24 4.9 01 .7 8 Poor gI‘O“?ﬁh
stunted
8 48 5.4 .8 3.8 4.6 do. '
9 72 6e2 2.2 15.4 17.6 Good
10 96 Te2 1.8 12.8 14.6 Good

As the chief object of the investigation was the

effect of lime on the soil no artificials of any kind were

applied and as can be seen the results in the first year were

vVery poor.

yield per acre, then only plots 9 and 10 give results which

approximute to this; being at the rate of 38 and 31 cwis. per
aere respectively.
satisfactory growth, not ewven plots 4 and 5, which were also

heavily limed.

Wone of the other plots have given

|
i
|
If one takes 35 cwis. (straw & grain)as am average
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end of Septem'ber, the rest being still fairly green, owing
partly to the wet secson.
ripen further, they were brought inside after cutting, dried,
and the weight teken.
poor, no atbtempt was made to obtain sepurcte weights for the
grain wnd the straw.

Tuble 34 gives the yield end the pH of the plobs. |

The results for the second year are given in Tauble

Only 9 and 10 were ripe when the plots were cut at the

Qe

As it was unlikely thut they would

4s the grain was in most cases very

f Table 34 ]
; Plot pH Yield (Streaw Grain) Notes !
| |
: 1 : Wil (control) lI
i 2 5ol 2% 1bs. Poor !
s 5.3 ak v 0 :
o b.8 a "
5 6.0 8 » g “
6 = Nil(control)
e 4.8 Loabs "
|
| 8 5.3 5 1bse. H
9 5.9 13% L Fairly good |
10 6.8 19 Good

second year as in the first.
end 8 was probably due to the zcidity, the pH being below 5.3
Plots 4 md 5 in spite of being heavily limed did not give
satisfactory results und this may have been due partly %o the
luck of artificial menures and @lso to the fact that these plots
which lay in a part of the field which was not well drained and

they muy have become slightly waterlogged owing to the wet

Season.

Only plots 9 & 10 gave scbtisfactory results in the

The failure of the plots 2, 3, 7




68. |
The chief factor was probably due to the went of ertificicls ‘
the failure to ripen «nd poor grain formation pointing to laclk |
of phosphates. Owing to this, it is nos possible to draw uny
satisfactory conclusions from the results, but it would seem

that acidity below pH 6 is not suitable for barleye.

Galecium in the Grain.

The Calecium in the grain of the first wnd second

years crop was estimated and the results are given in Tuble 35
Table 35

Plot Lime | 4 Ca in Grain |

| applied 1st Year 2nd Year '

_ T
i 2 24 1bs. -039 .045
| 3 48 n e e .045

4 72 0 2042 .046 :

5 ] +045 -053 |
| 7 24 .040 044
I 8 48 o «043 .049
[ 9 w2 n 2045 « 047
| 10 96 n - 043 <043

The amount of lime applied seems to have made little

or no difference to the calecium present in the grain, In the
first year there is a slight increase in the Calcium as the
lime apolied is increased, but in the second year there is |
practically no difference between the plots except in the case
of Piot 5, which is higher tham the others end which has had
the heaviest dressing of lime. The yield of grain, however,
in the second year was s0 poor thé.t it would not be correct

to dras any conclusions from the above resulis.




Summary snd Gonclusiqns.

The chief objects of the investigation wers
(1) to compare the "lime reiuirementsﬂ of certain scid soils
as defermined by methods in use in various countries and to
compere the effects of adding lime in the laboratory =md in
the field (2) %o compare the results obtained by the verious
methods which have been proposed for the determination of the
saturation value of the soil and (3) to determine the amount
of Calcium absorbed in the field, its effect on the other
bases of the soil and on the crop yield.

