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Highlight: Water harvesting is a means of supplying 
stockwater in any area where precipitation is sufficient to 
grow forage. There are many types of methods and materials 
which can be used to collect precipitation. Knowledge of the 
advantages and disadvantages of each treatment is needed to 
select the method best suited for a given site. Costs of water 
collected from various treatments range from less than $0.20 
per 1,000 gallons to over $6.00 per 1,OOOgallons in a 20-inch 
precipitation zone. 

In many areas of our western rangelands, stockwater can be 
supplied by a method called water harvesting using structures 
called trick tanks, rain traps, or cat&rents to collect and 
store precipitation runoff. Properly designed water harvesting 
systems are potentially capable of supplying stock drinking 
water in any area where there is sufficient -precipitation to 
grow forage. In many places, water harvesting is less costly 
than alternate means such as hauling or piping. 

Water Harvesting Methods 

Water harvesting techniques can be divided into five basic 
methods: (1) vegetation management, (2) natural impervious 
surfaces, (3) land alteration, (4) chemical treatment of the soil, 
and (5) ground covers. These methods have a wide range of 
costs, performance, and durability, which can limit the 
potential applicability of a treatment (Cooley et al., 1970). 
Knowledge of the advantages and disadvantages of each 
method or treatment is needed to select the treatment best 
suited for a given site. 

Vegetation Management 

Studies have shown that in some areas, surface runoff can 
be increased by converting scrub woodland to a grass forage 
cover (Gifford, 1973). In many places, this method cannot be 
used as a source of livestock water because of the necessity of 
constructing major dams or diversion structures in the 
watershed drainage channel. For some limited locations, it 
may be possible to collect the runoff water before it reaches 
the main channel. 

Natural Surfaces 

The simplest and probably the most durable material for a 
catchment surface is a large rock outcropping (Fig. 1). Usually 
all that is necessary to convert the outcropping into a suitable 
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cat&n-rent are some small diversion dikes along the lower edge 
which direct the runoff water into the storage facility. Runoff 
efficiencies from natural rock surfaces are variable, depending 
upon the porosity of the base rock and the number and extent 
of cracks in the surface. Burdass (1975) reported that in 
Australia, the common practice is to use 45% as the runoff 
efficiency for rock catchments. On some rock surfaces, the 
runoff efficiency can be improved by sealing the surface cracks 
with an asphaltic caulking compound. In some areas, it is 
possible to compensate for the relatively low runoff efficiency 
by simply increasing the size of the collection area. Total costs 
for preparing a rock catchment may be as low as $0.01 per 
square yard of collecting area (Table 1). 

The highways and roads which cross the rangelands can also 
be used for collecting precipitation (Fig. 2). The full potential 
of using highways for water harvesting has not been realized 
because of the concern that the runoff water could be 
contaminated by oil droppings from the vehicular traffic. 
Chiarella and Beck (1975) describe a highway catchment 
system in Arizona used for collecting drinking water for 
livestock for over 15 years with no observed ill effects. Evans 
et al. (1975) reported that in Wyoming there are approximately 
8 acres of pavement per mile of interstate highway. If we 
assume a catchment efficiency of 90%, a potential water 
supply of about 2 million gallons of water is available per mile 
of highway for every 10 inches of precipitation. The major 
cost of collecting this water is the expense of a conveyance 
system from the highway to the storage. 

Land Alteration 

For the thousands of acres of land where highways or rock 
outcropping are not available, a livestock water supply can 
sometimes be developed by simple land alteration treatments 
which increase the quantity of runoff from the soil surface. 
Land clearing is the least expensive method of land alteration, 
but the increase in precipitation runoff is often negligible 
except for storms of high precipitation intensity and/or long 
duration. Because the small precipitation events do not always 
produce satisfactory runoff, it is usually necessary to have 
relatively large catchment areas and storage structures to 
provide adequate water to last between the runoff events. 

On some soils, the runoff efficiency from land clearing 
treatments can be effectively increased by additional soil 
smoothing and/or soil compaction. Land alteration, soil 
smoothing, and compaction is presently used successfully in 
Australia in the form of roaded catchments (Frith, 1975). Soil 
smoothing and compacting treatments are usually more 
successful on loam or clay loam soils. Care must be taken in 
the design and construction of this type of treatment to 
minimize the soil slope and runoff water velocity to reduce 
any potential soil erosion (Hollick, 1975). 
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Cattle Grazing and Wood Production with 

Different Basal Areas of Ponderosa Pine 

WARREN I’. CLARY, WILLIAM H. KRUSE, AND 

Highlight: Ponderosa pine stands were thinned to various 
basal areas on the Wild Bill Range near Flagstaff, Arizona, to 
determine the effects on beef and wood production. Beef gain 
potential was maximum at zero basal area and was one-third 
less when ponderosa pine was present at basal areas of 20 
ft2/acre. Physical relationships and the 1972 prices suggest 
that the combined economic value of grazing and saw log 
production would be maximum in tree stands having a basal 
area of about 45 to 60 ft2/acre. 

Cattle grazing and timber production, two major uses of 
forested lands, are often competitive. Trees strongly influence 
livestock production through their effect on forage plants. 
Although the relationships of forage yields to tree overstory 
stocking have been documented in many locations (Ffolliott 
and Clary, 1972), little information is available on the direct 
relationship of livestock production to wood production or to 
an index of tree dominance such as tree basal area. 

Production economics, which examines relationships among 
various resource values, provides a useful framework to 
determine the best use or combination of uses of public lands 
(Lloyd, 1969; O’Connell and Brown, 1972). Typical 
production economics procedures utilize production functions 
and product-product relationships, usually to optimize 
economic returns. While the primary goal of public land 

Authors are with the Forest Service, U.S. Department of 
Agriculture, with central headquarters maintained at Fort Collins, in 
cooperation with Colorado State University. Clary, principal plant 
ecologist; Kruse, range research technician; and Larson, associate 
silviculturist, are located at the Station’s Research Work Unit at 
Flagstaff, in cooperation with Northern Arizona University. 

Manuscript received December 10, 1974. 

FREDERIC R. LARSON 

managers is rarely to optimize economic returns, these 
relationships can help form an effective framework for land 
management decisions. 

Studies of the Wild Bill Range, established in the early 
1960’s near Flagstaff, Ariz., provide a basis to determine such 
product-product relationships. One of the objectives at Wild 
Bill was to determine the effects on beef production and 
timber production when tree stands are thinned to different 
basal area levels. This information should be useful for land 
managers, economic planners, and others who are interested in 
managing forested lands more effectively. 

Study Area and Methods 

The Wild Bill study area is on a ponderosa pine (Pinus 
ponderosa Laws.)-bunchgrass range (Pearson and Jameson, 
1967). Elevation is 7,600 ft, and the land is generally level to 
moderately sloping with a southwest aspect. Soils are gravelly 
silt loam, derived from basalt. 

This study utilized one clearcut range unit, four thinned 
range units, and a control range unit. In 1967, approximately 
two-thirds of the original control unit was consumed by 
wildfire and another unit was substituted as the control. The 
principal forage species were Arizona fescue (Festuca arizonica 
Vasey) and mountain muhly (Muhlenbergia montana (Nutt.) 
Hitchc.). 

Livestock management and forage measurements were 
described by Pearson (1972). Tree basal area was reduced to 
predetermined growing stock levels during 1963 and 1964. 
The tree stands were inventoried in 1971 by point sampling 
techniques (Grosenbaugh, 1958), the sample trees were bored 
to determine growth rates, and volumes (Ffolliott et al., 197 1) 
were computed for the beginning and end of the study. The 
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