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This paper covers a wider study performed by us on
the micromorphometry of existent and develogp=sd soils un-
der olive grove. In it we try to establish the possiblie rela-
tion between porosity and soil fertility., We consider it jus-
tified on the basis that the cultivation of the olive grove is
the most extensive one in our region (64, 600 hectares in the
province of Granada alone).

From the 3¢ sampled soils, this report includes the
measurement for 6 of the most representative ones, The mea-
surements that have been reproduced belong to Ap horizons
and correspond with levels located at depths most affected
by cultivation and tabour tasks,

The main characteristics of these soils are summarized
in Table |. A more complete study of these as well as for
the other 33 soils may be found in the works of Sierra and
Deigado (1970) and Sierra (1971).

MEASURING EoUI=MeENT UTILIZED

Microvideomat equipment (Carl| Zeiss) was utilized,
This apparatus work in principle along the same lines |ike
other automatic image analysis systems., The optic produ=-
cing sistems of the image for the Microvideomat was a pho-
tomicroscope Il ~ol from Car] Zeiss,

MEATUREMENT TECHNIC

The measurements of porosity were made using a po-
sitive-negative photo approach. It is a sophisticated photo-
graphic procedure resulting from the experiences of L afe-
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MICROMORPHOMETRY OF VOIDS

ber and Kurbanovic {1865) and Jongerius et al. {1£72 b).

Cur work has been done as foliows : a) the photos were
taken on a 1:1 scale ; b} the photographic equipment used
was a Tessovar irom Zeiss fitted with a 35 mm photogra -
phic camera onto which a polarizer and analyzer were added;
c) the crossed nicoles negative were taken with seven supe-
rimposed exposures, turning the nicoles 132 for each one;

d) in our case the positive was established through contact
by using a strip of photographic film; e) the positive-negative
photographic ensembie was measured by transparency.

The figuring out of the total area for the existing po-
res on the measuring screen is read out in a direct manner,
but the distribution of the total area in its fractions, accor-
ding to size, requires a lengthier procedure {Jongerius et
al. , 1872 a, 1972 b).

RECULTS AND DISCUSSICON

Mean values obtained in the measurements of porosity
for the six soils under study are resumed in Tablell, These
measurements confirm that soils 16,12 and 22, present very
low percentages of porosity; the areas most abundant in
them correspond to the pores with diameters ranging from
75 to 275 microns. On the other hand, soils 33, 1 and 36
reflect porosity values that are quite higher, these areas
being at all times larger than the soils in the former group,
on all sizes of pores considered; in these soils the most
abundant areas are those corresponding to larger pore si-—
zes (over 275 microns in size}. In the case of soil 33, the
larger pores i{sver 150C microns) are those that have the
jarger arezs,

Fig. 1. Is representative of the accumulative curves
corresponding to the pore size distribution of these soils.
Cutstanding is the similarity existing between soils numbers
1¢, 12 and 22 on the hand, and numbers 1,33 on the other,
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SoiLs ' 10 ] 2 k] 36
Size 5
< 30p %W 27 | 30 22 1.7 36 1.9
30-75p %4 104 (Y] 77 56 50 7.5
71508 M 9 | 155 | me 93 182 | 173
150-2750 %d 332 | 154 | 153 | 105 | 281 1 267

75-525p % 556 | w2 | 1 | m2 | R2 | 4«9

525-1000h% oo | g9 | 107 | 76 | 3722 | @20
1000-15000 4 228 | 07 | 26 24 32 | 21
= — —
0004 ™ 168 . 15 86 566 | 237
Total 2210 | 757 | saz | ss3 | 2602 | 1926
Areo
Intersecpts 2209 | 1656 | 1315 | 1023 | 237 | 187
ntersecpts  A75| 4,8 35 | 28 | 21 50 2,9
Absolute
wrror w61 | 69 | 82 60 | ns 5.5
Relative . "y - - - -
Error ’

Table I, Resumen or the mean values for the total area,

intersecpts and for the partial areas corresponding
to the pore size distribution,
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Fig, 1, Accumulated curbs of the mean values for the partial areas
on the six soils behing revued ,
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According to the graphic classification advanced by
Jongerius (1972 a, 1972 b), there is another way in which
the porosity values may be represented. [t consists in a
classification of void patterns wherein the porosity measu-
rements for each soil are represented by virtue of their
coordinated values of area and intercepts (number of inter-
cepts for each 7.V line). Thus, the types of pores are in-
cluded in a series of categories according to their area and
to the structural complexity of each field.

This classification of voids patterns is most illustra-
tibe but can only be applied to the measurements taken with
identical magnification of work, for, when these change,
the values for the areas and the interceplits will also under-
go a change on a different scale,

In Fig. 2. we reprcduce a diagram considered by us
as the most suited to represent the soils measured in the
research work we have done, (31, 2 magnifications on the
moni tor display) i,e. using an objective x 1 optovar in po=
sition x 1,25 and the x 25 on the T.V. system and employing
a 475 line square T.\V. display for measurement,

As a limit to the various rhomboidal spaces utilized ;
we have on the one side, the equidistant line of the axis of
ordinates and absissas (adding to 452) in such a manner that
over them is located the region in which the value of the
intercepts predominates over the one of the areas, i.e. the
zone of pores irregular in size (or also for the fields con-
taining large and small numbers of pores), and on the other
side, the line that runs through the origin of the coordina-
tors, represents the pores in which the areas are more im-
portant then the intercepts. Thus, we shall be dealing with
pores simple in form, fields with few pores and with more
or less circular psrimeter .

