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Studies in soil capillarity
(Über K a p i l l a r i t a t des Bodens. — Capillarité du sol)
By Heber Green
Summary
1. Importance of soil-water system, — 2. Need for quantitative methods
and outlook. — 3. Comparison of three types of Eesearch and need for cooperation. — 4. The complex and variable structure of soil. — 5. Restriction
of discussion primarily to movement of water in soil. — 6. All movements of
water in soil may be expressed in terms of S, 0 , P, and K. — 7. Routine examination of soils in the laboratory. — 8. Other lines of investigation of the souwater system. — 9. Conditions for equilibrium in special cases: 9 (a). Calculation
of the radii of curvature and the volume when the internal pressure equals
zero. 9 (b). Variation of water content (0), with a and r/R. 9 (c). Variation
of internal pressure with r/R and 0 . 9 (d). Effect of gravitational field on the
water content.
9 (e). Variation of vapour pressure with water content. —
10. Capillary potential functions. — 11. Comparison of various conceptions of
capillary functions. — 12. Application to water movements under normal field
conditions: 12 (a). Alterations caused by wetting. 12 (b). Distribution of moisture
in the pore spaces. — 1 3 . The distribution of water percolating into a dry soil. —
14. Do tubes of soil fairly represent field conditions ?

1. I m p o r t a n c e of the soil-water s y s t e m
A complete knowledge of what the physical chemist would call
the soil-water system is of great importance to the agriculturist.
It would enable him to answer such questions as — what is the
capacity of his soil to hold water — when saturated — when drained —
or when exposed to dry air?
At what rate will water percolate through it?
To what extent can a crop or an orchard depend on obtaining its
supply of water from the wet soil or water table at a depth below the
surface ?
Beiheft Bodenkundliche Gesellschaft
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2. The need for q u a n t i t a t i v e methods and outlool?:
The history of other sciences has shown that a full understanding
can only follow from the quantitative investigation and determination
of the various factors involved, and that these must be stated in terms
of definite units of measurement.
This paper is an attempt to discuss to what extent the vast accumulation of experimental data can be usefully interpreted and correlated
with the fundamental factors involved.
The literature of soils in relation to water is punctuated with
suggested factors and the technique for their more or less accurate
standardization. Water-holding capacity, moisture equivalent, hygroscopic value, and wilting coefficient are a few examples of these more
or less empirical factors.
3. Comparison of t h r e e t y p e s of research and the need
for co-operation
Three methods of investigating this soil-water system are to be
found in the published researches on the subject.
They may be roughly classified as being dependent on:
A. Thermodynamics, or the application of known thermodynamical
principles.
B. Applied mechanics, or the application of known laws of mechanics.
C. Experimental (and often empirical) investigation of i n d i v i d u a l
soils.
Of course the three methods should, and may in practice, overlap;
but it is notable that almost all the papers published on the subject
deal with one method only and ignore or overlook the help they might
have received from the other points of view.
In what I have called the t h e r m o d y n a m i c a l method of
a p p r o a c h , the discussion is on a high mathematical plane and the
soil is treated as an abstract medium; its structure, or variations of its
structure, entering little if at all into the argument.
This limitation often prevents the conclusion arrived at having
any direct application to normal soils, or at all events conveying any
useful information except to the expert mathematician. Thus we may
find an important investigation of this type leading up to a climax
in which the capillary potential function <\i has been proved to be
evaluated by the following equation:

where A, D and b are arithmetical constants and p is the density of water.
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The m e c h a n i c a l m e t h o d of t r e a t m e n t endeavours to assume
a concrete structure for the soil, a structure which may actually exist
or which may be regarded as holding true statistically. At once arises
the difficulty that the natural soil structure is so complex and variable
in reality that several simplifying assumptions must be made, and that
the effect of deviations from this „ideal" have subsequently to be
eliminated.
For example, a soil may be assumed to consist of independent,
uniform, spherical, solid particles having a definite, and easily calculable,
angular orientation with respect to one another. Or again, the porespaces may be regarded as being statistically equivalent to bundles
of circular capillary tubes whose dimensions may then be investigated.
Actually the particles of an ordinary soil are neither solid nor
independent, but are attached to one another by colloidal cementing
material and are traversed by veins of decaying organic debris, and
the structure of the soil is affected by many uncalculable factors — not
the least of which is man's cultural operations.
In this type of research also the results have to be translated into
terms that admit of their application to soil problems in the field.
The third or direct e x p e r i m e n t m e t h o d has been the most
popular and an enormous bulk of data has accumulated. But as most
of the investigations have apparently ignored the principles, which
have been shown by the more mechanical and mathematical methods
to hold good, important factors have been overlooked, and it is often
impossible to make any systematic interpretation of the experimental
results.
For example, a series of experiments may be quoted on the rate
of flow from a free water surface into a series of tubes containing soil
of different degrees of wetness. But as no exact measurements were
made, or recorded, on the closeness of packing of the soil in each tube,
it is impossible to say how far the variations in flow observed were
actually due to this unrecorded factor.
It would be invidious to quote references to indivual papers or
researches to which these criticisms apply, but there is no doubt that
a large proportion of the work published (and still being published)
on the movement of water in soils — on the evaporation of water from
soil surfaces — or on other aspects of the soil-water system is mainly
waste effort because of this lack of co-ordination.
But the three methods are not antagonistic, even though the workers
using one of them may show a lack of appreciation of the efforts made
by another method. On the other hand, it is only by co-operation of
17*
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the three methods that the soil-water system will he satisfactorily
elucidated.
The principles developed by the first method must he applied in
the second type and the results obtained by these applied in turn to
the third stage of measurements and observations on ordinary soils
under field conditions. Conversely, field experiments can have little
value except in so far as they are planned and conducted so as to comply
with the theoretical principles laid down as the result of the more
physical work, and in their turn the "mechanical" investigations must
comply with the fundamental principles deduced by the aid of thermodynamics.
4. The complex and v a r i a b l e s t r u c t u r e of soil
In applying thermodynamical and physical principles to the soilwater system, it must be borne in mind that the soil is a complex of
mineral fragments, colloidal clay, organic matter (including humus),
water (or more precisely, a very dilute aqueous solution) and air. Further
its structure is liable to continual alteration, due not only to mechanical
rearrangements of these components but also to more fundamental
chemical changes.
5. The movement of water in soil
Restricting our discussion in the first instance to the movement
of water through soil, then, according to the conventional, and somewhat primitive, classification of soil moisture, this movement may be
due to:
(a) gravitational or hydrostatic pressure, or
(b) capillary or surface tension forces, or
(c) diffusion of water vapour.
It has been shown (Journ. Agric. Sci., V, 1—26, 1912) that the
movements due to (a) obey simple laws and can be calculated, in
ideahzed soils, from a knowledge of the sizes of the component particles
and their closeness of packing. In the case of movements due to (b) the
problem is more complex, but they are also primarily dependent on
the dimensions and arrangement of the pore spaces of the soil. Considerable modification may be caused by the readiness, or otherwise,,
with which the soil is wetted. This "wetability" is probably governed
by the presence of some greasy material, such as the soil-wax of
H. Smith, partially covering the particles. The phenomenon of wetability has been investigated by Lindford and others (Soil Science,.
1930, 29, p. 227).
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Calculations of the capillary power (or potential) of idealized soils
from the dimensions of the particles can hardly do otherwise than
assume that the soil is immediately wetted by the entering water.
In the third case (c), of the diffusion of water vapour through
moderately dry soils, it is prohahle that the annular films and wedges
of the capillary system between adjoining soil particles will not be in
direct communication with one another except by the thin film^) of
water (possibly of uni-molecular thickness only) over the surfaces of
the soil particles.
Under these c onditions evaporation of water from one curved water
surface into the pore-space and its condensation onto another more
curved surface on the other side of the same pore-space, must be the
chief road by which progress is made towards the final equilibrium of
the system.
S c o t t Ewing has indicated (Soil Science, 1922, 13, p. 57—61) the
mathematical calculations involved in the problem of watervapour
diffusion in soils.
Assume a soil where the water films have a radius of 0.1 mm.:
then the lowering of the vapour pressure will be .00001 part less than
the vapour pressure of the flat surface of the water at 25" C. Under
these conditions it would take approximately one to two centuries for
one gram of water to diffuse (or distil), per square foot of soil, across
a distance of four inches. This assumes, of course, that no measurable
fluctuations of temperature or pressure take place.
Similarly when either the soil or the air are far from being saturated
the rates of a c t u a l diffusion through more than an inch or so of
soil will be negligibly small — apart from the pumping action of barometric or thermal changes.
L. C. Wheeting (Soil Science, 1925, 19, p. 287—299) concludes
from his experiments on the influence of salts on the movements of
moisture in soils that the diffusion of vapour is sufficiently great to
play an important part in the nourishing of plants, in the distribution
of fertilizers, and in the physical condition of soils.
6. D e p e n d a n c e of flow on S , 0 , P and K.
These movements of water may, with certain limitations, be shown
(Journ. Agric. Sci., 1911, IV, p. 1—24) to depend mainly on four factors
each of which may be expressed in terms of definite units, and each
1) These films probably do not vary greatly in thickness and the researches
of Bakker and others indicate a thickness of 1.6 to 5 X 10~'' cm. (Zeitschr. Phys.
Chem., 86, p. 129, and 89, p. 1).
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of which may be calculated, in a mechanically idealized soil, by a priori,
reasoning from a knowledge of the sizes of the soil particles and the
angle at which they are packed.
These factors are
S — t h e pore-space —, which may be defined as that fraction
of the total volume which is unoccupied by the solid soil particles,
Volume unoccupied
or the ratio —-—
—::;— .
Volume of soil
P — t h e p e r m e a b i l i t y —, which may be defined as the volume
of water passing across unit area of the soil under unit pressure
gradient.
K — t h e capillary coefficient —, which may be defined as the
suction (expressed in cms. of water pressure) per unit area of
soil tending to draw water into the soil from a free water surface
of a saturated zone.
Volume of water
0 — t h e w a t e r c o n t e n t —, expresse as the ratio—-—— •
Volume of sou
Consequentially,
0/S is the fractional saturation of the Soil;
i.e. the ratio
Volume
Volume unoccupied
of water
This would seem to be more systematic than the usual
method of expressing the water content as a percentage by
weight. To convert one into the other requires a knowledge
of the apparent density of the soil. It is the space relationship
with which we are concerned.
Again it must be emphasized that we are discussing the properties
of the soil itself and not merely of the soil material and any rearrangements of the soil material (by cultivation or by alteration of the water
content) will produce corresponding changes in the factors S, P, K and©.
These factors will be discussed in more detail later.
S and P represent simple physical properties and Slichter (Ann.
Rep. U. S. Geol. Survey, 1899, Part 2), shewed that the permeability
of an idealized soil could be calculated from the dimensions of the
soil particles and the pore-space.
The following formula conveniently expresses this relationship:
7lP = 1 0 . 2 " .
k
Where v] is the viscosity of the fluid at the temperature of experiment, and k is a constant derived mathematically from the pore-space
(or orientation of the particles).
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Working with carefully sorted spherical glass beads of from 0.25 to
0.6 mm. in diameter and with sand grains covering a somewhat larger
range, it was found (Green and Ampt, loc. cit.) that this formula
held good within reasonable limits.
In the case of K — the capillary suction shown by a soil — the
problem is much more complex, but it has also been solved, and the
rate at which water will be drawn from a free water surface has been
calculated, at first for a single capillary tube, and later for idealized
soils of known particle dimensions and pore spaces.
K e e n (1919), Journ. Agric. Sci., IX, p. 396.
W a s h b u r n (1921), Phys. Review, 13, p. 273.
R i d e a l (1922), Phil. Mag., 44, p. 1152.
H a c k e t t (1922), Trans. Faraday Soc, 17, p . 260.
B o s a n q u e t (1923), Phil. Mag., 45, p. 525.
H a c k e t t and S t r e t t a n (1928), Journ. Agric. Sci., 18, p. 671.

H a c k e t t and Keen expressed the capillary pull in terms of the
cT
height H of the column of liquid which it will support, and gave H = —;.
gsd
The value of c depends on assumptions as to the points of contact of
the particles, the equivalent area of the pores and the degree of packing
of the medium.
H a c k e t t confirmed his calculations with experiments on sands,
glass beads and steel balls, using kerosene, benzene, etc., to ensure
complete wetting, and he showed that c varies from about 24 for the
closest packing down to 9 for open packing. He obtained an average
value of 9.5 for ordinary packing when S = .36—-.40.
This value of H, so determined for any granular medium or soil
composed of particles of known diameter, gives the height to which
all the pores will be filled, but its exact relation to K — the pull per
unit area exerted by the soil on a free water surface, will be discussed later.
7. Application to o r d i n a r y soils and t h e i r e x a m i n a t i o n
in t h e l a b o r a t o r y
Our horizontal percolation experiments on tubes of soil (Green
and A m p t , Journ. Agric. Sci., 1911, p. 1—24) had previously shown
that m^/t was a constant and was equal to 2 A^KPS, where "m" was
the weight of water which had been absorbed into the column of soil,
and A was the area of cross-section of the soil column.
The experimental procedure needs a few words of explanation.
A glass tube of known length and area of cross-section was filled
with a weighed amount of soil as uniformly as possible, and fitted with
water-tight end corks and tubes.

—
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The sickle-shaped end-tube was dipped in a dish of water (the
column heing kept horizontal) and the flow of water was started with
a slight suction applied through a rubber tube and the whole tube
and contents weighed as soon as possible — keeping it in a horizontal
position and being careful to prevent any air-bubbles entering and
interfering with the continuous flow of the water.
At appropriate time intervals a series of weighings was made and
the weight plotted against the square root of the time.
This graph was invariably a straight line within the limits of
experimental error, and from it m/Vt, and thence m^/t, were calculated
for the soil column under examination.
Plotting m/ft eliminates any uncertainty and error due to the
difficulty of determining the initial weight at zero time. It is not
possible to measure directly the combined volume of the leading-in
tube and the empty space that has to be filled with the water before
it can reach the soil column itself.
Possibly lack of this device has prevented H a r d y (Journ. Agric.
Sci., 1825, p. 434). from obtaining consistent results with certain clay
and humus soils. Unfortunately he has not quoted his actual experimental data but only the conclusions he has drawn from them. Class
experiments carried out in the University of Melbourne laboratories
during the past twenty years have shown that clay soils give as satisfactory results (and a straight line graph when m is plotted against V t)
as any others, provided that the tube is properly packed with the soil
and that the temperature is kept reasonably constant.
After the water has percolated the full length of the column the
tube is up-ended and the head of water increased by connecting to a
reservoir with a piece of rubber tubing. It is left thus until the whole
soil is completely saturated — generally the next day.
The permeability to water is then measured, and the values of
A, P, S and m^/t substituted in the equation 2tA2PS'
K was incorrectly defined in the earlier paper (1911) as the pressure
per unit area of p o r e - s p a c e ; it should obviously have been per unit
area of soil.
The technique now adopted in this laboratory for the systematic
examination of soils is given in the appendix.
In this way the following data are obtained for each soil. .

1.
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s

»JaPa

s

(loose packing)
»»
)>
(close packing)

^aPa
Vv.-'Pw
»?aPa
JAvP«

K

Sands

Typical results
Loams

Clays

.5
7
.45
4
.1

.45
7
.4
6
.03

j>

»»

I.

>>

.45
120
.35
30
17

J)

)»

2

4

15

)>

8

15

40

»»

As a matter of convenience it is preferable to tabulate the product
of the permeability and the viscosity of the fluid used, (whether air or
water or kerosene) and to take one day as the unit of time instead
of the second. This gives figures which are directly comparable with
one another and which are expressed 'by conveniently small numbers
(10—100). Incidentally the day is a more natural unit of time when
dealing with agricultural quantities than the usual laboratory unit of
one second.
71a P a

The ratio —p- gives an indication of the swelling that takes
place when the soil is wetted with water and so approximately measures
the colloidal matter in the soil in question.
8. Other lines of i n v e s t i g a t i o n of t h e soil-water system
The line of attack so far discussed has been developed from the
application of Poiseuille's law for the flow of water through a capillary
tube, the soil being statistically regarde as equivalent to a bundle of
capillary tubes.
Another line of investigation has been the consideration of such
properties as the internal pressure and the vapour tension of the lenticular
film of water surrounding the points of contact of neighbouring particles
in the soil.
This method has been used and developed by several writers.
W i l s d o n (1921), Mem. Dept. Agrio. India, IV, p. 155—186.
W i l s d o n (1924), Journ. Agric. Sci., XIV, p. 473.
K e e n (1924), Journ. Agric. S c , XIV, p. 170.
H a i n e s (1925), Journ. Agric. Sci., XV, p. 529.
F i s h e r (1926), Journ. Agric. Sci., XVI, p. 492—503.

9. Conditions for equilibrium in special cases
9 (a). Calculation of the radii of curvature, and the volume, of
the annular water wedge between adjoining particles for the simple
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case when the internal pressure (or capillary potential is zero, and the
soil-water system is in equilibrium.

Consider a damp soil as being composed of uniform spherical
particles with annular water wedges surrounding their points of contact.
Fig. I. represents a cross-section through the point of contact of two
such spheres, and the hatshed area CAB the pocket of water between
them.
As its free surface ADB is not flat, surface tension forces will
produce an internal pressure given by the equation:

where rg and r^ are the radii of curvature of the surfaces in the plane
of the diagram and at right angles to it respectively.
As the surface is saddle shaped and these curvatures are of opposite
sign, the internal pressure will vanish when ri = T^, and p will be zero.
In this condition the soil will be mechanically saturated, i. e. there
will be no tendency for water to enter the soil, and its capillary coefficient
"K" (as used in our previous papers) or the capillary potential " ^ " (as
used by R i c h a r d s , Gardner, etc.) will be zero.
If we assume that the curvature ADB is tangential to, and continous
with the surfaces of the particles, certain simple geometrical relations
will hold. (This assumption is only approximately true, and a small
correction could be applied to the results reached by the following
argument. It is, however, insignificant in view of the other simplifying
assumptions that have to be made.)
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In the diagram as drawn, consider the triangle MCL, then
(R + T^y = R2 + (ri + v^y
and if the soil be saturated, i. e. if p = 0, and r^ = rg
r = 2/3 R, a = 53" .07' and tana = 4/3.
These dimensions give the data for calculating the volume of water
contained in this annular wedge.
R. A. Fisher gives the equation (Journ. Agric. Sci., 1926, p. 492).
V = 2 TT R^ (sec a. — 1)^11 — In — o' tan a I
which when solved for the above value of a gives v = .05 D^ (approx.)
i. e. the volume of water contained in the annular wedge surrounding
one pair of contacts. But as there will be from three to six pairs of
contacts per unit element of soil according to the angle of packing,
it is obvious that these water wedges will overlap and form a more or
less continuous film over the surfaces of the particles. Such a system
is beyond the above simple treatment, and only a qualitative agreement
need be expected in calculations concerning soils with a water content
approaching 20 per cent.
If however, we restrict our attention to comparatively dry soils,
such as those which have been brought to the moisture equivalent or
hygroscopic value equilibria, the water wedges will be independent
of one another and of calculable dimensions.
Probably the average number of water wedges could be deduced
from the angle of packing or the pore space. Assuming four such pairs
of contacts, which is probably a low estimate, we may make tentative
calculations for idealized soils under average conditions of packing.
9 (b). Calculation of the variation of water content (0) with a
and
ri
R"
•As the water content of a soil increases so will the dimensions of
each wedge extend correspondingly.
Besides Fisher's equation the following geometrical relations also
hold good:
(R + r^y = R2 — (R + ri)2
2

or,
and

^1

2(R-ri)
sin a = 2R2 —2Rri + ri2-

—
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Taking 4v = 0 (the water content per unit volume) we can calculate the values given in the following table I. and plotted in Graph I.
Table I.
sin a

a
(degrees)

V

0
per cent

log 0

.8
.753
.725
.6
.471
.385
.280
.220
.161
.105
.052

53" 07'
48 51
46 28
36 50
28 03
22 88
16 16
12 40
9 16
6 01
3 00

.0497
.363
.0314
.0149
.00589
.002 41
.000 781
.000328
.000 104
.000021
.0000014

19.9
15.1
12.6
5.96
2.35
.96
.312
.13
.042
.008
.0006

1.299
1.180
1.099
.776
.372
1.983
1.493
2.118
"2.619
"3.920
1.750

R
.67
.625
.6
.5
.4
.333
.26
.2
.15
1
.05

It will he found that the fraction-^ is very simply

related to

several properties of the soil, and is apparently a more fundamental
function than either the volume per pair of contacts or the total water
content of the soil.
Great accuracy in these calculations is obviously only of academic
nterest, for the effects of irregularities in the shapes and sizes of the
particles must he very erratic and can hardly he calculated even
statistically.
Nevertheless, a moderately exact knowledge of the conditions
prevailing in a mechanically idealized soil must lead to a better understanding of the behaviour of normal soils.
9 (c). Calculation of the variations of internal pressure with changes
in -^ and water content (0).
R
From the known relation of 0 to ~^ and of p to ri and rg as given
R
by the equation

it becomes possible to calculate the internal pressure corresponding to
any given water content.
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Graph. I. Variation of volume witli Angle (oalod. from Fisher's formula).
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Eliminating r^, we get
p

-3ri
R

2R —3ri . 1

R
But p is dependent on R as well as on - , and the relation of
R
- to — must be solved for different values of R. The results obT
R
tained are given in Table II, and figured in Graph II.
Table II.

s
.6
.5
.4
.333
.25

0
%
12.6
5.96
2.35
.96
.31

E = 1 (cm)
log|
.555

log£

E = .01
P

logP

T

T

T

T

2
5
9
20

E == .1
P

T.744
.301
.699
.954
1.301

5.55
20
50
90
200

.744
1.301
1.699
1.964
2.301

55.5
200
500
900
2000

1.744
2.301
2.699
2.954
3.301

As explained above, the figures given for & are approximate only
being based on the assumption of an average angle of packing.
Though the graph does not consist of entirely straight lines it is
evident that the relation of - to -^ and to R is extremely simple
T
R
over a wide range.
As all quantities are expressed in absolute units, - = — = 12.25
T 80
when the pressure is equivalent to 1 cm. head of water; similarly T

will equal 12500 at one atmosphere pressure.
The relation of p to K or ^ will be discussed later.
9 (d). Calculation of the effect of Gravitation or Centrifugal force on
the water content.
For very small particles such as are present in ordinary soils the
hydrostatic pressures due to gravitation will be negligible in the wedges
of water between those particles, but with larger particles or the high
gravitational field produced in a centrifuge, the conditions for equi-
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Graph. II. Variation of p/r with rj/R {i. e. water content) and R.
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librium may be materially altered. For example the water at the
point Q just inside the film (see Fig. I.) will be subject to a hydrostatic
force gh, and, if we consider the simple case when the line KD is
vertical h =2 r, and consequently for equilibrium,
2gri

\''2

hi

R

3
2'

eliminating rg as before,
8 „2

The values of TT for different sized particles can be solved for
varying gravitational fields.
Normally
T - 80 - ^^-^^
but this can be increased 1000-fold or more by centrifuging.
The following results have been calculated and graphed S. Table III.
and Graph. III.
Table III.
| - = 12.25
K

.6
.6
.4
.333
.25

R
.194
.404
.754
1.05
1.807

1 log E
T.288
T.606
1.854
.021
.257

| - = 122.5
R

logR

.0612
.1278
.226
.332
.572

"2.787
T.106
1.354
1.621
1.757

- | = 1225
logR
"2.288
2.606
2.854
1.021
T.257

-f-= 12 250
logR
"3.787
"2.106
2.354
2.521
"2.757

Though Brigg's and S h a n t z , using gravitational fields of up
to 1000 g, found that the moisture content appeared to extrapolate
to a definite limit, more recent experiments by Lebedeff (Pedology,
1928, p. 49) using a high-speed centrifuge have not confirmed this
linear relation between the water content and the reciprocal of the
gravitational field.
9 (e). Calculation of the variation of vapour pressure with water
content
The determination of the water retained by a soil when exposed
to an atmosphere of a definite degree of saturation has been the objective of several well recognised tests on soils, and is usually expressed
as the hygroscopic coefficient of the soil. Formerly a nominally saturated
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Graph. I I I . Variation of rj/R (i. e. water content) with gj/r and E.
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atmosphere was employed; under such conditions the water content
would a asymptotically approach 100 per cent, were it not that temperature fluctuations produce a temporarily unsaturated atmosphere and
after a while a moisture content is reached which no longer steadily
increases, but rises and falls as a result of the temperature changes.
It is this moderately constant percentage that is taken as the
hygroscopic coefficient. Attempts have been made to use an atmosphere which is saturated to a definite fraction, such as that obtained
by the presence of a definite concentration of sulphuric acid, or, as
I personally prefer, washing soda crystals.
In the case of our mechanically idealized soil consisting of sohd
quartz particles, and in which the moisture is present in the form of
annular rings between the spherical particles, the lowering of the vapour
pressure can be calculated from the formula
"Pi
V2
rjRT
where Po and Pi are the vapour pressures of free water and the water
in the wedges respectively, M is the molecular weight of water, R, the
gas constant = 83.2 X 10" and T is the absolute temperature. Lowry
and H u l e t t (Journ. Amer. Chem. Soc, 1920, 42, p. 1405) who worked
with absorbent charcoals used a similar formula to calculate the average
diameter of the capillaries in their amples, whilst Thomas (Soil Science,
1928, 25, p. 404) has calculated the capillary radii corresponding to
Pi

various values of—, and has measured the vapour pressure of Trenton
Po
clay containing varying amounts of water.
The radii of the capillaries only gives a maximum value for the
radii of the surfaces of the water films however, and more exact results
may be expected from a consideration of the annular water wedges.
Eliminating r^, as before, in the above equation we get
2 —3ri
1
TM
R
1nP-° =
RT
Pi " r i
R
but
TM

KT

= f),9

therefore
10»
InP?
Pi 5.9

V

10-— 8

2-3r,
R
1
r^
r^
R

_ P
'T
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(see 9 (c) above) and
log P" = 5.9 X 10-8 X .4343 x ^ .
Pi
5
Table IV has been calculated in this way:
Table IV.