For this purpose 10 plots were laid dowm, 5 in
duplicate, the soils all containing prectically the same
cmount of clay 22 - 257, but varying amounts of organic matter
10 - 21%. 4 short discussion on the methods of estimating
organic matter is given, the method used being that of
Robinson's, i.e. reduction of sulphuric acid to sulphr
dioxide by the carbon of the organic matter wnd estimation of
the sulphur dioxide evolved. The results sgree well with
the "loss on ignition" and the rethod would appear to be very
useful in routine work. . The total nitrogen was also
estimated, but no definite ratio could be established between
the carbon and the nitrogen - the ratio carbon to nitrogen
varied between 13 and 17 - or between the nitrogen and the
organic matter.

The'pH of the plots in water solution varied between
4.5 and 5 and between 3.7 and 4.2 in N Kel solution, i.e. they
were highly acidice.

‘ TPhe various methods used in determining the "lime

requirements" were (1)Christensen-dJensen - lime regquired to
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of the soils calculated according to his method is given,
(2) EKeoppen's - Lime required to remove the "hydrolytie
acidity" found by sheking soil with calcium scetate or sodium |

acetate end titration of filtrate with sodium hydroxide.

Wore acidity was liberated by treatment with csleium then with |
sodium ecetate. |

(3) Daikahura's - Lime required to remove "exchange acidity" |
found by sheking soil with normel potassium chloride end |
titration of filtrate with stendard sodium hydroxide.
(Kappen'ls types of acidity : "Hydrolytic Acidity", "ixchange |
keidity", "Neutral Salt Decomposition®, and "Active Lcidity" |
end also Paga'ls theory that these are not different types, 'butf
are all of one kind differing only in degree are discussed. |
The verious phenomena can be explained by assuming greater

emounts of replaceable hydrogen present in the soil complex g
as the acidity increases). |

Hutchison and McLennan - Lime reguirement by determining the

amount of calcium absorbed by soil from a solution of calcium

bicarbonate. The errors of the method pointed out by various
observers are given.

The results show that most lime is required to give
pH 7, the hydrolytic acidity method less, Hatchison-lcLennan |
still less, and least of all by excheange acidity method.

It is pointed out that pH 7 is perhaps umnecessarily high

for meny crops so that.emount of lime could be decreased. |
It was also found that time taken for suspemsion of soil and ‘
calcium hydroxide to reach e uilibrium was longer than 48 hrs, |
96 hours =nd 120 hours being necessary in somé cases. This |

makes the method tco long for routine use.
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The exchange acidity methods give amounts of lime which are |
te low for practical purvoses.

The Hutchison-licLennan :nd Kappen's method give results which
appear to be suitable. Kappen's method would be useful in
prectice as being  uicker then Hutchison~lcLennan, but the
amount of soil used 100 gms. could be decreased amd 200 c.cs.

solution taken.

A comparison of the 4 methods, the'buffer power" and

the amount of orgenic matter present is given in the following

table. In each the value for plot 6 has been teken as 100 |

end the other values calculated in proportion to this figure.

|
|
ﬁ Orgenic c.cs. Ca(O0H). Hyd. fxch. Hatch.- Buffer
i matter to give pH 7 Acid  Ae. MeLennzn  Power |
| 48 w“ 51 a7 56 e
E 64 59 63 65 66 50 i
7 59 74 64 73 50
T2 67 73 63 73 64
93 98 98 87 102 96
100 100 100 100 1ca - 100
99 96 96 106 91 93 ;
| 75 71 79 78 73 64 i
71 - ol 67 60 61 58 ;
59 43 45 36 43 - i

The cley has not been taken into account as the 'soils
have precticully all the same content.  There is a good
correlation between the smount of organic matter and the
different values, showing that the hummus is the chief factor
in the various results obtained, i.e. when the clay content [

is constant.