For the other |imit we have selected a line which is
the geometric spot of the pores, of different sizes, comple-
tely circular in form.
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Fig, 2, Propcsed patent for graphic classification of pores
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The diagram therefore is made to agree wiht a series
of rhomboidal spaces which form rows A,B,C,D....00v .0t
and correspond to a magnification of thelnterseceptswhile
inside a row, classes 1,2,3,4..... represent fields with
pores each time larger, the form of these holding on to ge-
neral lines. Consequently, the lower row will delimit for us
the region of the soil surveyed, while the evolution of the
soil is patent as we keep entering into rows gradually be-
coming highers.

InFig. 3.' we show the characteristics of the voids
patterns corresponding to each one of the spaces or selected
categories.

Although it becomes quite clear that with these graphic
classifications only wholly comparable values will be kept
so long as these same work conditions are maintained, we
believe that this proposed diagram is also valid for the mi-
cromorphometric measures performed wi th other different
magnifications to those employed in this work. The results
between measurements taken with different magnifications
may be compared if we keep in mind the following conditions
to find the value of the drdinates which represent the inter-
cepts:

1) using a display of any given size, but it must always
be a square one; 2) to divide the number of intercepts read
into the number of T.V. lines present of the display; 3) to
multiply the number thus found by the quotient by the magni-
fications of the two measurements that are to be checked,
Through experiment we have discovered that the number of
intercepts varies proportionally upon modifying the magni -
fications.

In regard to the values for the areas which are repre-
sented in absissas we have experimentally compared that so
long ac the magnification difference is not excessive these
values remain approximately unaltered,
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Fig. 3. A few examples of types of porosity corresponding to each of the ciasses
established in Fig, 2,

In Fig. 4 to €. we show the way in which the measured
fields are represented in this diagram for this work for the
six soils under study.

An examination of this figure reveals the extraordinary

likeness of the voids in soils 12 and 22 on the one had, and
of soils 1 and 33 on the other.
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Fig, 6 Classes of porosity on the fields measured for soil 12,
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Soils 12 and 22 present a type of voids, very homo -
geneous of a simple form and are small in size, The pores
in soils 1 and 33, on the contrary, present the fieids of a
larger heterogeneity as far as the existent types of voids
is concerned. The present, in general, a value for areas
of medium height and of a medium structural complexity,

Soils 36 and 10 present an intermediate grade of he-
terogeneity between the two pairs under consideration .
Finally, soil 1 seems to present voids very small in size
and a medium complexity,

Table il shows the frequencies of the related clacses
for the different types of porosity covering each soil. The -
classes most represented in these soils pertain to diagonal
AC, Bt, C2, class Bl being the one most widely represen-
ted for 5 of the soils under study. On soil 1, the only cla-
sses representedwith a percentage higher than 10 9 are
Bl, B2, C2 and C3; classes AO, Bl, and C1 for soil 10 ;
AC and BI for soils 12 and 22; C2 and C3 for soil 33; and
Bl, B2 and C3 for soil 36. As we see, within the logical
heterogeneity of the soils, none of these present more than
4 classes of pores with a frequency higher than 10 %.0Only
six classes, AC, B!, B2, Cl, C2 and C3 exceed this per-
centage.

In Fig. 10-15. that follow we show a series of rela-
ted photographs. Four varieties for each one of the classes
most representative of these soils.

Finally, it is interesting to point out that in Ap hori-
zon of soils under study, it is difficult to establish rela -
tions between the porosity values obtained and the grade
of evolution of these soils, Therefore, starting out from
porosity values, we have found a great similitude between
a typic palexeralf (soil number 10), a calcic xerochrept
(soil number 12}, and a salorthid (soil number 22} on the
one hand and a typic palexeralf (soil number 36) by an eutric
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Fig, 10, Examples {or patents) of porosity for class AO,






Fig, 11, Examples (or patents) of porosity for class B, 1,






Fig, 12, Examples (or patents) of porosity for class B, 2,






Fig, 13, Examples (or patents) of porosity for class C_ 1,






Fig. 14, Examples (or patents) of porosity for class C, 2,






Fig. 15 Examples {(or patents) of porosity for class C, 3,
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xerochrept (soil number 33) and a calcic xerochrept (soil
number 1) on the other. These are very important facts as
they can be indicative of the extent of influence that plowing
and cultivation exert on the evolution of the porosny in the
upper horizons of the soils.

SUMMARY

The porosity of soils under olive —-grove in the pro
vince of Granada (Spain is being studied, For micromgp
phometric purposes, a2 Microvideomat set from Zeiss has
been utilized together with the negative-positive photo
graphic technic. The soils have been grouped into two
clearly defined groups. A new manner of graphic class]
fication of void patterns is envisaged together‘ with some
conservative criticism to same,
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