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S0IL EROSION IN SQULH AFRICA P.H.KitLo

Introduction

The developement of boil Science in western Europe,
eastern North America, and later in other countries,
which in its modern form only started acout the beginning
of the last century, mi.ht be said to mark the first step
in the consideration of Soil Erosion frow a scientific
aspect, although it was some itime pefore scientists pegan
to concentrate on and study the problem as one which
demanded a detailed investigation.

Empirically, erosion has been noted and, where the
value of the land warranted it, practical methods adopted
for its control, in many cases with no small measure of
success, for centuries, but the methods adopted were
localised io small regions, and the major destruction
went on unchecked. The seriousness of this destruction
was usually not realised until too late, and striking
exauiples exist of the complete desiccation resuliing from
this neglect. Those of Chilna, Aratlia, Mesopotamia and
other countries have oif'ten been guotea, ana need not be
described azain here.

One migzht think that these countries would have been
sufficient evidence to make later generations profit by

the unfottunate experience of once prosperous nations,

t
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out such, is not the case , and even comparatively lately
America has undergone, to a lesser decree, many of the
processes which tena to make a land uninhaoitaole. There
has always been a very small minority, who, either through
oeing brought into immediate contact with the problem or
Decause they have clearer vision th%n most, have realised
what was happening ana tnea to maxe the community as a
whole, ana the state, take the necessary action, but, not-
withstanding the examples already given, their attempts
were until recently largely wasted.

For reasons which will oe given later it will be seen
that, generally speaxing, erosion only oecomes serious
when the population increases aoove a certain limit ae-
pendmg on the nature of the country and the climatic
conditions. With increase of population agriculture
must obviously oecome more intensive, ana through ignorance
and carelessness erosion then increases also. Eventually
the land becomes too poor to support this population, and
the numbers must of necessity decline. This 1is what
changed Arabia from a prosperous country into a semi-desert
thinly peopled by nomadic tribes, and there is no reason

to believe that a similar process might not take place

today if conditions were suitable. In fact examples

of such a decrease iIn modern times are to be found In
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America and even in South Africa. In the final report

of the Drought Investipation Committiee (1923) it was con-
cluded that the decline of Buropean population and small
stock in more than thirty kidland districts of the Cape
Province is directly due to the increased soil erosion.
Before proceeding further it would be as well to consider
erosion 1itselr in a little more dctail. To tne geologist
the term is very general,including all the process of rock
destruction and removal. Of the three major divisions

of the rocks forming the earth-- igneous, sedimentary and
metamorphic — the sedimentary cover by far the largest
oortion of the earth's surface, and were foramsd as a result
of erosion and subseguenil reconsolidatlon of previous rocks,
all of which were origlnally igneous in character.

We see that the process is quite natural and took place
long before the earth was inhabited at all,but in nature
an eguilibrium exists between climate, topopraghy, flora
and fauna, ana water supply, ana tphe total eflect 1in many
places 1s such that the material removed by denudation is
~more or less equalised by that formea oy weathering and
from vegetation. If man disturbs this normal balance,
however, the erosion is liable to become very serious,
andthe results are often disastrous. In a fertile
country with few inhabitants *shifting cultivation" is

very often practised, and the agriculture that takes place
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does not upsel the equilibrium to any great degree, but
with a denser population the area of land under cultivation
or used for grazing purposes 1is proportionally larger, and
bad farming may result in very serious damage tonfhe
country as a whole.

The usual idea of erosion is that of iné vlislible de-
struction that takes place when sulitable precautions are
not taken,

The only two important agents which bring about erosion,
a8 such,are water, in some form or other, and wind, and
the work which they perform in nature is proifounaly in-
fluenced by the diastrophic movements of the earth's crust
l.e. the eftfects they produce will vary in accordance with the
elevation, subsidence, or stationary character of the region,
elevation favouring denudation and subsidence favouring
deposition of transporied maierial,

Water Brosion

Water in the form of rain is the primary aszent at work,
and the nature of the fainfall -~ light or heavy =— has a
most profound effect on the rapidity with which surface
material is removed. Its action is both chemical and

mechanical, and is greatly influenced by climatic factors.

The damage done by the rivers themselves is not nearly
so great as that caused by the immediate run-off from a

heavy rain, but is often much more spectacular.
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The first effect of denudation on a recenily uplifted
surface 1s an increasingly irregular surface; then, as the
streams cut deeper and deeper into their channels the slope
becomes less steep, and a8 loge aS the region is neither
uplified nor aepressed vertical erosion takes place at a
constantly decreasing rate. Eventually a staze must be
reached when the vertical cutting will cease, and the river
is sald to have reached the base level of erosion. If
the country is elevated of course the process starls again
and continues until a new base level is reached. After
this lateral cuttiing takes place until a flat gently-rolling
surface is produced, the base level of erosion of that
region.

Pure water has very litile abrasive action on rock, but
may remove loose material, aad it 1s thls loose material
carried by the water which cuts so rapidly into the
surface. The capacity of water for abrasion varies in a
geometrical ratio with the sediment carried. It is not
generally realised what an iwmportant effect the nature
of the underlying rock has in deiermining the amount of
run-off from a surface and consequently the amount of
surface that will be removed. Run-off occurs when the
surface so0il has become saturated,and apart from the soil

itself other factors come into play in determining how



mwuch water 1is necessary to saturate 1t. The extreme
case 1s glven by limestone regions, which are charac-
terised by the swall number of surface sireams, most
of which disappear underground through channels dis-
solved out of the limestone.

Dolomite is a relatively porous rock, and in the
largze dolomite areas of the Transvaal the run-off is
small and erosion very slight. Granite on the other
hand, is relatively impervious, and the surface soil is
inclined to wash off, leaving larpe areas of bare rock
exposed. | Examples occur at Paarl in the Cape Province.

The joints and cracks and the angle of dip of the rock
strata are also important in determining the amount of
water which will be absorbed by the rock. The physical
nature of the soil has, of course, the greatest effect
on the run-off from a particular rainfall,ahd this will
be considered in more detail later.

Apart from rain and rivers, water in other forms is
active in causing erosion, though not to such an extent.
Researches during the last 15 = 20 years have accumulated

a mass of evidence supporting the view that glaciers,

arecefiicieuv  ,agents in this respect. Materials
carried by the glaciers, which when deposited are known
as moraines, as well as the glaciers themselves, have a

powerful scouring action. Abundant evidence of this

action may be seen in present glacier regions and in
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countries such as. portions of North America and Europé
which were once covered by ice-sheets.

Snow also has an effect as avalanches or from the
run~off occurring when it melts, but in the latier case
the volume of water is not sufficient to be very serious
except in exireme cases.

In countries like South Africa where the snow is limited
to comparatively small areas of mountainous country it
is only when a dry wind or sudden rise of temperatiure
occurs after a heavy fall of snow and the subsequent run-
off flows over land denuded of its vegetation that the
result is at all bed. In this respect it might be noted
that the dry wind is apt to cause more rapid run-off,
because ordinarily the sun is without appreciable effect
on the melting snow and ice, and rapid melting oniy occurs
when the rays first impinge on some other substance which
warms them up and then by conduction thaws the snow.

The sea is also an erosive agent, as are lakes o some
extent, out not of sufficient seriousness to warrant auch
attention, in South Africa at any rate,

In dealing with water erosion there are two definite
stages between which we must differentiate. The first

is the removal of material from the surface layer (and

perhaps the lower layers ) by running wwater, influenced

very largely, apart from other major factors, by the



-Gm

slope of the. ground, because the slope of the ground
determines its velocity. Some of the material is carried
in suspension, while some is merely rolled along the bottom
or proceeds by "saltation® 1.,e. oy short skips ana leaps.
The amount movim: in this way is larger than might be ex-
pected, because it is very difficult to measure.

The second stage is the deposition or non-deposition
of this material when the water reaches more level ground,
and its rate of flow diminishes. Naturally the particles
rolling alongthe vottom or proceeding by saltation will
come to rest, but the important consideration is whether
the suspended material will be deposited, eitherrﬁartially
or completely. This aspect is very serious, because the
portion remaining in suspension will be the finer grained
particles and colloldal material containing most of the
more fertile portion of the soil, Apart from soluble
matter in the water — which is the important controlling
factor at this staze -— most of the reserve plant food and
material keeping the soil in good physical condition is
contained in this finer portion, and the proolem is one
which is of particular importance in this country. It

will be -considered in more detail when the colloid portion

of the so0il 1is discussed.



Wind Erosion

In arid ana semi-arid regions this can be very destructive,
and as 1n the case of water it is the material carried which
does the damage, the greatest effect oeing near the ground
where the particles are larser. Loess 1is a so0il which
has been deposited after being carried by the wind, and the
huge loess deposits of China, for example, are supposed to
be due mainly to the dust blown from Central Asian deserts.
The terrific dust storms that arise periodically in the
United States in the Great Plains area, and which have
been particularly severe during the past few years, show
the enormous damagze that can be caused by the action of the
wina on unprotéctea soxls. In South Africa transported
sands and semi-arid solls cover larcer areas than any other
~types, and the effect of wind on such soils can readily bpe
imagined. A vast area in and around the Kalahari consists
of red or greyish transported infertile sands, while the
same t&pe occurs in the localities bordering the Karroo.

The worst effects are produced on higzh lanas and where
vegetatlion, particularly trees, is scarce, and the amount

of erosion depends on the velocity of the wind and the type
of soil. The smaller the particle and the more powdery the

soil the more easily it _will,.be transported. Hence we
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often have a sorting out oI material, the coarser %ke& sravel
anda stones remaining behind as ®desert pavement" -—-— and
hence also the ®growth" of stones in certain sandy areas.

EROSION IN SOUYH AFRICA

Of the two main types of erosion, gully and sheet, the
most noticeable effect 1is produced by the gullies, which
may rapldly turn into huge dongas, out the most widespread
damage is that caused by sheet erésion. Gully erosion
does not affect the same huge areas, and it is probable
that the amount of land directly ruined by it is not of
such consequence as the lowering of the water table it may
cause over larger areas, It is obvious that if tnis happens
larye tracts of valuable land may eventually turn into un-
productive and barren veld.

Sheet erosion is very often unsuspected even by those
farmers directly concerned, because though the surface
layer containing nearly all the fertile portion of the soil
is gradually being removed the result may ouly be noticeable
in the slow deterioration of the vezetative cover.

In South Africa both these'types are extensive, and owing
to the nature of the country itself very difficult to combat.

geologically it is a young country, and a long continuea

uplift has occureea, resulting in a very hizh mean altitude.
Not less than bl per cent of the Union lies oetween 3 and O

thousand feet in height. Consequently we have rapidly
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flowing rivers, many of them dry for the major porition of
the year anu none oeing navigaole, ana there are very few
alluvial plains of any size.

Unfortunately our climate is such that erosion when
started tends, in most rezions, to be aggTavaled. South
Alrica is situated larsely within the dry anticyclonic
zone of the earth, and thou.n a strip iu the south anu
west has its raln domlnantly 1n winter Uhe remainaer is
principally in the sumger in the forin of thunderstorms.
The coastal belt has a far less erratic rainfall than
further inland, because the moisture laaen winds blowing
from the sea strike ihe mountaln onelt extending round the
coast and most of the moisture 1is precipitated. In the
higher altitude of low huwiaity and comparatively flat
Lopography beyona the ranpes what water vapour does pass
over nas little tendency to be deposited, and th?&ain is
conseguently somewnat spasmodic in 11s occurrence.

It has oeen asserted by many people that the rainfall
is aeclining and the counitry"drying up',obut while meteoro-
logical recoras show that there has obeen a slight though definite
decrease in our total rainfall during the past half century,
thils 15 almwost certaluly ouly a secular varialion, and as
such will right itself in the course of time. The 1idea
Lhat/the distrmoution and character of the rainfall has in

certain areas changea for the worse does not seem to pe



supported by the meteorological data so far collectea, but
that its beneficial effecis nave in many cases diminished
cannot ne doubted.

Of that portion of Africa oelow the 17th parallel, 33%
1s covereu by Kalahari seanu, oare Qountaln ranges Cover
large portions of Namagualano, the Southern Cape, ana parts
of yriqualand West and the Transvaal, while of the remainder
much is semi-aria, so that plainly thé amount of land availe
aole for proritable use is small.

On the whole South African soils are aeficient in humus,
which has important gqualities in oinding a soil and in-
creasing 1iits resistance towards erosion. This deficiency
is aue to the low and unevenly occurring rainfall combined
with a high temperature, the scanty fegetation and de=-
struction of this vegetltation oy fires, andthe excess of
suobstances such &s calcium carvonate or irom oxiue in ihe
s01l.

Conditions being so favourable, it is not surprising
that in places where erosion has started it has rapidly
assumed alarilng proportions.

It 1s ex€ensive in ana around Basutoland, in Northern
Natal, the Transkei and parts of the Karroo, betweeu
Aberdeen and Kingwilliamstown, many of the river valleys,

and at particular localities like Chunespoort, Transvaal.
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Advanced erosion has also taken place in portions of Bathurst,
Peddie, Albany and the Addo watershed, and the whole of the
Fish and Sundays River Watersheds, as well as further north

beyond the bordersof the Unior,

At first sicht it would appear that as the land east anda
south of the mountainous belt is so much steeper the tendency
to erode would be very much greater, but a little oonsider-
ation shows why this is not so. The rainfall nearer the-
coast, as has been stated,is much more evenly aistriouted
throughout the year apd less inclined to be torrential,
besides teing generally higher, and the result is a very
much denser vegetation. As verzetation is the most effective
guard asainst erosion it is only where this has been removed
that the position becomes serious. tThe lime-containing
sweetl-veld 1n the reégions of hizh temperature and less even
rainfall east of the mountains shows very bad erosion in
places like the Mid-Tugela valley or the Fish River, and
here conditions are rather like the Karroo. Otherwise the
abllity of natural vegetation to reestablish itself when
once reumoved is of course much preater in the coastal pelt.
If erosion once gets the upper hand, however, it spreads
very rapidly. |

On the hizh land beyond the ranges the destruction is

- FNt
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much more extensive and difficult to control and as the
land is notso valuable farmers are stlll less inclined to
spend money on costly reclamation schemes.

The Effects

¢ S0 much has been written from time to time about the
damage caused by erosion that it will only be necessary to
discuss the subject priefly here. FPirstly there is the
removal of the richest part of the soil, wikh all its a
attendant evils. Rainwash removes plant food even if there
is no erosion,but this can be restored, if economically
possible, in the form of fertilizers, soil-improving crops
or similar means, The sc1l can only be restored, practically
speaking, by the exceedlingly slbw natural processes and with
these months or even years might haveto elapse before the
material re@oé;& in & single heavy rain could bgﬂ;eplaced.
Not only does this cause irreparable damage to that
particular area but it may also silt over adjolning lands
and ruin them, The harm done to public works such as roads
or railways may be very considerable. The question of the
silting of reservoirs is one which has received a great deal

of attention, but there is no satisfactory method, as far as

the engineer is concerned, of overcoming the aifficulty except

the temporary ones of makilng allowance, where this 1s posslble
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for raising the height of the wall wnen the storage capaclly
becowes insuificlent, or builaing "trap®™ dams to catch the
silt. The efiective lives oI mariy 0L our largest reservolrs
and the irrigation schewes connected with thew have oveen
reduced far more than was ever anticipated owing to the in-
crease in the amount of sollid material deposited each year.
This is definite proof that erosion is on the increase in the
catchment areas concernea,

It has already veen pointea out that the worst erfect of
gullles and dongas 185 the lowering of the water tavle they
produce, wherepby the grouna water is made less available to
plants and the difficulties and expense of bbtaining supplies
by poring 1is increased.

ihe decrease 1n Vegetation which results from erosion of
any lype wmeans a aecrease 1 Lhe effilclency of iLhne waterlshed
in @maintaining a permanent flow of-irrigation water, guite
apart from the increased silt content of the run-off, because
of the effectiveness of a vegetative cover in retaining
molsture in the soil and enaoling very much larger gquantities
to be avsorbed, besides reducing the velocity of the excess
water anu retaining silt and suspended matter,

At one time the idea existed amongst certain farmers par-

tieularly in America, that by decreasing the density orf the
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vegetation more water would pe made avallable for irrigation,
pecause the water which is transpired by the plants would be
utilised. This 1is true to the extent that when the rains
occur there will pe more lmuealate suriace run-ofi, out less
water will pe preserved, anu later on when the land is ser-
lously in need of moisture there will ve a shortage. The
water holding capacity of 'a soil is roughly in proportion

to the amount of organic matter it contains, and as it is
not generally possible to utilise all the run-off trom a
heavy rain this will pe wasted, and the subseguenti period

of stream flow shorter.

The Causes.

south Africa, as has been emphasized (vide supra) 1is

climatically ana physiographically #£avourable towards erosion
but even here it is only when natural coﬂuitions have been
disturpved that it has vecome a serious menace, There are
various agencies at work all the time in MNature resulting

in the weathering, denudation, transportation an& deposition
of rock material, thls oeing normally a slow process. The
rate, however, way lncrease or dlmilnish irom year to year
with climatic wvariation. Drought, by which we mean a period
during which abnormally dry conditions prevail, results in
increase 1n wind erosion, and wiﬁﬁatne rains, usually more
inelined 1o pe torrential followine\such a period, incresased

water erosion.
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Besiaes trie natural abenis previously menuonea, it must
oe remembered that lightning, which s perhaps more serious
in this country than any other, may cause veld fires re-
sulting iIn depletion of vegetation and consequently iIncrease
in erosive tendency.