R
.6
.5
.4
.33
.25

(-)

12.6
6.96
2.35
.96
.31

E = .0001 cm
log

? ; - . ,0-.
1.42
5.12
12.8
23.0
51.2

Evidently the surface tension forces in these curved surfaces are
only a small factor in the lowering of the vapour pressure for ordinary
soils. The thin films, possibly unimolecular in thickness, covering the
surfaces of the particles, the adsorption of water as a gel in the
colloidal material, and the presence of dissolved salts must all play
their parts.
11. Capillary p o t e n t i a l functions
B u c k i n g h a m (1907), U. S. Dept. Agric. Bur. Soils Bui. 38.
G a r d n e r (1920), Soil Science, 10, pp. 103, 357.
P u l l i n g (1917), Soil Science, 4, p. 238.
K o r n e v (1924), Russ. Journ. Exp. Agron.
J o f f e and M c L e a n (1925), Soil Science, 20, p. 169.
H a r d y (1927), Soil Science, 24, p . 71.
R i c h a r d s (1928), Journ. Agric. Research, 37, p. 719.
S h a w (1929), SoU Science, 27, p. 111.

Various writers have introduced the idea of a capillary potential,
and have discussed the soil-water system from a more mathematical
point of view.
This function is defined as the work done in moving unit mass
of water from the soil to a free water surface, or vice versa, and the
device of a porous plate osmometer has been used to measure the
pressure with which the water in the soil is in equilibrium. This pressure
has been considered to be numerically equal to the capillary potential,
but H a r d y and Shaw have expressed the opinion that the suction
forces measured are due to the porous clay disc. My own experience
with a fine-grained disc suggests that the texture must not be finer
than the soil under test.
18*
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The accompanying diagram (Fig. II) adapted from R i c h a r d ' s
paper enables the equilibrium conditions and the nature of the capillary
potential to be studied.
Let the box H be filled with pure water and the column D with
washed soil. A, B and C are capillary tubes and E and J are porous
partitions. The whole system is assumed to be isothermal and to have
reached a state of equilibrium.

Fig. I I .

At a the internal stress or pressure (p) in the water gives rise to
P
a pressure potential n
where p is the density of water. This
is balanced, as the system is in equilibrium, by the gravitational potential
y = gh where h is the height above the free, flat water surface, G which
by convention is taken as the level of zero potential.
Hence TT = — gh.
Assuming there be a continous film covering the soil particles
then the values of TU at the points a and a', at ö and b\ and at c and c'
respectively, will be identical.
9) = gh will again be balanced by the pressure potential, which
will be numerically equal to the capillary potential ip.
P = 93 = gh or p = ^ p .
1. e. ip
Now in any of the capillary tubes the gravitational pull on the
water column (i.e. its weight) is balanced by the surface tension forces
around the circumference of the tube.
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i. e. W = mgh = Tir^pgh = T 2 nr
where T is the surface tension of the water,
Therefore
2 T = pghr
A
,
2T
,
and
ip = —
and p =
^
pr
^

and r the radius of the tube.

2t
—.
r

In the soil column D all the capillaries (pore-spaces) near the free
water surface will be completely filled with water but at higher levels
the larger capillaries will remain empty. With increasing height smaller
and still smaller capillaries only will be filled.
Since ip at a and a' is the same, it follows that the capillaries in
the soil column which are just filled to this level must be of the same
equivalent radius as the tube A.
A somewhat similar relation follows from a consideration of the
equation

where p, as before, represents the difference in pressure on the two
sides of a curved liquid surface or meniscus; and r^ and rg the radii
of curvature of that meniscus in two planes at right angles to one
another and perpendicular to the surface at the point under consideration.
Hence, the equivalent curvature of the water surfaces at a' must
be the same as at the capillary meniscus at a.
This equality of the capillary menisci follows also from the fact
that the vapour tension of a water surface varies with the curvature
of that surface, and moreover because any inequality of vapour pressure
at the same level would result in a perpetual cyclic motion of water
in the system.^)
As the system has reached a condition of equilibrium, there will
be a definite relation between the fraction of the soil pores filled with
/0\
0
water j ^ l , and the capillary potential at each level. In brief, ^
\S/
S
equals unity at zero level and steadily decreases upwards.
If the water in the side reservoir be lowered down to a new level K,
such that the water in the capillary tube C be reduced to the old free
^) It is by distillation that water must move from moist to drier regions
when the soil contains insufficient water to form continuous films amongst the
soil particles.
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water level G, then the meniscus in each capillary tube and in the
soil pores will he equally depressed when equilibrium is again reached.
The soil in contact with the porous plate E will now have a capillary
potential ip equal to that formerly existing at the surface in the capillary
tube C and which can therefore be measured by the reduction in the
hydrostatic pressure.
""•''>
Not only will the curvatures in the water films gradually alter to
corrrespond with the new value for rp but the larger pore spaces will
empty and the water content (0/S) of the soil at each level will take
up its appropriate new value.
Whilst ip is given by R i c h a r d s as equal to -- and numerically
P
identical with the pressure by the porous plate apparatus the question
arises as to whether p should not represent the mass of water per unit
aggregate volume of soil, instead of per unit volume of soil
water. Then p would equal 0 and would therefore reach a maximum
value of S.
11. Comparison of various conceptions of c a p i l l a r y
functions
These lines of investigation have led independently to four different
conceptions of a capillary function.
(I) p — the internal pressure as calculated by the formula
A
1\
p= (
I from a consideration of the mechanical relationships
of the wedges of water between the particles.
(II) ip — the capillary potential as developed by the Buckingham
school from thermodynamical principles. It is a question whether these
two are numerically identical and directly measurable by the porous
plate apparatus of Pulling and others.
(III) K — the capillary coefficient derived from the equation
t 2A2PS
and directly measurable from percolation experiments. It has not been
established that this K can be accurately derived from a knowledge
of the dimensions of the soil particles.
(IV) H — the height to which water will rise in soils of known
water content. This has been calculated for ideal soils, but has not
been correlated with the capillary rise of water in ordinary soils, which
conforms to the equation h = A + B logt.
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The immediate need would seem to be for simultaneous determinations and comparisons of these four functions both on clean sands
or glass beads (i.e. idealized soils) of known particle size, and on normal
soils.
12. Application to water m o v e m e n t s under n o r m a l field
conditions
With the foregoing considerations in mind we may discuss their
application to the flow of water through soil under normal field conditions.
In general, the flow of water past any given point is directly proportional to both the pressure potential gradient and the permeablity
of the soil at that point.
The pressure potential, in the case of horizontal flow, is equal to
the capillary potential; but in the case of upward or do.wnward flow
the gravity potential must also be taken into account. These potentials
may be evaluated by the methods already discussed, in soil material,
if not in the soil in situ.
12 (a). A l t e r a t i o n s caused by w e t t i n g
The permeability of an apparently stable and unchanging soil
column is not a constant, but varies with its water content for two
reasons at least. In the first place the colloidal soil particles swell up
with the addition of water and cause the actual capillaries themselves
to diminish in size. The sum total of this effect of complete wetting
may be measured by determining the permeability of the dry soil t o
air, and of the completely wetted soil to water by the methods previously
described.
Y) P a

It was found, for example, that -^^^ varied from 1—-2 for sands,
7]wX w

and from 16—20 for clays.
Possibly experiments with kerosene, or other liquids, would give
similar information or could be used to eliminate the swelling effect.
The second factor is not so easy to investigate quantitatively.
When the soil pores are completely filled with water (i.e. when
0/S = 1) the whole area of cross-section of any given pore is available
for the passage of water, but if part of the pore is occupied by air (say
0/S = 0.5) then the flowing water will have to travel in a comparatively
narrow and circuitous channel in order to pass from one soil element
to the next.
The dimensions of this restricted capillary channel are probably
beyond any simple method of calculation. Further, with still smaller
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moisture contents (perhaps when - is less than 0.1) the water will
be restricted to annnlar wedges isolated from one another except by
thin, even unimolecular, films of water covering the soil particles.
Here the permeability is mainly dependent on the rate of diffusion
of water v a p o u r from one curved film to the next.
Gardner and Widstoe (Soil Science, 1921, 11, p. 215) assume
that the moisture conductivity is independent of the water content,
and that the capillary potential is a linear function of its reciprocal.
They then developed from mathematical considerations a formula which,
however, is too general for useful application here.
Calculation of the rate of percolation of water into more or less
dry soils and the interpretation of experimental results has been
hampered by the difficulty of estimating this variable permeability
coefficient. Possibly it might be possible to determine the permeability
of soils of these intermediate water contents from the flow of water
when a constant potential gradient is maintained across a section of
the soil.
12(b). D i s t r i b u t i o n of m o i s t u r e in t h e pore spaces
In the case of water percolating horizontally in ordinary soils from
a free water surface, results which closely approximate to the truth
m
can be obtained by taking — as a measure of the virtual length of
the wet soil column.
There is also experimental evidence in support of assuming an
approximately linear relation between the water content and the distance
from the saturated zone. This distribution is however a compromise
between compensating factors, and is intermediate between the extremes
obtaining under the conditions of vertically downward and upward
flows.
In the case of downward flow the pressure due to gravity tends
to ensure that the pores are completely filled, almost if not quite, up
to the foremost zone of the advancing water. Consequently one would
expect this type of flow to be amenable to accurate estimation from
the known constants of the soil. One experiment was quoted previously
(Journ. Agric. Sci., 1911, p. 1—24) which as far as it goes, confirms this
expectation, but further tests are required to decide whether the same
K fits the equation as has been determined from a horizontal percolation experiment.

—

257 —

With respect to upward flow however the pore space will only
be completely filled for a limited height above the free water level,
and the proportion filled (0/S) above that will fall off rapidly but as
an unknown function of the height.
Consequently it is doubtful whether any accurate forecast of the
rate of capillary rise of water in soil columns is possible, and probably
the only relationship which will be found to hold good in general, when
experiments are carried out with careful control of the conditions is
that expressed by the equation h = A — B log t, where A and B
are constants to which no physical meaning has yet been given (Brit.
Ass. Rep., 1914, p. 647—649).
H a c k e t t (Trans. Farady Soc, 1922, 17, Pt. 2, p. 260) experimented
with kerosene in graded sand of 0.168 mm. diam. and drew the conclusion that the rise could be divided into three periods, each governed
by a different formula. On graphing his results so that h is plotted
against log t, it would appear that the points lie on one straight line
as closely as may be expected considering that the temperature was
allowed to vary from 10" to 20" during the course of the experiment.
13. The d i s t r i b u t i o n of water p e r c o l a t i n g into a dry soil
In Fig. III. an attempt is made to illustrate diagramatically
this soil-moisture distribution.
The water is supplied at the level 0 and is percolating upwards
towards A, horizontally towards B, and downwards towards C. The
lateral flow has been shown to be in accord with the equation
2 A^KPS = "^and the moisture distribution along BB is probably nearly hnear.
The downwards flow is given by
dh ^ P h + K
dt~S
h'
and F is probably very close to C. The upward flow -rr is inversely
proportional to the time, or h = A ^— B log t and the fully saturated
region soon reaches a point D and does not rise above it.
It is this upward capillary flow of water that is probably of most
practical importance. The differences of opinion that have been voiced
in recent years (by Veihmeyer and others) on the degree to which
plants are able to avail themselves of water brought to their roots by
capillary forces from a lower wetter zone are probably chiefly due to
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a lack of quantitative information as to tlie rate of movement of water
under the conditions prevailing in the field.
Pig. IV represents the rise of water in a column of soil and at least
gives a hint as to some quantitative data that may be obtained.
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Fig. I I I . The sideways flow of water into dry soil.

j
l
>

L

The pore spaces of the soil with their waist-like constrictions are
obviously irregular in size, shape, and direction, but may be statistically
considered as equivalent to a bundle of capillary tubes of diameters
varying from a maximum depending on the size of the soil particles
down to some of perhaps infinitely small dimensions. Their total area,
or more correctly volume per unit volume of soil aggregate, is equal
to the pore space (S), and the remainder of the sketch diagramatically
represents the volume (1—S) occupied by the solid particles themselves.
When the lower end of this column is supported so as to be in
contact with a free water surface each individual capillary (assuming
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the surfaces of the soil particles axe "wetted" hy the water) will draw
water upwards in accordance with the equation
d h _ T^(T2-KT — Tirr^gh) _

d t ""

6Y]h

irr^

;(2T-rgh).
"67)h^
"

It follows that the rate of rise will he more rapid at first in the
larger capillaries than in the smaller, but when the water reaches that
level to which it would ascend in a capillary of equivalent diameter,
,J I

.^1I inv
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Fig. IV. The vertical rise of water into a column of dry soil.

the rise will stop in these larger capillaries, one by one i. e. when
h = 2T/rg. Above that the height the larger capillaries will remain
empty and further ascent of water will take place in the smaller capillaries only. But the smaller the virtual diameter of the capillary the
slower will be the rate of rise.
The analogy with a bundle of capillary tubes is probably not quite
perfect for it would seem that the smallest capillaries are more in the
nature of annular wedges not directly connected with one another.
Under these circumstances, i. e. when the annular wedges cease to be
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confluent, the upward progress of the water will be still slower and will
ultimately depend altogether on the diffusion of water vapour evaporated
from one film and recondensed on another.
If the top of the soil column be exposed to the air, re-condensation
may not take place and the loss by evaporation may equal, or even
exceed, the flow of water from below, unless atmospheric conditions
are controlled. This is doubtless the case in arid climates when the
water table is some feet below the surface.
In any circumstances, a condition of equilibrium is only reached
slowly and laboratory experiments with dry soils show, even after a
year, that the water will still continue to rise if the temperature be kept
constant.
If the soil is not quite dry, then the smallest capillaries must be
considered to be already filled, and it is the rise of the water in the
larger capillaries which is visible to the eye.
One of the difficulties of accurately investigating this capillary
rise is that as only the smaller capillaries are filled and the less the water
content so the more difficult does it become to exactly determine this
advancing water front.
Determinations of the distribution of moisture in a soil column
standing over water, and in which a condition of equilibrium has been
reached should give important information, for the moisture content
at any height is evidentally a measure of the number of capillary pores
having an equivalent diameter less than the diameter that corresponds
2T