The pH to which the soil would be raised in the
\
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leboratory by adding the wmounts of lime determined by the

various methods were Jensen ¥, Hyd. ic. 6.5, ixch. Acidity 5.5,

H. Melennen 6.2 -~ 6ade

affect in the Field :- The effect in the field was found to |

lie between one~-h:zlf end one-third of that in the laboratory.
In Jensen's method the eamount of lime necessary to give a pH
of 7 in the field and in the laboratory is compared. The pH
in the field is affected in two ways:-

(1) by the time which elapsesbetween liming and sarpling and
(2) by the growing plemt. It is suggested that a suiteble
time for sampling would be one yeer after the application of
the lime end, if possible, either in the Spring or iutum
when no plants are growing. The chenges noted in the pH
during the growing season sre given.

dxchungeable basses  The bases Calcium, Magnesium, Potassium,

Sodium, Ammonium were determined, the amounts were small with

| Calcium sbout 80% of the total. iluminium was not included

in the replucesble bases as its position is doubtful. Its
effect as & toxic é.gent on ﬁlahts is discussed. It was found
from & number of samples taken from a field in vhich barley
had partially failed that the chief facfor in crop failure

appeared to be lack of calcium and thut the plant could

| tolerate larger mentities of aluminium if sufficient calcium

were present. The results of other workers on this subject

are given.

Affect on other bases. The Calcium was adsorbed at the

expense of the exchungeable hydrogen .  There was & slight
decresse in the cmount of megnesium, but little or no differ-
ence in the others. The amounts of the bases other than

calcium ¢nd hydrogen were so small that 1t was not possible
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to drew any definite conclusions. No . luminium was obtuined ‘

in plots with pH sbove 5.3.

The amount calcium absorbed was about 705 of that applied.

The fGxchemgeable Hydrogen is- dealt with in section under

Saturation Value. Gedroiz's method of determining tﬁe

Hydrogen, i.e. leaching with baerium chloride end titration '

with sodium hydroxide was attempted, but was ebondoned.

The end point of titration, when titrating lurge uentities of |

liguid with very dilute alkali, is too indefinite. i
|

Axchan e:i'ble drogen and Saturation Value.

The methods used were those of Hissink's, Kelley,

|
|
Bobko and Askinasi, Gehring and Wehrmann, Page and yilliams ‘
Turner's modification) wnd Crowther snd Basu. |

|

100 S
The Saturation Velue V is defined as V = T 5 = bases
i
present; T = total amount soil can @bsorb. |

Hissink's method gives the hydrogen, i.c. T - 5 %o which is
added S5 giving T. The results are probably not an accurate
measure of T - 5, being too high. Reasons for this and certaiz&.
other disadventages are given. |
In Kelley's method - leaching with smmonium chloride-!
and Bobko mnd Askinasi=leaching with Barium Chloride ~until EJ.l|
other bases are replaced and amounts absorbed estimated, the
results obtained were low. This mey be due to insufficient
leaching. If this is so, then method is not suiteble for
routine use as the leaching with ammonium chloride or barium
chloride would require to be mch greater tham two litres

(the amount used here).This coupled 7ith subseuent washing

:nd a second leaching to obtain the adsorbed ions would meke

a long and axpensi.ve process. Other workers have found low
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results by =bove methods.
In Gehring's method the hydrogen ions ere replazced
by Celcium by treatment with C&(OH)E cnd total calcium present

estimated. The degree of saturation is given by the ratio

of the replacesble calcium to the total caleium.
The other buses in acid soils are in very small amount and

would not greatly affect the result. It was found that the |

results for the totel calcium were lower in the more scid soils

than by the two final methods . Harada found similar results |
end suggested the addition of Caleium Carbonate after treut-
ment with caleium hydroxide to remedy this. A larger guantity
of calecium hydroxide might also be used.

Page and William's (Turner's modification). The soil is

treated with celeium hydroxide :nd sodium clloride. The smount
of leaching required was found to be more then two litres - in

the case of the more scid soils 2% emd 3 litres were necessary.

In Crowther & Basu's method,which isfmodification of the previous.
method, the bicarbonate formed by the action of COg on the |
caleium carbonate is estimated. COtherwise the calcium of

the culcium bicarbonate is estimated as adsorbed calcium |
giving too high a result.Little difference was found between

the two methods and it is through that most of the COg had

escaped in Turner's method, thus giving results which were |

|
similar to Crowther's method, which, however, is theoreticallyi

more accurate.