When we turn to what T.R.Sim 41J calls biotic causes, i.e.
"the reactions unaer the influence of vegetable and animal
life, and especially of man", we find that almost without
exception they are concerned in some way or other with the
removal of vegetation. This acts as a protective covering
to the soil, guarding, againsfﬂg;trimental effect of excessive
heat, wind or ram. It keeps the grounu temperature lower
and hence reduces surface evaporation, while i1t also protects
against frost. The humus formed from the decay of this
covering, the roots of the plants and their chemical action
all help to keep the soil in good condition and a stable state.

An examination of the land available in South Africa for
farming purposes shows that this is mainly a pastoral country,
ana as a result the practice of overstocking, unfortunately
so prevalent in many parts, is one of the main, causes in the
reauction or retrogression of the natural vegetation. Much
of the ranching country in the iNortnern Transvaal, the Rus-
tenberg oushveld, the Waterberg, Springook fiats ana the
thornveld of Natal has been materially ruined by overgrazing,

while examples areto be found in practically every stock

producing region in the Union.
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A farm which 1in a goo0od year can support the stock on it
without deterioration must nevetheleséloe considered as
oversiocked unless auring the bad seasons sufiicient

that
adaitional feed is given such ,the veld suifers no harm from
the stock it is carrying.

The carrying capacity of many farms which must be con-
sluered as OVErsLocxKea coula De maliiLalnea av Lheir present
level 1@ inOre use waB maae oL lne system of cawmping or
rotational grazing. ‘drazlng at periods of critical growth
of the grass or bpushveld méans that the young plants never
reach maturity and conseguently never get a chance to seed.
If different parts of the farm could be rested to enable
the vegelation to spread the veld in many cases would'not
deteriorate as it now does. It has also neen proved by
analysis thal, contrary to expectation, young grasses. though
perhaps wmore succulent on account of higher water content,
have not nearly the food value of the more mature growth.

Accompanylrg thls ueterioraition there 1s usually tihne
damase caused by the increase in veld-tramping and tne
kraaling of suock, often necessary for protectlve purposes
if the farm is insufficiently fenced and especially serious
in the former case if the number of drinking places 1s

limited.
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An important agent in the aestruction of vegetation is
veld burning apout which a tremendous controversy has been,
and still is to a certain extent, raging. lhere can be no
aoubt that on some farms it is necessary to do this if the
veld is to be maintained in a condition suitable tor stock,
out from the point of view of the couniry as a whole 1t is
a bad practice. It shoula def'inltely De prohivitea as far
as posslble 1in catchment or other areas where the welfare of
the whole community is concerned. Fortunately the custom
18 not so prevalent today as it was some years ago and is
decreasing yearly, but there are still paris where indis-
criminate ourning takes place, and here it 1s to oe hoped
that measures of control will be adopted. In the Waterbery
ilountains, the Eastern Transvaal, the Northern Free State,
the Highlands of Natal and the South .eastern and South-
western portions of the Cape veld ana mountain burning still.
continues, 1o guote an example from America, 1t has been
stated (z) that in Californis alone rires have compleiely or
partially devastatea more than 981,000 acres of forest, bush
and grassland, so that the increase in rainfall run-off can
be Imagined,

Many alistiricts have been completely cleared of valuable
indigenous forest growth by excessive obush cutping, anda here

agaln the przcltice sLill continues, though with some measure
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of control. With the scientific exploitation practise!
oy the South African Government an area is closea for
years after its manure growth has oeen removed, out with
inaigenous species this is too short a time to allow of
full recovery. JTasterggrowing, imported species, however,
uo not suffer under this treatment.

Agriculture always tenas to maice lana more liaole to
erode, Out 1t must Oe remembered that good farming should
prevent or lessen soil erosion, not increase it. The
abandonment of old lands 1is causing rapid deterioration of
some parts, and in the winter rainfall areas, especially
in the wheat lands of Malmescury and Piquetoerg, allowing,
lands to lie fallow during the rainy season is,according to
Dr. Viljoen, the chief cause of the erosion there.

Roads and railways are often responsible for concentrating
water in aitcnes alongside, and eventually this water has to
be turned out to one side or the other. Adequate provision
for spreading it so that its effect may oe beneficial instead
of harmful is usually not made, perhaps in most cases through
lacic of funds, and the adjoining farm lands have to suffer
in consequence. In addition, the mere action of clearing

the vegetation to maice them is sufficient on some slopes
to start incipient erosion.

Mining has also caused some damage for ihe same reason,

but as i1t does not usually occur iIn an agricultural area
L J

SO
the Immediate effect is notAserious.



Finally uwust be mentioned the introuucitlon either in-
tenulonallj or by acciaent of piants andanimals or ilnsecls
which have hau a deleterious effect on the natural and
cultivated species. For example the danger of prickly
pear or other undesirable aliens to theusoil itself is that
on reuioval they leave portions of land in an unprotected
SlLate before natural growth can reestaplish itself. Insect
pesis oI course 4o a lot of damarze to crops and so ilnairectly

Lo Lhe so01l, and many of them have teen iniroduced with

imported species,

&

Remeules and Preventive Metithods Adooted

the destruciive action of soil erosion pelrn a cumulative
one, 1t tollows thal the sooner remeulal mezsures are applied
the more eilective and less costly they will bpe. It 1is
far easier to prevent it by taking reasonable precautions,

especially in the case of agriculture, than to stop it when
once startea, even tnouxh 1n ithe early stagzes this 18 a
cowmparalively easy pProcess.

Thg Key to gny type of treatment is the maihtenance of
the normal balance beiween the soll zana its cover, together
with slope and water supply. Of these four the most .
susceptible of control is the soil, anda the maintenance of
the s01l in good physical conulilon is Lhe gll important

factor in lessening the tendaency to eroce and enabling
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whatever 1s growlng on 1t 1o auevelope to the fullest extent.
In a so0il 1t is desirable to have particles of variable
graln size, orzanic and inorganic, wikh a flocculation
tendency, the last being dependent on chemical factors and
of the utmost imporiance, We try to bring this aovout in
agrlculture eitner by mechanical or chemical means or both.
The former includes all types and methoas of tillage ana
drainage, and the latter all methods of fertilizing.

fiulching 1ls the adaition of surface litter of some sort,
dust mulching obeing the essential feature of ®dry farming®.
It 1s mosL eirectlve 1n regions of sup=irrigalion like the
great Plains of America, and has peen empioyea for centuries
in Arabia and Egypt. Fertilizers and their action on the
80il have been made the subject of detailed study for many
years now, but it is st1l) impossible to predict with cer-
tainty what effect they will have. In some cases the
deterioration in physical condition mere than counter -
balances the extira supply of plant food.

The distinction between ordinary weathered rock material
and what we term a "so0il® lies in the organic material con-

talnea bp the latter, or, more particularly, its humus content,

by which we mean the amount of decomposea Orsanic matler whilch

has lost its original form and pecome ¢élloidal in character.
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It i1s in the organic portion, decowposed anu UNUECOwLPOSEd,
that the microbiological processes of the soll take place,
and it is essential that this portion be maintained at a
sufficient level for this purpose and for retaining'a good
physical condition. It is reported by G.W.Robinson (3)
that even on the steepest Welsh hillsides in cultivation
erosion is imperceptiole, probapbly because of the high pro-
portion of organic matter in the soil.

The level may be maintained by adding matter either
already 'in an advanced stage of decomposition (manuring),
or in a fresh,green condition (green-manuring) in which
case a crop is usually allowea to wrow on a piece of lana
for the sole purpose of beinz ploughed under. If present
in as much as 15 to 20 per cent the effect of organic matter
may be to obliterate the distinction between different types
of soil, or, on the other hand, the mineral composition of
two soils may be the same out their fertility very different.

The condition of the soil is largely dependent on the
vegetation growing on it, which also acts as a protection,
promotes water circulation and enriches it, In guarding
apalnst erosion the metnod of planting with relation Lo the
slope is very important, ior 1o plant in rows aown a slope
would be fatal. The remedies are coacerned, or siould De

concerned, with the usefulness of the cover to mankind, and



lncluue tree plantlng, especially on Lanus 100 steep for
Stability on field or pasture, grassing &f the land is
gently rolling, nurse-cropping, i.e. shielding the young
plants with others, and cover-cropping (e.g. grass planted
in orcharas) where the water supply is abunuant.

A series of articles o. the planting of trees for
special purposes occurred in ®Rarming in South Africal
during 1939, written by J.J.Voorendyk of the Division of
Forest management, and giving valuable information about
their utility.

AS tnis country 1is mainly pastoral 1t 1s the natural
cover which should oe proiected ana improved, chiefly oy
the regulation of grazing and, if possible, seeding with
grass of a suitable type, A point to remember is that it
is sometimes an.advantage to graze with catile rathér than
sheep, which cause more damase to the cover oy trampling
and in their methoa of feeding. Goalts ane even worée
than sheepin this regpect.

Innumerable methods have been tried for stopping further
destruction and encouraging silting in dongas and gullies,
the success or otherwise aepenaing lar<ely on local conditions
- Hardy plants like American aloes and splniless prickiy pear,
both useful as sugplementary stock food, various acacias
and different types of bush, trees and grass have been

grown in dongas, round the sides or across the drainage
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limes, sometimes protected from stock by fences or helped
by stone and wire dams. Descriptions of nearly all these
metnods have appearea in Govermnent publications from time
to time.

If the cover is removed or has demenerated most slopes
are unable to fulfill their normal function of removing
excess of rainfall without erosion beginning.

When this occurs the run-off must be regulated or pre-
ventea oy contourlng, or terraclig wilere the slope is too
steep for contouring. This may be cone eilther guickly
by engineering methodas if the land is sufficiently valuable,
or slowly, the farmer merely starting oy laying out the
terrace system and the reconstruction gradually following.
Metnods such as these have of necessity been practised in
China, Japan, the Phillipines and other countries for
generations.,

When cultivation becomes as intensive as in Europe the
801l may be protected by grading the slope, vineyarding,
retain-walllng or similar means. On long slopes foréstation
if practlcapnle 1s the pest methou. |

The last of the four factors to be considered in the
prevention of soil erosion is that of water supply. The

regulation of this, as has been described, is very much

interconnected with the slope of the ground, One of the

chief drawbacks in South Africa in connection with irrigation
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is the general steepness of the gradients, whereby the
difficulties of storaze and the distribution of water are
increased. Owing to the long distances the water has to
be conveyed evaporation becomes an important factor, and
the surface areg of dams ana canals musi be made as small
as possiple, l1.e. the depth musti pe increased as uwuch as
the locality and economy will allow,

The Drought investigation Commission reported in 1923
that the developdment of Irrigation in South Africa was
definitely limited to 1% of the total area, and that even
then the catchment areas were suffering owing to aeterior-
ation in cover and to soll erosion. Since then an immense
amount of aevelopﬁment has taken place but the gquestion
of the catchment areas has not yet been effectively tackled.
Lake mentz in the Sundays River valiey, ior caauple, com-
bleted 1n 192z, is said to have now only half the storage

capacity it had then, due to silting from ihe soll erogaea

RO |

areas of Pearston and Jansenville,
Realising the gravity of the situation, and that the pro-
tection of catchment areas is a matter of national importance,
the Government decided last year, (1935) on a far-reaching
policy for carrying out investizations entailing topegraphicél
‘hyarographical, aerial, potanlical ana soil surveys of the
most'important catchment areas oi the Union. Ihey may also
ultimately proclaim ®*natural reclamation® and ®national

erodion control areas". Immediate work is being under-

téken on the watersheds of the Tugela river in Natval,
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incluaing the establishment of a forestry settlement for the
purpose of afforestation, anti-soil erosion worxs using, un-
employed, pasture research, vela improvement, ana control
of grazing and veld burning, with the co-operation of private
owners. The experience gained on this scheme will determine
to a $arge extent the future policy of the Government.
Another important source of water on bouth African farms
is that of ooreholes. It has been said that these lower
the water table, but it is doubtful whether this does happen
except perhaps locally if they aréﬁﬁhmerous. There can be
no doubt as to the iImmense value they have been in the cul-
tivation of land previously of little use for anything.
Although the Government is only now taking action on a
large scale in connection with anti-soilerosion works, the
need for this action has long been known, and it is the
sound financial position of the country at present which
has enaoled such large sums to be granted fot the estao-
lishment of the different schemes. The Forest Bill of 1915
makes allowance for the expropiation of areas so eroded or

sand-blown that they become a menace to the country and its

inhabitants, but has not found practical application. In

1914 the benate Select Committee advised the Government that
instruction about erosion should be given in Agricultural
Colleges, public schools, and to chiefs and headmen in native

territories, while in 1918 the Soil Erosion Committee,



appointed, oy the Natal Provincial Council in 1917, re-
commended along similar lines, and advocated the publication
of a condensed brochure on afforestation and an educational
propaganda through the Press.

..The reports of the Drought Investigation Committee in
19<;0 ana 19k;3 gave aetailea iInformation and advice on this
ana other related subjects.

The Department of Agriculture is now taking active steps
to comoat soil erosion ana reclaim, as far as possiole,
wasted areas, ana to this ena has engagea the help of tne
officers of various Government Departments, Provincial Aa-
ministrations and Public bodies, as well as the land-owners.
Questionnaires have been issued to the farmers, who are
requested to fill them in, supplying details of erosion
occurring on their farm, and forward them to the Department
of Agriculture. In this way an immense amount of detail
is being collected on the actual destruction that is taking
place.

1933 saw the commencement of the nation-wide schemes for
reclamation ana improvement of these areas. Encouragement
was given to private land-owners in the form of subsidies,
and useful information and advice supplied by local officers.

Owing to the satisfactory headway already made these

facilities have recently been extended and improved. A
bonus of db% is allowed on a maximum of £3b0 for each farm

and £7200 per aam with regard to anti-erosion woOrxs. If

unemployed Europeans are used the State is prepared to pay
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seven-elghths of their wages, the rewaining one elzhth to

be pala by the lana~owner after the work i1s cowmpletea, or

the relative amount registered against his title deeds, Full
detalls are availabge from the local magistrates.

The Department of Irrigation has also started a dam -
bullding scheme, whereody a suosidy of Z0% is paid on aams
oullt of value more than £200 to a maximuwm of £000 per dam,

The enormous number of applications already received,
particularly in the Cape, testifies as to the popularity of
this work with the farmers themselves,

A point raised by the Drougpht Investigatlon Committiee 1n
19 23 is the need for the provision of cheaper fenciiy material,
for il the veld is to obe improved it 1is essential that farms
be subdivided 1nto'camps more than they have oeen until now.
It is to be hoped thatthe recent estaovlishment of and Iron
ana Steel Works in this country will help to remeay the

position.
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A Qomparison with Frosion in America and Preventive Methods

there.
As far ovack as 1909 the National Conservation Commitiee (4)

reported that in North America 1lo,597 sqg. miles of farmlana
had opeen abanaonea, and 5,076 sq, miles, or .<% of the en-
tire area of mainland United States devastauted by soil erssion
and the amount hags increased considerably since that date,

Extensive erosion has taken place in the rolling parts of
the highland rim country over much of the Pieamont reglon ,many
parts of the Appalachian Plateau and the South of the Appa-
lachlan valley, the uplands bordering the Mississipi and Mis-
souri Rivers and their tributaries, the nlack lands of Texas,
while evegfg}ier lanas of the West and the comparatively
smooth prairies and plains of the North Central States have
not escaped aamage. Since the clearing of ithe sloping ana
rolling areas and the destruction of the virgin sod in these
northern states much co&tly washing, especially of the sheet
erosion type, has taken place in Missouri, Iowa, Nebraska,
Illinois, Inalana, Ohio, Wisconsin and other States,

In 1891 a law was passea statlng that the President could re-
gerve tracts of public land covered with forest or oushwhether
the wood was coﬁ?rcially valuable or not. A guarter of a
million acres, now Yellowstonet Park, was immediately proclaim-
ed by President Harrison, ana since that time immense reserves
nhave oeen created all over ihe couutry, many ol whicn are leas-
ea out to farmers for grazlhg at ceriain periods under Govyu.
supervision. Soume areas, such as portions of the Manti
National Forest in Utah, had to be protected from grazing

altogether because of lhe erosion and damage caused by over-
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A scientific sturdy of the proulem oi national soil con-

servation nas only recently ceen undertaken in the United

States. The first attempt to determine the quantity of
run-off ana erosion from a limitea area of soil was carriea
out 1n 1915 oy the Forest Service 1iri the Manti National
Forest, Utah. Erosion stations were later estaclished oy
the Missouri Agricultural Experiment station at Columbia,
Mo., the Texas Agricultural Experiments station at Spur,
Texas, the Forest Service at San Bernardino, Calif., ana the
Bureau of Agricultural Engineering at Rayleigh, N.C., for
the general purpose of aemonstratin& and evaluating the
enormous aamage aone oy soil erosion, ana their work pro-
viaea a &ooa i%troduction to the more extenaea stuay after-
wards carriea out oy the Department of Agriculture ana co-
operating agencies.