to the height H = —, and if 0 be plotted against H the graph should
give a further method by which the capillary coefficient (K) could be
calculated.
There are practical difficulties in the way of obtaining these data.
In the first place the time taken to reach equilibrium is very long,
often over a year, and the suggestion has been made that an equilibrium
might be attained from the other direction. Loughridge and others
more lately have set up soil tubes in which the soil has been saturated
to start with and the excess water allowed to drain out for several
months. The validity of this method should be tested by comparing
the results obtained for the same soil starting, in the one case with the
dry soil, and in the other with it wet.
If the technique of the porous plate potentiometers can be developed
to meet the criticisms that have been raised they will be of great use
in attacking this problem, for they have the advantage of dealing with
ayers of soil only about half an inch in thickness, and consequently
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equilibrium may be reached in a few hours or days instead of many
months.
It will be necessary, however, to devise some method of obtaining
an accurate measure of the degree of packing of the soil under investigation, for variations of the pore space (S) must obviously have an important influence on the capillary power.
Possibly the difficulty of doing this is one reason for so many experimenters completely ignoring the pore space, although unknown variations in this factor were probably mainly responsible for the results
they obtained.
In this connection it may be noted tliat whilst the average pore
space in a soil column can be easily and accurately determined, probably
the biggest unsolved difficulty in the technique of such laboratory
experiments is to introduce the soil into the experimental tube and
pack it uniformly without any segregation of the larger and smaller
sized particles. A simple device for avoiding the formation of alternate
layers of coarse and fine particles, especially when dealing with dry soil,
would eliminate some of the errors now to be found in many published
investigations on the percolation of water through soils.
14. Do t u b e s of soil fairly r e p r e s e n t field conditions?
A very serious criticism of all laboratory experiments with soils
packed into tubes is that they do not represent the conditions existing
in forest or pasture (meadow) soils.
It may be claimed that the examination of soils under tight and
loose conditions of packing simulates the extremes that can be attained
in arable soils before and after tillage. It indicates to what extent the
soil will respond to cultivation and how compact it may become when
allowed to lie fallow and consolidate.
But in pasture soils the particles are more or less cemented by the
inorganic and organic colloidal matter present: plant roots bind the
whole together and form local reservoirs and often pathways for the
soil moisture. Climatic influences, the accumulation of humus in the
surface layers, the leaching due to water soakage, have all produced
a soil profile; the separate zones of which each have their different
moisture relationships.
On the other hand, the soil under examination in the laboratory
has had all this natural structure broken down, the fibrous organic matter
disintegrated or removed, and the individual particles more or less
completely separated from one another.
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When packed into a tulbe or column, it lacks the cementing material
it possessed in the field which kept the particles apart and gave it a
structure that cannot be reproduced to order.
Doubtless a technique will eventually be developed for measuring
the soil characteristics in situ; until then laboratory experiments will
deal, not with soils, but with soil materials.
Appendix
Soil p h y s i c s i n s t r u c t i o n sheet for t h e d e t e r m i n a t i o n
of P^, P„, K and S
1. Trim the ends of, and clean, a glass tube about 16—20 inches long
and half an inch in diameter. (For clay soils choose a shorter and
wider tube.)
Fit corks to each end and determine its average area of crosssection by measuring the lengths which two lots of 25 cc. of water
occupy. It should be of uniform bore.
2. Fit one end with sickle-shaped bent tube, paraffined cork, wire
gauze and disc of filter paper (as in sketches Jour. Agric. Science,
IV, pp. 14, 17) and weigh to the nearest centigram.
3. Fill tube loosely but uniformly with soil, and reweigh to obtain
weight of soil (M).
4. Fit temporary cork in further end and from known or measured
values of A', 1, M, and d (density, previously determined with a
pychometer), calculate the value of S.
6. Measure Pa by burette permeator, and record results on special
sheets.
6. Pack soil column more tightly and determine fresh S and P^.
7. Fit further end with permanent Y-shaped tube, cork, etc. making
corks air-tight with a layer of paraffin wax.
8. Dip sickle-shaped tube into water reservoir and start percolation
by cautious suction through a piece of rubber tubing. Keep tube
in horizontal position, and make periodic readings of weight (m) and
length (1) of the water column that has entered the tube. Record
the times (t) from s t a r t of percolation, and do not allow any air
bubble to break the continuity of the water column.
9. Plot both 1 and W (total weight) against the square root of the
time, and calculate the best values of P/t, m^/t, and P^KS. (N. B.:
Both graphs should be straight lines.)
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10. "When the percolating water has reached the end of the soil, clamp
the tube in a vertical position and connect the sickle tube to a
funnel of water, letting it stand over-night so as to completely
saturate the soil.
11. Measure the permeability of the soil column to water (P„) using
a suitable head of water pressure, and catching the effluent water
in a burette.
Calculate K from previous data using the formula —
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Factors in the Development
of Soil Profiles in Southern Queensland
By W. 11. Bryan, D. Sc. and H. J. G. Mines, B. Sc.
University of Queensland
Introduction
In this preliminary account^) the authors endeavour briefly to
indicate the assemblage of soil types to he found in and around the city
of Brisbane and to show the bearing of such an assemblage on the
relative efficacy of ekto- and endodynamomorphism in the production
of soil profiles, in an area favourably situated for such a purpose.
Prescott's tentative soil map of Australia (1) shows that Queensland soils may be referred to a few of Glinka's well-known types and
represented on the map as rather regularly arranged belts. (See Figure 1.)
While the authors are in general agreement with the main features
of Prescott's map and indeed regard it as an excellent basis for the
study of soil distribution in Queensland, they realise that in so far as
it fails to indicate the amazing variety of soil profiles to be found in
restricted areas it may give a false impression of the actual conditions.
This applies more particularly to the soils of the coastal strip.
The work of the authors on the soils in and about the city of Brisbane
has now reached a stage where it seems advisable to place on record
as concisely as may be the result of their observations.
Description
Brisbane, the capital of Queensland, is situated near the mouth
of the Brisbane River in Lat. 27" 30' S., Long. 153" E.
The average annual rainfall is 45.4 inches of which 30.9 inches
fall in the summer between November 1^* and April 30"^. The maximum occurs early in February and the minimum in August. The mean
annual shade temperature is 68.9" F. The highest monthly mean is
77.0" (January) and the lowest 58.5" (July).
The climate of Brisbane is thus closely comparable in its general
characteristics with that of Durban (Natal) and Savannah (Georgia).
Combining the rainfall and temperature data according to several
well-known schemes we obtain the following values for Brisbane:
1) A more complete account of the soils of South-eastern Queensland is
in course of preparation.
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The Transeau Quotient is .85, Lang's Rainfall Factor is 56 and
Meyer's N/S ratio 178.
Physiographically the area is one of comparatively low relief. A
few miles west of the city, Taylor Range reaches a maximum height of
1000 feet. Otherwise well-rounded hills rarely exceeding 200 feet in
height merge into wide valleys with meandrine streams. Worthy of
special remark are the extensive river terraces formed by the floods
of an earlier phase of stream development, hut now above the level
of the highest flood.
The native flora, although it has of course disappeared from the
city and nearer suburbs, is still to be found in its original state within
a few miles of Brisbane. It grades from comparatively dense Eucalyptus
forest through open savannah forests to almost treeless grasslands. At
specially favoured spots, particularly along the stream courses, restricted
areas of luxuriant "river forest" occur.
Geologically the area is complex embracing a wide variety of petrological types in which the igneous, sedimentary and metamorphic groups
are well represented, and ranging in age from early Palaeozoic to Recent.
Thus within a small area in which the climatic factor may be regarded as fixed and in which the topography presents no vivid contrasts
there is developed a wide range of geological conditions. Further, the
rocks are unobscured by any mantle of glacial, piedmont or aeolian
origin. It would seem that in the Brisbane district the conditions are
almost ideal for studying the influence of the geological factor in the
soil-forming processes more especially as the soils may be inspected in
their natural conditions unaffected by prolonged tillage, deforestation
or other unnatural changes.
The most astounding feature about the soils in and around Brisbane
is their variety. Within a few miles can be seen soil profiles closely
comparable with the Tschernosems, Podsols, Yellow Earths, Red
Earths and Laterites of other countries and in addition skeletal soils
and recent alluvia are present.
In the face of such complexity it is difficult to generalise but a few
simple facts emerge from the apparent confusion. Wherever the soils
are sufficiently light and sandy to permit it, there is'a clearly marked
differentiation into a well leached greyish sandy A horizon and a compact clayey red or yellow B horizon, the latter often accompanied by
ferruginous concretions which may form an almost continuous hard
pan. Although what one may term the podsohc process has been the
dominating operation, the end product is probably more comparable
with the Yellow Earths of the United States of America than with the
Beiheft Bodenkunclliche GeseUschaft
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Podsols of Eurasia both with regard to colour and the almost entire
absence of that leaf mould which forms the A horizon. This may doubtless be simply explained as due to the absence of deciduous trees, the
frequent occurrence of bush fires and the activities of termites.
This modified podsolic profile is developed alike by the Brisbane
Schist Series (? Silurian), by the Brisbane Tuff (a compact rhyolitic
ash of Rhaetic age), by the Ipswich Coal Measures (Triassic) and in
the raised alluvial river terraces of recent age. It is true that there are
minor differences in the respective soils produced by these distinct
geological types, nevertheless the common points of resemblance draw
them into the one soil suite.
These observations are in keeping with Prescott's soil map in which
that portion of Queensland under consideration is shown as occupied
by "Podsolic soils".
But in addition to these soils there are several others which in
their typical development form decided contrasts with the Yellow Earth
suite, although in the field they may be seen to merge into it by almost
Imperceptible gradations. Thus the Tertiary fresh-water shales of the
Redbank-Petrie Series give rise to typical examples of the sub-tropical
Red Earths, the Aspley phase of the Ipswich Series is overlain by a
Brown Earth, while on the littoral bluffs where the Ipswich Series is
more normally developed, localised patches of red Laterite containing
large percentages of nodular limonite are produced. At several places
in the area deeply weathered Tertiary basalt riddled by veins of calcium
and magnesium carbonates are capped by Tschernosems or closely
related soils.
The relationship of the members of this varied assemblage of soil
types to the geological and topographical factors is shown in the following table:
Discussion
Of the many factors that probably influence the development of
soil profiles two are generally conceded to be of outstanding importance.
They are (1) Climate and (2) Geology.
For very many years the geological factor was regarded as dominant,
but with the coming of the Russian school of pedologists and more particularly with the pubhcation of GHnka's classical work, the climatic
factor received pronounced emphasis.
As so often happens the recognition of the importance of the new
factor was accompanied by neglect of the old, a neglect that has persisted
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almost to the present day. There is recent evidence, however, of a
return of interest in the geological aspect of soil formation (2), (3).
Thus in his most recent paper Robinson (4) writes: "The geological
factor cannot be eliminated, and fuller investigation may prove the
coexistence under identical climatic conditions of podsols, brown earths
and red earths."
Let us consider the parts played by the climatic and geological
factors respectively in the production of the Brisbane soils.
In view of the number and variety of the soils present, it is difficult
to see how climate could be the sole controUing factor. Nevertheless,.
it might be argued that one of these soil types should be regarded as
the normal product of climatic control, the other soils being variants
of this, or having developed as the result of special local conditions.
If such a possibility be admitted, which of the soils actually present is
to be regarded as the normal development?
If the climate of Brisbane be interpreted according to the formula
of Lang or that of Meyer, then by analogy with the United States of
America a Tschernosem or related soil would be deduced. But there
is an obvious defect in these attempts to formulate the climatic control
in that incidence of rainfall is neglected. The Brisbane rainfall of 45 inches
might be spread evenly over twelve months or might all fall in the same
month, but both conditions would be expressed by the one formula..
Further, such formulae take no cognisance of the possibility suggested
by one of us (5) that while under humid conditions temperature is all
important, under arid conditions it is almost insignificant.
Consequently, it appears to the authors that these pseudo-quantitative methods may be misleading and of less value for the purpose,
in hand than more general schemes of climatic comparison. Thus by
simple analogy based on the range of temperature and distribution of
rainfall we should expect the soils of the Brisbane area to be like those
of Durban or Savannah from which areas the Tschernosemic soils are
conspicuously absent.
Between these extremes of method can be placed Vilensky's temperature-humidity scheme which would indicate the presence of Yellow
Earths in the Brisbane area and this is in keeping with the scheme put.
forward by one of us.
• Grlinka published a map in which the Brisbane area was shown as.
covered by Laterites and this presumably represented his opinion as.
to the soil which should be developed in accordance with his general
scheme of climatic control.
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Thus we might regard our normal soil as Laterite, Tschernosem
or Yellow Earth according to the authority we follow or the climatic
formula we adopt.
Fortunately there is at hand a more direct means of deciding the
question. The flood plains of the streams in the area are composed of
river silts which show no sign of differentiation into soil horizons, but
the extensive river terraces some twenty feet higher show very pronounced profiles in which a light coloured sandy A horizon is sharply
separated from a red or yellow clayey B horizon containing numerous
small ferruginous concretions. These horizons must have been developed
after the lowering of stream level which produced the terraces and since
this was a geologically recent event the Yellow Earths of the terraces
may be regarded as the result of soil forming processes under the present
climatic conditions. This, combined with the fact that the Yellow Earth
profile is the most ubiquitous of the local soils and is found over the
greatest geological range, suggests that if any one soil may be regarded
as the normal development for the district it is the Yellow Earth.
If this conclusion be tentatively accepted, is it possible also to
explain such apparently exotic soils as the Laterites and Tschernosems
of the Brisbane area in terms of climate? One possibility deserves to
be mentioned. It may be that in the large range o"f soils in the district
there are included fossil soils inherited from an earlier climate somewhat
different from the present and that of these older soils some have advanced towards equilibrium with the new climate, while others less adaptable to change of environment retain all their original characteristics.
It is conceivable that in this way quite a wide -range of soil types could
be brought about. One of us (6) has suggested that the laterites of
Redchffe may have originated in this way, but we fail to see how b o t h
the Laterite and Tschernosem could thus be explained.
"We are inevitably forced to the conclusion that the climatic factor
alone is quite inadequate to explain the number and variety of soils
in the Brisbane area.
In an endeavour to explain a similar anomaly in the soils in Florida,
Marbut (7) has suggested that they are fossil soils in the sense that they
were formed in ah earlier physiographic cycle under topographic conditions somewhat dissimilar from those at present existing. The authors
have considered the possibility of such an explanation in the Brisbane
area, but there seems to be little evidence in its favour.
With the introduction of the geological factor, however, some harmony can be achieved, for it seems that given conditions of temperature
and humidity resulting in moderately effective precipitation, a wide
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range of soil types may be produced, each largely dependent on the
nature of its respective parent rock.
The simplest view of the soil-forming process is that of an hydrolysis. The effective mass of one reactant, namely water, will he correlated with precipitation and affected by evaporation, run off and vegetation. The effective mass of the other reactant, the complex of rock
minerals may vary little or much in a specified area. The products
of the reaction may he removed or left in situ. The hydrolysis proceeds
through several stages wherein are produced the common inorganic
soil constituents, •— salts of the alkahes and alkaline earths, clays of
varying composition and the oxides of silicon, aluminium and iron.
The position 'of apparent equilibrium represented by the soil type produced will depend on three factors — (1) Effective precipitation, (2) Character of the parent rock, and (3) Nature and disposal of the reaction
products (10).
Under identical climatic conditions suitable variations of the
second and third factors will therefore give rise to a wide range of soil
types which, in spite of their apparent dissimilarities, will differ in degree
rather than in kind.
Thus if the parent rock is acidic (in the petrological sense) a large
part will be resistant to decomposition, a condition favourable to the
production of a typical Podsol. The weathering process may be regarded
as consisting of two more or less distinct operations. The primary
product appears to be a mixture of silicates (8), (9) (the proportion of
silica to sesquioxides being high), which is easily peptisable and which
probably is stable only in alkaline media. Contemporaneously with its
production this primary clay moves downward, its elutriation being
favoured by removal of flocculating ions. (In the coarser grained acid
rocks this process will be especially rapid and thorough). The characteristic quartzose sandy A horizon is thus produced. Such water as
subsequently penetrates the A horizon will be retained in part by the
underlying clay band thus protecting the parent rock.
Following the removal of soluble bases, secondary decomposition
of the primary clay now occurs resulting in the liberation of silica and
the formation of resistant clays of the kaolinitic type, together with
free iron and aluminium oxides.
The mode of formation of the B horizon here put forward would
account not only for its characteristic yellow or red-brown colour but
also for the sharp hue of demarcation, which typically exists between
it and the upper horizon. It is in keeping too with the frequent occurrence
of ferruginous concretions. But the two-stage process here outlined
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does not preclude some leaching of iron and aluminium hydroxides as
such from the A horizon.
If the parent rock be less acid, with a greater proportion of decomposable minerals, and more especially, if it also be of finer grain,
the two stages of the podsolic process are not so clearly defined for the
relative rates of downward translocation and secondary decomposition
are altered in favour of the latter process. This results in the production
of Brown Earths having brown loam or sandy loam A horizons with
red-brown clay loam subsoils. With still more basic rocks the decomposition is still more pronounced and Red Loams or even Laterites may
result. The "podsolic process" is thus seen to be merely a special case
of the more general "pedalferic process" and the soil types such as
Podsol, Laterite, etc. do not represent distinct categories each produced
by its peculiar set of processes, but are merely convenient reference
points in a continuous series.
Thus under identical climatic conditions it would appear possible
to have developed almost every member of the pedalferic series providing
only a sufficiently varied geological basis were present.
But although the geological factor seems definitely to influence
the result and although a basalt conld never produce a podsol nor a
quartzose sandstone a true laterite, the authors do not suggest that
the same rock always gives rise to the same soil type.
It would seem that as long as precipitation was reasonably effective,
increase of temperature would tend to move the soil-forming processes
towards the Laterite end of the series (3), (5) for the effect of a rise in
temperature would be two-fold (a) to limit the amount of water available
for downward translocation, (b) to accelerate primary and secondary
decomposition.
The basic rocks such as the basalts present a special problem. While,
according to the scheme outlined above, a basalt would normally give
rise to a pedalferic soil, yet even under the assumed conditions of moderately effective precipitation a pedocalcic soil may be developed for
under certain conditions of weathering of basic and lime rich rocks a
relatively large quantity of alkaline earths may not be removed from
the scene of reaction.
The presence of such salts of the alkaline earths within effective
range of the surface soil would have three results: (a) To limit the hydrolysis of such primary minerals as the ferromagnesian silicates (11),
(b) To stabilise the products of primary weathering, (c) To flocculate
the products of primary weathering. The presence of these alkaline
earth carbonates thus forms a threshold. Such a condition is typical
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of the development of Black Earths. It is assisted hy restriction of
"under-drainage and this in turn is influenced by the permeability of
the decomposed material and the nature of the topography. It cannot
be entirely fortuitous that very large areas of Black Earths are developed
under conditions unfavourable to free vertical drainage.
It would thus seem that where basic rocks such as basalt occur in
regions of even moderately high rainfall a level topography is conducive
to the formation of a Tschernosem or related soil, although on the
wooded hills of the same district where free drainage permits the ready
removal of calcium and magnesium, the same basic rocks develop deep
red loams.
It may be that the Brown Earths constitute a link between the
pedocalcic Black Earths and the members of the pedalferic series.
Applying the general principle developed above to the local problem, the authors would explain the soil assemblage in the Brisbane
area and the influence of each of the several factors as follows: — •
Rainfall: The effective precipitation is sufficiently high to ensure
that in general the pedalferic processes will operate.
T e m p e r a t u r e : The Mean temperature is such that there is a
general tendency towards the formation of Yellow Earths rather than
Podsols or Ijaterites.
Geology: The rocks of the area are so varied that a considerable
range of pedalferic soils is represented.
T o p o g r a p h y : The topography is not sufficiently pronounced or
the altitudes great enough to have any climatic significance. Nevertheless
its effect on the drainage of the more basic rocks is the decisive factor
in producing pedocalcic Tschernosems in localised areas of low relief.
The range of soils in the Brisbane district is shown in Table I.
The considerations outlined above have enabled us to account in
a tolerably satisfactory manner for the diversity of soil types encountered
in the Brisbane district. Whether they can be extended to the rest of
Queensland remains to be seen, for this large State embraces a wide
range of geological, climatic and topographical conditions. A comparison
of the three generalised maps of Queensland accompanying this paper
will show certain resemblances between the distribution of soil with
that of rainfall on the one hand and geology on the other, but before
making hasty generalisations it is necessary to reahse that rainfall and
geology are not entirely independent, for the geological structure of
Queensland is clearly reflected in the arrangement of the mountain
systems and these in turn influence the distribution of rainfall.
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We are strongly of the opinion, that in formulating any scheme
for the universal co-ordination of soil types, due regard must be paid to
the petrological nature of the parent material and the general conditions
governing its weathering. A reconciliation of geological and climatological schemes of soil classification is most simply achieved by considering both as special cases of the general law of mass action.
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La „terra rossa" del Carso è un vero terreno climatico?
(1st die „terra rossa" des K a r s t e s als echter k l i m a t i s c h e r
Boden aufzufassen? — Est ce que la „terra rossa" du Carso
est un v e r i t a b l e t e r r a i n climatique?)
S t a z i o n e C h i m i c o - a g r a r i a S p e r i m e n t a l e di U d i n e
Nota del Dott. A. Comel
È noto che Ie terre rosse rappresentano uri tipo di terreno che si
sviluppa nelle regioni calde e piü precisamente nei climi della fascia tropicale e subtropicale; è altresi noto che terre rosse possono pure comparire piü esternamente a queste grandi fascie cliniatiche dove normalmente predominano altri tipi genetici caratteristici di climi piü temperati e piü umidi; in questo caso peró si richiede la presenza di substrati
speciali atti a determinare particolari condizioni d'ambiente.
La „terra rossa" di molte contrade si svilupperebbe dunque anche
in regioni normalmente improprie, perchè il calcare che quasi sempre
raccompagna nella sua area di diffusione possiede quelle attitudini
particolari che valgono a determinare un clima propizio alia genesi di
queste terre e cioè: rapido smaltimento delle acque piovane, scarsa
attitudine a permettere lo sviluppo di un rigoglioso manto vegetale,.
termogenesi fortemente sviluppata.
:- ' •
Il concetto che prevale sulla presenza e sulla formazione della „terra
rossa" nelle contrade mediterranee è infatti il seguente: essa è un prodotto climatico che riesce a svilupparsi anche in queste regioni piuttosto
settentrionali — rispetto la normale area di sviluppo delle terre rosse —
in quanto i calcari che ne costituiscono il substrato si mostrano particolarmente atti a riprodurre piü al nord quelle condizioni di clima che
si rinvengono normalmente molto piü a sud. Di piü. La „terra rossa" sta
sulla direttiva genetica della laterite essendo determinata dagli stessi
fattori che qui agiscono solamente con intensita piü attenuata.
Orbene siccome Ie terre rosse del Carso sono comprese nella famiglia
delle terre rosse mediterranee, su esse accennero qui per sommi capi
quell'opinione che mi sono fatta attraverso numerose osservazioni sia
sulla regione piü tipica per la „terra rossa", il Carso, sia attraverso studi
comparativi con gli altri terreni delle regioni finitime.
Evidentemente il Carso della Venezia Giulia si presenta particolarmente interessante per queste indagini perchè esso produce vera ,,terra,
rossa", perchè questa è la localita sulla quale fermarono laloro attenzione
quei primi scrittori attraverso i quali il mondo scientifico ne ha apprese
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poi Ie caratteristiche percliè infine questa regione pedogeneticamente
è la piü importante in quanto segna il passaggio della „terra rossa"
agli altri tipi pedologici che si spingono piü a settentrione e che circondano questa area di produzione.
Giova pertanto premettere che per terreno climatico deve intendersi
solamente quello che sorge per la libera azione dei fattori hatnrali determinanti il clima d'una regione i quali elaborano il prodotto dell'alter azione
delle roccie seconde determinati indirizzi. Un terreno climatico deve
rappresentare un equilibrio naturale fra la litosfera ossia fra quel materiale roccioso originariamente formatosi in condizioni ambientali
diverse (entro la crosta terrestre o sul fondo del mare ecc), e che ora
affiora alia superficie della terra, e l'aereo-idrosfera che determinano
Ie nuove condizioni ambientali in cui viene a trovarsi questo materiale
primitivo.
I caratteri fisico-chimici della roccia ostacolano in un primo tempo
1'azione degli agenti climatici, con una intensita variabile secondo cause
intrinseche ed estrinseche, determinando spesso la formazione di speciali
terreni a carattere transitorio che Glinka assai saggiamente aveva
separato dai veri terreni climatici, raggruppandoli nella categoria dei
terreni endodinamorfi, e che altri Autori compresero pure sotto il nome
di terreni aclimatici.
Fintanto dunque che la roccia madre influisce sui caratteri del
terreno che gli agenti climatici vanno lentamente piegando al loro volere
il terreno non si puo considerare vero terreno climatico ma bensi soltanto
un terreno in evoluzione pedogenetica.
Oio premesso, vediamo quali sono i caratteri d'una vera terra rossa.
Anzitutto essa deve possedere una colorazione che giustifichi la nomenclatura e per di piü questa deve esser acquisita attraverso un processo
naturale pedogenetico. I caratteri che necessariamente sono legati a
questa caratteristica cromatica consistono in scarsezza di sostanza organica, ricchezza di composti ossidrati di ferro, quasi sempre accompagnati da un energico dilavamento delle basi alcaline e alcalinoterrose.
Per il raggiungimento naturale di queste prerogative il clima deve
esser tale da ostacolare qualsiasi eccesso di vegetazione, da distruggere
rapidamente Ie spoglie organiche, da provocare un energico dilavamento
del suolo, da impedire la perdita dagli strati superficiali dei composti
del ferro o per lo meno da far si che il loro dilavamento sia inferiore
ai nuovi contingenti di arricchimento, fenomeno che puó esser raggiunto
sia attraverso una immobilizzazione naturale dei composti del ferro,
sia attraverso un richiamo dal sottosuolo di quelli discesi (Cfr. Vageler).

— 279 —
Per lo sviluppo di questo tipo di terreno è duiique necessario un
clima moderatamente umido e caldo.
Deve esser moderatamente umido per permettere la demolizione
dei minerali e la formazione degli idrati di ferro, deve esser moderatamente umido per favorire la decomposizione organica e contemporaneamente frenare lo sviluppo della flora; deve esser caldo per ricliiamare alia
superficie le acque del sottosuolo e favorire coll'ascesa dei sequiossidi
I'arricchimento superficiale del terreno in composti del ferro; deve esser
caldo per coagulare, pectizzare e rendere irreversibili e quindi poco
movibili i colloidi del ferro.
La combinazione climatica atta a favorire questo stato di cose
coincide dunque con quella che porta alia formazione floristica della
Savana o della Steppa. Periodi fortemente piovosi alternati con periodi
di estrema siccita entrambi dominati da elevate temperature sono le
migliori condizioni climatiche per la formazione naturale delle terre rosse.
In questi climi si formano infatti, come lo è stato indicato da Vageler
(„Tropische Koterden" in „Die Brnahrung der Pflanze", 1 ag. 1930),
terre rosse allitiche e la maggior parte delle lateriti.
Queste t e r r e rosse sono dunque da considerarsi un vero
p r o d o t t o climatico.
La cosa cambia aspetto quando da queste tipiclie regioni ci portiamo
in contrade piü settentrionali (nell'emisfero boreale). Nelle regioni
mediterranee si rileva come la terra rossa sia legata nella maggior parte
dei casi al calcare. La spiegazione appariva facile; il calcare provoca un
rapido smaltimento delle acque piovane, riducendo con cio gli effetti
della quantita totale della precipitazione. Indirettamente impedisce
lo sviluppo rigoglioso della flora per la siccitosita che si esalta nei periodi
estivi sia per relativa mancanza di pioggie in questo periodo sia perchè
la roccia calcarea fortemente riscaldandosi al sole riflette potentemente
il calore creando zone particolarmente calde e quindi un chma corrispondente a quello delle regioni ove normalmente si sviluppa la terra
rossa.
II calcare determina cosi isole climatiche piü calde e la terra rossa
si forma in armonia a questi principi climatici.
Da canto mio posso confermare che normalmente la massima
diffusione di una terra rossa in queste contrade coincide con la presenza
di substrati calcarei, pur non essendo una esclusivita, pero devo precisare che sul calcare si forma o meglio presenzia una terra rossa solo
quando si verificano pure speciali condizioni d'ambiente e precisamente
scarsa vegetazione, moderata deficienza di umidita, elevate temperature,
mobilita del terreno. Solo quando tutte queste condizioni siano soddis-
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fatte sul calcare si nota la presenza d'un terreno intensamente colorato
in rosso, in caso contrario sarebbe vano ricercare pure sul calcare quel
prodotto che si chiama „terra rossa".
Arriviamo con cio a una prima constatazione: il s u b s t r a t e calcareo non è causa necessaria per la formazione di una t e r r a
rossa; quando a l t r i f a t t o r i non siano s o d d i s f a t t i essa non
si forma.
Per meglio chiarire queste idee noi seguiremo brevemente questi
fattori nei loro singoli effetti su una superficic calcarea del Carso in cui
a perfetta parita di condizioni climaticlie generali sia presente una
variazione accidentale dei fattori concorrenti a determinare la „terra
rossa".
Vegetazione. Per uno spessore di terreno costante (p. e. di
30 cm.) l'influenza della variazione dello stato .vegetativo porta alle
seguenti manifestazioni:
a) a r a t o r i , ossia in casi dove si effettua una eliminazione quasi
totale della vegetazione naturale: tinta rossa accesa uniforme in tutto
lo spessore.
b) p r a t o cespuglioso: orizzonte umoso bruno nerastro per
5—10 cm. seguito da uno rosso acceso.
c) bosco; nel bosco a latifoglie il profilo si mantiene simile al caso
precedente; nel bosco a conifere invece (pini) T orizzonte superiore nero
puo invadere tutto lo spessore del terreno.
aratorio

prato

bosco
strab umoso

Terra rossa

Mnp
Roccia
calcarea

fis. I

Come si vede la sola vegetazione a parita di altre condizioni riesce a
trasformare quel prodotto noto col riome di terra rossa in una terra
bruna e nera.
•'••'<'- ;;-;
Umidita. Una stessa quantita di precipitazione puo esplicare
effetti diversi a seconda che i terreni si mostrino piü o meno in grado
di trattenerla e di utilizzarla.
È evidente che in questo caso, per principio, devono esser prese in
considerazione solamente Ie variazioni di umidita nel terreno che sono
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legate a quelle caratteristiche connesse colla profondita e colla purezza
del suolo.
L'osservazione eseguita con questo criterio sulle region! carsiche
porta alia constatazione che terx'eni poco profundi, in media 5 cm., e
fortemente porosi per elevate percentuali di elementi rocciosi calcarei
incorporati danno costantemente una t e r r a nera che attenua i suoi
caratteri e si trasforma in terra rossa man mano che il suolo si fa piü
profondo o piü puro dimostrando insomma una maggiore attitudine
a utilizzare il costante quantitativo complessivo della precipitazione.
Queste terre nere devono la loro tinta e origine alia conservazione della
sostanza organica prodotta dalle magre praterie per un ostacolo posto
alia decomposizione principalmente dalle condizioni di particolare
siccita conseguenti alia rapidissima filtrazione e asporto delle acque
piovane attraverso I'esigua potenza del terreno e la permeabilita della
roccia sottostante.
Esse sono pertanto prodotti simili alle Kalkschwarzerden descritte
dal Lang.
CoH'aumento dello spessore del terreno I'umidita viene piü lungamente trattenuta, la decomposizione organica procede rapida e la tinta
nera si sostituisce con una bruna; I'orizzonte umoso a sua volta va
restringendosi sempre piü nello strato piü superficial del terreno.
Terra nera