Of the six methods described, those of Gehring &
Wehrmenn, end Crowbher & Basu would appear to give most
satisfactory results. Though shorter than the other methods,

they are still somevhat long for routine use.
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affect of liming on Crop Yield :nd wmount of Calcium in fhe |

Though the best results were obtuined with highest ]
liming, the yields except in two cases were not satisfactory. i
This was probsbly due to the wamt of artificial mamures i'
chiefly it is thought to the lack of phosphates. The barley
was not good below pH 6. The amount of Calcium in the grain i

varied little throughout the plots.
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Lppendix:-

85.

Complete results for Page & William's Method

(Turner's Modification).

Amount Calcium in each 500 c.cs.

Plot 1 Plot 2

| Plot 3 Plot 4 Plot 5 Plot o
[1st 500 c.cs. 0748 .(0618 -0660 .0655 0772 0991
2nd 500 c.cs. .0164 .0200 .0210  .0207  .0226  .0261 |
Bzd ® "™ L0139 .0168 .0160  .0163  .0203  .0237 ‘
4th " » 0134 L0159 .0133 L0137  .0160 0170 :
Bth ™ "  .0119 .0129 .0l144  .0137 L0158  .0l60 |
65h m  m .012¢ .0125 L0121 0116  .0144 0153 |
7th ® o  ,0119 .0122 L0127 L0133  .0138  .0130 }
lB¢n » = 4123 L0122 .e121 0157 .0126  .0134 !
o Plot 7 Plot 8 Plot 9 Plot 10. ‘
1st 500 cscs. #0913 .0748 0720  .0623 |
2nd ®  w .0191 .0200 .0206  .0196 '
Isrd O 0194 .0158 .0155  .0169

;4th it .0165 0147 L0154  .0142

5th n .0186 .0154 0133  .0129

6th v n L0184 L0140 L0126 L0129

[t = 0138 -0130 - 2

Btn o .0126 .0126 - -




nd

rd

nd

rd

nd
rd

Lth

Complete Results for Crowther's and Beasu's lMethod

for Mstimetion of the Saturation Capacity of the Soil.

Plot 1 Plot 2 Plot 3
BOO C.cSp 27.9 5.8  22.1  29.7 5.9 2.2 29.2 5.8  25.4
50O cecSe 97 52 O L Bad 11 B 6.3
500 c.cs+ 648 443 2.5 8.7 5.5 Be2 8.8 5.0 3.8
BOD) Bebe - MeB Ao 2.6 7e8 Bt 2.5 7.9 5.1 2.8
| Potal 31.5 35.3 3643 |
|
Plot 4 Plot 6 Plot 6
Ca. H03 Diff., Ca. HI03 Diff. Ca. HOOz Diff|
- , |
500 c.css 32.5 6.5  26.0 3645 621 304 430 7.8 B5.5|
500 c.css 12.3 5.7 6.6 A 5.3 7ol 1348 6.7 ToX]
50O cocss 9e6 5.7 349 10s2 5.6 405 B34 65k 5.3 |
] |
500 c.cSs 8.8 5.5 343 9.6 5.2 4.4 10.6 6.5 4.1
' “ Total 39.8 46.5 51.8
Plot 7 Plot 8 Plot 9
iCa.' I'DOS Diffo C&. HEO3 Diffc caa EOS Diff.
BOO CeS{ 44,7 Teb  37.2 3602 7.0 2.z 347 6.2 2.5
50O cecs 1440 6.5 7.5 12.5 6.5 Bul AL4O. B8 5.3 |
50O cec$e 11.1 6.4 4.7 198 6.2 B3 B8 B Bal
50O Cec$e 11.1 6.3 4.8 9.2 547 Bed . 8:4 Bub __2:8. |
| Total 54.2 43.9 39.6 |
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ExS

Plot 10 Blank. |

Cae HJ03 Diff. Ca. EOS Diffo |

lst 500 c.cS. 51.8 6.7 35-1 4-4 5.4 1.0 |

| 2nd ™ "  10.6 5.5 5.1 3.8 346 32 I

|

3pd " " 9.0 5.8 3.2 4.0 3.6 |
dtn W g 88 2.6 4.2 3.5 7
Total 36-0 2.1
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