The first step iIn this extension was a reconnailssance
survey during 1978-19<:9 for the purpose of locating ana
outlining, the bounaaries of the severely eroaed areas in
the United States. 18 districts were recognised in which
erosion haa become a serious menace. At the ?0th Congress
authorization was given for the establishment of erosion
prevention and moisture-conservation stations iIn these areas,
ana in 19¢e9 H .H.Bennett in the Bureau of Chemistry ana Soils
formea a series of Erosion Experiment stations in ten typical

regions of the Unitea States.

ihe Soil Erosion Service was established in September 1933
unaer the office of the Secretary of the Interior for the

administration of a grant made by the Federal Emergency

Administration of Puolic WorEs for erosion control activities



ana in 19%0 this pureau was transferred to the Department
of Agrichlture and renamed the Soil Conservation Service
with H.H.Bennett as Chief. it 1s now vigorously uﬁder-
taking research ana dewmonstration projects on a national
scale,anu 15 coutrol slatlons have oceen estaplished for
the former purpose. In eacih case the Government has entered
into a five-year contract with the farmers within the ex-
perimental area, who agree to follow,with the practical
help of the Bureau, the instructions given by experts.
Forty demonstration projects of field work have also been
formed in representative watersheds of the country where
8011 erosion is serious.

The methods of prevention adopted in America ére on
similar lines to those in this country, the main difference
being the large n&ber of rescrves wheee grazing is State -
controlled. Terracing of sloplini areas has been carried
on for a long time in the South East part of the Unitea
States,and the method has been extended across the Miss?ssipi
Rlver, obpeing wextensively employed in Texas, Oklahoma, and
ArKansas. It is only recommendeu, however, on lands which
have eroded to such a polnt that vegetation is extremely
slow,and the subterranean parts of the vezetation ineffective
in binding the soil and preventing erratic run-off,

A recent example of the State-controlled work which is
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being done in America to check erosion is to oe found, in

the Tennessee Valley, which until recently has been regarded
as a poverty-stricken area. Farming 1is poor and health
conditions are oaa, and it s iIn this unpromising region
that the Tennessee Valley Authority has oeen started, mainly
as an economic experiment for the generation of cheaper
electric power than is provided by the private companies.

It has been voted £10,000 to start with, and in the two
years of its existence has achieved an amazing amount of
good.

A series of huge dams is being constructed, partly for
storage, partly for hydro-electric power, ana for the im-
provement of navigation. Owing to the erosion taking place
these would soon silt up ana become useless If steps were
not taken to prevent it, ana so the Tennessee Valley Authority
has acquired certain zones round Norris Lake and elsewhere
which i{ is afforesting, ana it is encouraging a sound for-
estry policy throughout this area. Also it is obtailning
assistance from the .Federal Government, which is trying to
reduce agricultural over-production by putting poor land out

of cultivation™ iIn order to buy up such "submarginal™ cul-

tivated land and put it back under forest, and with the

help of the Civilian Conservation Corps of young Unemployed

men it is repairing eroaea hillsides oy filling up gullies,
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builaing check dams and planting grass. Farmers are being
encouraged 1o aaopt terrace cultivation and other methods to
prevent furthér washlnes. 1o restore some or tae fertisaiy Lo
the impoverished soll the Tennessee Valley Authority produces
phosphate fertiliser from local phosphate rock with the aid

of 1ts own eleciric power, and fpr nitrogen obtains commercial
nitrates and leguminous planis sultacle to the cliumate. Poor
steep land tnat snould not be cultivaiea 1s pought up and put
oack unuaer forest, ana ®tree crops® are also planted.

In tis case the anti-erosion scheme is only part of a big
project, out very.necessary for the success_of that project,
arna 1n many respects it 1s comparable to our own experimenial
scheme 1n the Tugela vailey.

A Government officer was recently sent . America for the
purpose of studying soll erosion ana research in all its
aspects there, and it is expected that the experience gained
oy hium wi1ll be oi great help in the work ceirng done in South

Africa.




EELEaRCK YifORa .On SOIL EROS 10h
/A Wina Erosion

As wina erosion aoes not usually oecome a danger except 1in
aria or semi-aria regions it is only natural that most of the
research worx Dei% carried out is on water erosion. Yet the
former has caused alot of damage in South Africa, ana is the
predominant type iIn many of the drier parts of the country.
Experiments show that veneration is the only satisfactory
method of feuaraing against it, and Dy the use of wind-breaks,
ploughing or planting at ti“hfangles to the direction of the
prevailing winds, scattering orusnwood ana similar means,
further destruction can generally oe prevented, provided the
land is sufficiently valuable to warrant such measures.

Drift sands are liaole to cover up ana render useless large
tracts of fertile land if not properly controlled,ana with
this oojeci 1In view many attempts ha/e oecn made, some success-
ful anu others complete TfTailures, harriers, either wooden
palings or orushwoou, may stop the drift, outa better method
is to plant with a suitaole grass such as marram grass (psamma
arenaria) or Pypgras (fjhrharta gigantea) , together v/ith or
followed oy bush or trees of suitable species. Deialis ofthese
methods were fdven oy C.G.Laver, Government forester, 1in
“"farming In S.A.'", feoruary, 1936. Perhaps the most striding
success was that atiamea at Port Elizaoeth during the years
1893-1909, following a scheme formulated by Mr. Storr Lister,
1.S.0., m which use was maue in the TfTirst place, of town
refuse, 1ouay a hage area ol what was once a consiucraoie
menace to the town ana haroour 1is densely covered oy trees,

bush & grass, the Port Jacxson Willow (afcacia saligna)
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proving o particular value.

(B) Water Erosion

Erosion by water depends on four main factors, on each

of which research is being done;-
(1) Amount ana (more particularly) intensity of rainfall.
(@ Slope
(3 Vegetation
(@ Specific nature of the soil
i n Rainfall

Apart from the greater run-off and quicker saturation of
surface layers caused by a heavy fall of rain, percolation
may be much hindered in the soil if this follows a spell of
drought, Because the water table is lower, and the air within
the soil together with the lack of a continuous film of wetted
surfaces to lead the water down by surface tension after the
top layer has become wetted prevent the water from reaching
any depth until local displacementsof the air are set up.

It has been a long debated question as to whether man can
or cannot influence the distribution and character of the rain
fall. Elaborate experiments have oeen conducted in many
countries in an effort to determine whether the desiccation
which occurred in some of the ancient countries was due to
deforestation, but this was not conclusively proved. It has
been shown, however, that in places where large tracts of
previous forest land have become bare veld the rainfall has
become more erratic in character even if the total amount

has remained the same, with the result that it is far less
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beneficial in effect than before.

As the rainfall records in this country have for the most
part only oeen kept for a short time evidence of this sort is
scarce, out what there i1s seems to bear out this conclusion.
The importance of recording the numoer of days on tohich the
rain falls as well as the amount,is obvious, because of two
regions with the same annual rainfall one may receive the
full oenefit of the moisture while the other suffers an
enormous amount of damage owin& to its torrential nature.

The Government 1is at present engaged in a fairly extensive
afforestation scheme, and experiments are being carried out
at various research stations (see below) on the most suitable
trees to plant andtheir possible effect on the rainfall, hut
the private landowner iIn some areas 1is still very bacxwara
in this respect, preferring to remove what little tree-faowth
there is in order to raise the stock-carrying capacity of his
farm rather than to help improve the country as a whole.

In contrast, fortunes have been made by certain planters who
have grown wood suitable for use on the mines, and by wattle
growers 1in JMatal, the eastern uape Province and the eastern

iransvaal, examples which might well be followed by those 1in

other centres.
[2 Slope.
As the capacity of silt laaen water for erosion increases

geometrically with the amount of sediment carried, ana the
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amount of sediment carried increases geometrically with
velocity, which aepenas on the surface slope, it follows
tkat the rate of erosion varies iIn a geometrical ratio with
the slope of the ground.

A large number of experiments have oeen and. are oeing
carried out iIn confirmation bf this fact, mostly run-off
experiments with the aid. of lysimeters.

13 vegetation

This 1s more important than slope iIn determining the
amount of erosion — the amount of sediment removed from the
steepest slopes may be negligible if the cover is sufficiently
dense.

Most of the scientific research work so far carried out
in the Union has been in botanical and allied fields. The
plant life of the country has suffered severely as a result
of man*s misuse of the veld, and it is essential that this
retrogression be stopped. It is for this purpose that much
of the Government research work on pasture and veld improve-
ment is being carried out.

According to ecologists, the natural tendency is pro-
gresseively from lower to higher plant forms up to the highest

form the locality and climate can maintain at the time. On

the other hand if the natural conditions are upset the plant

form may retrogress one or more stages. The normal success-
ion is from grass (lower to higher forms) through shrubs and

bush to forest. A fact noticed by many farmers on land
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which through some cause or other has oeen aenuaea, partially
or completely, of its ve”etaole covering is the appearance
of the lower forms Aristiua (wire-grass), Eragrostis, Cynoaon
etc., in place of the higher forms lixe Themeda (rooigras) or
Cymoopogon. IT left to itself, veld which has retrogressed
would in most cases slowly revert cacx to its original form,
out if any grazing at ail WJies place or otter conuitions
interfere the new vegetation uoes not fully reproduce tne
original. lion-eaible plants and quicher-growing forms of
lower type, for example would tend to multiply and predominate.
Erosion and soil-nepletiun oear a close relation to
vegetative growth, ana the following taole (0) shows tne
amounts of salts important to the growth ana develop merit
of plants in eroded arid non-erodea soils.

Percentage -Lime Potash Phosphoric acid Total ft. Loss on

tCa0) IK*0) . (p-on ignition
Eroded 1.26 1.03 «22 eloo 6.64
non-eroded 1.49 1.50 .53 .458 14 .00

Eroded soils also have a much lower water holding capacity,
ana i1n general we may say that on oauly eroded land years
must elapse before the more desirable forage species can
reoccupy the site on which they formerly predominated, cer-
tain rather inconspicuous plants first having to gain a
foothold ana gradually reinstate the vegetaole matter and

plant foods which are invariably lacking. Tnis replacement
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of one set of plants oy another through a series of success-
ive invasions is known as plant succession.

The improvement, however, can usually be hastened cy
artificial means, the only aouot being as to whetner it can
oe aone on a large scale on a paying oasis. fne Department
of Agriculture is at present carry j.ng out experiments on
reseeding, either with native types or others which might
oe suitaole, the "blending” of different grasses, selective
tests with a view to oreedirig the most smitaole nutritive
and drought resistant types, on fertilizers and allied
problems.

Poe tms purpose grass and pasture research worx has been
consiaeraoly extended during the past few years. Three
new pasture-research stations were established last year (1930)
in the Transvaal; one at Warmoaths in the oushvela, where
worx is oeing carried out on vela management, reclamation
of damaged veld ana the eradication ana control of invading
thorn scrub (for an article on this last, see "farming in
S.A.", March 1930, "Some Problems in the Restoration of the
Veld", by J.D.Scott, Ecologist, Division of Plant Industry);
one at Vereeniging on the highveld, where research is oeing
done on veld management ana on the reclamation of old lands
covered Dy 'steekgras™; ana the third at Athole in the sour
mountain grassland on the eastern slopes of the Drakensberg,

experiments being started here on different methods of grazing



-41-

control, artificial pastures, velcl-burning ana methods of
conservation.

Investigations on native vegetation are Dein”™ continued,
and helpful information collected for other institutions
and the farmers at the National Herbarium, Pretoria, and at
the Albany Museum Herbarium, where booa progress has oeen
made with brass-breeai% trials ana the *olenuing" of
different grasses in one pasture. Experiments are also
being carried on at the Rietondale station, Pretoria, on the
management of the local sour veld and artificial pastures,
and at the Prinshof Pasture Research Station on selection,
contour oanxing, ana inducement of germination of seea on
a commercial scale. The influence of rainfall on the growth
of local bushes, the water requirements ana content of Karroo
plants, the germination of Karroo bushes and grazing problems
are being stuaiea at the Pauresmith Vela Reserve, while at
the Worcester Veld Reserve a study has oeen inaae of different
grazing systems ana tne rate of recovery of tne Natural veld
if grazing is discontinued for certain periods. At. the
Kroonstaa, Rustenourg ana Hartebeestpoort Stations grass
variety tests are being undertaken, and pasture experiments
are also in progress at the experimental farm of the Uni-
versity of Pretoria.

Sites for new stations iIn representative grasslanu areas
in the Gape Province, Border, Natal and the Orange Pree State

have been inspected and recommended.
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The four schools of Agriculture, the Stellenbosch-
Elseiiburg College of Agriculture and their sub-stations are
still doing excellent worx, of which fertilizer experiments
constitute an iImportant part. Pasture, silage ana grazing
experiments and research in every phase of Agriculture are
being continuea and extenaed.

Forestry problems are being studied to a certain extent
at the Stellenbosch-Elsehburg College of Agriculture and
more tho roughly oy the experts of the Department of Forestry,
from whom information as to tne most suitaule trees to plant
in a particular area may be ootainea.

Finally we come to the fourth factor determining the

amount of erosion a locality will undergo viz;

(4) THE SPECIFIC xATUKE OF iHE SOIL

Under conaitions which result iﬁxggil being perfectly
stable another may unuergo rapiu erosion, the type ana
character of the soil i1tself oeing the sole aecidmg Tfactor.
(@ Worx in the Union

An immense amount of work has been done overseas on the
funaamental properties ana cnaracteristics of different soils
from the point of view of their stability, but in this country
the subject has, until recently, seen somewhat neglected.
Since the adoption of the anti-erosion schemes in 1953, how-

ever, an 1intensive examination of the soils of South Africa,
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beginning with soil surveys 1iIn various parts, has been com-
menced. The most important surveys during 1930 were 1in
connection with the Losxop, Pienaars River, Clanwilliam,
1igmont, Midden-in, and Upper andLower Kiet River schemes.

In addition data are oeing collected forageneral soil survey
of the Union. The effect of bralc salts on the physical
and chemical composition of the soil is oeing investigated,
and drainage experiments in this connection will snortly oe
commenced in the Great Pish River valley. The fundamental
relationships between soil types and erosivit-y ate being
examined and a fairly detailed "erosion survey" will be
made in some specially selected area. Useful worx on the
amount of run-off and sediment under varying conditions of
vegetation, slope and soil type is still Deing carried out
on the experimental plots of the University of Pretoria,
while at the various schools of Agriculture soil fertility
problems continue to receive a lot of attention.

(b)The Al can.y District.

Por pasture researcn worx and for studying erosion tne
district of Albany is especially suitable owing to its
diversity iIn soil types, vegetation and to a certain extent
even climate. The annual rainfall varies from between
2b and 30 inches in the bouth to a little over 10 inches
in the _North West. In the high rainfall area nearer the
coast there is a good covering of vegetation, and it is only

where this covering has been removed that serious cases of
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erosion, mostly gully erosion, exist. Once started, however,
very deep don6as may result, provided the depth of soil is
sufficient. The illustration opposite (Plate Aj gives a
feoou idea of the damage tnat may oe caused on tnis type of
ground.

Where the rainfall is lower conditions are different.
The vegetation, except just after the rains, 1is chiefly Pish
River scrub, mimosa, spekooom, prickly pear where not erad-
icated, small bush and similar specj.es. Here sheet erosion
has done serious damage, and in many of the valleys deep
dongas have formed. much of this was started iIn the First
place by overstocking, but for many reasons the position
has been aggravated, Firstly the small rainfall results in
a somewhat scanty vegetation, and after a dry spell the grass
disappears, leaving much of the surface bare. In the Fish
River valley, where conditions are particularly bad, the
average day temperature is very high, and the depth of the
soil over the greater proportion of the area is only a few
inches, except iIn the little valleys, with the result that
the run-off is heavy, evaporation losses are high and a
thick cover has no chance of forming. The soil is derived
from the Ecca shales and sandstones and while the percentage
of gravel is usually fTairly hi”~h a lar”™e proportion consists

of very fine material easily passing off In suspension.
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The suosoil over the shales very often contains a big per-
centage of clay, bands of almost pure clay existing iIn parts,
and when exposed tnese eroae comparatively rapidly.

A similar subsoil is found over the bwyKa shales further
south m the high rainfall area, and it also is unstable if
the surface layer is removed.

In the upper photograph of Plate B the two types of soil-
a comparatively staole surface layer underlain by an unstable
suosoil generally of higher clay content — can easily be
distinguished. The lower picture shows how such erosion
may result in the removal of several feet of soil, leaving
a stony area partially covered with a few inches of infertile
soil consisting largely of deposited silt.

boils containing a nigh percentage of silt and fine sand
are usually fairly stable on level ground, out on steep
slopes the looseness of texture and absence of binding mater-
ial may result in rapid erosion. Gully erosion is common
on soils of this type.

On level or 7~ently sloping ground the percentage of clay
is a far more important factor, the finer particles being
more easily transported by slowly moving water, especially
when dispersion of the colloid portion takes place. It
the v/ater is able to percolate downward particles may also
be removed in this manner, as shown on Plate C. These

photographs were taxen at Westhill, Grahamstown, where a
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series of terraces were made on the hillsides in an attempt
to stop the erosion taxingplace there. The soil — in
reality the suosoil over Dwyfta shales — contains a very
high proportion of 6ooa quality potclay, but very little in
the way of plant nutrients, so that plant growth is difficult
to estaolish. The terraces slope oacxwarus, ana tne left -
hana picture shows a hole formed on one of tnese as a result
of the water which collects there during rain percolating
downwaraand carrying off the fine material In suspension.
The second picture shows the ban& below this terrace where
the water emerges again. Several holes similar to this formed
on the banks, and were followed by collapse of the overlyin6
material and formation of ~ullies. On this type of soil
plain terracing cannot do more than retard the rate of erosion.
In general the soils over the shales are reddish in colour
ana erode easily, while those over the sandstones and quarta-
Ites are &rey to crown, of coarser texture, ana less liaofe
to erode. A clay suosoil has seen observed oy the author
near RiebeeK East under grey sariay loam with good grass
and bush covering, which when exposed rapidly forms deep
dongas , the case bem6 ratner unusual owine to the fact
that it occurs over rocks of tne Wittecerg scries, aoove
which such clay 1is rare.
Many of the boreholes in the Eish River valley yield brak
water, hence the work soon to be undertaken there on problems

afi this connection.



ic) General Investigation ana Classiflcaiion of the Soil

In an examination of the soil investigations take place
along two general lines — Chemical ana Physical - At
one time it was thought that the Tfertility of a soil was
entirely uue toits chemieaf composition, ana for this reason
worx on tne soil was annost entirely on a chemical oasis,
as were early attempts at classification. These attempts
were limitea as a rule to the comparatively small areas
which the investigator haa haa the opportunity of studying,
ana were found to fail when applied on a worla-wiae oasis.
Attention was usually restnctea to tne surface soil anu
perhaps the parent material, the nature of the soil profile
oemg neglected altogether.

