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Abstract 

Improvement efforts for claypan range sites by mechanical treat- 
ment can be grouped into those that increase water infiltration, 
disrupt the exchangeable-Na-rich claypan layer, mix the claypan 
layer with other layers, or combinations of treatments. The benefi- 
cial effect of a treatment on range productivity depends mainly on 
the specific soil characteristics or adapting the treatment to the soil. 
Spacings between contour furrows, ripper teeth, or similar devices 
probably should coincide with the distance between large natural 
soil structure boundaries for maximum lasting effects. 

Mechanical treatments designed to improve claypan soils with 
high exchangeable Na have had varied success, and attempts to 
predict the vegetative response have not always been accurate. 
Unfortunately, research scientists are inclined to publish positive 
results more than negative results because the latter are often 
difficult to explain. Possibly, a general discussion of the properties 
of claypan soils that might be altered by mechanical treatments 
would ‘encourage more-accurate description of areas and the - 
reporting of negative as well as positive responses. 
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Claypan Soils 
Claypan range soils generally have 3- to 30-foot diameter shal- 

low depressions with sparse vegetation over at least 20 percent of 
the landscape. The depressions have a claypan that has or once had 
sufficient exchangeable Na to cause dispersion of clay particles. 
These soils have been called solodized solonetz, slickspots, or 
panspots but today would be included in categories with natric 
horizons (Soil Survey Staff 1975). A compact structure develops 
that is very slowly permeable to water. Ponds, which form on the 
surface, frequently evaporate before the claypan is moistened to 
recharge the soil water for plant growth. Thus, the claypan soils 
accumulate less water for plants than the adjacent soils lacking the 
claypan. 

Soils adjacent to claypan depressions may have (1) a claypan 
below a friable surface layer, (2) a relict claypan that is low in 
exchangeable Na, or (3) no evidence of a claypan. The lower soil 
layers frequently have high exchangeable Na and salinity. In some 
areas the content of Na and other kinds of salt is high in the surface 
layer. Vegetation usually forms a continuous cover on the adjacent 
soils if grazing management has been adequate. 

Claypan soils in different geographic locations are formed in a 
variety of parent materials. These may range from gravel to very 
fine clay and occur on excessively drained steep upland slopes to 
seasonally wet lowlands or floodplains. Some parent materials 
have exchangeable Na because a fluctuating water table or seep 
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water carried Na salts into the soil profile. Others, particularly 
sedimentary rocks, had high exchangeable Na or Na salt contents 
when they were exposed to soil formation by erosion. Soils, formed 
in a short time from parent material recently exposed by erosion or 
deposited by wind or water, have weakly developed thin horizons. 
In older landscapes, thicker soil horizons and profiles have formed 
with more strongly developed structure and with more organic 
matter. 

Formation of the Claypan 

The individual clay and silt particles in most soils are aggregated 
together to form stable structural units. This aggregation breaks 
down in claypan soils so that minute individual mineral and 
organic fragments are free to move in water draining downward 
through the soil profile. The moving particles collect in small 
pores, plug them, and impede the downward flow of water. Once 
clay lodges in the pores, the slowly permeable claypan tends to 
persist even though the chemical environment of the clay changes 
from the dispersed state to the flocculated state under which stable 
structural units form. 

The dispersed condition is caused by the exchangeable Na 
cations (Frenkel et al. 1978) that surround the negatively charged 
soil particles, mainly clay or organic material. A positively charged 
shell of cations forms around the negatively charged particles. Two 
adjacent clay particles with positively charged shells repel each 
other because both have the same charge on the outside. If the 
exchangeable cations are di- or trivalent they are bound more 
tightly to the clay surface and are neutralized. The positively 
charged shell then becomes weakened to the extent that the clay 
particles no longer repel one another and aggregates become sta- 
ble. If sufficient sodium salts are present, the added sodium cations 
in the solution also are attracted to the negatively charged clay. 
Thus, more exchangeable Na cations are on the mineral surface so 
that the charge of the cation shell is reduced, and the clay does not 
disperse. 

If both exchangeable divalent (trivalent) and Na cations are 
present, the Na tends to be excluded from the clay surface and 
forms a positive shell that can result in dispersion. Dispersion 
occurs if 10 to 15 percent or more of the exchangeable cations are 
Na and the soluble salt content is low. In addition, exchangeable 
Na probably is associated with the smaller clay particles and the 
divalent cations with the larger clay particles, at least with mont- 
morillonite (McAtee 1958). 

