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SOIL AIR PRESSURE EFFECTS ON ROUTE AND
RATE OF INFILTRATION®

D. R. LuNDEN AND R. M. Dixon?

Abstract

One centimeter of 0.1% methylene blue solution was Infiltrated into
soil with various constant sail alr pressures beneath the welting sur-
face to measure flow into and through soll macropores. Flow was in-
creasingly impeded as soil air pressure lncreased from 0 to 5 mbars,
lnfiltration rates during the first 3 min of wetting were decreased by an
order of magnitude with S mbars of alr-back pressure.

Additional Index Words: macropurcs.

W/mzu INFILTRATION into ficld soil during the first few
minutes after ooding is often extremely rupid. This
rapid infiltration is usually not considered in mathematical
analysis of infiliration because of the lack of uniformity
within the soil and because of lack of knowledge about the
nature of the flow (5). Considerable qualitative information
indicates that **pipe™* Nlow occurs (3), however, few mea-
surements of pressurc potentials and pore sizes are availabls
for & mathematical analysis.
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Fig. I—Intiltration device used ta simnlute soil air prossure: {a) air
pressure riag, (h) prassure cegulatur, (€) saturation paste seal, (d)
water ring, (e) air prosure uccess tube, () bubibling tulie, (g) water
lilled hallwon, und th) balleon cuptuse cod. ik, is depth of ponded
water o b, i il air provured
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Dyc-stained flow routes have been used to describe soil
macropores and macroporous flow. Ritchic, et al. (7), using
fuorescein to stuin routes. reporied irregular wetting pat-
terns in a shrinking clay sail, while staining was extensive
slong the interface of natural cracks. Aubertin (1), using
malachite green found extensive staining along old root
channels and animal burrows in a forest soil. Reynolds (6).
using fNluorescent compounds, observed iregular wetting
patterns in a forest soil. Ehlers (4) stained carthworm chan.
nels to demonstrate their contribution o infiltration. Dixon
nd Peterson (§) reported macroporons flow deduced from
:onsiderable indircet evidence. [n this manuscript we report
observations of staining as direct evidence that macroporous
flow occurs and that small soil air pressures block water
entry into macropores and thereby greatly reduce infiltration
(2). .

Materials and Methods

A 0.1% methylene blue solution was infilirated into (wo natu-
rally structured soils uader various soil air pressures, Inliltrometer
equipment, shown schematically in Fig. 1, was used 1o control air
pressure and messure infiltzation, Sodl air pressures were created
by pumping air inte the soil theough the outer ring (o). Constant
air pressures from 0 0 S mbars were controlled by wdjusting the
airflow rate and the bubbler regulator (). A volume of methylene
blue solution equivalent w 4 1-co depth was paced in the balloon
(). The balloon was broken, thus allowing solution ta flood the
surfuce and the air above the ponded water to escape and ils pres.
sure return lo atmaospheric. Thus, the desired constant soil ais pres.
sure, by, under a3 flooded surface was cstablished rapidly.

Sail air pressure, h,. at a single point. | cm below the soif sur-
face. was determined with a bellows-type recarder and a small
(6.2-mm diam) access wbe (2). Infiliration was determined by
recording the change in depth of ponded water with a bubbling ap.
paratus and calculating the depth-decline rates at 9.4-sec intervals.
During infiltration mcthylene blue dye was depasited from salu-
tion along macropare walls, while the soil removed the color aver
shont distances during flow thraugh micropore regions. Thus al-
though a considerable mass of soil may have been wet., only routes
of rapid movement were stuined. Staining patieras were observed
by excavating, at about 1-cm intervals, vertical faces of the cross
section under the infiltrometer. Infiltration and excavation were
duplicated for cach air pressure. An additional set of infiltration
experiments was conducied using undyed water.

Infiltration studies were conducted at two sites on un East Fork
loam soil. Site 1 was under a 3-year-old alfalfy (Medicago sativa
L.) stund. whereas site 2 was under a dead blucgrass (Pet Pratensis
L.) sod which had not been irvigated for several years and i some-
what less macroporasity. Macropores w thygpe sites were sthwoun
1 mnin dizmeter or width and thus are more comaon in soils than
the large avicropores studied by Aubertin ( ), Reynolds (60, and
Ritchie et al, (7).
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Results and Discussion

bntilication rates decreased with inceeising sail air pres-
sures (Fig. 20 Dntiliration rates for the higher soil air pressure
teatments (Fig. 2p are the arithmetic average of the values
caleulated at 9.4 sec intervals during the fiest 3 min of
infiltration. For the lower soil air pressures they are the
average for L-emsinfilteation which lasted << 3 min. Infiltra-
tion of | cm of dye water took < | min at zero soil air pres-
sure treatment agd > 1 hour at § mbars pressure. The dye
solution infiltrated like undyed water since infiltration rates
were nat significantly different for the two liguids.

Stuin penetration decreased with inereasing soil aie pres-
sure. The maximum depths of stain penetration at cither site
were L SOL 1Y 10, 2.5, and 2 em for soil air pressures of
0. 1.2, 3, 4. and S mburs, respectively. The depths of cx-
tensive staining were limited to 15, 10, 2, 1.5, 1.5, and 0.5
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Fig. 2—tnfiltration rite us u function of sil wir pressure, Fach puini
iy the aserage of duplicate events.

e for the same respective soil air pressures. Staining was
comsidered extensive when there were at least six stained
arcas within a circular frame with a 180 em® area. The ob-
served staining pattern of the macropore space during low
soil air pressure infiltration was extremely irregular, Only
cunthwonm (Lumbricidue L. ) burrows could be distinguished
casily since their walls stained uniformly and intensely (Fig.
3). Eanhworm burrows often had a network of much
smaller pores branching out latcrally in an irrcgular pattern.
Staining was obscrved near many very small roots of weed
scedlings to a 1- to S-cm depth. Larger roots never stained
below about S-cm depth, except when an carthworm burrow
was next 1o the root. The soil volume surrounding alfalfa
crowns was stained throughout, reflecting an interconnecied
net of macropores in this region. These soils generally did
oot have large cracks, but many small cracks or structural
cleavages also caused an extensive mass of soil to be stained.

Infiltration rates and stain penetration decreased as soil
air pressures were increased and macroporous flow im-
peded. tinpeding macroporous flow forces water to enter the
soil through more microporous and tortuous routes and thus
at slower infiltration rates. In the microporous flow routes
the solution is close to soil particle surfaces so that water
and solutes can interchange between entering and stored
waler and the soil particle surfaces. In the macroporous
flow routes the bulk of the solution is at some distance from
sail particle surfaces so that water and solute interchange is
less. The difference between microporous and macroporous
infiltration thus has significance in depth of water and solute
penctration, leaching solutes from the soil, and soil water
storage with depth. Macroporous flow was impeded by soil
air pressures in this study but in nature it may be impeded
by soil air pressure, surface scal development, or non-
ponded infiltration.
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