Dr .C .P .Juritz , who aid a lot of worK on South African
soils , especially iIn the Cape Province, attempted to correlate
the chemical character of the son with the geological for-
mations, out toox no account of tne extreme variations of
climate encountered within the region covereu. Later, Tfirst
of all in Kussia, where the system was successfully applied,
emphasis was laid on climate factors ana the resulting soil
profile, little notice oeirig taken of the geological origin.
This method,again, however, was found to oe somewhat limitea
in application.

In general, the oasic characteristics of a soil iIn any
region at a particular time are due more eepecially to the

climate of that region if the soil is mature; if, due to
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topo”~raphy, erosion or other reasons it is immature,it may
oe influenced more uy the. feeoi.o&icat formation from wnicn
it Is aerivea.

most soils In South Africa are immature, and it follows
that any classification cased chiefly on climate is Dound to
be incomplete. The attempt by C .il.Marcut in 1975 (6) to
classifty African soils in this manner was noi mariea with any
&reat success. At the International Congress of Soil Science
at Washington in 19S7 he proposed a comprehensive system of
classification to include all soils alreauy xnown or lively
to be encountered. The difficulty with this as with all
other systems so far proposed, is tnat there remainso many
soil types as yet unstudied in quantitive detail that it 1is
doubtful whether they will ultimately be found universal in
application. until our Knowledge of the soils iIn various
parts of the world is extended it is uriliicely that such a
classification will oe put forward, cut when i1t does come it
will probacly be a modification of existing schemes,
with the soil considered as the product of climatic, geo-
logical and topographical influence, while the nature of the
soil profile will constitute an important part of each iIn-

vestigation.

When it was found tnat the ultimate chemical composition
was not the basis of fertility various solvents (e.g. dilute

HG1, citric acid etc.) were usea In an effort to find
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what was called, the *avaizaole'" plant food.. these abain,
however, were only approximate, ana It oecame more ana more
realisea how important the physical stateof the soil was

in affecting the value of the chemical analysis. Subse-
quently the mechanical analysis, i.e. the splitting of the
soil into fractions each containing particles within some
arbitrary size limit ana hence the determination of the per-
centage of each fraction in the soil cegan to find more
favour with soil workers.

The fundamental principle of all the variations of this
method, apart from the mechanical sieving of trie coarser
particles, 1is Stoices* Law, which determines the rate at which
a particle will settle in a liquid, viz.

v=grlls-s'ie where V - rate of settling

-9n r - radius of spherical particle
S - density of particle
<S - density of fluid
g - 981 (gravity constant)
n - viscosity of fluid.
It would be more correct to use the density and viscosity of
the suspension than of the pure liquid.

Various assumptions are maae in this equation ana the

practical method usually followed is somewhat rough, but

satisfactory for the purpose. The chief difficulties arise.
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in the pretreatment of the soils to effect dispersion. borme
workers, e.g. in parts of Central Europe, prefer to give only
a mild preliminary treatment, arguing that by so doing a
setter i1dea is obtained of the field conditions of the soil,
out the International method anu that adopted in most countries
is to make dispersion as complete ao possible, the results
oemg then less empirical.

The most important factor determined oy mechanical analysis
is the percentage of clay, owing to the tremendous influence
tnis has on the properties arid utility of the soil. fet if
as much as 10-1b$ of organic matter is present tne mechanical
analysis loses much of its significance, because at the
proper stage of decomposition organic matter has the effect
of binding a loose soil (low percentage of clay) and lowering
a heavy one (high percentage of clay).

In addition to mechanical analysis, other physical pr
properties of the soil were measured; e.g. .the early tests by
Schiibler (7) on cohesion, plasticity, shrinkage on drying,
moisture-holding capacity, rate of water evaporation and
uptake, heat of wetting, conductivity and others.

Later the investigations were divided into field and
laboratory experiments. At Rothamsten in England, for instance
the dynamometer 1is used to find the actual resistance ex-

perienced by the plough in moving through the soil* The
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clay fraction , separatee at least partially oy mecn.anj.cal
analysis, was found, to have special properties of great
significance which were examined separately. The main
difference today in measuring physical properties is in
the more elaoorate ana accurate apparatus useu, out a few
new ueterminations have oeen introduced which have proved
of great value i1In explaining some of the reactions taking
place in the soil. The H-1on concentration or p-H value
is an example.

The effect of the physical composition of the soil on
its fertility may oe modified oy the presence of otner
factors, of which organic matter has already oeen mentioned,
ana the nature of the suoson. Lime may have tne effect
of binding a light soil, and, by its coagulating tendency
loosening a heavy one, as well as the liberation of various
reserves of plant i“oou oy its chemical action. Other
fertilizers may either improve the physical condition or
affect it auversely. If the rainfall is light a highpro-
portion of clay may be an advantage on account of 1its
moisture-holding capacity, whereas the same soil with a
heavy rainfall might oe practically unworkable. The
reason countries like Louth Africa with apparently poof
soils can produce fair crops, given the necessary amount

of water, 1is supposed to be due to the faster rate at



which "availaole™ plant fooa is renewea oy the process of
weathering, owing to tnc warmer climate. Finally the
presence or absence of soluble salts in the soil may have
a profound influence on i1ts texture, chemical composition,
ana stability.

In attempting to ootain an iuea of the fertility of a
particular soil ana its lixely reaction under different
conditions , the best results are obtainea by comcining the
mechanical and chemical analyses with ooservations on its
physical properties ana fiela conditions, proviaed inis Iis
possiole.

(d)Relation of boil Properties ana ihe Colloidal Fraction
to Erodibility

It is only comparatively lately that attempts have oeen
made to determine the actual rates of erosion ana 1o find
mathematical expressions for this ana erosion tendency,
though tne varying amounts different soils will erode has
often oeen comparea by measuring the run-off ana seaiment
from experimental plots. Working with erosive and non -
erosive soils certain investigators in America obtainea some
sort oi measure ol erosivity from laooratory aata. Miaaie-

ton in 1950 (8) measurea it qualitijyely with a fair amount

of success oy means of his "Erosion Ratio**

This may be expressed as;



E.R. - 100 Ah where r-As’\silt and clay suspended
in water under standard
conditions (suspension %)
h=moisture equivalentd,
I 1000 x gravity
Ch.total % silt and clay by
mechanical analysis.
Dz% colloids by moisture
aosorpuion method. (9j
The moisture equivalent (h) is the amount of water neia oy
the soil after centrifuging at the given speed. A is called
the "dispersion ratio', ana is the fraction of sift and clay
most easily removed by water — in other words the higher the
dispersion ratio the more easily will the soil erode.
h measures the degree of absorption of water oer colloid
3nit, ana hence the effect the colloid has on the run-off.

In 1931 Slater ana hyers (10) attempted to find a labora-
tory methoa for determining the field percolation rates of
soils, ana compared what they called the '"PercolationRatio"
— Ah using our previous nomenclature — with miaaleton*s
erozion ratio, the two becoming identical for a hypothetical
soil consisting of 100 per cent silt ana clay. According

to them, a comparison of these ratios showed that erosion

was inversely proportional to permeability in terms of the
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factors of the percolation ratio. In a later paper (11)
Middleton, Slater ana Byers state that the percolation
ratio seems to be applicable to surface Boils only, with
which 1f may have qualitative significance.

Midaleton then hasi developed as criteria of erosivity
the dispersion ratio, ana perhaps the silica - sesquioxide
ratio, soils with a low silica-sesquioxide ratio being found
difficult to aisperse. These measurements of course leave
out of consiueration all influence except the soil itself,
out from them it is possible to predict fairly well the type
of erosion that will take place and the part of the profile
most susceptible to erosion, though not the quantity. Com-
omea with field data valuable results should be obtained
on the tendency of the soil to eroae and possicle methods
of control, but tnere are still inany aspects of the relation-

ship between soil-structure and erosion which need to be

a
investigated before quantitive agreement can be expected.

A simple test, but one which enables the potential re-
sistance of a soil towards erosion to oe judged with a
fair amount of accuracy, is to place a lump of the air ary
soil in aistillea water — or perhaps rain water would oe
a better criterion — and note the time before the lump
disintegrates and loses its structure. Some break down

immediately to a sh«])el;ess mass, in which condition they
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woula easily be removed by running water, while others retain
their structure almost indefinitely. ho account is taxen

of particle size and consequent ease of removal of the
MslahedM mass, while for comparative purposes tne size ana
shape of the lump woula also have to oe approximately constant
(or correctea for), but nevertheless the test shows promise

of being of consiaeraole practical utility.

In this paper the effect of the colloid content , both
inorganic and organic, on the chemical ana physical pro-
perties of the soil and consequently its erosion tendency
has, until- now, not been stressed, out its importance cannot
be over-emphasised.

Experiments have shown that the colloidal properties of
the silt and sand fractions are only very small, so that
the characteristic colloidal reactions of the soil must be
ascribed almost entirely to the clay portioxx ana the or-
ganic matter, and it is in this colloidal complex, as it is
called, that the most iImportant chemical and physical re-
actions of a normal soil taxe place, exceptions occurring
only where large proportions of chemicals such as lime,
gypsum or other salts are found.

The clay fraction, by which is generally understood the
mineral matter whose particles would be below .002 mm. in

diameter i1f spherical, is mainly of secondary origin, formed
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from the weathering of silicate minerals such as felspar,
which gives hydrous oxides of alumina and silica, together
with iron iIn some form or other and small amounts of other
minerals. It is on the colloiaal part of this fraction
ana the colloiaal organic matter that the fertility of a
soil depends, and for this reason it has oeen suojected of
recent years to an increasing amount of intensive study.

The reactions which it undergoes and has unuergibne , however,
are so complete that even they are the sueject of much con-
troversial literature.

As fTar as the constitution of clay is concerned opinions
still differ, there being two opposing lines of argument.
S_.Mattson and his followers (12) regard soil colloids as
complexes of indefinite structure ana varying composition,
ana oelieves them to be amphoteric salts of weak acias
(e.& . silicic acid) ana weax bases (chiefly iron and alu-
minium; formea as a result of mutual precipitation of
electropositive and electronegative cells at or near 1iso-
electric conaitions. However, later worx, especially oy
means oi X-ray analysis, ana aiso oy a stuay of the aouole
refraction of the clay particles, has shown that the material

is principallycrystalline in structure, and certain definite

minerals were identified as common constituents.
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Amorigst them were beiaeilite (A 1203 3&i0”™ nH™MO) ,
montinorillonite JT(My CajO A1703 bSiO* nH*C>J ,

halloysite (AI”™ 03 2Li10* 2HM0) and bentonite, simi&ar in
character to montmorillomte . haolini ue which was at one
time re”araea as the chief constituent of clay, is com-
paratively rare. The soil colloids are supposed to re-
present progressive stages of degreuation of complex
silicates through hydrolysis. Montrnorillinitic and halloy-
sitic acids are hypothetical acids of pmphoteric type from
which colloids in the form of partly neutralised salts are
derived uuring some sta&e of the process,arid a particular
soil colloid may be expected to contain a mixture of colloid
components. In audition to these crystalline minerals

some amorphous material may oe present.

Mattson attempts to reconcile tnis view witn his ow/nh oy
postulating that the particles may be crystalline in struc-
ture, out that the surface layer is of indefinite composition.
While the fact that there are difficulties iIn assigning
definite formulae to the clay complex might seem to support
ms tneory, this is more probaoly uUc to the presence of
varying proportions of relatively simple crystalline com-
pounds, or possioly to some extremely complicated typo oi

compound of uncertain structure.
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The cdmposition ol the clay complex i1s not uniform ex-
cept moderately in restricted areas,prooaoly owing to
similarity in climate and geological conditions,and has
oeen used as the basis of a broad classiiication of soils.
H.H_hennett (Ib) divides inein into two classes with respect
to their tendency to erosion
(1) Soils with clay fraction containing excess of sesqui-
oxides, markedly resistant to erosion, prooaoly owing to
their tendency to assume a crurmo structure .

(i1) Soils with clay fraction of a more siliceous type,
more reauily eroded owing to their tendency to deflocculation.

G.W.Koomson (3) also differentiates oetween soils whose
clay fraction has a high silica-sesquioxide tatio (32) which
are generally greyish or brownish grey in colour in the
absence of organic matter, ana those with clay fraction of
low silica-sesquioxiae ratio (<2) , usually br owmaish, yellowish
or readish showing, the presence of free ferric hydroxide ana
by inference aluminium hydroxide.

Two clays, however, may have the same silica-sesquioxiae
ratio ana yet oe very different in composition. In general
this ratio tenus to oe low in clays of humid tropical climates
and high in arid ana cola regions; in tropical humid regions
it may iIncrease downwaras owing to removal of silicic acid
from the surface, and in cool humid regions it often decreases
with depth due to the loss of sesquioxiaes from the upper
horizons.

Percolating or running water, in addition to altering
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the composition of the clay complex,may carry off a large
portion of tne clay itself, if for any reason it becomes
aisperseu, in the form of a suspension. This may oe
deposited again lower down the soil profile , with the result
that pores and seepage openings are clogged, the permaaoility
of the soix is decreased and run-off iIncreased, thereoy re-
ducing, its utility and increasing the erosion tendency.

In dealing with the organic content of the soil we must
distinguish between total organic matter, humus, and the or-
ganic matter present in colloidal form, often used synonymous-
ly with humus. Humus may be termed that organic portion of
vegetable origin which has been decomposed by oacterial
and/or chemical action and lost its original structure, be-
coming colloidal in character. It is a variable mixture of
a numoer of substances; e.g. humic, ulmic, crenic and apocrenic
acids, humin ana ulmin were among those first isolated, mostly
of somewhat i1ndefinite structure, ana later definite known
compounds such as paraffinic acid 0~ ), xanthine

) and many others. Substances very like natural
humus have been synthesised oy a number of workers, out it
must be remembered that humus itself is vanaole iIn composit-
ion, even though it oehaves in some respects like a single
suostance. Its carbon-~ nitrogen ratio, for example, how-
ever much it may be disturbed oy added materials, nearly al-

ways returns to a value of about 10, it contains approximately
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bQ% carbon, and its colloidal properties are fairly con-

sistent. IT the soil contains a lot of unaecomposea " .

11jf- f 0/- cat£0/1 n'/jcjr-r=ns c/->nrr/-t<~r-~
vegetable matter .occurring In rocx sirata has a much higher
caroon cornent, anthracite oeing almost pure carbon. The
presence of sufficient humus in a soil with too high a per-
centage of colloidal clay may improve its physical condition,
while in a sandy soil on the other hand, owing to its co-
hesive properties, it may result in the formation of com-
pounu aggregates.

Colloidal properties such as swelling, imbibition of
water and absorption are shown to a greater extent by the
organic colloids, out plasticity and cohesion are not so
pronounced as in clay.

The tendency of colloius to aosoro suosiances from solution
is a well _known characteristic of soils. Natural clays
contain cations, the most frequently occurring of which are
Ca ,Mg™ K , ha*, ana H “, that may be replaced, either
partially or completely, by others. The replacement is _known
as''base exchangeM , the cations being called exchangeable or
replaceable bases, and because the reaction reaches equi-
librium very rapidly it iIs regarded as purely a surface
phenomenon. This has been proved by the fact that when a

number of different cations were substituted and X-ray photo-

graphs taxen no characteristic lines of the substituted bases
appeared, snowing that the internal crystalline structure

had not been affected.
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The reaction between a normal soil containing Ca as the
dominant replaceable case ana the solution of a neutral salt
such as KC1 may be represented as follows

Ca soil 4 < ifCl-> E"-soil b Ga Clz, the it bein™ absorbed
ana an e”uivaxent amount of Ga** “om” into solution.

Even with dilute solutions, however, this reaction is
not complete, some of the K remaining in solution, though
oy repeated treatment with fairly concentrated salt solution,
removing the equilibrium portion each time, It is possible
to replace the exchangeable case almost completely, the re-
sult oein& a K-, ha-, or other soil, according to the salt
used. IT excess is used, even a H-"Soil, which shows the
weakest exchange capacity, may ce substituted, free acid
appearing, in the solution. Ine order of eiliectivity of the
common ions for replacement 1is, ceteris parlous,

H >Ca >Mg > K> ha .

The properties of the soil differ according to v/hether the
dominant case is Ga, ha, K and so on. A Ga- soil is the
normal iertile soil of humid ana temperate regions,

apxji oxiuately neutral, ana oi goou. pnysical condition, a

na - soil 1is easily delloccuxatea and consequently very aiffi

cult to work, anu produces an alxalme condition unsuitaole
for most plants, Wwhile a H-soil, commonly occurring in wet
regions, 1is aulu anu not so 6ooa pnysiculiy as a Ca soil.