Tnerastra

T.-rossa
orizzonfe bruno
orizzonle rosso

n

Roccia
calcarea

fig. 2

T e m p e r a t u r a . Le variazioni della temperatura su una stessa
superficie geografica possono effettuarsi per lo spostamento della giacitura del terreno nel sense verticale.
Nolle regioni carsiche abbiamo infatti due variazioni altimetriche
la positiva e la negativa coll'innalzamento della montagna o collo sprofondamento delle doline. In entrambi i casi per una diminuzione della
temperatura la terra rossa va gradatamente trasformandosi in una
bruna e nerastra preceduta o accompagnata da un caratteristico
ingiallimento.
Beiheft Bodenkundliche Gesellschaft
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Mobilita del terreno. Per conservare la sua tinta e Ie caratteristiclie di „terra rossa" è necessario clie il suolo sia in continuo movimento
indifferentemente se questo implichi uno spostamento del prodotto
terroso per lo piü in luogM piü bassi, oppure interessi piuttosto l'apporto
di nuovi materiali per mezzo delle acque di deflusso o per l'azione del
vento. L'importante è clie tutto il materiale terroso subisca un lento,
ma continuo rimaneggiamento in modo che la sorgente del calcare, sia in forma di soluzione sia in quella solida di framm e n t i rocciosi non venga mai a mancare. Qualora per una
causa qualsiasi essa venga meno il t e r r e n o degrada l e n t a m e n t e
verso il tipo normale climatico della regione che n e l l ' I t a l i a
siu s e t t e n t r i o n a l e volge al podsolo. Finora solo in pochissimi casi
ho potuto riscontrarc il principio della podsolizzazione sulle regioni del
Carso che normalmente mantengono la „terra rossa"; in questi casi
la reazione superficiale del suolo era acida. L'alcalinita di quasi tutte
Ie „terre rosse" indica la costante presenza in esse del calcare e quindi
l'influsso della roccia madre.
Ma nelle vicine pianure alluvionali costruite con materiali quasi
essenzialmente calcarei e calcareo-dolomitici, dove cioè il terreno che
si forma rimane fermo sul posto, e subisce interamente l'azione del
clima, li possiamo studiare l'indirizzo climatico-genetico del suolo dei
substrati calcarei privati dall'effetto del rimaneggiamento.
In una nota puhtalicata nel Bollettino della Societa Geologica
Italiana („L'cvoluzione pedogenetica nell'alta pianura Priulana", Roma
1930) ho dimostrato come il terreno passi attraverso la terra nera, alia
terra rossa e al podsolo. Il vicinissimo Carso presenta la prima e la
seconda tappa di questa evoluzione. La plastica del territorio ostacola
il raggiungimento del terzo stadio che sarebbe il vero terreno climatico;
lo ostacola, ma lo lascia intravvedere in quei pochissimi casi in cui il
suolo riesce lungamente a fcrmai'si in posto.
Ecco un punto di capitale importanza per la questione climatica
della ,,terra rossa"; ma non precipitiamo la conclusione.
Abbiamo cosi visto quali sieno lo variazioni a cui sono soggette Ie
,,terre rosse" qualora una delle cause necessarie per il loro sviluppo
venga meno o si esalti.
Esse sono state passate singolarmente in rassegna in rapporto al
loro effetto, ma non va dimenticato che in natura normalmente la
variazione d'un fattore favorisce ed implica pure quella d'un altro
(temperatura — umidita — flora) e che quasi sempre l'azione combinata
di piü fattori rende effettivamente piü complessa la manifestazione di
un determinato fenomeno.
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Noi ei siamo sforzati pero a discernere qui quelle variazioni legate
in modo prevalente a un solo determinato fattore.
Esaminiamo ora il secondo problema.
I fattori necessari per la presenza della „terra rossa" sono essi
climatici, rispecchianti cioe quell'equilibrio naturale che deve esser il
punto fondamentale per giudicare un terreno come prodotto climatico ?
Vediamo:
Vegetazione. È noto che presentemente le regioni carsiche nelle
quali predomina il tipo „terra rossa" sono in genere sfornite di un rigoglioso manto vegetale; il tipo pratoso-arbustivo forma lo sfondo vegetale
limitando con cio un forte contingente di sostanza organica al suolo.
Ma i boschetti e le region! boscose non sono poi tanto rare come lo
ritiene I'opinione pubblica ed essi stanno a testimoniare come la natura
lasciata indisturbata non tarderebbe a ricoprire con dense foreste tutte
queste regioni. Ho anzi avuto occasione di ricordare („Sulla terra rossa
del Carso G-oriziano" Gorizia 1930) come la foresta sia stata anclie una
volta il normale rivestimento vegetale di queste regioni; la forma pratosa
e in genere I'attuale stato di depauperamento vegetale è un riflesso
dell'attivita antropica cbe abbatte per i suoi bisogni il bosco e col pascolo
tende a mantenere nel tempo uno stato di cose non naturale e transitorio.
Si arriva con cio alia constatazione cbe la deficienza di vegetazione
e quindi di arricchimento in umo del terreno è un fenomeno anormale e
quindi non in funzione del clima.
Umidita. Considerando la precipitazione media totale annua
che si riversa sulle regioni carsiche che attualmente hanno „terra rossa"
si constata che essa s'aggira sui 1000 mm. annul. Ma se nelle regioni
carsiche vi sono effettivamente potenti cause di disperdimento per la
caratteristica permeabilita di fessurazione delle roccie calcaree, cio non
vuol dire che la quantita effettiva di umidita sia insufficiënte a produrre
un tipo di terreno piu evoluto. È la scarsa utilizzazione di questa umidita che provoca una relativa siccita, ma è evidente che cio sta in relazione colla scarsa potenza del suolo e colla caratteristica della roccia.
È d u n q u e un f a t t o r e aclimatico che d e t e r m i n a I'effetto
d ' u n a r e l a t i v a siccita.
Tanto è vero che nelle altre vicine regioni di piano e anche di coUe,
colla stessa precipitazione e distribuzione nel tempo si nota distintamente
la podsolizzazione.
T e m p e r a t u r a . Valgono le stesse considerazioni esposte per I'umidita. Bssa indubbiamente sulle roccie calcaree carsiche viene notevolmente esaltata per la loro forza termoriflessiva ma evidentemente
20*
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anche questo carattere è carattere di roccia e non di clima naturale per
cui anch'esso è un fattore aclimatico.
La m o b i l i t a del t e r r e n o suUe superfici carsiche vale pol da
sola a togliere alia „terra rossa" i caratteri di vero terreno climaticogenetico in quanto solo la sua fissita e la presenza di un profile recante
una distinta impronta degli effetti naturali del clima possono permettere
di farla includere nella categoria dei veri terreni climatici. Cio che come
abbiamo visto la „terra rossa" non possiede.
Da quanto esposto si constata dunque che solo fattori aclimatici
presiedono alia formazione e alia conservazione della „terra rossa"
carsica.
Il concetto cbe dunque scaturisce spontaneo dall'osservazione di
questi fatti è il seguente:
La presenza della „terra rossa" nella sua piü tipica contrada di
sviluppo e di rinvenimento è dovuta a fattori di origine aclimatica: alia
deficenza della vegetazione che è un riflesso dell'attivita antropica, ai
microrilievi della regione che favoriscono un continuo rimaneggiamento
del SU oio; al calcare che ostacola l'azione del clima neutralizzandone
gli effetti.
Fra Ie terre rosse climatiche e queste „terre rosse" che ora possianio
francamente chiamare aclimatiche esiste una fondamentale differenza
genetica: la il mantenimento e l'arricchimento dei composti del ferro
negli strati superiori del suolo avviene per cause naturali climatiche
qui invece esso si mantiene solo in virtü del calcare che coagula e immobilizza i colloidi ferrici. Qualora questo fattore venga meno, la terra
rossa volge lentamente al tipo podsolico. Da quanto esposto emerge
a sua volta chiaramente che la „terra rossa" p r o d o t t a nella zona
del Carso non è da considerarsi una t a p p a , un gradino che
precede la l a t e r i t e ; essa si t r o v a invece sulla d i r e t t i v a
genetica del podsolo.
Su questo argomento, sull'influenza delle variazioni climatiche sulla
„terra rossa" e sulla sua classificazione genetica specialmente nei rapporti
coUe altre terre rosse d'Italia mi prometto di ritornare in un prossimo
articolo.
Referat
. Die Bedingungen, die zur Bildung einer echten Koterde führen,
werden vom Verfasser kurz zusammengefaBt und daraufhin geprüft, ob
sie im genetischen Prozesse der Karstroterden (Gebiet G-örz und
Triest), das heiBt in der Gegend, die für die Entstehung der „terra
rossa" als typisch betrachtet wird, vorliegen.
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Nach der Feststellung, daB das Kalksteinvorhandensein nicht
notwendigerweise mit einer Roterdebildung verknüpft ist, sondern das
Vorkommen der „terra rossa" im Karstgebiet eher das Resultat des
Zusammenwirkens von mehreren Faktoren sei, prüft Verf. die Wirkung
Ton jedem einzelnen dieser Faktoren auf einer Karstoberflache, in
welcher unter den gleichen übrigen allgemeinen klimatischen Verhaltnissen spezieller Weise nur die Variation von einem Faktor sich ergabe.
Verf. kommt zu folgendem Scblusse:
Die V e g e t a t i o n ist von sich aus imstande, die Roterde in Braunund sogar in Schwarzerde zu verwandeln. Vegetationsmangel, der für
die Entwicklung der „terra rossa" unentbehrlich ist, ist doch keine
natürhche Erscheinung des Karstes, sondern vielmehr nur eine Folge
der Entwaldung. Vegetation ist hier also nicht mit dem Klima in Verbindung zu setzen.
Niederschlage. Wenn der Boden so tieïgründig ist, daB er sich
der Wirkung des Untergrundes entzieht, dann genügt die Niederschlagmenge, die auf dem Karste fallt, um Podsolerscheinungen hervorzurufen;
wenn die Podsolierung im Karstgebiet nur ausnahmsweise in Betracht
kommt, so ist das unter anderem eine Folge des Untergrundes, der das
Sickerwasser sofort abführt und den Boden trocknen laBt. Die Brhaltung der ,,terra rossa" ist also mit aklimatischen Ursachen streng
verknüpft.
T e m p e r a t u r . Die vom G-estein hervorgerufene starke Hitze und
die niedrige Temperatur, die in den Dolinen herrscht, sind nicht- vom
Klima abhangig, deswegen sind auch die eventuellen Erscheinungen, die
diese hervorrufen können, als aklimatisch zu beurteilen.
Bewegung des Bodens. Sie ist eine unentbehrliche Erscheinung,
um eine ,,terra rossa" aufrecht zu erhalten. Wenn die Durchmischung
imd mit dieser die Zufuhr von Karbonatstoffen, die Eisen-Aluminiumkolloide ausfallen und im Boden festhalten, aufhört, wendet sich die
,,terra rossa" des Karstes langsam zum Podsoltypus. Die Beweglichkeit des Bodens ist aber eine Erscheinung, die sich den Ansprüchen eines
echten klimatischen Bodens entgegenstellt, weil für solchen die UnbewegHchkeit am Entstehungsort eine Hauptbedingung ist.
Das Vorkommen der ,,terra rossa" ist an ihrem Hauptentstehungsort nur an aklimatische Faktoren geknüpft, das heifit: an Vegetationsmangel, der eine Folge der menschlichen Wirtschaft ist, an das Mikrorelief der Gegend, welches eine fortdauernde Bewegung des Bodens
verursacht und begunstigt und an Kalkgestein, das sich in ausgesprochener Weise den Klimaerscheinungen entgegenstellt.

-

286

-

Die „terra rossa" die im Görzer-Triestiner Karste vorhanden ist,
ist also nicht als echter klimatischer Boden und als eine Vorstufe zum
Laterit zu betrachten, sie stellt vielmehr eine Vorstufe zum Podsol dar.
Resume
L'Auteur après avoir rappelé les causes qui président a la formation
d'une terre rouge climatique, examine si cettes causes se manifestent
aussi dans la formation génétique des terres rouges du Carso (territoire
de G-orizia et Trieste), c'est a dire dans la localité la plus typique pour
la formation de ,,terra rossa".
Après avoir constate d'un cote que la presence du calcaire n'est
pas nécessairement liée avec une terre rouge, et d'autre part que, lorsque
d'autres actions n'ont pas lieu, elle ne se forme pas, il les examine
dans leurs effets sur une surface calcaire du Carso ou dans des
conditions climatiques générales identiques se vérifie une variation
accidentale dans les facteurs agissants a la formation de la terre rouge.
II abute aux conclusions suivantes:
La v e g e t a t i o n d'elle même peut transformer la ,,terra rossa"
en terre brune ou noire; le manque de vegetation, qui est indispensable
pour avoir une terre rouge est au contraire un phénomène anormal qui
suit le déboisement et done pas en liaison avec le climat de la region.
H u m i d i t é . Lorsque le terrain est ainsi profond de n'être plus
soumis a Taction du sousol calcair, la precipitation atmosphérique est
suffisant a la determination des phénomènes podsoliques et si ces derniers
ne se produisent paa que dans des cas tout a fait exceptionnels, c'est,
entre autre, a cause du petit profondeur du terrain qui n'arrive pas
a neutraliser Taction de la roche calcaire fendue dans toutes directions
et en consequence tres permeable; le maintien de la ,,terra rossa" n'est
done pas due a une cause climatique.
T e m p e r a t u r e . Soit Taugmentation de la chaleur par effet de la
reflection de la roche, soit sa diminution en descendant dans les dolines
evidemment ne sont pas des caractères climatiques et done du même
fagons on doit considérer les effet qu'ils peuvent produire.
Mobilité du t e r r a i n : phénomène indispensable pour le maintien
d'une terre rouge du Carso. Lorsque n'a plus lieu Taction du remaniement et done Tapport des carbonates qui mantiennent les coUoïdes
ferro-allumineux a Tétat de coagulation, la ,,terra rossa" du Carso se
tourne vers le type podsolique. D'autre part la mobilité du terrain
est un phénomène qui s'oppose aux conditions réquises pour un veritable
terrain climatique pour lequel la fixité est une condition indispensable.
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Pour ce ci-dessus la presence de „terra rossa"' dans sa region de
production plus typique est due a des causes d'origine aclimatique,
c'est-a-dire au manque de vegetation produite par l'activité humaine,
par l'accidentalité de la region favorisante un perpétuel remaniement
du terrain, au calcaire qui rend tres difficile Taction du climat en empechant ses effets.
La „terra rossa" qu'on trouve dans la region du Oarso (goritien et
triestin) n'est done pas a retenir un veritable terrain climatique et une
formation génétique précédente celle de la latérite puisque elle so trouve,
au contraire, sur I'axe génétique du podsol.
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Subtropical weathering in Alabama as evidenced
in the Susquehanna fine sandy loam profile^)
( S u b t r o p i s c h e V e r w i t t e r u n g in A l a b a m a an feinsandigem
Susquehanna-Lehmprofil veranschaulicht)
By L. D. Baver and G. D. Scarseth^)
Alabama Agricultural Experiment Station
Tbe soils of Alabama are classified into five major groups representing different modes of geological formation, kinds of parent material,
and stages of weathering. These groups are the soils of the Piedmont
Plateau, Limestone Valleys and Uplands, Appalachian Mountain
Coastal Plain, and Black Belt. The extent to which these occur in
Alabama is shown in Figure 1.
The Piedmont Plateau soils, represented mainly by the Cecil series,
are geologically the oldest and have been developed from granits, gneiss,
and mica schists which have been emerged since Pre-Cambrian time.
The soils of the Limestone Valleys and Uplands, represented mainly
by the Decatur series, have been weathering since Permian time from
Paleozoic limestones. The Coastal Plain soils, such as the Norfolk and
Greenville series, are much younger geologically and have weathered
from imconsolidated sandy marine deposits. The Black Belt soils are
derived from heavy clay marine deposits overlying an Upper Cretaceous
chalky limestone and from this limestone.
The Susquehanna soils in Alabama are found in the Coastal Plain
principally along the edges of the Black Belt and extend into the eastern
portion of this area. The parent material for this soil series was a highly
colloidal unconsolidated marine sediment. This soil has a topography
that is rolling to hilly affording good natural surface drainage. Underdrainage, however, has been limited by the impervious nature of the
parent material as evidenced by mottling in the subsurface horizons.
The Susquehanna soils are not mature soils although considerable
oxidation has taken place in the upper horizons.
It is the purpose of this paper to discuss the results of a physicochemical study of the different horizons in the Susquehanna fine sandy
1) Published with the approval of the Director of the Alabama Agricultural
Experiment Station, Auburn, Alabama, U.S.A.
^) Associate and assistant soil chemists, respectively. The authors express
their sincere appreciation for those analyses made by Gr. H. J e s t e r and for the
helpful suggestions of Doctor Hans J e n n y , Department of Soils, University of
Missouri.
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. ^ ^ S ^ R i v e r Terrace and Flood P l a i n
Stunbers r e f e r t o l o c a t i o n s of s o i l sample
Fig, 1. Tlie major soil provinces of Alabama, tlie, 61" F. mean annual
temperature isotherm and the Marbut soil boundary line.
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loam profile and to associate them with the type of weathering which
has been predominant in the development of the soils in Alabama. The
profile was studied chiefly to determine: (1) the extent of eluviation
and illuviation in the different horizons to ascertain whether a B-horizon
had developed, (2) the acidity and base exchange relationships between
the various horizons, and (3) the chemical composition of the colloidal
fraction to serve as a criterion not only of the type of weathering that
has been predominant in the development of this profile but also of
most of the soils of Alabama.
Review.of L i t e r a t u r e
n

Recent studies by the writers (1) have shown that the characteristics
of the soil colloidal material in the highly weathered soils of Alabama
are similar irrespective of the kind of parent material. The colloids
in the Cecil and Decatur soils are alilie even though the former has
weathered from sihcate rocks and the latter from limestone. Likewise,
the characteristics of the colloids in the Norfolk and G-reenville soils
are similar although the former has developed from unconsolidated
marine deposits of sands and clays and the latter from limestones and
calcareous marine sands and clays. The characteristics of the colloids
from the Norfolk and Greenville soils appear to be approaching those
of the colloids from the Cecil and Decatur series. Apparently, it is a
question of the length of time the soils have weathered and the physical
characteristics of the soil as they have enhanced or impeded the
weathering process. This investigation suggested that weathering of
the soils of Alabama is tending towards a certain type of colloidal
material which probably will vary with the differences in the cHmatic
factors within the state.
The two main weathering processes involved in the development
of soils in the humid region are podsolic and lateritic. The former is
characterized by a removal of Al, Fe, and bases from the weathered
horizons and an accumulation of Si. The lateritic type of weathering
causes a removal of Si and bases from the weathered layers and an accumulation of Al and Fe. Thus, under the podsoUc type of weathering the
silica-alumina ratio increases; under lateritic weathering it decreases.
J e n n y (6) has shown that the siUca-alumina ratio in humid regions
decreases linearly with increasing temperature. H a r r a s s o w i t z (4) has
stated that true lateritic weathering is characterized by a silica-alumina
ratio in the weathered quartz-free fraction of less than 2.00. This value
has been chosen because no mineral is known whose ratio is less than 2.00.
A ratio less than this signifies an accumulation of alumina during the
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weathering process. J e n n y lias shown that this value on his curve
is at a temperature of ahout 61° P.
Marbut (8) has suggested that the soils of the Cecil series show
evidences of the lateritic type of weathering from South Carolina southward. His boundary between the yellow or red soils and iron laterites,
however, stretches from the southwest corner of the state of Alabama
to the Georgia hue in Barbour county (Fig. 1). This boundary has
been suggested on the basis of the occurrence of iron concretions in
the surface soil which is very convenient for observations made in the
field.
Experimental
The Susquehanna fine sandy loam was sampled from a road cut
on the Union Springs to Montgomery Highway one-half mile east of
the Montgomery County line. The mean annual temperature for this
vicinity is 65.6° F; the annual rainfall is 46.6 inches.
The characteristics of this profile along with the mechanical composition of the various horizons are shown in Figure 2. The transition
zone above the parent material was not sampled. The different horizons
are very distinct, especially the weathered layers. The surface soil

Pig. 2. Profile description and mechanical composition of Susquehanna
fine sandy loam.
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of the Susquehanna is usually eroded to such an extent that the heavy
clay layers are exposed. This particular profile was taken from a virgin
timber area where erosion has prohably been at a minimum.
The physical and chemical composition of the soil and its extracted
colloid were studied from each of these horizons. The colloids were
extracted by churning and subsequent super-centrifuging without the
use of a peptizing agent. Mechanical analyses of the different horizons
were made according to the method of Robinson as modified by 01mstead and his co-workers (9). Exchangeable bases were removed by
electrodialysis. The total exchange capacity was determined conductometrically and potentiometrically according to Bradfield (2). The
„free" oxides were removed by alternate extraction with N/10 HCl and
2 % ]S[a2C03 at 60" 0; extraction was continued until no precipitate of
Al or Si was found in the filtrate. H2SO4 and HCl extracts of the soil
were made according to the method of Schwalbe and Schmidt as
recommended by H a r r a s s o w i t z (4). Briefly, the technique of obtaining
these extracts were as follows:
H2SO4 extract: Weigh out 2 to 10 grams of soil into a porcelain dish,
moisten with 10 to 50 cc. of H2O then decompose with
10 to 50 cc. cone. H2SO4. Evaporate slowly over a low
flame with frequent stirring until white fumes appear.
Cool, dilute with H2O, filter, wash with 200—300 cc.
of H2O. Rinse residue into a porcelain dish, heat
6 minutes with 50 cc. 5 % NaOH, dilute with H2O
and decant off the supernatent liquid after the precipitate
has settled out. Repeat this process. Heat with 50 cc.
of 20 % HCl for 5 minutes, dilute with H2O. Heat and
weigh the residue and make a total analysis.
HCl extract: Boil 1 to 2 grams of 2 mm. soil for one hour with 50 cc.
of 20 % HCl under a reflux condenser and evaporate to
dryness on water bath. Take up the dried residue with
20 cc. of HCl, dilute with H2O and filter. Analyze the
filtrate as in a total analysis. For determining soluble
Si02, heat the residue 5 minutes with 50 cc. of 5 %
NaOH, dilute with H2O and filter. Analyze the filtrate
for SiOg.
Results
Mechanical Composition of S u s q u e h a n n a Pine Sandy
Loam: A size-frequency distribution study of the different horizons
shows that the parent material is a highly colloidal clay (Pig. 2 and

— 293 —
Table 1
Mechanical analyses a n d p l a s t i c i t y of t h e soil m a t e r i a l from different
horizons of the S u s q u e h a n n a fine sandy loam profile
Size of particles
Diameter in mm

Above .16 .
.15—.05 .
.05—.026 .
.025—.005 .
.005—.002 .
Below .002
Colloid by ratio method

707
Horizon 1
0—6"

707
Horizon 2
6—22"

707
Horizon 3
22—44"

%

o/

0/

0/

/O

/o

/o

Mechanical Analysis
21.2
9.0
63.0
17.0
6.0
6.0
3.0
7.0
1.0
4.0
67.0
6.0
12.1
52.7

707
Horizon 4
below 60"

12.0
22.0
6.0
5.0
13.0
42.0
52.1

Plas ticity
Upper plastic limit
% moisture . .
Lower plastic limit
% moisture . .
Plasticity number

