
COMMENTS AND LETTERS TO THE EDITOR
Micro-, Meso-, and Macroporosity of Soil

Several contrasting uses of the terms macro- (large) and micro-
(small) pore can be identified in soil science literature. In some
cases macropores are (i) considered to be pores > 15 (Marshall,
1959) or 100 /im in diam (Bouma et al., 1977) or (ii) implied
to be even larger when described in terms of wormholes (Eh-
lers, 1975), root channels (Aubertin, 1971). and shrinkage cracks
(Lewis, 1977). The size range of micropores is either stated or
implied to be less than the corresponding macropore range in
each case. Noncapillary porosity has also been used to dis-
tinguish large pores from small pores. Nelson and Baver (1940)
estimated noncapillary porosity for several materials as the pore
volume that became water filled above approximately —3 kPa
pressure. Marshall (1959) expressed an updated viewpoint that
equated noncapillary porosity with macroporosity, the pore
volume that became water filled at pressures above —10 kPa.
Edwards et al. (1979) used pore diameters of 5 and 10 mm in
a modeling study of noncapillary pore effects on infiltration.
The fact that macro- and microporosity are not uniformly used
can lead to ambiguity, particularly with the renewed interest in
soil water channeling phenomena (Thomas and Phillips, 1979).

The introduction of the term mesoporosity to soil systems is
suggested to be timely along with some operational definitions
of soil micro-, meso-, and macroporosity. The definitions sug-
gested (Table 1) correspond with three dominant regimes of
soil water behavior and are associated with some "convenient"
equivalent pore diameter ranges as calculated from the surface
tension-capillary rise equation (Marshall, 1959). The prefix
meso-, meaning middle, is used in combination chiefly with sci-
entific terms to differentiate some identified hierarchy of struc-
ture, function, or behavior. Thus we have, to name a few:

1) Mesometeorology—study of weather systems with sizes from
tens to a few hundred kilometers.

2) Mesophyll—parenchyma of the interior leaf.
3) Mesothorax—middle division of an insect thorax.

The term mesoporosity is already in use in colloid and surface
chemistry literature where adsorption and evaporation phenom-
ena from pore surfaces in gel and solid materials are of interest.
Three classes of porosity have been described for adsorbate ma-
terial, and these are associated with three ranges of physical
adsorption phenomena (Gregg and Sing, 1967). Materials with
these porosity classes, called micro-, meso-, and macroporous
(Everett, 1972), have pore diameter ranges of < 2, 2-50, and
> 50 nm, respectively, and are clearly concerned with much
smaller scale phenomena than soil water dynamics. Uncertainty
in the use of the soil and colloid porosity terms may arise, for
example, in studies of adsorption phenomena in soil, and an
attempt to unify the use of porosity terms in the physical sci-
ences would be worthwhile. An additional prefix (e.g., a, /3
or C, S) could be introduced to identify the scale of resolution

1 Operated by Union Carbide Corp. for the U.S. Dep. of
Energy.

Table 1—Suggested characteristics of three soil porosity classes.
Soil Pressure Equivalent

porosity range, pore diameter
class kPa(mbar) range, jon Dominant phenomena

Micro- <-30
(<-300)

<10 Evapotranspiration; matric pres-
sure gradient for water re-
distribution

Meso- -30 to-0.3 10 to 1,000 Drainage; hysteresis; gravita-
(- 300 to - 3) tional driving force for water

dynamics
Macro- > -0.3 > 1,000 Channel flow through profile

(> - 3) from surface ponding and/or
perched water table

of phenomena in porous media and thus eliminate ambiguity
in the use of porosity terms in colloid chemistry and soil science.

The operational boundary definitions between the three soil
porosity classes based on pressure and equivalent pore diameter
may not necessarily be the best choice for all soils. Sandy soils
may cease effective gravitational water drainage at water pres-
esures below —10 kPa. Further, the boundary between meso-
and macroporosity may be difficult to measure, particularly in
field situations. Nevertheless, there is a clear distinction in the
intent of these three classes (Table 1), and the suggested defini-
tions should be applicable to most soils.

Rapid mesopore drainage should not be confused with macro-
pore drainage. For example, drainage from pores in the pres-
sure range of —0.3 to —3 kPa may occur very rapidly and may
even include some small-scale channeling flows between soil
aggregates (Ritchie et al., 1972; Blake et al., 1973; Shaffer et
al., 1979). This rapid mesopore drainage may occur without
the presence of surface ponding or perched water tables. In
addition, the occurrence of surface ponding or perched water
tables within a profile does not necessarily imply that macropore
channel flow will take place. These excess water conditions
can obviously occur in soil profiles having pore widths < 1 mm.
The use of mesopore channel flow and macropore channel
flow as phrases to describe soil water dynamics is suggested to
make a useful distinction between two scales of channeling flow
phenomena.