It is usually treated with Ixme or cnaxx to fenaer It more

fertile.



If 2 soii has veen 1u ecguilivriuam with Ca Coa for a iong
time it is sualid to ve saiurated with exchnangeable bases, and
if the base-~content be lower tnan this it is sald to be un-
salurstew, Leacning with ailute acids may produce tnis coa-
altlon, Or even percolatluing water, such water usually contzin-
ing alissolvea €02, ana the wore uasaturaiea thée soll is the
a0re malKea are 1ts aclu properties. The ameasurement of the
degree of unsaturation is ilmporatnt econowically in ueter-
winlng the amount of lime necessary to ovrine the so0il to its
4WOST ProauUCctive coudltion.

The hwaus fracilou of the s0il also snows base exchalix€
properties cowparavle with those oi the clay portion, its
capacity for holding cations being uuch greater, weight for
welght, than that of tne ciay (6 or & tiaes as much ).
Cations such us Ca or Na in Lhe humus may oe¢ exchanged oy
the H 1oas 1n HCLl, for exauple, Ca Clz and NaCl oveing foruwea
la the solut.on. Atteinpts have oceen m:ae from the reactions
to calculate the atowic weizht of "huwwus"but no consistent
results have peen ostainea, nor can they be expecied.

1he aclual gechanisw 0f ovasSe eiclalice LOztullel witn oilher
ausorpiion and adsorcllion phlevowena 1n the 011 has ceen Soue-
what confused by the wajority of writers., It is guite clear
that the reaction is a surface one, ilmportant because oi the

larpe suriace area presented by colloiaal matter, and
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thus differing from the ordinary aosorption of, for example,
a gas by water. The fact that it may oe a chemical process
m no way detracts from the conclusion that this is a case of
ausorption. Aosorption, on me other hand, may oe con-
sidered as a general term embracing all the reactions where-
oy substances are aosoroea either from solution or from the
atmosphere oy the soil.

4t any solia/Zliquid interface adsorption taxes place to
a greater or lesser extent, ana at very low concentrations
the distrioution of the ~solutEo* between aasoroent ana
solvent follows Henry’s Law. The solvent as well as the
solution may be a&sorbea, so that in practice the values
obtained from solutions represent the difference in ad-
sorption oi solvent and solute, tne actual values oein€ unionown.

Hreundlich developed an equation empirically whigﬁkgver

limited ranges of concentration, viz:

a N Kec" where a- weight of material adsorbed per gram
of adsorbent

c- equilibrium concentration

k ana m are empirical constants.
In most cases m decreases from unity with increasing con-
centration or decreasing temperature, indicating an approach

to a condition of surface saturation, ana the equation does

not nold accurately for strong solutions.



more
Langmulr deduced a rather,sétisfactory eguation theoreti-

caliy which uescribea the fucts beiter i1n sowe cases, thohgh
for mosi pructical purposes tn¢ Fraundlich eguation is still

used., Langmuir's eguatlon is

hc wheref a= weight of adsorced wmaterigl per

A =w

1 ¥cce unit suriace of adsortcing material
(% weight of aasorced material per
unltwel-n1l of ausorsvingmaierial)

C= e ullicrium conceairavion

@ and b are constants

At very low concentrations bc 1s very much less than 1 and
inay ke neglected, the eguation reducing to Henry's Law, but
at high coacentrations it does notl apply so well.

Iv is not surprising lhat a silgle Sliupi€ eguallon woes
Lot f1t all cascs, because tne latest work seems to show that
thie process 1tself is not a siuiple one. Langmulir emphdsized
the chemical feature of adsorption, and Taylor from thermzl
measurements distinguished celween chewlcal and physical
aasorption, ln some cases aasorption rorces may 0& classed
wilh resiuual valence iorces, or van der Waal's 1orces, The
process 1s generally consldered to pe either chemical or
physical or oboth, but at present the quantiaive theories of
5r§atest usefulness, €... thal of Polanyi, aisregara the

€Xacl nature of tne forces as far zs possluic.

S i
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In auoitlion Lo tne aaborplion ol tne oralnary cations,
$01ls have tue power of susoroving phosphnates from solution,
tnougph the anions of Lhe comigon Saltl lixke nullrates, chloriaes
or sulphates are not appreciably retalnea but leach freely
throusn tne goll. ine 5011 or.anlc umlier cah also adsoro
or c¢owClie Wlin Lhe puospnale. LIne e ulllorluw avlalincd
may apain Le expreéssct, wlthin limils, oy toe Freunuiich
eyuatlion, and the pnosphate 1s usually precepilizled by the
Ca, K¢, Al, or Fe in the soil.

If the solulion is an electrolyte the process is com-
pllcated by the electrical phenomena introduced vy vhe ions.
Conslder lne collolual materizl of &« so01l suspenaed in water.
Each particle has an inner shell of anions(-ve charges) and
an outer difiuse shell of cations (4 ve charges)— the
Helaholtsz - Gouy aouple layer —— and the electrokinetic
potential in the particle increases with the distance between
the two layers, which 1n turn increasces with tae hydratlon
of lhe ions. The stau;lLty of the suspenoion depends orn
the electroxinetic potential and hence on the de=wree of
hydration of tne ions, while the electrokinetic notential is
founa to oe higher the swaller tne aasorpea czilon (i.e. the
lower the atomic welghi ) for rare gas type ions of egual
Valency. In verms of the assoclated cations tne orcer of
stacility ( ana oruer of hyuration ) is Li7>Nas K>Rb> Cs»

Mg > Ca >S54 >Ba>H. For this reason clsy suspensions with



hi“ii sixica-sesquioxiae rauo and consequently high electro-
kinetic potential (ana hydration) are more staole than tnose
with low silica-sesquioxide ratio (H ,j3. classification above)

As there 1is a portion of cations relatively remote from
the particle etma not associated with tne anions , aue to a
slight dissociation having taken place, the particle carries
an excess of negative charges. IT now a small amount of
electrolyte be aaaed to the suspension the separate particles
may aggregate into larger compound structured because the
condition of individual behaviour of the particle iIs that
its potential must be above a certain critical value, and oy
decreasing the numoer of cations moving freely in the solution
the electrolyte causes the number of free charges on the 1inner
sheath to ce reduced, which decreases the electroxmetic
potential.

Coagulation may also ce brought about oy decreasing the
decree of hydration of the cations or .by--increasing the-
dielectric constant of the medium, by the addition of a
liquid such as alcohol. More electrolyte 1is required to
ilocculate a clay with a hxgh potential than one wiui a lowt
potential, out in the case of tne coagulators the more hyurated
the cation the smaller 1i1s its coagulating efficiency.

IT the flocculating electrolyte contains an ion not present
m the particle exchange adsorption is oouna to occur, ana the

floecoxating effect aepenas larOexy on tne nature of one"
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1ot inltially ausorbvea, for any particular cduy those ioas
Walcn are puully aQs0U0eQ yiela Nlgh Qlocculaulily Values,
Willle La0se €Gaslly ausolvuo PLUAUCE CO&aeuiaLlon at re@é&iveiy
LOW ©leClIOoLlyle COHCERLLaLLONS. The coagulaling power oOf

a slmple lou, i.e. 118 power to reduce the zeta potential
(electrokinetic potential), increases rapidly with increasing
valency, ana for weilaliic iuns of glven Valency 1lncreases
With atowlc welgnt (l.e. LhE greal&l tie nyafevion or loric
Voluise the lowel tne coagulavlng powelr).

Coagulation was dlviawea vy Wie_ner 1nuo Lwo Kinds —
perifinellc, oceurring as the resuit of interparticle - -
altraction and collision, or Brownian motion, and ortho-
Kinetic, wrlch 15 the resuat of tine wass wovVewent of orie
group of parilcles relalive LO auotller, as €.o. lalfsel par-
ticles setiiing throuxh finer ones. polnn these taxe place
in clay suspensions. It may be caused not only vy the
aauition of eleclrolyte to a sol, but also by wixing two .
upposltely chnargea colliolus, Liie Clerees Gelile NeUllailsed
and matkal coa,ulatlon OCCULT Ll . | AcCCoraing to #atison
this happeﬁs in the forammtion of clay colloius (seec avove),

If one ion of the electrolyte is more strongly adsoroveq
than the ouher, the charge on tue particles may LE increased
1nstead O reducea with conscguent peptizelion lastead of
cosgulutiorn, On treatlln, & clay suspenslon or otner neg-
atively charged colloia witn KOH, ifor ianstance, tihe co-
apulatine action of the K ilon wmay be countervalanced by the

preferential adsorpitlon and Sirong pepltlsling action of the
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O 1on. This fact 1s maue use of 1n the aispersion of soil
collolds for mechanical analysis, wnere it is founa that of
e UlSPersin: asEnts mosl Comuonly usew itne one wiih tihe
Sirongest action 1s iaOH. Hlgn conceniratlons ol hyuroxide
may result 1n aecowpositlion of the clay coumplex, or insoluble
hyuroxldes way be [ormea of opposiie charee to the clay
¢collolu, resuliing 1ln mutual cozgulatlon.

Cases of npo-callecu anowalous rflocculation iuay also ce
explaineu juile Slgly DY CUuSluellug Ulie rolallve Co-
agulatiug powers of tne 10ns €.x. & Sulitacle mixture of a
chloride ana hyuroxiae (NaCl ana NaOH, say) on-a H- clsy
is {found to coarulate it, redisperse it ano then caagulate
1t agaln as the concenlrailon 15 lacreased. fhe first
flocculation is of the H-~clay by NaCl cvefore any appreciable
neutralisation oy NaQH has taken place(H ions exchange weaxly)
then a Ha-clay is forumeu, and as ia lous ale weak coagulators
peptization occurs, ana finally reflocculation when the con-
centration of Nall 1s suilicilunt. Also, on aduing ferric
cnlorlue to a hegallve platinuw S0l Goagulallon tases place
with low concentrailons, vul adultion of larger JUanlliles
results in the formstion of & positive platinum sol staoiliz-
ed by adsorption of ferric ions. With still higher con-
centrations of ferric cnloriae this positive sol may De co-
azulatea by the chlorice 1on. Tne example 1s &« case of

charge reversai®.



ihe colloldaal organic matlier in the s01l unuer.oes similar
meactions to Lhe coliolasl clay, 1ts pase e€xchange reactloas
having alreacy. veen mentioned. In soiutions of Na, K and
NHg4 hyaroxiaes it is so dispersed that it almost seems like
a solutlon, yet it snows the Tynuall ray erisct.

Huisus SuSpEnS10nUS are negallvely char_ea ana can ce
fleoculated in the same way as clay, but regulre lafger
guantitlies of electrolyte. It was dlscoverea oy Schloesing

R
that clay aoes not flocculate so reaaily in the presence
of nhumus as when alone. this is due to the protective
action of the huwus, anu the clay partlcies ale supposed Lo
ceécome cCoaleu wlti adsorped nuwuus, Lius regulring the high
concentration of elecirolyte for fldbculatlon characteristic
of nuaus . This retention of the humus by the clay kKeeps
organic wmatter aacea to the so1l in the upper horizons unless
the clay 18 caXried oif 1n susgensioun. Sesyuioxiues are
£0own Lo VE XewmlvVed Il SULLS uiluel climailc conaitions
shlch favour the tormation of acid huwus 1in the form of
numus - protectea sols. Different kKinas oI huwus vary
widely in their proteciive action, cut if the amount is
below a ceriain velue sensitlzaticn may occur, ana the clay
will be wore reaully COugUlaled Ly 0pposliiely chiareed 1ons
than velore,

In thne case of waler contalning orzanic colloiagl matter,



... that from a. swamp, tne colouring malier 1s as a rule
positively chalgew, ana for this reason it is uanusual to

{ina water voith turcid from clay particles and at the same
time coloured, mutual coagulation of the positive and negative
5018 tuwlng place.

Couviuel whal wlgnl oe Callou ahd “iueal" collola in pure
watler; l.e. no elecirolyte is present and uo aissoclation
Lases place. As inere 1s no excess of positive or negative
charges its conaltion will oe one of coagulailon. Lzses
slmiler to this have veen oovserved 1n ulalyslng €Xperiments,
Wen on rewoviig GUS0rCEu luns peyond a ceslalri limlil pre-
cilpitation of itk L0l ocGcurs. Very smell aawounts of electro-
iyte will nave no esfect, then on furiner gualtion alspersion
will occur, ana at stlill nlgher concentraiion the cozgulation
oi the sol by the elecirolyie as ordinarily observeda will
Ltase place. ine elecilvlyte Lalipc 0L Claguiatllon velow
Aispersion 18 Vely swiell, &nid 16 wOsSL Cub€s &usOrplion oI
mlnute traces of wissovlved ;alts, of B or OB 1ons frow the
water, or dissocigiion of the colloid ceuses ulspersion.

The complete range may e represented as follows:-
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Belween the points A and B QiSpérSlOH occurs, and it is in
this range thal erosion 1s most likely to occur: ‘the dfect
ol humiue on LH18 1s L0 ralse Ao 10 a position Cu(say), the
taOwiL O protective cellolu oelng proportional 10 tihe huwus,
S0 lhat the wore humus therce is the nizher on the scele will
be Cb. If the normal position of the s0il with relztion

10 surrounulng water oo ala@solved salts is at X, the effect
Wwilil oe 10 wlspslec the Clay collolu, cul there 1s & possi-
Ciiily {sowewhatl reusote, pEInGs) Trepreseriteu uy Tile puint
X’, Lnat thne efrect will oe one 0f COaguiatlon. At any
positlfh pegween A and U ailspersion will occur %ith or with-
outl nuuus.

If & clay is worwally 1o a stacle coudlilon, #k.e. 1n &
positlon above A, the €ilcct of Tain wultl iay oé 10 reauce
tne amownt 0 ulssolvew salles LO velow A, wiln thne result that
alspersion will occur and lhe clay pass off 1n suspension.
Certaln types or orak have this stavllislng effect on the
clay collolds, dalspursion ocuurrily wrhen taey ale Tewoved.

ANQOiner Cuse Lo CulislueIl 13 lLhai 01 €XpOsuUlc Ol & BUCS0LL
wilth hi.h clay perceuntagt aiiu, Clmpalsa LO Lne suliacCe layers
hizh elecirolyte concentration, 1o tne acitlon 0f raln waler
oy rewmoval of surface material. The wissolved salts are
leacnea out and aispersion may occur. The rapla erosion

.

that lakes place when tke suocoll 1s exposed 1n ey parits or



Aloany, parviculerly 1n the iish River valley, where the
perceniage of clay ovel lie snales 1S VELy Hleh anu Lhs
eToulu Water 1n iudally Cases 8lightly vrak, i1s very progecly
gaused ln tuls way. LThe subject has not yeu been tully in-
vestipatea., It 1s eviuent thal 3 any examination of a soil
in oraer to astermloe Lts erobive propervies and in con-
scguence tﬂc Ouil weliious Oof preévenidile €rosion on lhat
Parilcuialr 1y ol Sull 15 Cclosely QoW up Wilh il eXamlnaldlon
of the collolual couwpiex, voin chemically anu pnysically.
Future worxk 1n thils connecilon wiil ©€ malnly along these
iines, zna tie results shoula te of lumeuinive and lasting
penel it Lo praciical lalinliy , SL&LLLOy Us &l Uit sSai€ Ulle
LO e idG Lae Lulicsl possivle ase o 0our nelural resougces.

The rescurch stalléa oy the althor 1n conueculon with
L0il krosiun has so r'ar geen of a prellminary naiure, anG in
investligailng tne proolew from a physlco-chemical point of
View 1T was thoughtl thatl tine wost pracilcal means oI approaci
woulu & an eXawminaitlon 0if Lhe presenl ieuiods of Susi Analysls
ane Lhelr limltatlons, partlcularly 1o Cegarfa 1o the wls-
turcance, pbefore thne actual estiwmations, of the eguilibria
existlng in the soil. It was for thie purpose thati the
work appearing in Part < of this paper was unaertaken, ana 1t
w1ll e foullowed Oy MmOre s5pPeClilC INVEbLlegallions along certaln
lines. In tiiis connectlon Mr. K.G.Shiriey, B.Se., 1s alreaday
COMNGUC LiLg experiments on clectrodialysis of the aifierent
soil fractions, while the worx oi Ilr.k.[.Verdier is mentionea

furither on (p88.).
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wOVBER SOIL AnALYbIb Al JIS £PPLICATIONDS

Ine L'lrst atieupls al iiVeollgalliug SO04L SDOPEXLIES anu
$011 composliion, apelt Irom practicel field consiuersailuns
for agricultural purposes, were nevertheless mawe with the
idez of finding out more about the iertilaity or otherwise of
the 801l — why Solic 50118 ProUUCEd 000 CTOPS of oane sort
ana not ol another, wal Wiy tihc S4ae Crops couliw 1ot wve pro-
QUCEw YyeaYr &Iler year on tht Sciue 3011 wilnoui aeteriorsiion.
Even al tuat tuse (acout tihe 17tk centuly) DOOKS hau been 1n
exlisience for hundreas oi ycals on ine method and practice
of Azriculture, ocut the rewl significeance of the soil con-
stituents was not rewiised uniil mucn later. &L periou
folioweu wurlne which uumurOuS L0085 anu pRampnliets were
wriltten alia exXperlucnls unuertaken 1o conriection with agri-
cultural proviems, many oi them 1n an effort to preuict the
wmanurlial regulrements oif the soil.