42.55

62.92

22.22
20.33

27.22
35.70

Table 1). Weathering processes have caused a complete loss of clay
from the surface horizon, producing a distinct zone of eluviation or
A-horizon. Ahout 11 % of the finer fractions in the original upper
layer have accumulated in the second horizon; there has been an 8 %
increase in the clay content of the third horizon. These data show that
horizons 2 and 3 are zones of slight accumulation and, therefore, slightly
developed B-horizons. Marbut (8) has suggested that there has been
an exluviation or washing out of the finer fractions of the surface layer
instead of a carrying down of material to the lower horizons. This is
undoubtedly true since only about 25 % of the clay from the weathered
original material has been carried down into the lower horizons. On
the basis of the amount of sand in the surface layer and in the original
parent material, about 1.5 feet of the original soil has weathered to
give 6 inches of surface soil, assuming no erosion. A well-developed
B-horizon is not present probably because of the impervious nature
of the material from which the soil has developed. Marbut (8) has
stated that normally the Susquehanna is an A—C profile. This is true
if one is thinking in terms of the usual well-developed B-horizon.
Plasticity measurements show that horizons 2, 3, and 4 are very
plastic. Soil material from horizons 2 and 3 have the same plasticity
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but it is manifested over a different moisture range because of differences
in the cliemical composition of the clay fraction. The high plasticity
of the unweathered parent material is attributed to a large percentage
of disc-shaped micaceous particles of various sizes.
Acidity and Base E x c h a n g e R e l a t i o n s h i p s : The soil is
very acid through-out its entire profile. The high acidity of the parent
material indicates that the primary weathering of this material must
have taken place under very humid conditions. Soil materials from
the different horizons have pH values of 4.9, 4.7, 4.3, and 4.1 and have
a base saturation of 30, 20, 8, and 20 per cent, respectively (Table 2).
Table 2
Acidity and base exchange d a t a of soil and e x t r a c t e d colloid from
different horizons of S u s q u e h a n n a fine sandy loam
707
Horizon 1
0-6"

707
Horizon 2
6—22"

707
Horizon 3
22—44"

707
Horizon 4
below 60"

0/
0

0'
0

0/
0

0/o
/

4.9

4.7

4.3

4.1

3.5
30.0

19.0
20.0

28.0
8.0

24.0
20.0

Soi
pH
Exchange capacity,
m.e./lOO gms
Per cent base saturation .
pH before electrodialysis .
pH of H-colloid
Exchange capacity,
m.e./lOO gms

Collo id
4.60
3.87
28.0

4.70
4.00
36.0

4.00
4.05
35.0

4.10
4.15
46.0

The total exchange capacity of the soils for the different horizons is
3.5, 19, 28 and 24 m.e. per 100 grams of soil, respectively; that of the
colloids from the corresponding horizons is 28, 36, 65, and 46 m. e. per
100 grams of colloid, respectively. Electrodialysis of the colloids did
not lower their pH values to any great extent because of their original
low degree of saturation with bases. The higher degree of saturation
in the first horizon in due to the retention of bases by the small amount
of organic matter present. The physical and chemical activity of the
colloid extracted from the mottled horizon is higher than that of the
colloid extracted from the more highly weathered horizons.
Titration curves of these acid clays indicate that the colloidal
material from horizons 1 and 2 are more or less similar (Fig. 3). The
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small amount of organic matter in the colloid slightly buffers it above
pH 7. The acid in the parent material is much stronger than that
in the other horizons. The strength of the acid decreases with the
extent of weathering. Titration curves of the soils from these horizons
show that the surface layer is very weakly buffered because of its low
colloidal content (Fig. 4). Buffering of the other layers is dependent upon the characteristics of the mineral colloidal clay acids
present.
The Chemical Composition of the Colloidal M a t e r i a l :
The silica-alumina ratio (SiOg/AlaOs) of the extracted colloid is used
as a criterion of the nature of the soil weathering processes. If this
ratio in the colloidal material of the weathered horizons in higher than
that of the colloids from the parent material, the podsolic type of
weathering is considered to be predominant in the development of the
profile. If this ratio in colloids from the surface layers decreases with
weathering, lateritization is dominant.
The chemical composition of this soil and its extracted colloid is
given in Tables 3 and 4, respectively. The percentages of Si02, AI2O3,
Table 3
Chemical composition of soil m a t e r i a l from different horizons f
S u s q u e h a n n a fine sandy loam
707
Horizon 4
below 60"
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Table 4
Chemical composition of colloids from different horizons of
S u s q u e h a n n a fine sandy loam
707
Horizon 1
0—6"
0/
0

SiOa
AI2O3
Fe,0,
TiOa
P2O5
CaO
MgO
MnO
Na^Ol
KaO ƒ
Combined HjO
„Free" SiOj
„
AI2O3
„
F%03

707
Horizon 2
6—22"
0'

707
Horizon 3
22—44"

707
Horizon 4
below 60"

0'

0/
,0

/o

43.055
25.640
9.877
.548
.1144
2.740
1.793

43.840
28.419
10.676
.772
.2030
3.390
1.410

57.550
24.806
8.161
.668
.0448
4.020
2.340

55.365
22.472
6.803
.591
.1685
5.870
3.030

—

—

.—

—

.371

.261

.272

.263

11.30
6.25
4.61
.65

12.60
4.15
3.15
.43

7.10
4.15
2.45
.48

3.00
3.10
1.57
.25

2.27
2.85

2.11
2.62

3.25
3.94

3.50
4.18

0.215

0.235

0.311

0.492

0.180

0.117

0.140

0.149

SiOg/RaOg
SiOa/AlgOa
CaO + NagO + K2O
AI2O3
Na^O + K2O
AI2O3

and FegOs and the value of Si02/Al203 of the colloidal material are
shown in Figure 5. It is readily seen that there has been a removal
of SiOg and an accumulation of AlgOg in horizons 1 and 2.
The silica-alumina ratio, therefore, has decreased considerably
during the weathering of the original parent material. This ratio
decreases from the parent material to the surface horizons. The ratios
for the four horizons are 2.85, 2.65, 3.94, and 4.18, respectively. There
has been a 22 % and a 21 % decrease in the amount of SiOg in horizons 1
and 2, respectively, as compared with the parent material. On the
other hand, the AI2O3 content has increased in these horizons by 14 %
and 26 %, respectively; FegOg increased by 31 % and 89 %, respectively.
In horizon 3 there has been an increase of 4 % in Si02, of 10 % in AI2O3,
and of 14 % in FcgOa. These variations are shown in Table 5. The
amount of combined H2O is higher in the colloids from horizons 1, 2,
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Table 5
Increase or decrease in various c o n s t i t u e n t s of coHoids from different
horizons of Susquehanna fine sandy loam over t h a t of the p a r e n t
material
707
Horizon 1
0—6"

707
Horizon 2
6—22"

707
Horizon 3
22—44"

707
Horizon 4
below 60"

0/

0/

%

/o
SiOa
A1203
Fe,0,
CaO
MgO

— 22.2
+ 14.2
+ 31.0
— 53.3
— 40.8

— 20.7
+ 26.5
+ 39.0
— 42.2
— 53.4

/o

+ 3.9
+ 10.4
+ 13.8
— 31.5
— 22.8

•

~~

and 3. These results clearly show that there has been an accumulation
of AI2O3 and FCaOs in the weathered horizons and a correspondingdecrease in SiOa. The siUca-alumina ratio of horizons 1 and 2 is considerably lower, therefore, than the parent material. These data indicate that weathering of this profile has been of the lateritic type.
Because of the unusually high ratio of the parent material, the
changes in the SiOg content shown by its weathered horizons did not
seem conclusive evidence that the lateritic type of weathering had
taken place. It seemed desirable, therefore, to compare the ratio of
the colloidal material from the Susquehanna profile with that of colloids
extracted from soils adjacent and north of this profile. J e n n y (6) has
assimilated sufficient data to show that the SiOa/AlaOg of colloids
extracted from soils in the humid regions decreases linearly with temperature. His data are shown in Figure 6. H a r r assowitz (4) distinguishes
the lateritic type of weathering from the podsolic by the fact that an
accumulation of AI2O3 during the weathering process causes the
SiOa/AlgOs to become less than 2. Using H a r r a s s o w i t z ' s terminology, the upper limit of lateritic weathering on J e n n y ' s curve is at
16» C or about 61» F.
The silica-alumina ratios of colloids from soils adjacent and north
of this Susquehanna profile are given in Table 6. The mean annual
temperature, the rainfall, and the geological nature of the parent
material are also given. If the silica-alumina ratios of these colloids
are plotted on J e n n y ' s graph the points coincide with the line that
J e n n y calculated by the law of least squares from a number of analyses
made by other investigators. The immaturity of the Susquehanna
21*
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Table 6. A comparison of t h e S i O j - s e s q u i o x i d e
m a t e r i a l s and c l i m a t i c f a c t o r s of t h e Susque

Sou No. Depth

707
707
707
707

1
0 - 6"
II
6—22"
I I I 22 44"
IV Below 60"

Soil type

Location

Susquehanna Bullock county
FSL
32»,5'N&86«W

»»
>»
f7

Mean
annual
temper.
ature

Mean
annual
rain
faU

65.6
65.6
65.6
65.6

46.58
46.58
46.58
46.58

783 A*)
783 B

0— 6"
6—12"

Norfolk FSL Autauga county
20 mi. N of 707

64.2

51.57

784 A
784 B

0— 6"
6—12"

Norfolk LS Autauga county
30 mi. N of 707

64.2

51.57

785 A
785 B

0— 6"
6—12"

60.9

49.05

786 A
786 B

0— 6"
6—12"

60.9

49.05

787 A
787 B

0— 6"
6—12"

60.9

49.05

386

0-6"

Decatur CL

Limestone
county 200 mi.
N of 707

61.2

49.1

678

0-6"

CecU C

Lee county
20 mi. N of 707

64.1

52.71

Chambers
county
60 mi. N of 707

64.0

674

0-6"

Franklin
Norfolk FSL county 150 mi.-j
N of 707

CecU CL

Estimated
time of
weathering
and
geological
period

10,000,000 years
Upper
Cretaceous

20,000,000 years
Lower
Cretaceous

300,000,000
years
Devonian

900,000,000
Pre-Cambrian
49.93

*) A n a l y s e s of s o i l s 7 8 3 t o 7 8 7 , i n c l u s i r e , a r e t a k e n f r o m u n p u b l i s h e d
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r a t i o s of t h e c o l l o i d s , g e o l o g i c o r i g i n of p a r e n t
h a n n a fine s a n d y loam w i t h s e v e r a l o t h e r soils

Character of
parent material

Higly colloidal,
unconsolidated
marine sediments

Sandy clay,
nnconsolidated
marine sedi-

Limestone

0/

AI2O3

%
Fe^Oa

SiOs
AlaOj + FesOg

AI2O3

43.05
43.84
57.55
55.36

25.46
28.42
24.80
22.47

9.88
10.68
8.16
6.80

2.27
2.11
3.26
3.50

2.85
2.62
3.94
4.18

33.98
36.56

31.62
31.60

9.76
9.62

1.59
1.64

1.82
1.96

27.36
29.58

32.04
33.70

9.08
10.74

1.22
1.23

1.45
1.49

36.06
37.66

29.46
27.58

10.32
10.32

1.69
1.86

2.08
2.32

35.82
37.44

30.38
28.90

10.02
11.10

1.65
1.78

2.00
2.12

36.04
37.10

30.00
29.64

11.42
11.10

1.63
1.71

2.04
2.12

39.05

36.87

11.56

1.73

1.80

36.00

33.44

12.37

1.47

1.83

34.35

33.44

12.55

1.57

1.74

/o

SiOa

%

SiOa .

Granite Gneiss
and mica schist

d a t a by W.W. Pate.
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profile is evidenced by its distance frona the line showing that it has
not reached the value for the climate under which it is developing.
It is interesting to note that soils as far as 200 miles north of the
Susquehanna show evidences of lateritization. If the Norfolk soils from
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Fig. 6. Relation between"_Si02/Al203 of colloidal clays
and temperature (Jenny, 6).

Franklin County with a mean annual temperature of 60.9" F. and a
rainfall of 49.05 inches are compared with the Norfolks from Autauga
County with a mean temperature of 64.2° F. and a rainfall of 51.57
inches, it is seen that the former have ratios averaging about 2.06;
the latter average about 1.63. Soils in Franklin County apparently
are Just on the boundary line between the podsolic and lateritic influences.
These data confirm the observations of J e n n y . They do not agree,
however, with the suggestion of Crowther (3) that the Si02/Al203 is
more dependent upon rainfall than temperature. Crowther states that
for soils having the same parent material an increase of 1" F. requires
an additional 0.88 inches of rain to maintain a constant Si02/Al203.
There is an increase in temperature of 3.3" F. and an increase in rainfall of 2.52 inches from Franklin to Autauga County. According to
Crowther, an increase of 2.9 inches of rain would be required to
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maintain a constant Si02/Al203. With an increase of only 2.52 inches,
the ratio has decreased 0.43, indicating that temperature has been
more effective than rainfall in changing this ratio.
Analyses by Holmes and Bdgington(5) show that the weathering
of the Cecil series changes from podsolic influences to lateritic in northern
Georgia. Although they state that the Cecil soils are podsolic, their
data show that lateritization has been predominant in Georgia below
the 61" P. line as evidenced by a decrease in the SiOa/AlgOj in the
colloidal material of the surface horizons. Mar b u t (8) states that the
influence of the lateritic type of weathering is manifested in the Cecil
series in South Carolina.
J e n n y (7), in recent studies of the behavior of the sodium and
potassium ions in soil weathering, has used the symbol „p" as a value
for characterizing the nature of the weathering process. This value
is obtained from the equation
NagO -f KgO
of leached horizon (soil)

AI2O3

P

NagO f K3O
AI2O3

of parent material (soil)

The p value is less than 0.2 in lateritic types of soils. For podsolized
soils this value exceeds 0.6. These relationships are shown in Figure 7.
LoTertTic soils

5
n
J 1

g. to

^

"^rro-r^

\

\
/

1 /

*0 2

'^\

(/
,--''
0.4

\

i.^,^
Q6

0.8

10

1.2

t.4

yS-values
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Data from Table 3 show that horizon 2 is the most highly leached as
]Sra„0 + KoO
evidenced by the
.jn
The p value m this profile is 0.132.
AI2U3

Accordingly, this value also shows that the lateritization process has
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been predominant in the development of the profile. Immaturity of
the profile is evidenced by the fact that the (3 value has not reached
the modal value for lateritic soils.
The p value for the colloidal material amounts to 0.786. This high
value suggests that not all of the AI2O3 was removed in the extraction
of the colloidal material from the soil. Undoubtedly, any colloidal
alumina around the soil particles is difficult to remove and unless it
is entirely removed, erroneous results might be obtained in expressing
values which show its accumulation. The colloids usually extracted
from the soil, however, represent the active fraction as far as colloidal
behavior is concerned. This is evidenced in this particular profile by
the fact that alternate extraction of the colloidal fraction by N/lO HCl
and 2 % NagCOs apparently only removed Si, Al, and Fe in the same
ratio as they occurred in the colloid. This indicates that no oxides
free from the colloidal complex were present in the extracted colloid.
H a r r a s s o w i t z (4) has suggested that the desilification process
which eventually leads to lateritization may be the result of kaolinitization and allophanitization. The two processes are distinguished by
the solubilities of their products in HCl and H2SO4. The kaolinitie
products arc crystalline and soluble only in concentrated H2SO4. AUophane material is soluble in HCl and is not microscopically crystalhne,
but is gel-like in nature. Kaolinitic materials are generally formed
from orthoclase or rocks containing orthoclase as the felspathic constituent.
The solubilities of the soil materials from the different horizons
of the Susquehanna profile are given in Table 7. It is seen that the
solubility in concentrated H2SO4 considerably exceeds that in HCl,
indicating that the material is probably kaolinitic in nature. If the
percentage of AI2O3 and SiOa soluble in H2SO4 is calculated on the
basis of the amount of these compounds occurring in the colloidal
fraction, considerably more AI2O3 is dissolved than would be expected
from analyses of the colloidal fraction. This also indicates an incomplete
removal of colloidal alumina from the soil during extraction of the
colloid. These results strongly indicate that very little gel-like colloidal
material is present. The alumina present is probably in the crystalline
form.
These data suggest very clearly that the lateritic weathering process
has been predominant in the weathering of the profile. The incompleteness of weathering may be the result of one or more factors
among which the impermeability and high acidity of the parent material
are probably the most important. A more permeable parent material
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Table 7
Solubility of SiOa and AI2O3 in soil m a t e r i a l s from different horizons
of the profile
HCl
soluble

H2SO4
soluble

0/

0/

/o

HCli)

H2SO4

HCl-NaaCOg

/o

/o

%

0/

7.5
14.0

41.5
22.5

6.2
41.5

49.5
123.0

22.21
17.20

5.5
,37.0

76.0
135.0

4.15
2.45

32.65
14.83

5.6
36.0

114.0
126.0

3.10
1.57

707 •
Horizon 1

SiOa .
AI2O3

0.04
0.43

2.14
0.69

707
Horizon 2

SiO^ .
AljO,

0.15
6.20

11.50
18.49

707
Horizon 3

SiOa .
AI2O3

0.16
4.71

707
Horizon 4

SiOa .
AljOr;

0.16
4.25

,

Amount in colloid soluble in

;

/o
6.25
4.61
1
;

4.15
3.15

^) Calculated from the amount and composition of colloid in the soil.

undoubtedly would enhance percolation which probably would cause
more intense weathering. On the other hand, the small amount of
bases present, especially Na and K, could not supply a sufficient quantity
of OH ions for the rapid removal of silica. J e n n y (7) has shown that
the hydrolysis of sodium and potassium clays takes place in an acid
medium where the acid reaction is due to hydrogen ions on the exchange
complex. Undoubtedly, the amount of OH ions resulting from this
hydrolysis would have a marked influence upon the rate of sihca removal.
It seems logical, therefore, on the basis of these results on the
characteristics of colloids from various Alabama soils to place the upper
boundary of the lateritic type of weathering in Alabama at the 61" F.
annual isotherm as is shown in Figure 1. This theoretical boundary
coincides with that of J e n n y . It is obvious, therefore, that the Susquehanna soils are immature and do not represent the final product of
soil weathering in the state, even though analyses show that the lateritic
type of weathering has been predominant in the development of the
present profile.
Summary
1. The Susquehanna fine sandy loam has weathered from a very
acid, highly colloidal marine deposit.

—

306

—

2. The profile processes A, B, and C horizons although the Bhorizon is not well developed. The finer fractions have been exluviated
rather than eluviated from the surface layer.
3. The strength of the soil acids has decreased with weathering.
The determined characteristics of the acids in horizons 1 and 2 are
similar.
4. The lateritic type of weathering has been predominant in the
development of the Susquehanna soil profile in Alabama as evidenced by:
a) A loss of SiOa and an accumulation of AlgOg and FegOs in the
weathered horizons 1 and 2, which has caused a decrease in the
SiOz/AlgOg in these layers compared to that in the parent material.
b) Soils adjacent to the profile distinctly show the effects of lateritization.
c) Leaching of KgO and Na20 from the profile is of the same order
of magnitude as soils weathering under lateritic influences.
5. The immaturity of the profile is probably due to the impermeable
and acid nature of the parent material.
6. Most of the accumulated AlgOg appears to be crystalline rather
than gel-like.
7. The northern limit of the effect of the lateritic type of weathering
is placed at the 61" P. mean annual temperature line. This places most
of the soils of Alabama under the influence of lateritization.
Auszug
Die verschiedenen Horizonte des Susquehanna-Bodenprofiles und
deren Kolloidfraktionen wurden mittelst physikalisch-chemischer Methoden untersucht. Der Boden gehort zur Gruppe der gelbroten Boden
in den Subtropen von U.S.A. Das Muttergestein stellt einen schweren
marinen Ton dar. Das Profil ist noch nicht vollstandig ausgereift, enthalt
jedoch wahrnehmbare Horizonte. Durch physikalische und chemische
Untersuchungen laBt sich ein schwach entwickelter B-Horizont feststellen. Im allgemeinen herrscht lateritische Verwitterung vor, wie
folgende Tatsachen zeigen: 1. Das Si02 : AlaOs-Verhaltnis der KoUoidfraktion des A-Horizontes ist kleiner als das des Muttergesteins. 2. Die
umliegenden Boden sind deutlich lateritisch. 3. Die Auswaschung von
K und Na nahert sich dem lateritischen Typus. Auf Grund dieser
Untersuchungen fallt die nördliche Grenze der lateritischen Verwitterung
in Alabama mit der 61" F (16° 0) Jahrestherme zusammen. Die meisten
Boden Alabamas stehen deshalb unter dem Einflusse lateritischer Verwitterung.
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Abstract
A physico-chemical study was made of the soil and its extracted
colloid from the different horizons of the Susquehanna fine sandy loam
profile. This soil is a heavy marine deposit occurring in the group of
yellow and red soils in southeastern United States. Although it is
not a mature soil it possesses a fairly well-developed profile. The mean
annual temperature is 65.6" F., and the mean annual rainfall is 46.6
inches.
Physical and chemical studies of this soil show that a slightly
developed B horizon is present. The lateritic type of weathering has
been predominant in the development of the profile. This fact is evidenced (1) by a decrease in the Si02/Al203 of the colloidal material
from the surface horizons as compared with the parent material; (2) by
the fact that adjacent soils are distinctly lateritic in nature; and (3) by
the extent of leaching of sodium and potassium from the upper horizons.
On the basis of this study the northern limit of lateritic weathering in
Alabama is placed at the 61** F. mean annual temperature isotherm.
This places most of the soils of the state under the influence of lateritic
weathering.
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A soil survey of the La Carlota area, Occidental Negros, Philippine
Islands^). With colored map
By Robert L. Pendleton 2)
Introduction
The Province of Occidental Negros includes the most important
single cane sugar producing region of the Philippine Islands, and for
a number of years the La Carlota Sugar Central has held the record as
the largest single producer of sugar in these Islands. And as the region
from which this sugar mill obtains its suppUes of sugar cane includes
a wider range of soil and tropographic conditions than does that of any
other mill on the Island, more than the usual amount of interest attaches
to the somewhat detailed description of the general topographic, climatic,
agricultural, and soil conditions of this area.
This La Carlota Area is located in about the middle of the western
slope of the Province of Occidental Negros, between 10° 17' and 10" 28'
North Latitude, and 122" 50' and 123 ° 7' East Longitude. Along
the shore of Guimaras Strait the area extends north and south for about
10 kilometers, and easterly from the coast it extends about 30 kilometers
up onto the lower slopes of Mt. Canlaon. The maximum width of the
area, north and south, is about 19 kilometers. The entire area included
in the colored portion of the soil map comprises about 390 square kilometers or 39000 hectars.
Climate
The climate of the La Carlota region is marked by certain features
which are evident from the published climatological data*). The
^) This soil survey was carried out for the La Carlota Sugar Company, which
owns the sugar mill (central) where almost all of the sugar cane produced in this
area is converted into "centrifugal" or 96° sugar. This Company bore all the
expenses of the field work, and the niajor portion of the cost of lithographing
the soil map. Great credit is due to the company for permission to use in this
paper a portion of the data gathered in connection with that survey.
2) Professor of Soil Technology, College of Agriculture, University of the
Philippines, on leave. Chief Sou Technologist of the National Geological Survey
of China, Peiping, China.
^) J o s e C o r o n a s , S. J.: The Climate and Weather of the Philippines. The
Philippine Census, Manila 1918.
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temperature as a whole is relatively high, and remarkably uniform.
This is due to the location of the region in the Tropics, and on a relatively
small island, and at a considerable distance from continental land
masses. The island of Negros is about 50 kilometers wide at La Carlota,
and has a total length of about 210 kilometers. At Bacolod, at sea
level on the coast about 26 kilometers north of La Carlota town, the
annual normal temperature is 26,8° 0. The maxima and minima
thus far recorded, for each month in the year, at Bacolod, are as follows:
Temperature
Month
Maximuin Minimum ,
January.
February .
March . .
April. . .
May . . .
June. . .

35.4
3Ö.9
37.8
38.2
37.8
34.4

15.5
15.1
16.7
19.0
21.5
21.3

Temperature
Month
j Maximum Minimum
»C
July. . . .
August. . .
September .
October.
November .
December .
Mean annual

.
,

33.6
32.6
33.9

j

20.7
20.3
21.2

Hd.a.