The purpose of this letter is to call attention to the need for
some standard soil porosity terms. The suggestion given in Ta-
ble 1 was developed from a watershed hydrology bias; however,
there are at least two other soil pore classification schemes, each
having its own rational. Sekera (1951), cited by Hartge (1978),
proposed the following pore width (/an) classes: wide coarse,
>50; narrow coarse, 50-10; medium, 10-0.2; and fine, <0.2. A
somewhat different classification was adopted by Russell (1973)
with coarse, >200; medium, 200-20; fine, 20-2; and very fine, <2
pore width (/im) classes. An evaluation of these schemes and
any other leading to some standard pore classification terminol-
ogy is recommended.
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Comments on "Genesis of a Typic Durixeralf of
Southern California"

Torrent et al. (1980) interpreted the morphology and depth
of weathering of a Typic Durixeralf near San Diego, Calif,
as indicating that it must have formed under a climate similar
to that of Santa Cruz, Calif, about 800 km north of San Diego.
Their interpretation is based on the assumption that 41.5 cm
are required to wet the Chesterton soil to its full depth of 466
cm which appears to be reasonable. They found that the water
balance at Santa Cruz, based on mean monthly precipitation
and calculated potential evapotranspiration, showed the 41.5-cm
surplus of precipitation of evapotranspiration necessary to wet
the soil to its full depth.

However, if one examines the complete precipitation record
and calculates the water balance season-by-season, another and
quite different interpretation is possible. As shown by Arkley
(1963), the leaching of soils is increasingly a function of the wet
years as soils grow older. Torrent et al. (1980) suggest that the
Chesterton soil in question may be as old as early Pleistocene.

I examined the record of weather stations near San Diego and
found that at La Mesa (only about 17-km east of the site of the
Chesterton soil), the mean annual precipitation is 35.2 cm,
somewhat higher than at San Diego (26.4 cm). The complete
record water balance (1934 to 1980) at La Mesa shows a surplus
of 43.6 cm in 1980 or once in 47 years. If the soil is 100,000
years old, it therefore might have been wet to its full depth
2,127 times, and if 600,000 years old, then it would have been
fully wetted 12,766 times, assuming only a small change in
precipitation of 8.8 cm.

The climate in California since 1934 has been generally drier,
however, than in the previous 2 centuries. Meko et al. (1980)
have calculated the Palmer Drought Severity Index (PDSI)
(Palmer, 1965) for southern California from correlation with tree
rings for 264 years (1700 to 1964). A PDSI value of > +4.0
is considered to be a year of extreme wetness. Examination of
the record, as shown in their Fig. 6, indicates that there were
12 out of 264 years with PDSI values of +5.0 or more, but only
1 from 1852 to 1963. Projecting this ratio of 12/264 or 0.0455
to 100,000 and 600,000 years, the soil was probably fully wet
4,550 or 27,300 times, respectively.

It seems probable, therefore, that the Chesterton soil could
well have been formed under the same climate as has existed
in the San Diego area since 1700.
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Reply to Comments on "Genesis of a Typic
Durixeralf of Southern California"

Arkley's conclusion that the Chesterton soil formed under a
climate like that of today is a simpler one than ours. We con-
sidered it as a possibility, but it does not account for some of
the facts.

In the paper on the Marina soils, also from the San Diego
area (Torrent et al., 1980), we show the probability of the wet-
ting front reaching several depths in the Marina taxadjunct un-
der today's climate. Using the same data for the Chesterton
soil shows that it probably does not become wet throughout
more than once in every 1,000 years.

But the following evidence also shows that exceptionally wet
years during the Holocene probably have not dominated the
development of these soils. The Marina taxadjunct has carbon-
ate in the form of tongues and coatings beginning at the B23t
horizon (157 cm) and extending into the B24t horizon (base
at 286 cm). The only pedons in the area containing carbonate
got it from kitchen middens. The shells in the middens which
have been dated are in the A horizons and are about 3,000 to
6,000 years old. Some salt also accumulates in the Chesterton
soil, beginning at about 1 m and increasing to a maximum of
12 mmho at 2 m. These facts suggest that the depth of wetting
for the last few thousand years has been only about 2-3 m,
whereas clay has moved to at least 5 m in the Marina taxadjunct.
Therefore, we attributed the clay movement and absence of
carbonate in most Marina and Chesterton pedons to a some-
what cooler, moister climate during the Pleistocene. Johnson
(1977) presents evidence showing that coastal California retained
a Mediterranean climate during glacial times but that there
was a southward shift of a few degrees from its present position.

Arkley's comments suggest an alternative to our view of a
past environment for San Diego like that at San Cruz today.
Match the depth of weathering of the Chesterton soils to a
climatic station of higher elevation. In order to match it, how-
ever, one would need a station higher than the 300 m where
the La Mesa Weather Station is located
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Comments on "Factors Influencing Oxygen
Consumption Rates in Flooded Soil"

The recent paper Reddy et al. (1980)1 is quite interesting,
and they should be complimented for the great amount of work
they have done. I, however, disagree with some of their mathe-
matical and physical interpretations.