To explain s01l phencuena and 9iant growth many hypotheses
were put forward, of whlcn & few weré justiiled Dy later work
put tne majority showi Lo D& €rroieous. The luea that the
plant depends ou the mineral constituents of the soil for its
growth was developeu oy Liebig, who prodaucea an griificial
manure pased on his assuwptivus. Due wore 10 nls meithou ol

preparatlon than afgihing else 1T provewa a laliure, lhougn,
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pEcuusSe e pelieved laal nlanls derlvew wnell nltrosen Irom
Lhec wlaObplicfe, Ae also rrue e mlsluke 0L 110t lnu;uulnc
(LU 0N ClwpoUilus 1ln Lne wixiure, € nlmsell rezlilsed
the Iewson for its fallure a few years latcer (1851) ana from
that tiawe the value of chemilcal manurcs was estavlished.
gulte watyrally, 1t was thoughtl that o chemical analysis
Woulu DE &all that wus NeCoimady 1la oraer 10 GeleCl alll Louicdy
the 1nicrtiiliy of & partlcuwlel 561i, anu the szrly guahatltat-
ive analyses wele uuut solely for thils purpose. The methow
employed wWab L0 €xtrzct Line constitusnie frowm & Koown welpnt
of soil with stroug mineral aciu {generally hot HCLl), ke
L0 & stalitald VOlwig , &iu w.oliuats lu Ule Usual wWay, oul
Lthe resulis weremiOunu 10 vt sSOBEWlial liuwltew 10 thelr
appilcailon. Plalits I owll Oh 501is appalcntly rich in
planl food might xive marxed recponse to fertiliser treat-
ment, whlle solls poor in ons Or more of the essenitisl con-
Stlituenits prouuced 00w results, cnu 1t was soun realisca
thal hyurocinlorle aClid abalysls gave litile inwleaillon of
lhe fooa lawua€ulalely avallavle to tne piant., On lhe other
nacu 1t woes glve a fair iasa pf the guantities of reserve
plant food, and some workers gzin & cerizin amount of userul
information Dy Compulla, the resuits they oolaln with those
Irom s0ils O kuowa feruviilly. sne HCL aua.ysis woes not

show the true ultiumzte compoclilon of the soll, suuic of une
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a1oB 1V Linporvaat Slemetls, polassiwa ik parilcular, oculin. oniy
partially extracled, LOI' wuoes 1t slve, as soik #Frliers have
asselfiew, #0re thahl ai approrxlustle indication of the amount
of weathercd material. If the total wlneral content is re-
yualrea the wethou useu for rock analysis, viz., fusion wmita
a sultavle ilux (usually soulum carvonate) followeu by als-
integgration with not waicel anﬁ alaiysis of toe pzpauct, is
auopieu.

When the limitatlowus of ithe results of an HC1l analysis
pecanic eviuent atiempts were made 10 fina a liguid similar
in ite solvent actlon to the plant ana soil aclas. Ney
welrl'e {Lricw, oud mosl ol lhew were found 1o wve sultucle ior
only one constituent; solvenis which provea sucéassful ior
Sowe S01ls Tallea wnen used Ior others of a c¢ifferent type,
ana 50 on. The method most universaily usea 1s thal proposed
oy byer im 1894 (l4), with « 1% citric aclid solution as soivent
Yel 1a weniy cascs €VEN LOls woss nol glve a true lnalcation
ol the nutritive vaiue of the coll, and ait<érnsiive methoas,
of whicii the wiologlcal have been the most useiul, huve peen
put forwarw from tiwce to time. E.A.¥itscherlich (1) studiea
the response of plants 10 1ncreasli, aoses orf Lertiilser,

nence flonolng theoptimUa awount for & patilleddlal 561l

H.Neuvauver (1o) ootaluew the informstlon by anzlysing scealings

grown on the s0il anu notlne thelr deficiencies.
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Alver the ulscovery of e flourisnine wlCTro-Orgatiic
Life exioting 1n the so0il anu the rewlisation of iLs lwmporsy..
afice Lo prouuctlveness ata physicsl strucwure, micro -
0L0L0g1lcul and Bacleriologicul weihods were ueveloped,
Dastud ol Tie &osWLPLlon Lawt 20Lls 0i flgh ICriLllity wlie soLls
OL Llol wlClo=0Lgeuiile BCLIVity. A Val'lely 0L oacleilal
culiures, suchh as Azotlovacler for eéxwuple, are used L0 show
partlcular deficiencies or peneral infertility, and provided
Culfe 1s laxén 1n Carlylas out the experiwenis and interpreving
the resulis lu Lelutlofi L0 eXlorhumd facLors thsy sy olvVe
adcurate laforwatlon wuooul he wanurisl regulréments.

Recently electroalalysis nas ocen employed LO delernlne
tne nutrient qualities of the soil, but insufiicient work
has veen done as yet Lo prove tne value of uvhe methoa for
peneral auoption.

By Clmpalliy LOE TesUils ouvtualaea io0r avallaole planut
foou witn those for votal or reserve plant food, it can
oe scen whether the lack of oue or wmore counstituents is
likely to be permanent or only temporary. If the latuier,
1t @zy e pussible Lo maike il aVailaulé Dy SO0ume SUCH weans
&8 Llliing Or waultlon of & sulilacle Or.aiiC mauule walch
wlll liberate ihe substarnce 1n soluole fora.

In awdition to investiiations coawucted for the gpecific
purpose of iwproving the soil agriculturally, however,

resgarch was started ou #@orfe general principles, along lines
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wnlich showeu no luwmediate practical apolication ana yetl
wiich have slrcé provew 04 LremsuuQub practlcal value in
any cases, Yhe cladslliicatlion oif lhe »0li prescnten &
Provlews widca culleu for an 1atensive siudy of solil character-
istics, ana €VEN now a 1ol of WOrK remains toO bLe done ceiore
a couplelely cowprencusive system can be given that will
Lo UNlVelawatly acCcepleu,

Ihe slgnlliicance O Lhe puysleéal SllucLule Was Foallscu,
anu paysical determinavicas founa wore anug wmoré Lavour.
The Tirst oovious property and basis of g general classifi-
catlion is the proporiron of aifferent sized particles in the
$0ii — estimatea by whati we now terw the wechanical analysis,
for this purpose the larger partlcles are aetermlned uirectly
Oy Sieving anu Welghing the fractions, tutl for the swmaller
gralns an inuirect methouw wust be usew. The variations of
lhis process are all ol lhe ssme generasl type, depending on
the rate oi secalaeniailion 0of the particles in a liguia.
ATpltrary slac iumts LOor e [faCllund hiave Ccell CHOscl,
oul unrortuunately they s111l vary in dlilerent widely usSea
me troas.,

The degree of suopalvislion of the partlcles depends largely
o the treatwent they undergo prior to sedimentaiion, anda as
the asain ogject is to finu oul avoulr the ultimate particle
Slzc of theé 501l the oesl Lreatment woulu sScem L0 be that

willch glves the greatestl ulspersion ol the cowpoune agglegates
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withoutl deutiruction of the slngle particles. Before tine
dispersion 1t 1s usual to remove cémenilng organic material,
O

if this exceeds about z%. By treatwment with H ., and car-

2
Dunutles andd exchalgcacle ovases wilh allule HCL. A auwmper

of wlwpersing acents have been Lrled, aud unitll régently
aliute ammonium hydroxiue, which topeiher with the acid
treatment proauces an amnonium soil, was the most popular
among s01l workers. biscrepancies were reporied, particular-
ly wiih solls contalniug gypsun, when the particles tenaea

to flocculate, pbut with w@wost s01ls cowparative results were
ontalingu.

It was tinen Iournu that a sodium s011 woula ive egsiee
and more complele aispersion, so that most workers now re-
place the HH,OH with a sowlwn vase. HaOH has veen shown
L0 Ce tine mowl efiecllve, wuch mwore so0 lhan kbgOh, with
ihe result thal the time oi shaklhe Ior cowplele aispersion
car o0e coasluerauly reuucea.

There are various ways of graoins the particles, of which
tne plpeile, sedlaentalion, aenslity ana photoelectric methods
are pernaps the best xnown, DUl Lor genceral convVenleénce anc
ranlalty the pipetie meihoa has not yel peen superscaed.
&.0uen (17) was tne first to express the resulls as a con-
tinuous function of particle size by mecadns -0f hie automatlc

palance, followed by G.Wiec.ner (18) who mecsured the change
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in denslty of a sediumeniing suspension, ana G.W.Robinson (19)
il the lorm 0 SUMEllon CUrves in wnlca lhe swamsilon peX-
centages are plotiea agalusl logarithis ol the setlilhng
velocliles. Charscierisiic curves are claiuwed for £0i1ls
of cifierent types.

bxgmlnation of the fractions scparately revealed the fact
that most of the iwmportani soil Properiles were conanectLed
with the clay portilion alone, so that in mwany soll lacvoratories
touay'it 1s by 1ltselrl the suugject of uetalleuw siuay. The
increase 1lin Kaowleug€ of colloia chemistry and discovery
of so0il colloids in thils aana the orxganic fractions was and
1s a gréal Nelp 1n explalulby usny SUll CAGTaCLCrisuics.
buch deler@inallons. as w0islUre €, UlVaiont (lie awmount oOr
molsiul'e relealied in & vo0ll alter Delhy CenlrIifuged unuer
standard conuitions), molsiure contenl al lhe “sticky point"
and aifferent huwmidivies, heat of wetting, voluwwe change on
weltln,, anu loss on lgnition, so much 1a favour at ihe
present lLlme, uepena lalgely or entlirely upon toe colloia
conteal. Llhey, Logpeluel %1l & few less iuwportant estimatlons
arc tie so~-cCallea ¥*slligic - value" constants. Atiempts have
been mzoe to fina a slrugle-value ceteralnstion as & criterion
of erosiveress, put vhere seem to bec too many influencing
facltors 1o make ihls possicle.

Chewlcal angalysis Ol lie Cliay Iraciion nad provea oi value
for soi1l classificalion purposes, cepeclally in findine s1lica -

sesguloxlae ratios, which seew Lo have some connectiion with
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SO0Ll Orlgln &ul CeErLALU EGii Pruperlles. The supject 1s
8111) undergoigg lnvestigation.

Several Oullel ral.0s FhaCll appedl Lo De 0f SloulllcaliGe
11 relatlon To the conulvlon 0I the 501l anc 118 €nvVironment
are oeln, eXamwlned under wiluely diifercni comailions of climnte
L0 $0le LVyde all over ithe worlu today, and whlle the eviuence
1 al present rather limited the results in some gases have
Deen very llleleslllg., lae Carvon=nliuvlogen ratlo ueSclves
SpPuCleadl wenuvlown.

1L nas L0l vesn suVwu Lhal allhough tis proportion of
C ¢ I 1n unuecayecl organlC matier 15 auvout 40 :1, 1t LGalrowss
in solls to apboutl lk :1, rewalnlng remerkavly constanl at
Liils Vaiue ovVer larse areas. In the humiu climates where
1a1s invesolgntlon f1rsl 100s place the ratio wld not alter
uuch outl when sxeawlnea later in aria anu seal-zild regions
11 was fowia 10 wiluen consluerably, whille much narrower
velues vere alsc reporied. The insufiicient evidence at
present avallaole woes not aliow the varistion with climate .
10 ve couwmpleitely correlaled, LUL 1t Woes seenm that the uryer
and waluwerl lhe afea lic wluel tre U » N Lwul0, aU€ proovably
t0 tne more rapld aecay of carovon Cowpounds under these
conditions, the nitrogen not ceing arfectew to the same ex-
ient. With a high rainfall it is also probable that a
preater proportion of nilrogen CoOLpouUnus are leachew anyy =——

a fact wnich may also account partly for the decrease in
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C - N ratlo usually olLserveu wiin lucrease in uepth, pecause
although pvolh tane C anca N compounus found as the result of
yealnellh, and oacterlul actlon in the upper layers ol the
$01l aecreabe Wilh aepth the I compounds have more tenaency
Lo pass aownwards in solution. Also, of course, even small
ciiounls O unUeCOwPOsEL Ol aniC maticr 1n the surface soil
WiLl wluen the raulo.

In cowparisons such as tnese tne lack of & sianaara system
of analysis is a source of grest aifriculivy. kot only ao
the methoas thewselves aiffer in the case of direct deter-
miriplions like "perceuta.e caroon", ouat azny of them are ihe
resull of conventiond, awopiea Perhaps oy one counlry anc not
LY another. The deverminaiion oI orgeanlc matter vy C X1.744 ,
N x 20, 1gnition loss corrected for molsture and caronorates,
loss in wsighl by oxidation with HyO0p, ana variations, is an
eXaiple of'ten guotea. Hone of thnese methows is accurate, so
thal no one 1s unlversally useéa, anu Couwpauravdie resulis are
not always ovtainacle.

Laporatory aelerwinstions which at tirst signt appear in-
accurave may not wearraant more precise work when the field
error oi sampling is taken inlo account. Thus if the clay
content is, say, 0%, an error of 1 either way, l.e. 24%or
©6% on wiiferent sawples neea Lol be conSluered Very SErious.
Un fortunately very imuch glreater errors than this sy be inero

duced, depending on the method of ailspersion and graaation.
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PH deteruwinatlons wmay L& maue with great accurscy, but the
€xtra lntformation, if any, salned gy sucnamethod 1s prowvaicly
outwelzned oy the tlme lost 1o the lavorious attention wo
detall invoived, at any rate Ior routlne purposes.

It caunol e wenled thal wWole &CCUlable Téovults ale always
desllfaudic, butl ior $0il WOLK palllcuially lhe preseni ali
should be¢ i0or prealér rapiulty ane simpiiricatlon of the

metnoa, proviuca thatl ithe inaccurscy of the laboratory deter-

migation Goes not exceed the fiela error. If this is the

Cast, and lhere are vT11ll a Duwader of acterwlnntions where
1t 1s, laprovewents wust ve waue celore aniversal aaoption
wil} ve possiple. MOre COneluer-tlon will provavly nave Lo
be paia 10 lhe s011 prollle than 1s usual in wost laboraiorles
because lis reactlons of the surfece scal are not isolated,
put clovely cOuutciou #lllh COnulllons 1 the Lovel NOrizuns.

DO+l Alalysls as a wnole 1s stili 1u the process ol
evolutlon, ana it is to ve nopecd thal the progress will be
rapid and an International scl of stariuerd methods with its
praciical &avanlages and simplificztion in the work of Soil
Classificatllon amd theorfciuiCul CULBLUEIslLlonS LaGe avallable
pel'ore vVery long.

Ine foregoing Giscussion 1s (o0l ialended 1O o6 in auy way
a cuuplete treatment of wouern $011 Analysis - no uwentiion

hay been mzae of wany routine lavoratory determinations,



includlrng excrnangeatle bases, liwe regulrement, pore space
anu aensity, anu others —- put to oive soume idea of the
posltion of S01l Analysis as 1t 18 at prescric.

& few o lhe MELHUWS Useu 1 uos uoVernment laboraiories
al Prevoria will 00w o0& cousluersd in 4Lore ucitall, anc
Bugpeslions maae for thelr improvedcnt.

(1) iechanical Analysis

This 1s admittedly an arovitrary methou of analysis, but
1t woulu be convenient for cowparallVe Purposes Lo audpl a
wore ualversal wethoa of procedure. It 15 more gemeral touay
to use xaOB 1o pliace of NHEg OH, with the auvantages alreaay
mentionea, while the tiuwes and wuepth ofsampling shoula also
be changeu. Clay, for example, 1s usually taken at 1O0cm.
after 8 wours stunulie al 20° ¢, ur apprupriate aepias at
ally Oolher toapelatlure.

(2) Byarochloric aAcica lkxiract

kentlion has alrcauy veen aade of the raither limitea ine-
rormation to be palned from an analysis of this extract, so
tnat nere particularly the methou usea shouiu, if possicle,
LaVvolve oOndiy thne wlnlmn of Llilke and LIOwULE . The u=gro -
welhoas walch are $till useu Ly the wagority of soil acalysis
are leulous anQ UNNECcessary, PBecCause pracilcCally witaooul
exception tuey caun ve replaced Ly a snorter and less expensive

micro - or other mwethow.



EICTro-uCteluli..Lions necessllale grealer atuveniion to
Gelaldi, LUL Wil & liliic piacllcCe acculale results cun ne
QCLaliucl saslly alivw COuLlslenily. Tue replacewent of
VOLUudeLrle ahid glaViue LUle estluaallionue ¢y colodueiric aeonous
13 in many Cubes sulflficleutly sccurale 1or soll worik, and the
labour suvVea 0y S0 doilg may be considerable.

The wmicro methous descilvea by J.L.Steenkamp in a con-
trigution Irom lthe Preloria Chocwlicali Lacoratories were usea
Gy lhe aulaor on cltrilc arnda HCl extracis anu LouuG eminentiy
satliafaelory. Alterzlious wers mzue oanly 1ln minor details.