:

5^T_4

33.9
32.6
35.4

1

19.2
16.5
17.6

It will be noted that the coldest part of the year is in January
and February, when there is some effect of the cold air from the high
pressure area of eastern Asia. The warmest temperatures of the year
are in March to May inclusive, before the commencement of the rainy
season.
The rainfall is a feature of the climate that shows more variation,
and is of more interest and of much wider variation from place to place
in the Islands, and even within relatively short distances in the La
Carlota region. This variation is due mainly to the situation of the
places with respect to the dominating topographic features of the region
and the prevailing winds. From May to November which is the season
for typhoons and thunder storms, there is less effect of the topography,
and the rainfall is more generally distributed, but from December
to March those places such as Manapla and Silay that are exposed to
the northeast trade winds get more rainfall than the region around La
Carlota, which is rather on the lea side of the Island at this time. This
is very clearly shown in the following table, supplied by Father Selga^)
the Director of the Weather Bureau of the Philippine Islands.
^) Personal communication. The observations from which this table has
been compiled have been made for the most part by members of the staffs of the
several modern sugar centrals, in cooperation with the Weather Bureau.
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In this table the stations have heen arranged from north to south,
Manapla being at the extreme north end of the Island of Negros, with
Silay south 15 km. S.W., near the northwest corner. These places
are about 60 km. and 45 km. north northeast of La Carlota. Maao is
only about 10 km. north of the La Carlota Area, while Isabela is about
25 km. east of south. The other three stations are within the area
itself. Though there is relatively little difference in the total annual
precipitation between the five stations, the distribution within the year
is very different. In the north there is a more nearly uniform rainfall
throughout the year, while in the vicinity of La Carlota, there is a strongly
marked seasonal difference, with a drier season from January to April,
inclusive, and a wet season from May to November, inclusive. As the
soils of the western side of the Island have been exposed to the climate
for a relatively short time, the differences in the rainfall have not as
yet made as marked differences as one might expect in the nature of
the soils themselves. There are, however, certain differences already
developed, as previous studies have shown. As to the effect of the
rainfall on the crops, there is a very decided difference in the seasonal
growth of sugar cane, for in Manapla the cane is planted and harvested
practically throughout the year, while in the La Carlota region the climate
compels the planting and harvesting to be confined to the period from
October to March inclusive.
There are not available data on the relative humidity of the La
Carlota region, but for adjacent regions, under similar conditions,
such as Cebu^) the relative humidity has been found to be almost the
same throughout the entire year, with an average of 76.7 %, and a
mean annual range of only 5.6 %.
Topography
The topography of the area is somewhat more complicated than
that of the rest of the agricultural regions of western Negros. Next
to the coast, along G-uimaras Strait, there is a strip of shore deposits
averaging half a kilometer in width. To the east of these sandy shore
soils for part of the distance, lies a salt marsh with some nipa, mangroves
and other typical salt or brackish water plants, and from 1 to 3 km.
wide. North and south of the marsh are the low, flat clay soils which
are devoted to rice production. From the marsh or the lowland clay
1) The island of Cebu Hes east of the island of Negros, separated by a strait
about 25 km wide, while Cebu city, where the humidity data were collected,
lies on the eastern side of the island, about 110 km in a straight line east of
La Carlota town.
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soils in the northern part of the area extend eastward the typical lowland
soils for a distance of from 6 to 10 km., or at a total distance from the
coast of from 9 to 18 km. Beyond these lowlands gradually rise the
older alluvial fans, with a width of from 5 to 10 km., and extending
eastward to the steep mountains. The main feature of the high mountains and the commanding feature of the entire landscape is Canlaon
volcano, with an elevation of 2,438 m.
Extending in a southwest direction from Araal barrio^) and through
Haguimit toward Antipolo, Camharos and on to San Isidro is a line
separating the La Carlota district from the hilly one to the south west.
Here there are a number of scattered hills in a rolling country that is
relatively irregular; the alluvial fans and lowland soils being scattered
and broken up by the hills. Southeast of this hilly region is the San José
district where the predominant alluvial fans slope downward directly
from Mt. Canlaon, and Mansalanao and Sagang barrios to La Castellana
and Odiong, where the fans merge with the lowland alluvial soils that
extend southward to the Binalbagan river flood plain.
The higher, eastern ends of the alluvial fans, as at Araal, Mercedes,
Cabungbungan, Sagang, and Mansalanao are probably at an elevation
of 300 to 400 m. above the sea. Unfortunately there are no rehable
figures for the elevations of various points within the district. The
only known elevation definitely determined, aside from the sea level
of Guimaras Strait, is that of the summit of Mt. Canlaon itself, which
lies outside the area under consideration. Reasonably accurately
determined elevations would be of considerable value, but in the course
of this study the means were not at hand for obtaining this information.
The important hills Sook and Camingawan are probably about 200 m.
above sea level. The various hills that are scattered between the barrios
of Antipolo and Odiong are from 30 to 80 m. above the lowlands or
relatively low rolling lands about the various hills.
The topography has played a very large part in the development
of the soils of the region, and so both directly and indirectly in the
economic and agricultural development of the area. The marshes
and estuaries along the coast have diverted the roads, and have isolated
some good agricultural land in Tibsoc barrio. The lowlands to the
north and south of the marshes are under the present economic conditions, suitable for rice only.
The slightly higher lands to the east, tho poorly drained, are among
the best cane lands of the area. The old, dissected alluvial fans farther
1) Barrio is a small village or group of houses, as well as the division of the
lands of the town or municipality.
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east are well drained, though less productive partly because of the topography and the resultant erosion. The mountains farther east are
practically valueless for agriculture on any extensive scale, and should
remain in forest.
The hilly lands between Antipolo and Talaptap barrios and La
Castellana town are of very variable value, depending upon the topography, drainage, and the particular soil.
G-eology .
The entire territory included in the La Carlota area is of recent
geologic age. The older portion of the Island of Negros is that along
the eastern part and to the south of Isabela and Kabankalan towns,
which are both some distance south of this area. The western portion
of the northern part of the island, including the Mts. Silay, Mandalagan,
and Canlaon is of recent volcanic material, as the volcanoes burst out
through the older material, that now lies deeply buried. These eruptions
largely of fragmental material, and the erosion of the material so erupted
and the still later shght changes in the elevation of the land above
the waters of Guimaras Strait, are the features which have determined
the geology and topography of the area^).
"When Canlaon and the other volcanoes were first erupting and
building up their cones, the material was very loose, and the eruptions doubtless violent. The volcanic rains as well as the usual
precipitation caused immense flows of mud down the slopes to the
west and the south. Not only were these long slopes built up, but
there must have been ash falls over all the surrounding country and
well out into the Guimaras strait. Also there were the very violent
eruptions, possibly from secondary craters, which resulted in the formation of the scattered hills in the Antipolo-La Castellana-San Isidro
region. Moreover there were the heavy lahars of mixed ash and coarse
angular stones and big rocks Avhich flowed out more slowly and only
a little distance, forming the Cabungbungan, Covadonga, Ilonga and
other short, steep tongues of land with steep sides extending out from
the southwest and south of the volcano.
After the main volcanic activity had subsided, and the streams
were not carrying out such heavy loads from the volcano itself, the
water which flowed more slowly over the alluvial fans was able to carry
away some of the excess load that it earher had to deposit, and so the
1) W a r r e n D. S m i t h : Notes on the geology of Negros. Sugar News 3, 497
bis 502, Ö45—Ö48 [1922], Manila.
Beiheft BodenkundUohe Gesellsohaft

22
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ravines began to be formed, and the dissection of the fans commenced.
And for the most part this is still continuing; however there is still
some occasional activity of the volcano, and some material is being
carried down from the steeper slopes so that the Bungahin river particularly is in places somewhat building up its banks.
At about the time that the volcanic activity diminished, the general
land level of the region was raised tectonically, probably 10 meters,
exposing a considerable amount of the former bed of the sea. Doubtless
it was at this time that the country north and east of hacienda Cainaman
was raised above the sea, and that it was the previous effects of the
weathering in the former salt marshes of the coast which have caused
the present peculiar characteristics of the soil in that locality. It was
at the same period that the deposits of sea shells farther south along
the coast were elevated from their original position under the sea.
Since this elevation has taken place there has been continued
erosion of the material to the east, the transportation and deposit of
the material over the previous sea floor to the west of that, and thus
the pushing of the coast line still farther west. This process is still
continuing, and the coastal swamp is> being filled up, and the beaches
being formed farther to the west.
The records are not very extensive as to the activity and eruptions
of this volcano. Father Saderra Maso in 1903^) quotes Becker, who
wrote as follows: "steam is always pouring out from at least two vents
at the summit. No violent eruptions are remembered, but ash has
been ejected from time to time. The last considerable fall occurred,
as I was informed at San Carlos, in July, 1893. There was also an
eruption in 1866." Maso continues "in May and June, 1894, ashes
fell on many towns around, and more recently, on the 31^' of January,
1902, the volcano was throwing out fluid lava during the night in the
midst of a display of light. An earthquake, not very violent but perceptible at a distance of many leagues, coincided with the outflow
of lava."
On March 20, 1927 there was a shght erUpt on of Mt. Canlaon
when there were a number of explosions and steam and volcanic ash
were ejected. Photographs of this eruption were reproduced on the
cover of the July, 1927 issue of the American Chamber of Commerce
Journal, Manila.
1) Volcanoes and Seismic Centers of the Philippine Archipelago, Bulletin
No. 3, Census of the Philippine Islands [1903], p. 46.
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It is thus apparent that all of the material which composes the
rocks and soils of the La Carlota Area has come from the eruption of
Mt. Canlaon and its associated vents. The original rocks were at
least for the most part of the same sort of igneous material, mostly
a basalt, though there is some material that, with the larger proportion
of silica, approaches an andesite^). The differences in the soils as they
occur now are largely due to what has happened to the material since
it hès heen ejected. That which fell into the sea and was weathered
and leached by the salt water probably now makes up the substrata
of tuff which are common under much of the present lowland soils;
a little different type of brackist-water weathering has doubtless been
the cause of the peculiar nature of the present Bago series of soils,
which are so strikingly poor in plant food materials and hard to cultivate
because of their unfavorable physical condition. The hills from Pantao
west and southwestward are doubtless somewhat older than the alluvial
fan material, as they have had a longer or at least a more rapid weathering
and development of iron concretions and the formation of the compact,
lateritic subsoil in many places at about Nato, Sook, Camingawan,
and San Isidro and on toward the coast.
The blacker material which makes up the surface portion of the
Guintabuan and San José series of soils may be the result of later volcanic eruptions and the irregular deposit of that material over the
surface of the district. In no other way can I explain the sharp line
which delimites the San José series from the Guintabuan in the La
Castellana district. Part of the difference of the Guintabuan is the
result of 'the peculiar and intensified drainage conditions that prevail
under the main bodies of this soil. Probably the accumulation of
organic matter on these soils was also affected in some peculiar though
unexplained way.
1) In the course of the soil survey and related studies of the soils of the area,
a number of hundred samples of soils and subsoils were collected. The samples
were studied in the laboratory as to their reaction, as indicated by both electrometric and colorimetrio methods, and the total amount of coUoids was measured
by the Bouyoucos method. I n the laboratory and field work the assistance
of the writer's students Profirio Jain, H. Agustin, Honorato Lumang, and Matias
Sucaldito is appreciatively acknowledged.
Due t o the writer's change of station, and his present duties, it has not been
found possible to thus far prepare the above-mentioned laboratory data for
publication.
2) S m i t h , Warren D.: Geology and Mineral Resources of the Philippine
Islands. Bureau of Science,p. 23 [1924] Manila.
22*
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S i m i l a r i t y of Negros and J a v a n soils. It is interesting
to note that not only are the soils of Occidental Negros mostly from
volcanic materials, which are very similar to the materials which have
heen ejected from the volcanoes of Java^), but that there is a striking
similarity between the geology of Java and that of the Philippines^).
The weathering processes which have developed the soils in the two
regions are also very similar*).
It is therefore possible to make at least general comparisons between
certain of the sugar cane soils of Java with some soils of the La Carlota area.
Mapping of t h e Soils
Before describing in detail the various series of soils, and the types
found and mapped in this area, it seems desirable to mention briefly
the methods employed in collecting the data and delineating it on the
map. The field work was carried out according to the usual United
States Bureau of Soils method, in which the soils are studied in the
field as to their color, texture, depth, nature, succession and thickness
of horizons, etc. The texture was determined by the usual method
of thoroughly puddling a few grams of soil in the hand, taking care to
have just the proper amount of moisture in the soil, and then pressing out
the moist puddled soil between the thumb and finger. This may
seem a very crude way in which to determine the texture, but repeated
checking of the method with the usual centrifugal method of mechanical
soil analysis showed that the determination when made by a skilled
person is amply accurate for all practical purposes. All possible artificial
or natural exposures of the soil profiles were examined, and in addition
occasional pits were dug and frequent use was made of the öoil auger
to check the nature of the underlying soil material when it could not
otherwise be readily determined.
The plotting of the data in the field was for the most part done
on maps on the scale of 1: 4000, on which the field observations could
be very easily plotted. Afterwards the data were transfered to the
1) v a n H a r r e v e l d - L a k o , C. H.: De eigenschappen van de Suikerreitgronden op Java. Groningen [1929].
- N o t e : This book has been translated into English by Eobert L. Pendleton
under the title "The Properties of the Sugar Cane Soils of Java" though this
translation has not yet been published.
^) S m i t h , Warren D.: Geology and mineral resources of the Philippine
Islands. Bureau of Science, p . 67, 89, 109 and 112 [1924], Manila.
') M o h r , E. C. Jul.: Tropical Soil-Eorming Processes with Special Eeference
to Java and Sumatra. Translated from the Dutch "De Grond van Java en Sumatra" by Robert L. Pendleton.
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A r e a s of S o i l T y p e s a n d S o i l

Groups
Area

Soil T y p e

Per
cent
Arab] e

Per
cent
Total

11.7
1060.5
175.1
3028.9
1295.1
1810.5
1351.1
492.8
723.8
31.6
1233.6
2478.3
168.7
557.8
83.9
519.6
160.6
39.7
132.7
1086.6
663.4
4428.7
1829.4
3104.7
181.4
473.1

0.04
3.90
0.65
11.20
4.80
6.70
5.00
1.82
2.67
0.11
4.60
9.10
0.62
2.06
0.31
1.90
0.59
0.15
0.49
4.00
2.45
16.40
6.80
11.60
0.67
1.62

0.03
2.72
0.45
7.75
3.32
4.65
3.46
1.26
1.86
0.08
3.16
6.35
0.43
1.43
0.21
1.33
0.41
0.10
0.34
2.78
1.70
11.30
4.69
7.95
0.47
1.21

27123.3

100.25

Hectares
Guimbalaon gravelly loam
Guimbalaon loam
Guimbalaon silt loam
Guimbalaonc lay loam
Legua clay loam
La CasteUana silt loam
San José silt loam
La Carlota loam and clay loam
Kamandag loam
Kamandag loam (brown phase)
Kamandag clay loam and gravelly clay loam .
Bago soils (undifferentiated)
Guintabuan gravelly loam
Guintabuan loams
Guintabuan fine sandy loam
Guintabuan silt loam
Issbela clay loam
Issbela clay
Silay gravelly loam
Silay loam
Silay fine sandy loam
Silay silt loam
Silay clay loam
Silay clay
Suay sandy loams (undifferentiated)
. . . .
Pulupandan fine sandy loam and sandy loam.

7450.4
Stony, steep and mountainous. .
2731.9
Ravines and eroded stream banks
1283.4
Mangrove and nipa marshes. . .
429.6
Eiver "wash
Non-Agricultural: 11895.3
Total: 39018.6