The authors obtained Eq. [4] based on first-order reaction
rates and reasoned that, if fe, » ft,,, the slope is essentially ft,,
which they describe as phase I. If the value of ft, is 0.15 hour"1

and that of fen is 0.0504 hour'1 (soil 13) or 0.0433 hour"1 (soil
9), then the assumption fe, » kn does not apply, since the
value of fen is nearly 30% of that of ft,, and this magnitude
can not be disregarded. Thus if we do not disregard kn, Eq.
[4] shows that the slope should be different among soils as
the slope is — (ki + kn). Since the experimental results indi-
cate that the initial slope was the same for all soils, either
the conclusion that ft, is constant (0.15 hour'1), the mathematical
description of Eq. [4], or both may be wrong.

If one plots Eq. [4], In <f> vs. t, there should be only one
straight line since fe, and fen were taken to be constants as in-
tegration of Eq. [1] to [2] indicates. The slope of the plot is
— (fe, + fe,i), and there is absolutely no way of determining ft:
and fen separately with the limited information provided by the
authors. The equation simply does not describe "two phases"
as shown in the curve of Fig. 2. Thus, Eq. [4] must be con-
cluded to be unacceptable.

In order to let Eq. [4] describe the results shown in Fig. 2,
the authors reasoned that Eq. [4] becomes Eq. [5a] and [5b].
I have great difficulty accepting the condition that phase II
starts only after t = t1 and phase I operates up to t = t1. Sup-
pose phase II represents the oxygen consumtpion by chemical
and biological oxidation as the authors conclude. Then the
question is, why did the biological oxidation not start until t
= t1, as Eq. [5b] requires? There is no reason to believe the
biological oxidation proceeds only after phase I (chemical oxida-
tion of Fe2*, as authors claim) has terminated. If the biological
and chemical oxidation (phase II by authors) started from time
zero, then that component should be deducted from the experi-
mentally observed points. I agree with the authors that Eq.
[5b] represents the linear part of the data after t = t1. How-
ever, I wish to emphasize there is a contribution by Eq. [5b]
even before t = t1, and this contribution must be deducted in
order to resolve the curve.

Since the initial slope is the same for all the soils, and the
values of phase II, as expressed by Eq. [5b], are all different,
the resolved curve using standard method such as plotting In
[0 — 0nexp(—fr,jt)] against t during the interval 0 ^ t < t1 will
yield different 0, (intercept) and St (slope, different from ft,)
among the soils. Thus the conclusion made by the authors
that phase I is due to water soluble Feat may be difficult to
substantiate if the results are resolved into <f>t, 0,,, Si, and
ki, whose values are all different among different soils.
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Reply to Comments on "Factors Influencing Oxygen
Consumption Rates in Flooded Soils"

We are in agreement with Dr. Cho that a plot of In <f> vs. t
(as in Eq. [4] of Reddy et al., 1980)1 will yield a single straight
line with a slope of — (fti+fcn). Our experimental measurements
of O2 consumption in flooded soils indicated a two-phase reac-
tion with Phase I representing the initial rapid consumption
and Phase II representing a much slower rate of consumption.
To mathematically differentiate these two phases, we considered
a special case where Phase I essentially terminates after time
t1 because readily available reactants (e.g., water-soluble Fez+,
easily decomposible C) are exhausted. As correctly pointed out
by Dr. Cho, the condition ft, » ft,, is not satisfied rigorously
for all soils in our study. However, 31 out of 37 soils we in-
vestigated satisfied the condition ft, > 5 fe,,. This approxima-
tion would result in an error of 20% in the estimated values of
fe,. Thus, a coefficient of variation of 20% we reported for ft,
(0.15 ± 20% hour-1) is partly due to the fact that ft,, contribu-
tion was not subtracted out. We consider the approximate
condition that ft, > 5 ft,, to be adequate, given the phenomeno-
logical nature of our model (Eq. [5]) and the variability as-
sociated with experimental measurements. As we stated in
our paper (Reddy et al., 1980), a better conceptual model of
oxygen consumption in flooded soils can be developed by con-
sidering the concentration changes of all reactants (i.e., Fe2*,
Mn2*, NHj-, organic C, and Os). In our study, only the decrease
in O2 concentration was measured as a function of time.

It is known that chemical reactions occur at a more rapid
rate than biological reactions (Ross and Potos, 1968)." From
our past experience, it was also observed that Fez+ oxidation
occurs at a rapid rate in anaerobic soils exposed to air. There-
fore, all extractions of anaerobic soils need to be carried out
under oxygen-free conditions. It should be noted that O3 was
introduced into an anaerobic soil system in our study (Reddy
et al., 1980); thus, a lag period can exist for buildup of aerobic
populations and for facultative anaerobes to switch to aerobic
respiration. Although this lag period was not directly measured,
the microbial growth kinetics show similar lag periods for sev-
eral biological systems. Therefore, we assumed that Phase I
was predominantly chemical oxidation, while Phase II repre-
sented both chemical and biological oxidation.
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