Ca ions are usually the main exchangeable cation in most soils, 
although Mg is important in some. Apparently Ca and Mg cations 
are attracted to the clay surface with about the same forces (Clark 
1966). Some studies have suggested that Mg is bonded less strongly 
than Ca in some soils (Singh and Moorthy 1965), but Mg is not 
considered as important as Na in causing dispersion (Chi et al. 
1977). 

Movement and Degradation of the Claypan 

A claypan forms where exchangeable Na is abundant enough to 
cause dispersion and the salt content is too small to prevent it. In 
most claypan soils, exchangeable Na and soluble salt both increase 
with depth due to the leaching of the upper soil. Soils with some 
subsoil drainage lose salt more rapidly than the exchangeable Na. 
Salt is usually high enough in most of the lower subsoil to prevent 
dispersion so that dispersion can occur only in a thin layer where 
leaching has removed the salt but not the exchangeable Na. This 
dispersed layer moves downward as both the Na and salt are 
leached. 

Exchangeable Na is gradually replaced by Ca (Mg, K, H) in the 
upper part of the dispersed layer. These cations are released during 
the weathering of most silicate minerals and the decay of the plant 
remains returned to the soil. Some of the dispersed clay probably 
moves downward (Frenkel et al. 1978) in the soil but at least part of 
it breaks down by weathering to release the cations that replace Na 
(Barshad 1960). Thus, claypan soils with thick friable surface 

layers need not have a more clay-rich dispersed horizon than 
adjacent claypan soils that lack the friable surface layer. At least 
the friable surface layer probably has less clay than it had before 
the sodium moved downward. 

If the exchangeable Na was the minimum needed for dispersion 
and Na leaching was rapid, the claypan may be left nearly intact 
with a low Na content. Structure is not improved by the leaching 
because it is a physical condition caused by clay filling the pores of 
the claypan. This relict layer with poor structure is more evident if 
the parent material had a fine texture (White 1961) rather than a 
coarser one, probably because there is more clay available to create 
the layer. Soils that have this relict structure, or are in the process 
of developing it, probably are the ones most suited to mechanical 
treatment. 

Chemical Variables in Claypan Soils 

Quantities of the different exchangeable cations vary widely 
within tracts (White 1964) and between tracts as mentioned earlier. 
In addition, the amounts and solubility of Ca, Mg, Na, and K 
carbonate, bicarbonates, and sulfates are variable. CaCG is pres- 
ent in most parent materials. Exceptions include the so-called acid 
parent materials of some shale beds in western South Dakota or 
bituminous materials where sulfides occur. If CaCa is the only 
moderately soluble compound present, the pH may range from 
about 8.2 to 84. If Na2C03 or NaHCG is present, a much higher 
pH occurs. CaC@ is essentially insoluble at a pH above 9 or 10 
(Nakayama 1969) so that sodium can dominate the exchange 
complex. At a lower pH, CaC& normally dissolves sufficiently 
when water is added to dry soil and the Ca cations replace the 
exchangeable Na which then moves away from the clay surface. 
The reverse occurs as the soil dries and CaC03 precipitates because 
it is less soluble than Na2Ca. CaS04 is more soluble than CaC03 
so it furnishes Ca that is more competitive for the exchange sites. 
Exchangeable Na may be replaced during the wetting and drying 
cycles, and leaching can remove the replaced Na if drainage is 
adequate. If the soil has a fluctuating water table, Na may move 
upward when the soil is water-saturated to recharge the exchange 
complex. 

The ratio of Ca to Mg apparently changes as a claypan soil 
develops a progressively thicker friable surface layer (White 1964) 
and eventually loses most of the exchangeable Na. The Ca/Mg 
ratio decreases as the clays are dispersed and broken down, proba- 
bly because Mg is released from the clay structure (Barshad 1960). 
Additional exchangeable Mg accumulates because grasses cycle 
more Mg than Ca to the surface in proportion to the exchangeable 
amounts in the soil (White 1971). The Ca/ Mg ratio may increase 
after the exchangeable Na content is negligible if Ca is present in 
soil minerals that weather. Some relict claypan soils may not have 
developed thick surface layers as outlined, but had developed a 
subsoil layer that dispersed briefly as the Na leached. However, the 
net effect on the present soil chemical nature probably is the same 
as outlined. 