19.10
7.00
3.29
1.10
99.93

base map on the scale of 1: 30000 on which scale the map is reproduced
with this paper.
The soils have been classified into the series, and the series subdiyided into the several types, as described and plotted. After com-
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pietion of the soil map on the final scale of 1: 30000 the relative areas
of the different soil groups were measured with the planimeter. The
results of this measurement are given in the table below, in which the
percentages are stated both of the total area included within the colored
portion of the maps, and of the relative proportions, of the several
types of the cultivated area. In considering these figures it must be
kept in mind that the planimeter is never accurate within less than
about 2 % or 3 % of the total area measured. Frequently, however,
the errors are compensating, and in the present instance the values
given are the averages of several measurements. It must also be
kept in mind that the areas stated are gross areas, and not the net
cultivated areas, as the measurements do not exclude land used for
roads, railroads, ditches, buildings, etc. and other non-agricultural
purposes.
Descriptions of the series and types of soils
Gruimbalaon Series
The soils of this series as a whole are of a distinctly brown colour,
though in the field at a distance the most important types have a reddish
brown appearance. In hand samples the color varies from a light
grayish brown or light brown to a medium or dark grayish brown.
The color undoubtedly varies with the amount of organic matter in
the soil, and consequently varies with the length of time cultivated
and the amount of organic matter destroyed through this process.
The series occupies the major portion of the two conspicuous old
alluvial fans which spread out radially with a rather steep slope of
from 5 % to 10 %, from the very steep mountains from the points where
the Najalin and Bungahin rivers emerge. This topographic position
and the very much mixed nature of the sizes of the substratum material
indicate that the material has for the most part been brought out from
the upper portions of Canlaon volcano both as lahars and as alluvial
materials carried by the rivers.
The soil material as a whole is fairly deeply weathered, the stage
of weathering being probably between young and mature; for the most
part the subsoils are quite well developed, being heavier and browner.
Doubtless there have been ash falls from time to time on these soils
and they have been rejuvenated more than would appear to be the
case from the development of the horizons. The soils that comprise
the adjacent San José series probably represent an intensified deposit
of young volcanic ash, which is not so deeply weathered, and accounts
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for the generally recognised higher fertility of the darker soils of the
San José haciendas than of the adjacent Guimhalaon series. In some
of the transitional material to the Bago series, the weathering process
has proceeded farther, and the development of iron concretions is
conspicuous. This is closely connected with the deficiency of available
phosphorus for sugar cane, as has been so clearly demonstrated by
some of the plot experiments during the past few years.
At present the streams are seriously cutting deeply into the deposits
which make up the Guimbalaon series, giving particularly the very
much dissected topography typical of the clay loam type.
The types of this series which occur in this area are the following:
gravelly loam, loam, silt loam, and clay loam; taken together they
total about 16 % of the total arable soils of the area.
Guimbalaon loam: A medium brown soil, varying to a light
brown or to a dark brown or dark grayish brown when moist; the field
colour is often a light grayish brown, though from a distance in the field
the soil appears more of a reddish brown. The colour undoubtedly
varies with the length of time cultivated, and the steepness of the slope.
The texture as a whole is a loam, varying from a light loam to a medium
or heavy one; at times as in hacienda Canlaon Torre there are, probably
as the result of stream action, very considerable variations in the texture,
from a light clay loam through a silt loam, loam, light loam, to a gravelly
loam. The surface soil has a depth of about 20 to 30 cm, and is friable
or even loose in structure.
The subsoil is a brown to light brown or grayish brown, in places
mottled or spotted with reddish or yellowish tinges, particularly noticeable
when moist. The texture of the subsoil is a loam, clay loam or a gravelly
or stony loam. The loam may grade directly into the gravelly loam,
which is very deep, or there may be a transition heavier layer on the
clay loam or heavier loam. The gravel may be distinctly volcanic,
where it is from scoriae or from harder plutonic rocks. In the transition
to the Bago series, the subsoil has a brown mottled clay loam at 25 cm
depth and a light gray mottled clay loam at about 35 cm. The topography is that of alluvial fans, or the upper portions of flatter ridge
tops of old lahars or mud flows from the volcano. Therefore the
drainage is good to excessive.
The main crop grown is sugar cane, though on the uplands, beyond
the haciendas, garden crops, maize and uplands rice are grown extensively. Much of this soil is located back in the mountains, where it
is relatively inaccessible, and the consequence is that it is not always
cultivated as it might be. The roads running up and down the slopes
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are eroding badly. The fairly light texture and structure, combined
with the wash from the surface, indicate that this type should be handled
carefully, cultivated on the contour rather than up and down the slope,
and that some rotation or green manuring of the soil should be practiced.
In experiments at hacienda Salamanca phosphorus as a fertilizer has
proven highly profitable. It is presumed from some plot tests and the
general reaction of the Guimbalaon series, that lime applications would
prove desirable.
This type occupies about 4 % of the total arable soils of the area.
Gruimbalaon gravelly loam: This is a very minor type occupying only about 0,04 % of the arable area, located mainly on hacienda
Danao, on a slightly lower terrace than the associated Guimbalaon
silt loam. It is doubtless due to the overflow of the Camansi river
and the consequent deposit of the rather coarser materials. The texture
as a whole is quite uniform, but varies to a heavier gravelly loam, or
to a loam. In places the gravels are to a considerable extent iron concretions. The colour is a light grayish brown to a brownish gray. The
topography is in general flat, with some stream channel depressions.
The type is practically all planted to sugar cane.
Guimbalaon silt loam: A light brown to grayish brown soil
when dry, changing to a dark brown to dark grayish brown
colour when moist. A friable silt loam, 20—30 cm. deep, lying on a
loam, gravelly loam, or clay loam substratum which extends to a meter
or more in depth. The topography is usually the flat or gently sloping
lower portions of the alluvial fans. Drainage is good to fair. It is
a relatively very unimportant type, occupying but about 0.6 % of the
arable soils of the area. The type is devoted entirely to the growing
of sugar cane.
In Manyaming Alta of Hacienda San José is a different phase
of this type. It is intermediate between the San José silt loam to the
south, but having the texture of the latter; and resembling in colour
the Guimbalaon type to the north. The colour of the surface soil is
more of a chocolate brown when moist, with a brown or grayish brown
field colour. The topography of this body is quite different, being
located on the somewhat deeply eroded upper slopes of the alluvial
fan. Erosion is considerable.
Guimbalaon clay loam: This soil in the field when dry has
a light brown or gray brown colour, but at a distance it seems reddish
by contrast with the grayer and darker soils lower down the slopes and
on the plains; when moist the soil is a light chocolate brown to grayish
brown or dark grayish brown. The soil varies in texture from a light
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clay loam to a clay loam, and has a depth of from 20 to 35 cm, with the
usual depth about 25 cm. The subsoil is a light brown, brown, to
dark brown or grayish brown clay loam to heavy clay loam, with red
and yellow, black and brown, or yellow and black spots or mottlings
extending from 20 or 30 cm. to 40 to 60 cm. or more below the surface.
The deeper material, below the more or less distinct subsoil, i. e. from
40 to 90 cm deep and below, is usually a clay loam to heavy clay loam,
varying to a gravelly clay loam or clay in places; at times it seems
to be plastic, without any structure, with red and yellow mottlings,
or with light brown, yellow, and black spots, etc.
The original material of this type seems to have been very much
mixed in size, and included not only gravel but also large bowlders.
For the most part the material has been weathered away to a more
or less plastic clay loam or clay, with only a few of the larger, more
resistent bowlders remaining as relatively unweathered material still
retaining the distinct structure and crystals.
The present topography is of two sorts: 1. the relatively uniformly
sloped alluvial fan material, deposited by streams, as at haciendas
San Miguel, Dos Marias, Salamanca, Canlaon, etc., which is now very
much eroded and dissected by subsequent stream action; 2. the material
with a more irregular surface, which probably was the surface of lahars
coming from the volcano, as now found in haciendas Paquita, Maria,
Cabungbungan, etc. Drainage from the surface soils is good to excessive, and leads to serious damage from wash of the surface soil.
At times, as at hacienda Dos Marias, there is beneath the Guimbalaon
a definite substratum which has the nature of a hardpan. This is
locally known as "bakias". It is a question as to how this material
has been formed, whether by simple cementation of volcanic ash, or
by the deposit of materials there from solution from the horizons lying
above it. In any case, the bakias is sufficiently deep, from the agricultural standpoint, to have little or no effect on the soil.
Of this important type which comprises over 11 % of the total
agricultural soils of the area, there are certain non-typical variants
that might be mentioned: 1. A phase with many iron concretions,
and grayer in colour, a transition toward the Bago series. This phase
is found in parts of haciendas Bsperanza and Berta. 2. There is an
occasional grading into a form resembling the Silay series, with a heavy
clay loam at 30 cm., and a general grayer colour. 3. There are outliers
of material very similar to this type, which appear at the surface in
the vicinity of La Carlota town, but which are described under the La
Carlota series. There is another group of soils which resembles the
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Guimbalaon clay loam and which is certainly related to this type.
This is the Legua clay loam, which differs in having a rougher topography, and the surface soil considerably darker.
As a whole, considering the steepness of the slopes where field
streams of water flow rapidly, the subsoil of this type is rather resistent
to erosion. The total amount of erosion, however, is considerable,
particularly as evident in some of the field roads.
Judging by some of the samples tested, this type is quite acid.
And the fertilizer tests have shown in this area, as elsewhere on this
type, that the phosphorus available in the soil is inadequate for large
crops of sugar cane, and that for this crop it often pays to add this
element as a fertilizer. It is likely that in the future lime will be very
useful on this type, and judging by the way the organic matter disappears
from the soil soon after bringing it into cultivation, it will be worth
while to carefully test out the desireability of green manuring.
Legua Series
The soils of this series are a brown to dark brown or dark brownish
gray, or even a light brown, or from a distance appear reddish brown,
so that locally they are known as "red" in colour. The soil material
is residual occurring upon irregularly rounded to rather steep hills and
slopes, on material apparently carried out originally as lahars or mud
flows from Canlaon volcano. The soils are only moderately deeply
weathered, and with the subsoil somewhat heavier and browner in
colour. The soil material itself is a great deal like that of the associated
G-uimbalaon series, the separation into this series being largely on the
basis of topography. The series is represented in this area by only
one type, the clay loam, which has a total area of less than 5 % of the
arable soils of the area.
Legua clay loam: The soil is a clay loam, about 20 to 30 cm.
deep. The subsoil is hghter in colour, and varies from a clay loam to
a heavy clay loam in texture. Occasionally on the slopes and tops
of the hills there outcrop large, hard andesitic-basaltic bowlders. This
soil occurs typically on the steep hills and lower slopes of the Legua
communal, and toward barrio Haguimit. There are adjacent bodies
of this soil to the north and northeast, on the hilltops of the higher
hills Masulog, Tininawan, and Araal.
The soils of Legua Comunal are rather intensively cultivated to
cane, upland rice, and other annual field and garden crops, and it is
notable that in spite of the slope, cultivation is fairly continuous even
to the tops of the hills. Drainage is excessive, and erosion is serious
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in places. No attempt has been made to separate. on the map the
small flat rice paddies in the valley bottoms and on the lower slopes,
tho the soils in these places are somewhat different, because the bodies
of these variant soils were usually very small in area, too small to be
shown on the scale used.
This type in several ways very closely resembles the Guimbalaon
clay loam. But the topography in itself is sufficient to make a sharp
separation. The topography of this type is more like that of the La
Castellana silt loam. There seems no good way to explain the fact
that the hills in the Legua Comunal are a clay loam, while those to the
south are a silt loam, except on the basis of a rather sharp line at the
edge of a fall of fine volcanic ash. It is notable that the boundary
of the Legua clay loam to the south, if extended in a general line to
the east, agrees quite closely with the boundary between the Guimbalaon
clay loam and the San José silt loam to the south of it. This would
lend weight to the supposition that the silts to the south were the result
of an ash fall of very fine material, which spread over the hills
forming both the La Castellana silt loam and caused the rather
distinct San José silt loam on the general slopes of the alluvial fans
of the locality.
La Castellana Series
These soils are usually a dark grayish brown or grayish colour when
dry; when moist a brownish gray or dark brownish gray or almost
a black. The subsoil is mainly a brown, varying to a dark grayish
brown or a light brown, 'occasionally with a mottling of red. The
soils of this series occur on the slopes of the more or less steep hills as
well as on some rolling or nearly flat tracts in the central and southern
part of the district, where there are a number of hills of volcanic tuff,
breccia, and larger igneous bowlders, with their summits from 15 to
80 m. above the surrounding plains or lower hills. The dark colour is
probably due to the repeated burnings of the "cogon" a coarse grass
(Imperata sp.). This series is represented in the area by one type,
with a total of less than 7 % of the arable soils of the area.
La C a s t e l l a n a silt loam: The soils of this type are typically
dark grayish brown or grayish when dry. In texture the soil is a silt
loam, usually quite uniformly so, but varying to a loam or a light silty
clay loam, apparently depending upon the slope of the hill and the
degree of erosion — the greater the erosion the heavier the soil at the
surface through the removal of the previous surface soil and the consequent
exposure of the deeper layers. The colour is also dependent upon the
erosion, for the subsoil is mainly a brown, varying to a dark grayish
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brown or a light brown or even a yellowish brown, with reddish spots
or mottling. The surface soil is from 16 to 30 cm. deep, being remarkably
uniform considering the steep topography and the danger of erosion.
The subsoil is a brown clay loam, often with many stones and
bowlders; it has the general appearance of the Guimbalaon series subsoils, from which it apparently does not differ much. Its depth is
(luite variable, from a fraction of a meter to several meters. The
deeper subsoil is at times quite red and containing iron concretions,
but this form is a transition to the Kamandag series of soils. The
still deeper lying material is a consolidated volcanic breccia.
The soils of this type are located about the base of the hills, on
the lower slopes, and cover the less steep hills, in the regions about
barrio Antipolo and from there south and south east to around La
Castellana town, and also from Antipolo westward. Being located
on hills as these soils are, the drainage is practically always sufficient,
and in most cases excessive, with serious erosion because of wash from
the surface.
This type is used extensively for the production of sugar cane,
tho the intensity of the use and the value of the crop depend upon the
topography. Where the slopes are steeper the land is used less often
for cane. For sugar cane phosphorus is often the limiting factor,
more so than nitrogen.
San José Series
The soils of this series are very dark brownish gray to a very dark
gray or a true black in colour, and when moistened become a dark brownish
gray to black. The subsoil is a medium brown, or sometimes a light
brown, speckled, or a light medium clay loam, sometimes with considerable
gravel below. As a whole the subsoil is equally characteristic of the
Gruimbalaon series, both in colour and texture. This leads to the belief
that the soils of this series are the result of a rather definite deposit
of more recent volcanic material over the older material of the G-uimbalaon group. The topography is largely that of the old alluvial fans
and lahars, rather deeply dissected by stream erosion. This series is
represented in this area by only the one type, the silt loam, which
occupies about 5 % of the agricultural soils of the area.
San José silt loam: This soil is almost invariably a uniform
silt loam, about 20 or 25 cm deep. When dry it is often loose and
somewhat dusty, reminding one of the Guintabuan series. The limits
of distribution of this type are rather sharply marked, and would seem
to indicate that the distinctive material which forms this type had
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been spread out over this limited region by a directional eruption of
Canlaon volcano. This type is as a whole very uniform in texture
and general nature. It is considered very fertile, and is used almost
exclusively for sugar cane. It seems to be easy to cultivate. Neither
liming nor the use of fertilizers appears to have given significant results
on this type; nitrogen will likely be the only limiting factor for the
growth of cane.
La Carlota Series
This is a transition series between the brown distinctly upland
soils of the Guimbalaon series, and the gray distinctly lowland Silay
series. It consists mainly of very slight elevations or bodies of older
material, surrounded by the slightly lower, grayer, more recent Silay
series which has been deposited by stream action. The older, higher,
better, better drained position of the La Carlota series has allowed
the browner or redder colour to develop. There is often a compacted
or shghtly cemented substratum, at a meter or more below the surface;
occasionally there is a considerable quantity of iron concretions in the
soil. This series has been mapped in the vicinity of La Carlota town,
and mainly to the north and east of there. The following types have
been described, but because of the small amount of some of them,
and the difficulty of separation, they have all been shown by one colour.
The main type is the loam. The clay loam bodies, for the most part
are very small and of slight importance. In fact, it is probable that
the clay loam is the exposed subsoil of the loam, as it is the principal
texture of the soil on the little elevated spots, where the surface loam,
could easily have been eroded away. The series covers less than 2 %
of the total arable soils of the area; the soils are used almost entirely
for the production of sugar cane.
La Carlota loam: This is a brown, grayish brown, or dark
grayish brown loam, from 15 to 30 cm., deep. The subsoil is a brown,
light grayish brown or grayish brown clay loam or gravelly clay loam;
it extends to a depth of about 60 to 80 cm.; in some cases the gravelly
loam is almost a laterit'e. The deeper subsoil is slightly hghter in colour
often heavier in texture, sometimes with a compacted layer of hardpan,
and often with the usual variation of old stream or shallow water deposits.
The topography of this type is that of slight elevations above the surrounding Silay soils. The drainage may be fair, or in places poor.
La Carlota clay loam: This type is a grayish brown to chocolate
brown clay loam, 20 to 30 cm. deep. The subsoil is brown, sometimes
with darker spots; a heavy clay loam extending to a depth of 60 cm
or more; sometimes there are many iron concretions and much mottling
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below. The topography of this type is somewhat slightly elevated,
or a general elevation, with eroded ravines. The surface drainage is
good to excessive, though that of the subsoil is often poor.
La Carlota gravelly loam: The soil is a grayish brown or
light grayish brown, darker when moist, gravelly loam 20 to 30 cm. deep.
The subsoil is a grayish brown clay loam or gravelly clay loam, heavier
deeper from the surface. The material is sometimes plastic, or there
may be the usual variable layers of shallow water and stream deposits.
The topography is usually slightly undulating, showing more or less
the effects of stream action. The drainage is good, at least on the
surface.
K a m a n d a g Series
This is a series of soils of old alluvial fan material, of a brownish
gray or grayish cast, with a considerable quantity of iron concretions.
These soils occur typically on the lower, older fans between haciendas
Velez Malaga and Texas, but also on the lower slopes and around the
base of many of the hills to the west of La Castellana and south and
southwest of barrio Pandan and of Sook Hill. In some ways these
soils resemble those of the Guimbalaon series, but they have a generally
grayer colour and a much larger amount of iron concretions. It is one
of the older or more thoroughly weathered groups of soils of the area, being
exceeded in degree of weathering only by the Bago series, which is
already senile. The subsoil varies from a reddish brown clay loam
to a brownish gray to gray or darker; there is no tendency toward a
white subsoil, as is found in the Bago series.
One of the causes of the differences between this series and others
is in the lower situation topographically of the Kamandag, with the
higher hills about. This provides seepage water, and a fair supply
of surface run-off, which allows the cultivation of considerable rice,
and this type of cultivation and excess water have undoubtedly intensified the gray colour. The topography is sloping, and the drainage
should be good, with the numerous ravines running through the bodies
of soil. From the large quantity of small spherical iron concretions,
in some places cemented into larger masses, it is probable that the
soils of this series need phosphatic fertilizers as well as nitrogen.
This series properly includes only those soils between Velez Malaga
and Mansalanao, and extending eastward through Apolonia and into
the Isabela district. But it is the only suitable series with which to
include the rolling, poor, grayish soils lying between Sook and Camingawan Hills, and westward and southward about the Nato hills. The
Nato extension of the series is marked by a large number of big rocks
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and stones. These phases of this series lying to the west are in places
characterized by a continuous lateritic hardpan of cemented hmonite
concretions, at or about a half meter below the surface.
This westward extension of the Kamandag series to a considerable
extent resembles the Manapla series of the northern part of the Island
of Negros, and further study is necessary to determine the relationships.
The Kamandag series comprises about 7.4% of the total arable soils
of the area.
K a m a n d a g clay loam and gravelly clay loam: The soil
is a brownish gray clay loam, varying from a dark gray to a dark brownish
gray when moist, from 15 to 30 cm. deep. The texture may vary from
a clay loam to a light silty clay loam. In some places the soil is a gravelly
loam because of the abundance of iron concretions. The subsoil is
a gray and brown mottled heavy clay loam, varying to a medium
clay loam or a clay in places. In some places it is redder in colour with
increased depth. In hacienda Nato at about 40 cm. depth it is underlain
by a "bakias" or tuff, as under the Silay series, and under other soils.
In some places the cemented nodular iron concretions (laterite) are
exposed in ditches or in excavations, but this condition is not general.
The topography is gently sloping to nearly flat. This type in the
locality of haciendas Texas and Camandag is typically an old alluvial
fan, with shallow ravines, in the bottom of which lowland rice is grown.
This soil is found as far north as the slopes of Pantao, where the cemented
iron concretionary material appears in the railway cut. This soil also
extends in a modified form as far west as nearly to San Isidro, through
the low hills west of Sook and Camingawan. In many places -it is
impossible to delineate this soil on the map as a distinctive group,
and quite impossible with the data available to separate the types.
The drainage is fair to excessive as a whole, though it is poor in
hacienda Nato. The fertility is fair to poor, with the soil devoted
mostly to pasture, with a little to cane. This type is located about
haciendas Texas and Apolonia, around the barrier of Camandag;
then to the west in and through the hills about haciendas Nato, San
Vicente, etc. The type makes up about 4.6 % of the total arable soils
of the area.
K a m a n d a g loam: A brownish gray to dark brownish gray,
or grayish brown loam, 18 to 26 cm. deep with considerable gravel
or iron concretions. The subsoil is a grayish brown to brown clay
loam, extending to 45 cm. or deeper, with increasing quantities of
iron concretions below. The topography in the typical occurrence
is a gently sloping, slightly eroded, old alluvial fan, which is located
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in the eastern part of hacienda Velez Malaga, and south of San José
Covadonga. The drainage of the surface soil as a whole is good. The
type for the most part gives the impression of being relatively less
fertile, and the presence of the large numbers of iron concretions lends
weight to this opinion.
Many bodies of this type occur in the southwestern portion of
the La Carlota area, but this portion of the area was not mapped in
detail, and hence the exact distribution of this soil does not appear
on the soil map. This lack of detail was because of the lack of a suitable
base map, and because the agricultural value of the land was so low
that there was no justification for taking the time to make a base map
in connection with this survey. The small body of this type that is
shown near the coast on the provincial road to the south, in barrio
Cadulunan, is actually a sandy phase with many iron concretions.
This type as mapped comprises about 2.7 % of the arable soils
of the area.
K a m a n d a g loam (brown p h a s e ) : This soil is a light brown
to grayish brown loam to clay loam, 20 to 25 cm. deep, underlain by
a reddish to light brown gravelly loam or gravel subsoil, the gravels
being limonite iron concretions. This soil body which lies in the La
Castellana hacienda, and extends to hacienda Rosario, occupies a shght
elevation of undulating surface. The drainage is good, and percolation
apparently excessive. It is a relatively very old soil, in which weathering
and leaching have proceeded very far. Fortunately this is a very minor
type .covering only about 0.1 % of the arable soils of the area. Crops
are not grown on this soil at present, for it will not produce sugarcane
unless phosphorus fertilizers, as well as nitrogenous ones are applied.
Bago Series
This series of soils particularly the main body which lies to the
north of hacienda Salamanca, and between Cainaman and San Antonio
is distinct from the other soils of the region. The soil is gray in colour,
and in general the surface soil is of only moderately heavy texture,
and the original surface soil is shallow, being from 15 to 20 cm. deep.
This is usually underlain by a layer containing iron concretions, possibly
5 cm. thick; below this is a plastic, whitish clay. If the soil be not plowed,
or if the plowing be very shallow, the original texture of the surface
soil is not disturbed, but if the plowing be deeper, the concretions and
some of the plastic clay are brought to the surface, greatly altering
the texture of the tilled portion, making a gravelly loam or a clay loam.
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Mainly because of this shallow surface layer, and the ease with
which the texture may he changed, the types of this series are very
much confused. Moreover surface erosion of the higher lying bodies
has in places removed a good deal of the lighter surface material,
leaving the subsoil exposed. In addition, the relatively low fertility
of the soils of this series does not warrant any very extensive separation
in the survey of the various types, so that on the map all the types of
this series have been shown by the one map colour.
For the most part, particularly in the central and southern parts
of the area, the soils of this series lie somewhat higher than the surrounding soils, and hence the Bago soils are traversed by ravines, along
the sides of which there is considerable erosion. Because of these
ravines and deeper streams, the surface drainage of the series is fairly
good, though the plastic impermeable subsoil prevents percolation of water
through the soil, and slight depressions such as carabao wallows retain
water after rains until it is lost by evaporation. In the southern part
of the area where soils of this series occur, they occupy the wet valley
floors; and the topographical conditions are somewhat different. The
color of the surface soil is also different, being darker, a gray or dark
gray or mottled; the subsoil is a light gray, bluish gray, or whitish
plastic clay. The whitish subsoil is common, and the soil is obviously
"poor" in appearance.
Where it has been cultivated at all, the main crop on this series
has been lowland rice. There has in the last few years been an extension
of the cultivation of sugar cane on these soils. Where phosphatic
fertilizers have been applied in addition to nitrogen, or particularly
where leguminous green manure crops have been used, the sugar cane
seems to do fairly well.
These soils, at least in their typical bodies in the north of the area,
are probably among the '"oldest" of the region, at least in terms of the
relative amount of weathering and removal of the less insoluble minerals.
It is probable that these soils were in coastal swamps, covered with
brackist water along the former shores of the island, before the island
had been elevated to its present level above the sea. This accounts
for the present high colloid content, the paler colour, the iron concretions,
and the general poverty of the soils. Confirming this hypothesis of
the origin is the fact that all of these soils lie at about the same elevation above the sea, so that a fairly uniform rising of the land would
give them their present position.
Beiheft Bodeakundliohe Gesellsohaft
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Outside of the La Carlota area proper there are additional bodies
of similar soils north of the Bago river, and on to the region of barrio
Cancilayan, in the Bacolod-Murcia district.
The various types of this series which have been noted in the
field are 1. Bago gravelly loam; 2. Bago fine sandy loam; 3. Bago loam;
4. Bago silt loam; 5. Bago clay loam; and 6. Bago clay. Although these
types have not been differentiated on the map, some descriptions follow.
With a slight variation in the degree of erosion or of the depth of cultivation, there is often a transition of one type into another. Therefore
no attempt will be made to describe all the types, particularly since
they have not been shown separately on the map. The series covers
about 9 % of the total arable soils of the area.
Bago loam: The soil is mainly gray or brownish gray when moist,
medium to hght gray in the field. It is a friable loam or hght loam,
15 to 25 cm. deep. The subsoil is a layer 5 to 8 cm. thick of iron
concretions brownish in color, spotted or mottled. The substratum
below the concretions is a thick layer of brownish or bluish-gray, mottled
or spotted clay loam to heavy clay loam or even clay. The clay is
often very light colored when moist, and very plastic. Sometimes,
but not usually, the concretions extend down into this horizon. The
topography is flat, often of a higher, older level, with numerous ravines
2 to 5 m. deep. The surface drainage is fair, though the subsoil drainage is very poor. The crops raised are poor.
This soil on the eastern edges of its occurrences grades into the
soils of the Guimbalaon series. The edges of the slight elevations appear
brownish as if they were of the Guimbalaon series, while the deeper
horizons show the difference. The subsoil is very much grayer than
that of the typical Guimbalaon series.
Bago silt loam: The soil is a brownish gray, medium gray,
or light brownish gray when moist; the field colour is a light or medium
gray. The texture is a silt loam, 15 to 25 cm. deep, though usually not
more than 20 cm. The subsoil is a bluish gray, medium gray, or light
gray when moist; sometimes it is much darker when dry. The texture
is a clay loam to clay or gravelly clay loam with iron concretions; the
horizon is from 10 to 20 cm. thick. The substratum is a light bluish
gray clay or clay loam, sometimes mottled, and sometimes lying on a
compact layer, possibly of volcanic ash at about 60 cm. depth. The
topography is either flat, or slightly undulating, or even hilly, as about
Gambaros. The drainage is from poor to fair or good, at least on the
surface. The subsurface drainage is undoubtedly very poor. The