Propavly the wo0st imporitant determination in the HC1

0y

extruct is that of Calciww, In the case of Potash and

Pnosphales The awodnis avallubdble are wore luportant tnan the

total juanllilies, oul withh Caiciuw 1l 18 Lne reverse. surther™

more, N.I.50k0l0ov (<0) reported that tue smouni of Calcium
in carconateless solls passing into the HCLl extract nearly
colaciues with the content of exchangesile Calcium, ihe
amount ovlained hence giving o aistinct iudea of Lhe cxcharnge
cazpacity ol most solls.

the wmethod of H.D.Chapiuwn as cescrivea oy J.L.Steenkainp
was usea with the alterations given ovelow. In place of a
wash lilguor conlalining amwonium acetate and aceitic aciad it

was founu preferzple 10 use that recowwencea oy Bassett (a3)
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viz.,aistilled water saturatea with Calcium oxalate = pre-
pared Oy passing UUE wWalecl 1LomXouel Iiaely preclpliated washea
CalCluik OXalale cOnlalned 1ln & Iiitel paper of falteridg
cruciele, This removes the aanger oi loss in thde process

of washing.

Loother source of error here is the tendency of tne pre&-
Cipitate to creep up the slues of Lne filter-gaper anu oe
Washed wown underneath. This loss 1s more serious with
macro - delermlnallons, and wihcn mlcro-guantities are usea
1t 1s couhtercalanceu glther by the¢ reaction of the KinQ,
with micuie particles of filter paper carricd through oy the
H,50, anu ase wash-llguor or oy uae aciicu of uie H,50, on
the hhii.r104 wnen ne.tea.

L cowmperlson of the resulis obtalned using Whatman No 4=
filter paper, a Jena No 4 sintered plass crucible, anu a
porcelain filtering crucilbe of acout the sawe porosity is
elven below (facle 1). A stancard zolatlon conivaining
L3196 Lws. of pure ary CallOz anda a litdle 0, - free HpS50,
per u00cc. was uased, anu lhe awount in willi.raas recovercd
troi 10ccs. glven 1n cacht case. The oxalic acid forwed was
tftrated with. N KinO,, which gave a blank of .15 ccs. wilk

100
the filter ponar ana .00 cer. weuvh the cruciole.
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TaDle 1 (mgs. Ca0.-s found in 10ccs. solution)

The oretical Whatman No 47 Porcelain Sintered glass

filter paper cruciole cruciole
8.0 6.46 0.57 6.45
(b) 6.40 6.45 6 .40 6.40
G) 6.40 6.45

In each caibDt the results are well within the limits oi ex-
perimental error, ana the individual worxer V111 maxe his
choice from the point of view of convenience only.

blow suction is sufficient for the crucibles, but they
must ce carefully cleanea free of Calcium sulphate after
every few determinations.
Use of Ceric Sulphate

This reagent nas recently oeen replacing potassium per-
manganate ana dichromate as a standard oxidising agent 1iIn
volumetric analysis, ana it was tested in the acove deter-
mination for the estimation of Calcium. "ihe method was
that aescnoea m a cooxiet on Cemc bulphaoe puuilishea
(isu, edition] in 1955 oy the O .Preuencx bmith Chemical
Company, Columbus, Ohio. Accurate results were octainea on
all Quantities lixel,y to oe met with in ordinary SoilAnalysis.
The reaction was carried out potentiometrically, but an
inaicaLor suitacie for dilute solutions is described by the

puolishers. In stronger solutions tne colour of tne Ceric

Sulphate 1itself may oe used for tne titration. ihe main
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aavantages to oe gained iIn this case are

(@ The only valence charge possible is Ce+“'-U Ce"~ (Cerio
Gerous)
(0) The standard solutions are very staoie over long periods
(cj li can ce useu iIn the presence oi HCl.
(@ Usmg lodine monocnloriae as catalyst titration can oe
carried out in the cold.
*°r the delivery oi this (or any other) solution in small

quantities a special micro-burette was designed. A diagram

oi the curetie 1is given below.

Ao/ i1s a capillary drawn out and cent as shown at tne eria,
Attached cy means ol ruooer tubing to a mercury reservoir jj.

A graduated scale uenina Ah, previously calibrated by weighing

successive deliveries arid plotting on a graph, enables the
volume used to be measured. Delivery, which takes place
under the solution, is controlled cy a tap at A. The whole

capillary AhG holds between 4 and o ccs.
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Ly weans ol lils durelLle & sirousel’ Solulion fimy O USed
for vhe Litration wilh 0o 108s 10 &GCULaCy wu€ VO Uis sSwall
Vodiuue . 1" the solution reacts with the uwercdry (B,E,KEnQ‘)
& small zmount of sowe non-reaciLlve lligula musl D€ placed
dbetween the two.

Or:anlc res.cnls.

For ihe aeleciion anu estimation of lous in tiae HCL,
Citric acld anu walerl extracls the use of lhese reapgenis
shows great promise. Consiaeraple practice is neeued ovefore
the results can pe consistently relied upon, out meihous for
the determination of most weials exist with consiueradle ad-
Valilagts OVel Thube Usuedldy eauplogel.

A8 &l EXeaple oo Cabe 0L Calcluu diay Oe juolsu Olice uIOrG.
Inis was precilpliatew anu estlislew as Caiclum picroionule
py atulilion of Picrolonic aclu as descrloed vy Hopkin and
Williams (o), excepi thal the precipiiate was filtered Lhrough
& KO 4 sinlelew glads Crucivie lao place 0L a k0 4, wnich
Scemea 10 piVe lovw Iresdita. The precigitatlion may taxe
pluce 1a the prezence oi magrnesliuwu ane the alikaiies in amounts
up Lo ten times that of calcium, bul not in the presence of
copper or leau. The resuits octalned are very accurate, and
the whole operation extremsly slnple,

In the wuelectlon o treces ol ulnerals, wnlch are Ol veii

laportant in thelr catalytic or lLoxic action, and u_on which
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a lot ox woric still remains to cc uone , organic reagents
may prove especially useful.

Finally, the possicilty of the introduction into Soil
Analysis oeiore lon& of an entirely new method of analytical
procedure must oe mentioned. The principle involved is
that 0l tne "dropping mercury cathode"™ mtrouucea oy Heyrovsisy
in 19.1,, and estimations are made oy means of an automatic
registering apparatus Jcnown as a "Polaro”~raph" In tnis a
current is passed through tne solution to oe analysed ana the
polarising 7oita”™e iIncxeased gradually. An automatic photo—
graphic device x"ecorus tne “ariatiUil in current ana voita™e
£>xapnically , a,nd chaxactex istic linee arc octai-cea. a
suuuen rise of current without appreciaole increase of vorta”™e
means that a cation present in the solution is Deing dis«harOed

, the Increase m the current at approximately constant
voj-tage cein6 proportional to the concentration of tne ion,
arid the voltage at which discharge occurs indicating the
particular ion. Tables may oe ootainea giving the voltage
at which various 1ions are deposited at the mercury cathoae.

In tnis way solutions containing a numcei- of ions may oe
quieny ana conveniently analysed ”uajit%%VelA ana Auantié*vely

all m one process, with oovious advantages for son extracts.

Unfortunately difficulties exist at present in the estimation
of certain ions — e.c* Ka and K in the same solution — cut

these are oelnf investigated.

Mr. h 1 Veraier, MLSc., nas recently started research



-89-

work at Runodes Uulversity Collese on the use of this
Instrument, anu the possicility of its adoption for rcutine

analyses.

(3) The Determination of Total Nitrogen

(4) Kieldahl modification

Yor this purpose iine noramal proceuure is that of the
orulnalry Kjeldahl methoa or ore of i1ts mouifilcatlions, ana
proviued suitatle care anu precautions are taken accurate
and rellable results may pe obtained with most soils.
the method has many ulsaavauntages, “o~wever, the main objection
oelng the length of tLiwe necessary for ihe aelermination, ana
experiments were thereforeundertaiken witn a view to speeding
up the procest without decreasile its accuracy in any wey.

The estimatlion taxkeés place in three parts — digestion
wWlth concenirated H,80, , aistillation with: czustic soda into -
EXCESS aClu, alu LrXiralion with siaucara alkall; anw 10
caCil Cuse 1l was {ounu possliuvle L0 1nldouuce Gerialh 1m-
preTRmLents.

In the uigestion process, after aaulng concenlrated
H,50; , sodium or potassiue sulphate is usually addaed to
ralse thie ©0lilng polnt of the mixture, and & sgall Crystal
of copper sulphele as Ccuilalyst. Othier catalysis for in-
creasling the ratc of oxldatlon have veen triew froia Liwme 10

t1me, tne mosti suddavle one of recent years belng seleénium
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or sodium selenate. Por these experiments a catalytic
mixture of sodium sulphate (anhydrous) copper sulphate anu
sodium selenate in one proportions as recommended by Bar Jeer
and Lhuttleworth (id) was used, resulting in a very marxed
acceleration of tne speed of reaction.

With one soils used a cla™r solution (apart from solid
insoiuole matter) was ootaineu in from lo - 2b minutes, and
in all cases results were accurate with a total heating time
of 50 - 40 minutes. The flasxs were heaieu with ordinary
ounsen ourners, oix ourners screwed into a length of metal
piping attached to a gas jet oeing found to give ample heat
for carrying out six determinations at tne same time.

The distillation apparatus was modified (see Plate D) oy
the introduction of a piece of glass tuoinv (-"diameter)
thx ou™n tne luooer stopper oi cuare distilllag xlasx, with its
lower end just aoove tne cot tom of tne flasx. ny at taching
the aosorption flasx (see ueio.v) to a Ffilter pump this enacles
a slow stream of air to oe drawn through the apparatus.

there are several advantages in this procedure. In the
iirst place the tendency of the liquid to oump is consiaeraoly
lessened, and for most h - determinations stopped alto-ether.
In the case of soils some workers prefer to transfer the con-
tents of the Ajeldahl flasx after dilution to another, leaving
behind most of the residue , but for rapid routine worn this

is not convenient. It was found possiole to overcome the
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difriculiy by atdaching the original flass and diluited
contents to the aistillaivlon apparatus and heating it from
lne sluc, Jusl acove the soliu watter, insiesd of alrectly
dnderucalll, Oy ME&NS 0L & DUliecii LUr§NEr Clawped 14 & Coli-
veulent position (see pnoto). ihe [laSk resus on & clampea
ring, N0 Wirle ¢EUZE DElly USEU. With a Little care in ad-
Justing tne position of the ourner it is possiple by this
meéns, together with tne slow air strean through tlne liguiu,
L0 prevent vumplng entirely, even #hel o cousiucradle swount
0i soliu watller 1s presest.

Willle, 1O thie suclion the pressure inside the apparstus is
decCreased, and conse uently the polling tewperature of the
Llguid 18 lowereu, res@llice in c¢aslér aau wmore rooid, out
HoVel tiielens Cuwpdle v WIsU1liatllon O U6 &uuiaCiilil. ihls
Quilcase 1lu predsule moans LeSS Uaieel 0L Zwmdilld leoailie 0OUL
LArougn oawly lltlae sto,pers, aud By plaCliy one's Iin.el
over tie cnd ol e tupe projecCilily irom the Tlasx ana noting
whether oucoles cecse to be arawvn vhrough the apsorpuion liguil
Or ol, any leaks ln the appalatus alé al Olee usleclLeq.

USlag Lhls suctlun welhow 1T 1s Guvious thautne apsorpuvion
flask normaliy 10 use MUSL 06 W@OULLledw — LN any CasSe &
Uesliravility in many cases when cumpleie absorption of the
amnonla 1s somewnat woubtful. ine Lype of flask useu may
De seen in Lhe puotograph (Plate D).

Flasiks wiln tné lower 1wo culeos altachew were aVwliacle,
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cut it wss lounuw neCeskaly 1o nave o thira, either fused
or attacned with pressure tuuving (L0 enauie 1t 10 rewain
UPrlsntl) avove these., Lizchn bulo has a capacity of about
olccs.

From a considerziion of vhe Kineiiec molecular theory or
e©ab€s 1l can eablly 0€ S€en lLhal @40BOrpLiOM 15 40rPe efriclént
thai with lhe oluw mellow o thne Luse Alpplhg untuer the surface
of tne iiguid. ADsorpilon taxes place over ihe ois surfacs
areca at the cotiow oif the flssk, and also walle ithe s£as 18
pubbling throuzh the liguia in the bulos.

Cowpleve ulsiillatlon of amaonia Was 00Lalued 0y alsillilng
over oniy acout 30 - 90 ces., i.e. anill e aistillate just .
reaches the third culp, anu does not occupy wore thadu agsoutl
30 - W anlinutes,

Finally, it was thouszht that an inuicztor more suitable
lthan wethyl orange coulu be usen for the titrztion oif the
€Xcess aclu 1n Lhe apsorpivion rliask. Metnyl Orauge has a
VEry poor enda-~polint, and uilfierent workers have ailiierent
laeas as Lo when this enu-yoilnt occurs. methyl red is orten
used, out a mixiure of egual parts of umethyl red and bromphenol
vlue as recomasendea by S.6.Sauttleworih (23) wasfuuBd to be
EVell DELLEYr ana Lo gilVe a VELy sSaalp end-polul 1N elther
aireciion. (Rea in acia —> yeliow in alkall).  Lhe
Chang€ tlases place at approximately pH 4-0, so that oy
titrating just to yellow the neutral point is obtuined almost

exactliy.
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Detailed. Procedure.

Weigh out 10-lo gm. of fine air-ary soil (Gmm. in this cas
into a Xyclash! flasx (000 cc.) ana aaa aoout lo gin. of a
catalytic mixture of soaiuiu sulphate "(anhyarous) , copper
sulphate (crystalline powifcderea) , ana soalum selenate 1iIn
the proportions 9:4:1. Shaxe to mix, ana aaa 50 ccs.
concentratea HASON . Heat gently at first ana then boil for
I£ times the time taxen for the liquid co clear. Allow
to cool, anute to aoout <00 ccs. , ana attacn to tne ais-
tillation apparatus. The aosoration fiasx contains lo ccs.
gﬁ)HCl ?for soils containing aoout .1# of H) ana a arop or
two 6E the indicator mentioned (vide supra) . Draw a slow
stream of air through the apparatus ana then aaa excess of
concentratea haOH solution.

Most of the ammonia comes over iIn the fTirst few minutes,
so tnat heating shoala oe gentle at first. Then heat
sufficiently (from the siue) to Keep the contents of the
flask boiling fairly vigorously until the distillate reaches
the third bulo.

The flame may then oe removea (the air-stream prevents
sucxmg oacx) and after cooling somewhat tnhe excess acid

B
i

N
titrated with standard 1o or SO HaOH.

The method was testea First with a weighed sample ox

Merck* s G.R. S04 (ariea) ana then with a standard
solution of the same substance containing 6.775 &ms.
(Im4 2 S04 per 1000 gins, solution, i.e. .144# B, in por-

tions of 20 cc. and oOcc. The results obtained are shown
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in Tavle =z.

Table &

NH =]0) | Z

3164 wms. 99.8% of total weight

29 cc. af standard solution 143

o cc. " " u oléd

b cc., " u " 144

50 ¢cc. ¥ u e plad

50 cc. ® n ° 144

50 cc. ¥ u " 14z (diluted to 350 cc.
celore distillation)

50 cc. " “ “ <144 (éiiuted to 200cc.
vefore ulstillation)

50 cc, " " .144 (ailuted to 150 cc.

cefore distillation).

1t will be noteu that if the contents of the [lask are
daiiutea tou Mmuch the resuil Lenus 10 ve low, Owlne LO lhe
small propertion or ligulu alstillea over, pul accurate
results may be oviluinea if the volume before aduilng NaOH
solution is not more than 250 ccs.

Duplicute results with soils contalulng about 1% N
were founu Lo agree witnin 1%. Consldering uhe probable
variatlon in N content oi eveén so-called auplicate soil
sawples, greater accuracy than tnls ie neither Lo be expected

10T NECESBATY .




(B) Hydrogenation klLcthoa.

The application fif this method to the estimation of nitro-
gen in leathers ana certhjjln improvements iIn the apparatus as
originally given iIn the German literature are,fully aescrioed
oy b _bhullleworth (23), ana It was aeciueu to try it out
as a routine method for the determination of nitrogen in
soils.

Essentially the method consists iIn the conversion of the
N in the suostance to NH5 oy heating with hydrogen in the
presence of a suitable catalyst, ana estimation of this NH5
with stanaard acia. A alagram of the apparatus 1is given

oelow: -

The hydrogen is purifiea oy passing through acia ana
alkaline permanganate. As catalyst Tinely aivided Nickel
is usea, prepared by heating nickel formate at about 250 G.
for two hours ana cooling iIn a stream of hyarogen. N -1 gin
of this is mixed with the suostance, in this case about 2 &ms

of fine air-ary soil, in a faifly large porcelain boat, the

whole being covered with Ni-formate ana then moistened with
water. The secona half of the tube i1s Tilled with asbestos
fibres upon which the Ni has been aepositea oy mixing with

Ui-0s ana heatin”.
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lne furnace wusl uwe 50 comsirucled Lt 1t 1s possible Lo
heal the two halves inaepeadently, the farst half to aocout
#00~ C, and the seconu hall to ascout 200° C. AT ter placing
the boat in the tube (first half) heat the second half and
pass & slow stream of Hy 10 et rid of N, introduced in the
alr when insefting the poat. In the aspsorpiion vessel is a
little water with Universal Inclcaior, képt neutral oy means
of lhie zciw 1o the opuretie. For soills 1%0 HC1 was used.

When ammonia has ceaseda couilng over riote the level of the
acla in the burettie and heat up the poat, sently at first, and
finally to oright red heat, unitli 00 More Ny 1s glven off.
It is auvisucle Lo heat avout % hour after the Inaicator has
ceased 1o change colour to make sure. 3y uslng Universal
Inaicator and keeplng approximately neutrzl it can pe seen
atl once when the reaction is complete. Alternately, excess
acld .lght be adued at the beglnning and titrated with stanu-
ara alkall at the end of the experiment, proviaed sufricient
tiae is allowed to make sure thail all the N has been con-
vertea to hHg.