Exchangeable K and Na should cause about the same amount of 
dispersion. Some flocculated soils with considerable exchangeable 
K would be dispersed if the K were replaced by Na (Reeve et al. 
1954). Most micas have two silica sheets that enclose either a 
gibbsite or brucite type sheet and interlayer K that holds the 
different 2: 1 units together. As water hydrates the interlayer space 
during weathering, first around the edges and then progressively 
into the center of the mineral, the K is released (Fanning and 
Kermidas 1977). Extraction of exchangeable cations is usually 
accomplished with NHd-acetate solutions which can replace some 
of the partially released K from the structure. This form of K does 
not help to form a shell of positive cations around the clay particles 
and does not contribute to dispersion. However, K could contrib- 
ute if present in sufficient amounts. 

Structure Variations in Claypan Soils 

The dispersed claypan layer usually has columnar structure with 
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either flat or rounded tops that lie below the low-Na, friable, thin 
surface layer. The columns are bordered and formed by vertically 
oriented desiccation cracks that create a polygonal network of 
cracks in the horizontal plane (White 1970). Distances across the 
columns are controlled by texture and the depth and rate of drying. 
Columns have smaller diameters in the upper part of the layer and, 
with depth, several small ones join together to form a larger 
column. During extreme droughts, the larger columns are sur- 
rounded by desiccation cracks, several centimeters in width, which 
may extend up to the surface. A network of smaller fracture 
surfaces is created inside the upper part of the large column and 
around the smaller columns. These smaller columns probably are 
less stable and change more from year to year than the large 
columns. In any event, a slight disturbance of the small columns 
will have little lasting effect upon the soil because the surrounding 
stable network of potential fractures will cause the disturbed soil to 
crack at about the same location in the next drying cycle. A minor 
disturbance has little if any effect on the larger columns. A mechan- 
ical treatment with a lasting effect on the soil needs to sufficiently 
alter the structure or some other property so that the original 
structure cannot reform rapidly. 

Friable material from the surface layer may move downward 
into natural fractures or man-made voids in the soil. The friable 
material creates a plane of weakness for the formation of a desicca- 
tion crack. In addition, partially dry subsoil is first remoistened 
adjacent to the friable fill because the fill has greater permeability. 
If the claypan is not completely rewet, the moistened volume would 
have the largest elasticity. The soil would stretch and fracture at the 
friable fill as the soil dries for many cycles of wetting and drying. 

Columns may have vertical lengths of a few centimeters or 
several meters. Subsoils with high contents of CaCOs, CaS04, or 
more soluble salts tend to develop indistinct edges along the lower 
parts of the column. Apparently, salt decreases the ability of the 
soil to develop a permanent network of fracture planes. Possibly, 
salt can move into the fracture planes to disrupt the tendency for 
them to reform in the same place during the next drying cycle. 
Probably for the same reason, the small blocky structure inside the 
columns is very weakly developed or absent. Thus, prerequisites 
are absent for an organized fracture system to control the contrac- 
tion and expansion volume changes induced by wetting and 
drying. 

Columnar and blocky structure are weakly developed in fine- 
textured clay soil with low salt and organic matter contents. The 
clay has such a large volume change with wetting and drying that 
the individual fracture surface may form at different locations in 
each wetting and drying cycle. An exception occurs where the 
surface soil is very friable or wind drifted sands can fall into 
desiccation cracks. 

Detrimental Effects of Claypan Soils on Plants 

The most important detrimental effects appear to be limited 
plant-available water, poor soil physical conditions for root 
growth, high osmotic potential of the subsoil, and low plant nut- 
rient levels and availability. Infiltration and hydraulic conductivity 
rates are low in the dispersed layer so that much of the precipitation 
ponds on the surface and evaporates. During prolonged periods 
with high precipitation, water does penetrate throughout the soil 
and rhizomatous plants expand into the panspots. 

Soluble salts in moist subsoils are diluted by the water but, as 
plants remove water, salts are concentrated. This increases the 
osmotic potential and reduces the availability of water to plants. 
Most claypan areas have sufficient drainage to remove some of the 
soluble salts or the soils would not able to disperse. Thus, the salt 
effect probably is minimal unless saline soils are mixed with the 
claypan. 

Root growth through the claypan occurs mostly along the edges 
of columns, where the resistance to penetration probably is least, 
according to Holmes and Stacy (1967). In addition, roots that 
follow cracks along the sides of columns are less likely to break or 

stretch than roots that go through columns at an angle. Roots may 
concentrate along the column sides because they are more moist 
and water soaks downward along structure boundaries (Krishna 
and Perumal 1948) more rapidly than through the columns. Roots 
growing through the columns may be constricted sufficiently by 
contracting soil to reduce growth (White 1977). If the columns are 
located at or slightly below the surface, the short warm-season 
grasses with extensive shallow root systems may not be able to 
withstand soil contraction forces. 

