










the two sites contain mainly silt, almost no clay. It is possible, perhaps, that some
other component, such as lime mud, could produce cohesion between the par­
ticles and shrink appreciably on drying. However, none of us is aware of mud­
cracks even remotely approaching the size of the openings at the two sites and
simple shrinking of the silt layer does not seem to be a likely mechanism.

The water table at both sites would be expected to be high under typical
precipitation conditions because of the composition of the materials and the
topographic positions of the areas. Both locations are depressions that would nor­
mally receive surface runoff from nearby higher elevations as well as inflow from
shallow groundwater flow systems originating in higher areas. The slough
sediments at the Holmes site indicate the presence of a high water table in the
past. During the drought, the water table probably dropped to unusually low
levels.

Even though large-scale fissuring or cavern-formation of the type described
here has not been associated with alfalfa (personal communication, D. W.
Meyer, Associate Professor of Agronomy, North Dakota State University,
Fargo, North Dakota), it is hard to ignore the fact that alfalfa, a plant with a high
water requirement, was the crop in both locations. Alfalfa requires about 800 to
900 kg of water to produce one kg of dry matter (Jung and Larson 1972). This is
about two to three times the water requirement of small grain crops. Water re­
quirement is influenced by external environmental factors, such as temperature,
evaporation, soil texture, soil salinity, depth and extent of root penetration,
and source of water.

The effect of falling water levels upon the sediment should be considered in
relation to effective stress in the sediment below the water table. The state of stress
at any point in a saturated porous medium is the result of effects both of the
weight of the entire saturated mass of material above the point (total stress) and
the pressure within the fluid (pore pressure). Because pore pressure is exerted
equally in all directions, part of the total load supported by grain-to-grain contact
between the solid particles is determined by subtracting the pore pressure from
the total stress. An increase in the grain-to-grain pressures (effective stress)
results in compression, or reduction of volume in the sediment by decrease in
pore space. Removal of most of the water could result in a considerable shrinkage
in volume in a material such as clay, which does not have a solid framework. By
contrast, removal of all of the water from a gravel deposit will result in little or no
shrinkage because the solid framework of the gravel cannot collapse.

As the water table drops, the pore pressure at any point below the former
position of the water table is decreased. This, in turn, results in an increase in the
effective stress and compaction of the sediment. Thus, as the level of the water
table fell during the drought of 1975 and 1976, the sediment below the water
table probably became slowly compressed. In areas planted with alfalfa, the
dewatering effect may have been intensified. The heavy rains during the 1977
growing season may have provided the triggering mechanism for the fissures. As
the water infiltrated into the dry upper portions of the soil, the total weight in­
creased, causing failure in the compacted soil below. Material above the water
table was then able to drop into the spaces created by compaction, forming the
fissures.
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The slough silt at the Holmes site is reasonably uniform in texture
throughout. Removal of a large percentage of the water from the silt may have
resulted in a relatively uniform shrinkage in the volwne of the silt deposit. The
shrinkage may have led to the formation of the fissure system at the site. At the
Lawler site, the silt above the shale is much less uniform and removal of water
would not be expected to lead to uniform shrinkage. This may help explain the
tendency for cavern development rather than fissuring at the Lawler site.

SUMMARY

We certainly have not proven, nor do we believe, that alfalfa, by itself, can
cause fissl,lres to form. We are, however, suggesting that a combination of a
naturally-lowering water table during a period of drought, coupled with the
presence of a high-water-requirement plant such as alfalfa, might have accelerated
the de-watering process to such an extent that the naturally weak framework of
the fine-grained sediments collapsed, resulting in a considerable loss in volume.
This loss in volume was probably related to a decrease in pore pressure below the
lowering water table.

ADDENDUM

After we submitted this article for publication, additional information was
provided by H. G. O'Connor, geologist with the Kansas Geological Survey
(personal letter dated 10 March 1978). Dr. O'Connor observed fissuring in alfalfa
fields in Kansas and he found that it is not uncommon, although nothing has been
published on the phenomenon. The fissuring most commonly occurs in alfalfa
fields during the 4th, 5th, or 6th year after planting. O'Connor observed an
appreciable cwnulative deficiency in moisture between that available as precip­
itation and that required by alfalfa for 4, 5, or 6 years of successive growth. The
difference in moisture requirement is derived from soil moisture within the
alfalfa root zone above the water table.

Fissuring will not occur unless the soil or sediment between the land surface
and the water table includes unconsolidated silt and clay beds that have shrink­
swell potential. The dehydration of shrink-swell clayey and silty sediments by
the alfalfa after several years of growth, even if the shrinkage is only 1 or 2 per­
cent of a zone 10, 15, or 20 feet deep, can provide much more than the needed
volume of void space to account for the volume of a large fissure.
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