— 331 —
soil is used either for pasture, for rice or for cane. The results of deep
plowing have been decidedly injurious.
Bago clay loam: The soil is a light, medium, or dark bluish
or brownish gray when moist, and a light gray or light brownish gray
when dry. The texture is a light or medium clay loam, or a silty clay
loam, 20 to 30 cm. deep. The subsoil is a bluish and brownish and
grayish mottled clay loam or heavy clay loam, sometimes with concretions, and plastic. This horizon lies from 20 to 40 or 30 to 60 cm.
below the surface. The substratum is a hght bluish gray to a light
or medium gray plastic clay. The topography is undulating, cut
by shallow ravines. The drainage is good, fair, or poor depending
upon the position with reference to the ravines. The subsoil drainage
is doubtless very poor. It should be noted that the heavier texture
of this type is often likely the result of deeper plowing which has turned
up more of the heavier deeper material, mixing the surfaces soil, the
iron concretions, and the clay from below to make a clay loam. Most
of this type is used for nothing but pasture.
Bago clay: The soil is a dark gray or dark brownish gray, mottled
with brown, in the moist condition. It is about 15 cm. deep. The
subsoil is light blue and brown mottled, varying to a dark bluish gray;
breaking off into large cubes and causing ditch banks to slough away
when wet. This horizon lies between 15 and 35 cm. below the surface.
The substratum is a light bluish or greenish-blue plastic clay, grading
at about a meter depth into a "sandy" appearing material which is
•actually completely weathered and is not sandy in texture. The
topography is a flat valley bottom, which may possibly have been a
lake bed or the arm of the sea. Now the valley is moderately well
drained. This soil on the surface somewhat resembles the Isabela
clay, but aside from the apparently very low fertility of this Bago
type, it is differentiated by the much shallower depth, and the light
•colored subsoil. Only in hacienda Nato was this type found to any
considerable extent.
G-uintabuan Series
The soils of this series are typically and for the most part distinctly
lowland in character, and occupy slight elevations as at haciendas
Carmen, Montserrat, De Agua, Parnasso, Adehna; or the soils may
exist as alluvial deposits along the streams, as in Velez Malaga, Durango,
La Castellana, etc. The surface soil when dry is a gray or dark gray;
when wet it is usually a distinct black. The soils are characteristically
light in texture, ranging from a gravelly loam, through loams and fine
•sandy loam to a silt loam. The structure is invariably loose and fluffy,
23*
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and the soil when dry blows and dusts easily' in a moderate breeze,
or when stirred by cultivating tools. The subsoil of the lighter types
is usually a loose gravelly loam, light fine sandy loam, or sandy loam;
while under the silt loam the subsoil is usually a silt loam, though it
may even be a light clay loam. The subsoil is usually distinctly
brown, light brown, grayish brown, or even yellowish in colour.
For sugar cane the soils of this series are often considered only
moderately productive or even poor. Doubtless one of the causes is
the excessive permeability of the subsoil, particularly in the lighter
types, which in the dry season cause the cane to suffer from lack of
water. Certain of the soils under this series are at times locally known,
as "abo-abo" soils^) because of their loose, ash-like appearance, but
this series includes more types of soil than ordinarily would be included
under this term according to the usage of the local inhabitants. The
reaction of the soils of this series is often quite acid, and according
to M 0 h r ^) an explanation of the nature of the soils of this kind is that
the rapid drying out or draining of the soil, combined with the high
concentration of soil acids has prevented the ordinarily rapid decomposition of the organic matter, which thus remains in the soil and so
gives the characteristic black colour. There is a certain similarity
between the colour of the soils of this series and of the surface soils of
the San José series. The similarity, however, seems to cease there,
for the topography, mode of formation, and reputed fertility are all
very differented. The soils of this series cover about 5 % of the arable
soils of the La Carlota Area.
Gruintabuan fine sandy loam: The soil is a medium gray
to dark brownish gray in the field, and usually black when moist.
The texture is in general a fine sandy loam, with some sandy loam
included; in places the soil is slightly gravelly. The depth is from 25
to 40 cm.
When dry the soil is loose and dusty. The subsoil is usually
brown, sometimes dark brown or light brown; in texture a fine sandy
loam to a gravel, the lighter or coarser the texture, the lighter the colour.
This subsoil is a loose gravelly layer, of poor waterholding capacity
and extends to a meter or more in thickness. There are at times lenses
of material of other textures, as would be expected of stream deposits
^) A l i c a n t e , M. M.: "The abo-abo soil of Occidental Negros. Philippine
Journal of Science, 35, 391—403, Manila.
2) M o h r , E. C. Jul.: "Tropical soil-forming processes with special reference
to Java and Sumatra." p. 90 of the mimeographed edition, 1930; translated b y
Robert L. Pendleton from the dutch "De Grond van Java en Sumatra."
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only slightly weathered. The topography is almost flat, with slight
elevations. The soil is used entirely for cane, which, however, grows
very poorly, and if the harvesting be delayed there is considerable
deterioration and a poor yield. This type has been mapped about
hacienda Cainaman, and comprises less than 0.6 % of the soils of the area.
G u i n t a b u a n loams: This type includes both the loam and the
light loam groups. The surface soil is a medium gray or brownish
gray, or varying to a dark gray when dry; it is practically always a
black when moist. The texture varies between a loam and a hght
loam, and it has been impossible to differentiate these separately on
the map. The soil in the field when dry has the typical loose and dusty
character. The depth of the surface soil is from 25 to 35 cm. The
subsoil is a light brown, brownish gray, or dark brownish gray; it is
often a gravelly loam or loose gravel and sandy, but at times varying
to a sand or sandy loam or a silt loam, or even a clay loam. The depth
of this horizon is from 20 to 35 cm. to 60 to 100 cm. or more. Often
the deeper material is lighter in texture. The topography is practically
flat, or on slightly elevated situations, or on older, higher-lying stream
terraces, as at hacienda Najalinan. Hence it is a fair to well drained
type because of its topographic position, as well as because of the generally porous subsoil. The type is used almost entirely for sugar
cane, which seems to do fairly well, in spite of the low water-holding
capacity. The area of this type is about 2 % of the total arable soils.
G u i n t a b u a n gravelly loam: This soil is a gravelly loam or
loam, with a greater or less mixture of large stones, and resting on a
lighter-coloured subsoil which is variable in texture. This type was
mapped mainly in hacienda Agustina-Conchita, to the west of the
Bungahin river, where above the river it occupies an old terrace higher
than the more recent Silay gravelly loam. There are two small patches
of this type in the extreme south of the area, making up a total of about
0.6 % of the arable soils of the area. In topography it is nearly flat,
and is used partly for cane and partly for pasture.
G u i n t a b u a n silt loam: The soil of this type is a light, medium,
or dark brownish gray in the field when dry, but usually a very dark
to a true black when wet, sometimes it is a dark brownish gray when
wet. The depth varies between 26 and 36 cm.; the structure is loose
and dusty when dry. The subsoil is a brown, dark brown, or gray
brown silt loam, or sometimes a light clay loam, 16 to 10 cm. thick,
lying on a substratum of medium to light brown loam, fine sandy loam,
loamy sand, or gravelly loam. This variation in textures is what would
be expected in a moderately recent alluvial material. The topography
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is relatively flat, with in most cases very slight elevations as in haciendas Elena, Montserrat, Carmen, and Fe. The drainage is said to be
good, and all the indications are that it is such, as it should be with
the porous substrata and the elevated position.
The fertility in general is considered to be good, the some of the
soil is certainly only fairly fertile. The type is used almost entirely
for the raising of sugar cane. This type covers a little less than 2 %
of the total arable soils of the area.
Isabela Series
The soils of this series are a medium to a dark gray in the field
when dry, changing to a very dark gray or black when wet. The
only two types found in this area the clay loam and the clay. The
surface soils are at times very deep, to 80 cm. and more with no apparent
change. The soil is only moderately friable. The subsoil is a dark
gray or black, or mottled or flecked with bluish and grayish or yellowish,
lying from 25 to 80 cm. or deeper below the surface. The texture
is a clay loam, heavy clay loam, or clay. Below the subsoil there is
sometimes visible within the one-meter profile a substratum of yellowish,
grayish, or brownish mottled heavy clay loam or clay. The topography is flat, and the bodies are low-lying, and consequently the drainage
is only fair or even poor. This soil is for the most part planted to cane.
The bodies mapped lie in the extreme southern part of the area, and
mostly within the Isabela Sugar Central's district.
In general it should be noted that the soils of this series have
relatively very deep surface soils, which are apparently quite uniform
in colour and texture, deeper and more uniform than most of the other
soils of this region. This series is not extensively represented in the
La Carlota area, for the dark clay loams and clays found in the Camingawin and Nato localities are very shallow, and cannot be compared
with the fertile soils that in the Isabela district are typical of this Isabela
series. In the Ija Carlota Area this series has been mapped on about
0.7 % of the arable soils of the area.
Isabela clay loam: The soils of this type are a medium to
dark gray colour in the field, changing to a black when wet. The texture
varies from a typical clay loam to a silty clay loam in places. The
depth averages about 30 cm., but sometimes extending to as much
as 90 cm. The soil is only moderately friable. The subsoil is a dark
gray or black or mottled bluish and grayish or yellowish clay loam,
heavy clay loam, or clay. This horizon varies from 10 to 50 cm. thick.
Below this there is sometimes found a substratum of yellowish brown
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clay loam. The total extent of this type in the area is less than 0.6 %
of all the arable soils of the area.
Isabela clay: The soil of this type is a dark gray clay, black
when moist, spotted with light gray, and extending to about 45 cm.
or more below the surface. Below this there lies a substratum of
yellowish, grayish, and brownish mottled clay loam, extending to
150 cm depth. This type makes up hardly more than 0.1 % of the
arable soils of the area.
Silay Series
This series of soils is the one which in this district has the largest
number of types, and consequently the conditions and characteristics
have a wide range. It is also the series that is by far the most extensive,
including more than 42 % of the arable soils of the area. The field
colour ranges from a light grayish brown or brownish gray to a dark
grayish brown or dark brownish gray or gray, and the clay type is even
darker in colour, though at times the colour becomes more distinctly a brown.
In texture the types range in this area from a gravelly loam, through
sandy loams, fine sandy loam, silt loam, and clay loam, to clay. The
surface soils vary from 15 to 50 cm. or more, in depth, though the most
of the types have soils which vary from 20 or 25 cm. to 30 or 35 cm.
deep. It is probable that the long continued cultivation of most of
the types of this series has in cases increased the depth of the surface
soil somewhat, through the mixing of some of the lower horizons with
the plowed depth.
The subsoils are quite variable in nature, as would be expected
of soils which have been deposited more or less recently from flowing
streams. The texture is ordinarily somewhat heavier than that of
the surface soil; the colour is about the same as the surface, though there
is in most of the types, particularly the heavier ones, a tendency to show
mottling, due to the rather poor drainage that is common to most of
the soils of this series. At a meter or more below the surface there
is often developed a cemented hardpan, known locally as "bakias"
and which is undoubtedly similar to what is known in Java as "padas"
or "tjadas". This material may be a cemented sand, or volcanic ash,
but has at the present time become a good deal altered.
The soils-of this series are the result of stream action cutting into
the older alluvial and diluvial deposits which are shown on this map
as covered by Guimbalaon and Legua series, and from the streams
eroding the high mountains themselves. The streams have flowed
across the plain, formerly the sea bottom before the last elevation of
the coast of this portion of the island, and have dropped much of the
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sediment before they reached the coast; and in depositing the load,
the streams have dropped the coarse materials first, and the finer
materials later, either farther to the west or farther away from the
river banks.
Silay loam: This soil is a brown, grayish brown, brownish gray,
or even a gray when dry in the field; when moist the colour is a brown,
dark grayish brown, or brownish gray. The texture is usually a loam,
but there are gradations through quite a range: a gravelly loam, light
loam, silt loam, etc., covering small bodies and transition zones which
could not be differentiated on the map. The depth is usually rather
shallow, varying from 15 to 20 cm. with occasionally the surface soil
being as deep as 35 cm. The soil is friable, sometimes noticeably so.
The surface soil gradually merges into the subsoil which is a dark
grayish brown, dark gray or brown, often mottled or spotted with
yellowish or light brown; occasionally bluish where the drainage is
poor. The texture is usually a clay loam, varying from light clay
loam to heavy clay loam; in some cases gravelly with iron concretions.
This horizon usually extends from about 15 or 20 cm. to 35 to 60 cm.
The substratum is sometimes a compact "tuff", and it is usually at
some depth, though at times it may be found within a meter of the surface.
This "hardpan" is often exposed in ditch banks. In the deep trench
for the mill water supply, the substrata show much of the cemented
hardpan material.
The topography is gently sloping to nearly flat, at times showing
some slight effect of the stream action which originally spread the
material out over the plain. As a whole the drainage can be considered
only fair. The soil is planted almost exclusively to sugar cane. The
total extent of this type is about 4 % of the arable area.
Silay silt loam: The colour of this type is brownish gray to
grayish brown, varying from light to dark. Usually there is a colour
change when the soil is moistened, sometimes the soil is browner, at
other times darker and grayer. Probably it is the latter change which
prevails when the soil approaches the G-uintabuan silt loam. The
surface soil is a silt loam, only occasionally varying toward a loam.
It is quite variable in depth, from 15 or 20 or 25 cm. to 30, 40, 55 or
even 60 cm. The subsoil is usually gray in colour, varying from a light,
medium, or brownish mottled to even whitish, or sometimes dark,
dark brownish gray, or even a brown and black mottled. This horizon
is usually from 15 to 25 cm. thick, though sometimes as much as 50 cm.
The texture varies from a clay loam or heavy clay loam to a clay;
occasionally there is a silt loam or a hardpan layer. The substratum
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is less brown, but more bluish, and with more mottling, the natural
result of poorer aeration and more soil moisture with increasing depth.
The texture is about the same as that of the horizons above it, though
occasionally a hardpan layer or looser material is found.
The topography is nearly flat, usually low, occasionally slightly
uneven; in places erosion may be commencing, particularly in the
Usually the drainage is only fair or poor, though occasionally it is good,
transition region between hacienda Carmencita and Antipolo barrio.
This type is for the most part planted to cane, although some bodies,
particularly the less fertile portions, are used for pasture or a little
for rice. Some of the soil was reputed to be "acid" but tests showed
it to be nearly neutral. The main bodies of this type are in the northeast lowland. There are also important bodies about La Castellana
town. This type comprises over 16 % of the arable soil of the area
making it the most important single type.
Silay fine s a n d y loam: The surface soil of this type it a light
grayish brown to light brown, or at times and in spots a dark or medium
gray when dry in the field; the moist colour is a brown, darkbrown,
or grayish brown. The soil is quite deep, ranging from 25 to 50 cm.
and more. The texture is a hght to medium fine sandy loam quite
loose and structureless. The subsoil is quite variable, for at times
the deposit of brown fine sandy loam is very deep as at hacienda Alejandria; and at other places in the western part of the area this type
is an outwash over the heavier bluish and brownish mottled clays and
clay loams as on haciendas Candaguit and Caridad.
The topography is flat, or with slight elevations, as at hacienda
Balbina. The drainage is variable, from poor to fairly good, depending
upon the location. This soil is planted almost entirely to cane. It
is considered a fertile soil. The main bodies of this type are found
related to the main rivers; along Candaguit river and along the Camansi
river. About 2.5 % of the arable soils of the area are of this type.
Silay sandy loams ( u n d i f f e r e n t i a t e d ) : The soils of this
group are of the younger phase of the series, being browner in colour,
and occupying lower, more recent terraces along the streams, or comprising more recent deposits where the streams have overflowed their
banks in their lower courses. Even in the last few years new soil has
thus been deposited in the lowlands. The soils when dry are a light
or medium brownish gray, and a dark brownish gray or grayish brown
when moist. The texture is quite variable, even in small bodies, ranging
from loamy sands, light sandy loam, heavy sandy loam, light loam,
or light gravelly loam. The subsoils, too, are variable: in colour ranging
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from a dark "brownish gray to dark grayish brown, and in texture from
quite light to a silt loam, and even a clay loam.
The crop principally grown is sugar cane. There is danger of some
of the fields being seriously eroded by the streams, or of new layers
of material being deposited from overflow during heavy rains. This
has already happened in some cases. This is a relatively unimportant
group of soils, covering only a little over 0.5 % of the arable soils; the
bodies of this group are found along the Bungahin, Najalin, and Camansi
rivers.
Silay gravelly loam: When dry in the field the soil is a medium
brownish gray to medium gray; when moist it is a dark grayish brown
to dark gray. The soil is a gravelly loam and is from 20 to 25 cm.
deep. The subsoil is a brown, dark brown, yellowish brown, brownish
gray or even a gray clay loam to gravelly loam, 25 cm. or more thick.
Below about 50 cm. is a substratum of light brown to grayish mottled
clay or heavy clay. The texture of the subsoil and substrata vary,
as with all recent stream deposits. The topography is flat or slightly
uneven, the natural result of deposits by an overflowing stream. The
drainage is fair to good, and the fertility is probably fair. This type
is planted largely to cane. The main bodies of this soil are clearly
associated with one of the three main streams of the area, the Najalin,
the Bungahin, and the Camansi. A minor amount of this type is
included in the group mapped as Silay sandy loams (undifferentiated).
This type is also a very unimportant one, with only about 0.5 % of
the total arable soils of the area.
Silay clay loam: When fairly well drained the field colour of
this type is a brown, light grayish brown, or grayish brown, while the
moist colour is a dark grayish brown; where the drainage is poorer the
colour tends to become bluish and mottled. The texture is a clay loam,
varying to a hght clay loam, occasionally a heavy silty clay loam.
The surface soil is from 20 to 30 cm. deep. The subsoil is a brown
to bluish brown or brownish mottled, or lead coloured when wet, the
colour depending upon the degree of aeration or saturation with water.
This horizon is a clay loam to heavy clay loam or clay, from 20 or 30
to 50 or 55 cm. deep, and more. The substratum is a clay loam to
clay, or a hardpan stratum, light yellowish and brownish or bluish
and lead coloured, and extending to a considerable depth. Sometimes
there are granular materials present, probably from the "bakias" which
was brought to the surface of the soil by the soil auger as a fine sandy
loam.
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The topography varies form the sUghtly uneven form of the higher
lying bodies, to that of the low, flat, poorly drained rice land or edge
of the salt marshes. The soil is used in part for cane, but the greater
portion of it which is cultivated at all is planted to rice, for which it
is better adapted. Some of this type is covered with salt grasses,
and probably should never be reclaimed for agricultural purposes,
for there are more profitable uses for this type for the production of
salt swamp products, and for fish ponds. The main bodies of this
type he at the outer edge of the Silay silt loam. The total extent of
this soil in the La Oarlota area is about 6.8 %. About Pantao hill and
south and southwest and about the foot of the hills where there is an
increased accumulation of iron concretions, this type grades into the
Kamandag clay loam. The excess of iron concretions is probably
due to the additional seepage water from the hills.
Silay clay: This soil is a clay, varying to a heavy clay loam in
places, dark bluish gray, mottled, occasionally with brown concretions.
The surface soil is from 25 to 40 cm. deep, though occasionally much deeper.
Between the surface soil and the subsoil there is often a rather sharp
dividing line. The subsoil, when distinctly different, is a light bluish
gray mottled clay. The substratum, as exposed in creek banks is a
hardpan or cemented material extending downward from a depth of
from one to two meters from the surface.
The topography is flat, the soil occupying low locations. Consequently the drainage is extremely poor. The soil is used almost
exclusively for growing lowland rice. This type includes quite a
range of conditions and an area of considerably over 11 % of the total
arable soils. There are large bodies of poorly drained land to the
north of the main road connecting San Enrique and Ija Carlota towns,
and to the southeast of Pontevedra. Since these bodies of soil are used
exclusively for rice growing, they have not been intensively studied
in this survey. The land is not suited to cane and rice should continue
to be the exclusive crop planted on this type. The colour of this type
is dark, and it doubtless inclines toward the appearance of the Isabela
clay loam and clay types, in the region to the south east. There is,
however, sufficient difference to warrant maintaining the separation
between the two.
P u l u p a n d a n Series
The soils of this series are typical recent coastal beach deposits,
formed by the sea throwing up barrier beaches of sand and shell material.
Consequently in this area these soils are found only close to the shore
of Guimaras Strait. Where the water is shallow, the sea has the charac-
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teristic of forming successive beaches. These old beaches are shown
on the map of this area by the more or less parallel strips of soils of this
series. Between and behind the beaches there are formed lagoons of
fresh or brackish water, which develop into marshes, and which in time
are gradually filled up further to form clay loam soils of the Silay series.
These heavier soils are used for rice growing. Mohr^) describes a very
extensively developed group of beach soils in Java which are very
similar to this Pulupandan series. The soils of this series are light
textured, and occupy low, narrow, slightly elevated ridges a meter
or so above the level of the water in the marshes. The light texture,
the good drainage because of the elevation and the porous nature,
and the abundant water, make these soils very suitable for sites for
dwelUngs and for the growth of coconuts. This series occupies about
1.5 °o of the arable soils of the area.
P u l u p a n d a n fine sandy loam and sandy loam: These
types have not been shown separately on the soil map. The soils are
dark brownish gray in the field, black when moist; a sandy loam or
fine sandy loam, often with many fragments of marine shells. The
surface soil is usually from 20 to 35 cm. deep. The subsoil is composed
of some sand mixed with great quantities of broken shell fragments,
which form a whitish layer. This shell mixture is known locally as
"cagaycay". The layer extends to a meter or more in depth and the
material is often mined for road surfacing or at times for liming fields,
tho the material cannot be considered very effective agriculturally
within any reasonable time unless it is more finely pulverized. The
crops grown on these types are mostly coconuts, with some sugar cane.
N o n - A g r i c u l t u r a l Soils
The soils and other non-agricultural or mainly non-agricultural
formations that have been mapped within the La Carlota area comprise
slightly more than 30 % of the total area. This large proportion of
the whole is due to the large swampy region near the coast, the steep
mountains to the east, the scattered hills throughout the central and south
western parts of the area, and the streams which have cut the deep
ravines or which have spread out over the gravel washes. These nonagricultural soils do not include the soils of the recognised types which
are occupied by roads, railroads, buildings, or are otherwise excluded
from actual agricultural use. There follow the descriptions of the
^) M o h r , E. C. Jul.: "Tropical soil-forming processes witli special reference
to Java and Sumatra" translated by Robert L. Pendleton, p. 103—-105 of mimeographed edition.
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four groups of soils: 1. Stony, steep, and mountains; 2. Ravines and
eroded stream "banks; 3. mangrove and nipa marshes; and 4. riverwasli.
S t o n y , S t e e p , and M o u n t a i n o u s : This group represents the
principal non-agricultural portions of the non-agricultural area which are
such because of the topography or of the shallowness and stoniness of the
soil. There are really three conditions covered by this group: 1. The
Canlaon mountain proper, with its very steep lower slopes; 2. the lower
hills and rolling country about Camingawan hill, in the south and southwestern portion of the area, a region of shallow stony soils; 3. the scattered
steep hills. The Canlaon portion of this group is reasonably fertile,
as shown by the crop production in scattered caingins^) but the topography is the controlling factor in preventing any considerable agricultural use. The Camingawan region is non-agricultural in the main
because of the shallowness, stoniness, and apparent poverty of the
soil in plant nutrient materials. In this locality there are small bodies
of soil that are of moderate value for rainy season crops such as upland
rice, but the low value of these soils, their scattered occurrence, and
the lack of a base map with sufficient details in the So-ok-CaminagwanSan Isidro region precluded delineating on the map any soil differentiations within the group. Bodies of the soil that he lower down along
the streams are used for lowland rice. 4. The scattered hills, also
designated " H " are usually sufficiently steep to entirely prevent cultivation. The soil material in the southwest is "older" with often some
considerable amount of gravel or iron concretions, sometimes cemented
into larger masses. The texture is sometimes a gravelly loam, a silt
loam, a loam, or sometimes a clay loam. The colour of the soil is a
medium grayish brown to grayish brown when dry and dark grayish
brown when moist, thus having something of the appearance of the
soils of the Bago series. The subsoil when developed is often a brown
clay loam. At barrio Canroma, the top of the long ridge is planed
1) A caingin is a clearing made in the forest by cutting' the trees and vines
in the dry season, burning the slash as soon as moderately dry, and then planting
by hand with the use of a hoe or large spud or dibble the upland rice, maize,
or other crops. No attempt is made to completely clear the land, nor to plow
or otherwise cultivate the soil as a whole. After about two years of such cultivation
the cogon grass (Imperata sp.) and other weeds come in so abundantly that they
cannot be kept down by hand weeding, and the clearing is allowed to grow up
to forest. This may again be cleared and planted again after about five years
or more, during which time the weeds have been killed out by the tree growth,
and the fertility of the soil restored through shading, addition of organic matter,
and finally from the ashes resulting from the clearing and burning.
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off nearly level, and is stony, as if it had been an old terrace of the
sea, before the last elevation.
Ravines and eroded s t r e a m b a n k s : This soil group has
been used to designate the steeply sloping stream banks, especially
where the ravines cut through the higher, older alluvial deposits, such as
the soils of the Guimbalaon, San José, La Carlota, Kamandag, and Bago
series. This group is made up of the moderately to very deep ravines,
where there are steep banks and relatively narrow stream channels,
i. e. ravines that have a "V" cross section. The soil itself on the slopes
is usually a clay loam, mostly the subsoil of the soil which had been
eroded, and often is stony, through the exposure of the less weathered
stones from the deeper strata. The colour may be a brownish gray,
but is more often a grayish brown or brown. The drainage is excessive,
and where the slopes are cleared for cultivation erosion is serious. The
slopes are usually far too steep for satisfactory cultivation, though vegetables, maize, and upland rice and even some sugar can are to a certain
extent planted on them.
Mangrove and Nipa Marshes: This term coveres the large
extent of country lying between and east of both San Enrique and
Pontevedra, and inside of the Pulupandan soils of the very coast. This
marsh is composed of a maze of sloughs meandering through the low forest
of mangroves, nipa palms, salt grass in open places, and other typical
brackish water vegetation. This region of course has no direct agricultural value, and there is no practicable way that it could be reclaimed
for agricultural pruposes. But such should not be desired, for the
mangroves particularly, have a very definite value for tanbark and
fuel, and nipa palms for building material.
R i v e r w a s h : Where the rivers come out of the higher mountains
and flow across the less steep alluvial fans and out onto the plains,
and on to the sea, in beds with continually decreasing slopes, the streams
are unable to carry all their load with them, and are compelled to drop
at least the coarser part of it in their beds. This builds up extensive
deposits of bowlders and gravel, which at times even replace the finer
materials, which are washed away by the erosion of the river banks.
The greatest development of riverwash, which is the name given to
these sand and gravel deposits, is along the Najalin and Bungahin
rivers, which are the only large streams which flow as such from the
higher mountains, and so bring down large quantities of coarser material.
The rock which is carried out is for the most part hard andesitic and
basaltic igneous material from Ganlaon volcano. "Riverwash" includes
some bodies of sand and finer gravel which in the dry season may be
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used for garden crops, such as sweet potatoes. This riverwash, since
it is largely of hard stones, is also an important source of gravel for road
surfacing. However, without crushing, this material is not very satisfactory for the purpose, since the rounded stones do not consolidate
well in a water-bound macadam.
Summary
There is presented a coloured soil survey map of the La Carlota
area, of the province of Occidental Negros, Phihppine Islands. This
particular portion of the province is unique as being the largest single
producer of sugar in the Philippines, and also in the nature and variety
of the soils.
Meterological data are presented showing the climate to be one
of high temperature, and abundant rainfall not uniformly distributed,
making two seasons in the year.
The conspicuous features of the topography are described: Canlaon
volcano, the prominent alluvial fans, the lower hills, the plains, and
the marshes. The relation of the various soil series to these features
is brought out.
The main geological events and conditions are the relative youth
of the predominant volcanic formations, and the geologically recent
elevation of the land a number of meters above the sea level.
The similarity of the soils of Negros with those of comparable
soils of Java is pointed out.
The United States soil survey methods, which were used in making
this survey, are briefly described.
There are given descriptions of soil types belonging to the following
series of soils: G-uimbalaon, Legua, La Castellana, San José, La Carlota,
Kamandag, Bago, Guintabuan, Isabela, Silay, and Pulupandan. There
are also described the four non-agricultural groups of soils which have
been shown on the map; viz.; steep, stony, and mountains; ravines
and eroded stream banks; mangroves and nipa marshes; and riverwash.