Most claypan soils have too low an organic matter content to 
supply adequate nitrogen and phosphorus to growing plants 
(Wight et al. 1978a). Further, the ratio of the exchangeable cations 
is different than in most surrounding soils. Range vegetation may 
have sufficient genetic variability to develop natural ecotypes 
(Main 1974) that are suited for most claypan soils. High pH may 
reduce the solubility of phosphates to the extent that growth is 
limited by phosphorus supply if microbial or algae-fixed nitrogen 
is present. 

Possible Effects of Mechanical Treatments on Claypan 
Soils 

Mechanical treatments appear to be of three kinds or combina- 
tions of them: those that trap surface water, those that fracture the 
claypan and increase infiltration, and those that mix the pan layer 
with surface and/ or subsoil layers. Water is trapped on or near the 
surface by contour furrowing, basin listing, terracing, or pitting. 
Ripping and subsoiling, if deep enough, disrupt the claypan layer. 
Deep plowing may mix the entire soil profile together (Bowser and 
Cairns 1967) or with the right combination of plows, invert a soil 
layer beneath other layers or between other layers, not necessarily 
in their original order (Botov 1959). 

Mechanical treatments that retain precipitation on a part of the 
surface (Wight et al. 1978b) effectively change the soil microcli- 
mate. One part of the treated soil becomes drier and the other 
becomes more moist. Water penetration into the soil is decreased 
and increased in vertical parallel planes across the claypan soil 
tract. If the spacing between moist planes coincides with the natu- 
ral distance across the large structural columns, soils may develop 
a more or less permanent crack system along the more moist 
locations. This condition is similar to the crack that develops 
between two rows of corn where the soil dries last as plant available 
water is used. Distances between parallel sets of cracks apparently 
can be controlled at least where alternate strips of fallow and crops 
occur (Swartz 1966). Parallel zones for water accumulation 
develop naturally in some soils (Worrall 1959). The distance 
between large cracks apparently increases with the depth of wetting 
and drying (White 1970). 

Water concentrated in vertical parallel planes may duplicate the 
effect of trickle irrigation of soils (Bresler 1975). Salt tends to move 
into the drier parts of the soil and plant roots grow in the moist soil 
with the relatively low salt content. For this reason, laboratory 
analyses of soils which suggest that Na or the salt content has been 
reduced (Soiseth et al. 1974) need to be interpreted cautiously. 

Disrupting the claypan structure by ripping probably causes the 
least possible mechanical mixing. If the soil is moist, the disruption 
would have minimal effect because it would not disrupt structure 
sufficiently to destroy the natural fracture system that developed 
the structure. A claypan with a high exchangeable Na and low salt 
content reforms rapidly as can be observed in cultivated fields. If 
the exchangeable Na content and dispersion forces are low, ripping 
may open the claypan sufficiently so that some low-Na surface 
material falls downward. This fill material probably would not 
disperse so infiltration would increase permanently along the 
plane. Dispersion of the fill probably would occur rapidly if the 
claypan has a large content of exchangeable Na. 

Subsoil with gypsum (CaS04.2HzO) that is mixed into a claypan 
with a moderate or low amount of exchangeable Na will cause 
flocculation. Gypsum releases Ca that can replace the exchangea- 
ble Na which then leaches from the soil if drainage is adequate. Soil 
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improvement from deep plowing of claypan soils depends on this 
leaching. If drainage is inadequate, the gypsum will gradually 
move downward as the water table fluctuates. Na moves upward 
more rapidly than Ca when the water table rises so that it remains 
and causes dispersion. Thus, improvement from mixing the 
dispersed layer with either subsoil or surface layers depends upon 
the properties of each layer and upon the drainage of Na from the 
soil. 

Each area of claypan soil will have slightly different sets of 
variables which need to be evaluated. Vegetation can be used as a 
guide to the salt and exchangeable sodium content in the rooting 
zone. Species such as inland saltgrass (Distichlis spicata stricta) 
that grow on saline soils are a guide to soils which have a temporary 
high water table. These saline soils will not be benefited signifi- 
cantly by mechanical treatment until subsoil drainage has been 
improved. Nonsaline soils, nearly devoid of vegetation and with a 
claypan, can be improved by mechanical treatments which increase 
water infiltration. The success of this treatment increases as the 
proportion of the area with a dense vegetative cover increases. If a 
thick stand is present over the area, mechanical treatments may 
improve water infiltration by disrupting the claypan and by reduc- 
ing runoff. 
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