The whole uetermination tuies place in the one process,
a8 alsivlnct from the three separaite stages of the Kjeldahl,
and 1s cowplete in frow i - £ oours. ¥o woaliflcatlion 1s
needew when nitrates abe preseqdt.

As a routine wetiioe it has aistinct possiolilities, because
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OuCE Lie appalaius ls sel up Lt necus Vely Litile alichnition
and is cheap lo operation.

A disadV3ituge is the fact that lhe furnace must e
allowew to COOL pelore cach gXperiment;,.so thal where g
Lucoer of €stiwallionsd are L0 uve uwalde sevVeral Fur'naces woula
0e neeaed for ragjlu wWorx. I the case 0o w0lls Luc use of
such a small quantiity of aaterial (2 -us. as compared with
10 or 1o puws. in the {ye€luahl experiment) rather delracts
from the accuracy ana vaiue of ithe methoa. The samples
would Aceu 1o we very [ldsly Lrounud adiu wWelli wilxed Lo erisure
& correciti reguli.

A COuUPaLLs0n Was datc DU ovgel Uil nyqroucnatiun ariu
Ajelushl weithous Lor a L ser of.ALUany s0i1ls, the resultc
of which are given iu Tablc 3, but 1t has not yeiv oeen Lesied
UVel & suiiiclenlly wiue Iaee QU uilicienl uwypes 0L =0il Lo

Hnow whetner LU 18 wunlversally awpplicsole or riotb.

Tapie 3 (i per cent)

501l ho. L Hyarogcration Kjéldahl
L . 044 . 044
6 W1l cill
7 150 JLod
8 ol -10%
9 . 069 . 057
10 113 110
11 L1121 o +10s

lc e sl
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lavle $ (contu.)

Soil Mo Hyorosenution Ki#ldahl —
13 .100 «148
14 167 163,

Ihe nyarogenallon resudls Lenud o0 Vv Sllglitiy Qlgher 10
50ui€ CasEs, POBSLDLY & Wore aGturate ilgure Lor Lodal nitrogenq

ana in any case rnot a serious discrepancy.

(4) Blectrical Resistences of 50ils and So01l ExtraclLs.

It 15 often ueslraule LO idizke _UlCK approXiaalé deler-
minatlons 0f €leciricalr Ireslslances woen LAVeELLaE0 e SoLl
properiies, tae value 0 lue ueterminallion usually 00t
warranting @more accurate wors. Tine conuuciliviiy of a 01l -
water wlxture or walel exirwct, for exaaple, %£1lVed & roush
luega of uie sall content, dul as the rewull must ol nccessity
e OfiLy &an LpplOAlimillon Liiele Woulu D& N0 aUVaoia,€& 1hn
Preclse megsurements, lne lncresse 1 bpeciric Conuuctlvity
of a so01l suspension on staiilhg 1S useu also as o MEASULE
of the feriility of the soil. (In the meihod of A.Sen sand
Cohi Wrizht (=) the ulfierence petween Epecific Gonductivitgeg
at tue enuw o6 =4 hours ane 8 days respectively 15 taxern, the
temperalure belng Kept constant.)

The resistances are generally measured by the Wheatstone
bridege method, using alternating current from g small inductlor

colil and determining the nulli-puint on the oridgse oy means of
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a telepiionie detector, A Dbetlter sSound and minluwua 1S 0D®
tained oy using & valve-oscillator in place of the ordinary
coll ®puzzer". It c1ves a note of higher freguency, ana
the frejuency, l.e. lae piltcn, Call ue adjusted Lo sull Lhe
worser.

The aisaavantase of the apparatus 1o the space 1t occupies
together with theé time apa troucle involved in setting it
up, unless it is in couslant .use, and the possipilities of
replacliiy 1V wilh & silall nortenle apparatus were lnerelore
invegtizatea,

the instrument used was of German make, manufactured oy
Rudelf Kiesewetter (kxcelsior Werk, Leipzi.), enclosed in
& Case of ulaensions zzxzexll cm. and welghing 2.8 Kilograms.
A small flat & vowU ary vatiery placed 1n ithe siluc of the
losyruwent proviuea the current (4 volt wouiw wve cetier),
eltiier alrect current umeasureu on a swall galvanometer with
a sensitivity of .2 milliawp., or aliernating current, a
cuzzer ana telephone alse pbeln. included.

Ally reslsiance Irou 0L  to 100000 omms cun then be
Measulew .l & [eW seCous Uy sliply atlacuiliey o Lhe termlnals
Ol Uile laosiluwent, [luaing the polal ol mlnlwun SOunlG on’ the
circular ¢lal and resula. Lhe resistance direculy.

FFor soils, a cup of stanuard shape and size, the obrass
sraes of walch act as tsruinals, 18 soLellues used 1n place of

s cell for tne wegsursment o reslslauCes. | Wiln e nlgn
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resistances usually encountered this is sufficiently accurate
for tne purpose and eliminates not oixiy tne nceu for aeter-
mining the cell constant anu Ffinding the bpecific Concucti-
vity, out also the aan6er of breakage. Polarisation

effects were not serious except where the electrolyte con-
centration wad high, in which case it was impossible to oo-
tain reiiaoie values.

ReauixigS were taxen with solutions of hCl of varying
strenehjj,s using ooth the dipping eicetroae ana the standard
cup, ana the values ootamea with the portable apparatus
compared with those given oy a valve oscillator ana oy a
con ‘'cuzzer" connected m turn to a AAnlrauscn slide wire

ana low inductance resistance 00X. Comparative aetcri-
minations were also maae on soil-water mixtures prepared oy
adding sufficient distilled water to the 1 mm. sample to
form a thin mud ana leaving to stand kO minutes *before
placing in the cup.

The results are 6iven in Table 4. in each case the
value given i1s the mean of several reaulrigS ootamea with
different standard resistances,

Tacle o contains a numoer of resistances of Albany soils
determined oy means of this apparatus in the field.

These values are more reailauie than would oe those ootamea

from the same soils in the laooratory, oecause the danger

of an alteration in the electrolyte concentration is ex-

cluded. It was found, for example, that the resistances
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of moist solls placed in new unwashed soil vags had in some

cases altered oy &5 wuch as 00% on redeterwination at the

lavoratory a Iéew uays laler, eVileniiy wde L0 aosorpelon of

so4ic cnemwlcal [r0:da Lhe Bag.

In exeuilnlng the relailve ¢rosilvedess of urrlferent soils

in the field these measurewents also act as a check,

because

WO 801ls apparenliy oI the sasie Lype wilh diirerent elecire-

lyte contenis way have velry wuliierciil ¢losivVe properilieés.

lTacle 4.

(Resistauces 1n ohuis)

(a) Dipping eleclroae.

Uriknown Valve oscillator and Coxrl ptuzzer | Porteable
gLohlrausch slide and Kohl-
Wire. o rausch slide| Apparatus
WlXlc
801 solutlcen a7 a7 S50.D
" " o 00 05.D
" . 240 =258 =240
" " 775.0 % 7606 770
" . 10=0 10Lo 105
(c) Stanuara cup
ECLl soluilon <10.5 211.7 <0%
" " 7560.5 709 750
“ N 1349.8 1349 1350
Soil ko 9 100z la9o 1000
" “ 10 5350 0% o=7
" N locd loid 1600
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The tempelalule Was gpproxlwalely COlsLAML LAXOugnoul the
experiments, the soluvions Ior the Wlpplig cleclroue bellg

Kept in & therwostatl at roow tewperature.

tavle O

(Resistences 1n oning 0i sowe Albally S0LLs, Uslli., Slanuaru Cup)

Sample o, Type Resistance .

Lo Reaaisnh orown loam 245
16 Grey orown sandy loam 900
18 Keadish prown silt ueposited in

WOl & 1250
19 srown-ulacik ueposited clay sSold 030
20 Grey-orown Sundy loam 080
<l Jrey-orown sarndy loam 080
3 Yellow clay-loam sunsoil 240
40 Hed clay =4 Ve 750
36 Brown-grey olrak 01l 59
37 urey sanay loam 1240
38 Yeliow-grey sandy loam 150
39 Rea loamy suosoll 79
40 White loawy sutsoll 30
41 Grey sandy loum (avove 39 znud0) 350
4z Brownish sandy soil 192
43 Red sandy 1loam 530
44 Grey sandy loan 80
40 Dark grey sanuy louii 1060

45 Yellow-whit® clay suosoll ©10
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The low readliieys Cainol LE Ieeofu€l ab accurste, owlig
Lo the fact that they were ootaineu with the cup, which
is not reliacle at these concentrations., They are
sufficient to show, however, that the soiutle salt content
is hih. For accurate work the resistances would have to
Ve augusteda to a unlform tewperaiure (s0°F))

11 would seem that ror soils particularly the apparalus
desceriped agLove @izhi with adaveailage repisce the olacr
type, maxing 9055101§ eXtremwely rapid work with all the

&Couracy needed.

fnalyses of Loie Aloany S01is

These figures (Tavle 6 ) were obiainea wnlle testing out
the alfierent meihods of analysis, ana the aetails follow-
cu were tonose supplied by the Pretoria Chemical Labora-
toriss, with lhe woullicullons previously mentiuied.

PH deveralnallons were wmade wiin the Follen coloMmeter,
ln which use 1s waae ofF gelallu SULLips containile various
ayes covering & large rauge of Hien concentration. These
are lmgersea in the soll suspensions for a definite time
anu the colour then compared With & silanuald ranse.

Ine value of Lnls 1lnsiruneal 1n Lide Case 0i s04ls con-
taiulng high percetitages of colloidal matier 16 at present

open to question. .
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Taole 6
Percentage; Sample 7 8 9 10

no 6
Stones 1.1b .18 .90 1.80 A1 .0d
Gravel 1.01 1.24 1.93 2.68 1.56 1.53
Moisture 2 .do 2.37 2.28 3.09 <,.00 4.43
Lost on ignition 6.48 0.93 6.41 £ .04 3.60 3.99
Soluole salt .642 ; 40”7 479 -son .008 .488
Silt 9.6 9.4 0.9 10.7 13.8 =
Pine silt 9.3 10.11 1.0 6.4 1.9
Very fine silt 7.1 2.5 8.8 2.9 6,9
Clay 16.9 19.3 15.5 12.1 14.3 13.6

r
InsOluoic
res.(ibmtca) 80.30 82.00 79.71 80.80 84.40 82.06

HC-1 i"fe O0,TAI2Z.(B 8 .2d 8.49 10.44 0.97 7.99 7.67

ex* N

tré&c tCal 248 .184 .124 .204 .202
.043 .039 .011 .024 .036 .060
«E\P .204 .014 .348 512 .070

Total soilcie
(90"Q) 220 274 <220 .141 .138 .120

HaO Total non -
ex- \volatile

tract solias .052 .152 .160 .070 .048 .068
Loss on
ition 70 *99 44 .02 27.23 51.43 do.1l6 S

Total K" 11 .13 .16 .06 12 11
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TaDle 6(contdy)

8 "9 10 11
pH of soil suspen-
sion (1:1) 6.1 6.1 6.1 o.1 6.5 6.
pH of HzO extract 6.4 0.0 0.5
Swelling test Ho Ho Ho Ho bmall bmall
change change channel change | shrinh

shrinkage! ag,e.
Ca”oonates, cnlonat”™ aifb. sulphates were testea for out
provea to oe aosent.
Tnepercentages oi clay In a few samples were actermanea
witn tne following, results
bam.jle 1 4 5 A 39 ii j o 41 48 49

Clay © 24.9 10.7 18.1 18.3 13.8 11.8 27.2 15.6
#

ine figures iIn some Cases, eopeciaixy numoers 1, 0 ana A,

were suprismgly low for the type of soil* These three

were taxen from clay Danas, numoers 1 ana o0 aepositea oy
evaporation of water ana A the on5iuai clay suds oil. It
i& possiole That HHMNOH Jiid not effect complete aispersion for

thesc oampjes-e

Orahamstown G-rass Hreeain”™ btation
A g,X0,ss uieeirig, experimental station has recently oeen
estaolishea in G-rahamstown unaer the airection of Mr. c.B.B.
Lieoenoerg oi tne Department oi Agriculture. In connection
witn icr tiliser experiments acsiOnea to te™t tne exicots of
various treatments on tne composition of grasses ana on
the resiaual sola over a numoer of years a set ofAexper”™mental

plots has oeen laia out as shown on the accompanying plan;-
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A

o

cxX
AO

el~r. _

boii. samples frem taon plot win m anaiyoea periodically

ana. the resuiis of tne preliminary analysis are shown 1in
Taole 7. It appears from the figures that the soils are
initially fairly uniform over the whole ares., though very

ueficient in plant nutrients.

Table 7
0 , /9T S >4
bample ho Gao P* O~ h i
00 . 066 .0012 0000 .064
ol .04b .0009s .0066 .07b
Ob .04:6 .0016 .0041 .060
66 .048 .0014 .0064 .076
04 . Oaob .0013 .0047 .083
00 .049 .0015 .0074 .083
06 *006 ,001b .0061 .089

o7 ,066 .0009b .0064 =080
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lavle 7 (contu.)

Dawipi€ MNo Cal P, 0 420 N

o8 . . 064 . 0011 L0048 . 036
09 ROLYS . 00UB3 . 0074 .10
00 06 . 00lx .00ub . 089
ol .06V QU0G U . 0063 L0580
O 040 . VOOYL .vlo0 L0BY
3 080 . 00054 LU02 2 090
ot . 038 . 00089 L0048 . 00U
0L . 0oz . 000LE LO0a 073
00 04 L . OUUs 7 LUU40 067
o7 V00 «OULYL . DLV oY
593 . Vow 000G 7 L0041 Q0%
69 « 0oz . 00007 U087 . 008
70 043 . 00073 . 00583 007
71 007 VU0 L L 00s7 . 087
T « Q04 NOIVIVI N1 U048 U7
75 L0405 . 00072 U052 077
74 043 . 000u8 <005 .075
70 072 00060 0058 .08%
76 . 008 . 00003 VLS 0738
77 « 053 « UOLVO4 .0097 . U594
78 «00S . QUULE 00Uz 0 . 078
79 .000 - . 00064 « O0&E .030
80 049 . 000587 0078 .079
81 . 048 . 00004 . 0009 . Qo5

Be . Qo4 . QLL71 . V004 .070
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Table 7 (conta.)
Saumple Lo Ca O P, 0, £,0 Ji
85 .041 . 00VOL . 0075 074
84 . 048 « 00060 . QUbo . 0806
8o .050 . 00075 . 0068 . 087




References

1 Bull. No 47, 1920, 1lnd. Bull. Series - ®So0il Erosion

and Conservation®. (T.A.Sim)

2 Circ. No 35, U.S. Dep. of Agric., 1928.

3 "Soils, their origin, constitution &class®"G.W.Robinson{1932)
4 60th Congress, 2nd. sess., S.Doc. nNo 676

O Bull. No 670 (U.S.Dep. of Agric.)

6 "The Vegetation & Soils of Africa%, H.L.Shantz & C.F.Marbut
7 ®Grundsitze der Agrikultur Chemie® 1838* G=,Schubler,

8 Props. of Soils which influence Soil Erosiuu® H.E.Middleton
(1930) U.S.Dep. of Agric. Tech. Bull. 178
9 "The Absopption of Water by Soil Colloids* W.0. Robinson
(1922) Jour. Phys. Chem. 26 (647)-603
10 A Laboratory Study of the Field Percolation Rates of Soils®
C.S.8later and H.G.Byers (1931) U.S.Dep of Agric Tech sSull.
232
1]l "Physical ana Chemical Characterisiics of ihe Soils from
the Erosion Experiment Stations® H.E.Middleton, C.5.Slater
and H.G.Byers (1932) U.S.Dep.of Agric.Tech.Bull.316
12 "The Laws of Colloidal Behaviour® S.Mattson and others
Soil Science (series)
13"Some aspects of soil erosion as a national problem®
H.H.Bennett Rep.9th. Meeting Amer. Soil Survey Assoc.,
1929, pp. 55-74.
14 Trans. Chem. Soc., 1894, 65, pp. 115-167

15 Die Bestimmung d#s Dungerbedirfnisses dés Bodens (Essk.

é.A.Mitscherllch, Berlin, Paul Parey, 1949



16

17

18

19

20

21

22

23

24

Keferences (contd.)

Zfat. £ Pflanz.

A, 2, 329.

Dung. , (H.Ueubauer & W.Schneider) 1923,

" line newe Methoue zur mechanische Eoaenanalyse™ (S.0DE!)

Int. Mitt,.

EQaenic.

191b, 5, pp. 267-311

"UDer eine reiafe Methoue aer Schlammdspanalyse™ (G-.Wiegner)

Lanaw. Vers. Stat., 1918, 91, pp. 41-79

"On the form of mechanical composition curves of soils

ana other granular suostances™

Jour.

1_1_.Sokolov:

J.G.S. Sept.

(0 W .xioomson)

Agnc. Sci. 1924, 14, pp. 626-633

Peaology No 6, 1934.

1934 p. 1274 (Bassett)

“Organic reagents for metals™ (Hopkin and Williams)

M.Sc. Thesis Vol. 1 University of S.A. (1936): " The Deter-

mination of Nitrogen in Leathers™ (S .0 .Shuttleworth)

Jour. Agric.

Sc.

1931, 21, pp.

1-18.



