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ABSTRACT 

This study was conducted to measure the effects of 

thinning coppice on Emory oak (Ouercus emoryi). Thinning 

treatments were applied to sprouts of different ages. 

Height and diameter measurements were taken immediately 

after thinning and again one year later. Sprouts were 

classified into 5 age groups, 4 stump diameter groups, and 4 

residual sprout groups. The interactions of these 

treatments and their effect on volume growth were analyzed. 

The results showed volume growth per stump was directly 

related to the number of sprouts per stump; volume growth 

per sprout was inversely related to the number of sprouts 

per stump; volume growth per stump and per sprout were both 

significantly effected by the age of the sprout at the time 

of thinning; and that stump diameter size had no significant 

effect on volume growth. 
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INTRODUCTION 

In the oak woodlands of southwestern United States and 

northern Mexico, low precipitation and high temperatures 

result in slow growing, low density forest stands. Some oak 

species in southeastern Arizona take from 60 to 100 years to 

grow from seed to desirable harvest size, that is, 6 to 8 

inches diameter at base (Callison, 1988); and Ffolliott 

(1979) notes that the oak woodland vegetation type has an 

annual growth rate of less than 1 percent. These slow 

growing stands, however, have become a highly-utilized 

fuelwood resource. 

A long rotation age, a high demand for fuelwood, and 

limited supplies alerted southeastern Arizona land managers 

to a serious resource problem in the late 1970s: fuelwood 

demands would soon exceed supply. Something had to be done 

to either slow the current rate of harvesting or increase 

fuelwood supplies (Tolisano, 1984; Frank, 1982). To solve 

this problem* several questions were to be answered, for 

example, how much harvestable fuelwood was available, what 

rate of harvesting could be tolerated to assure a sustained 

yield, and what was the extent of the demand? 

On the Sierra Vista Ranger District, fuelwood demand1 

rose dramatically between 1973 and 1978. Figure 1 shows 

1. Demand as a function of fuelwood permit sales. 



1973 74 75 76 77 78 79 8 0 81 82 83 84 85 86 

Y E A R  
Price 
per Cord $2.50 $5.00 $10.00 $25.00 

Figure 1. Fuelwood permit sales on the Sierra Vista Ranger District. 1973 to 1986 
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that permit sales prior to 1977 were less than 500 cords 

annually. However, in 1977, over 3,000 cords of wood were 

sold, and in 1978, after a cold winter, sales topped 5,200 

cords. Forest officials wondered how long this rate of 

cutting could continue before the supply would become de

pleted. 

The population of Sierra Vista had risen from 15,000 in 

1975 to over 26,000 in 1980. The population of Cochise 

County rose from 74,000 in 1975 to more than 86,000 in 1980 

(Sierra Vista Chamber Commerce, 1984). The local towns and 

cities continued to grow and with each new house built came 

one more fireplace or wood stove. Fortunately, by 1984, 

energy prices were stablizing or retreating, fuelwood har

vesting limits had placed an artificial limit on the demand, 

and the frenzy to hoard as much firewood as possible, was 

ending. It was estimated that in 1984, only 2,700 cords of 

oak, 2000 cords of mesquite, and 1000 cords of juniper were 

harvested in all of Cochise County (McLain, 1988). The USDA 

Forest Service noted that little was known about the demand 

for fuelwood in southeastern Arizona. Demand appeared to be 

related to income: "A necessity for some and a luxury for 

others." They estimated that as the personal income level 

and population of the area increases, so will the demand 

(USDA Forest Service, 1989). 

In the spring and summer of 1980, the Forest Service 

conducted a preliminary inventory of the available fuelwood 
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supply on the Sierra Vista Ranger District by aerial 

photointerpretation and field measurements. Certain 

criteria were used in determining which areas could be 

harvested and which areas could not. These criteria 

included slope constraints, wildlife concerns, visual 

quality objectives, and area accessibility. Areas that 

exceeded 35 percent slope could not be harvested due to the 

erosion potential. In southeastern Arizona, fuelwood 

generally is harvested by non-professional woodcutters. 

They are not trained in sound harvesting techniques; 

sometimes trying to drive their vehicles to each tree they 

harvest which causes damage to vegetation and soil. 

Important wildlife habitat areas also were excluded as 

a fuelwood source. Wildlife constraints were developed 

through a cooperative effort between the Forest Service and 

the Arizona Game and Fish Department. Each year, 

representatives from the two agencies meet in potential 

fuelwood areas to determine whether an area can be harvested 

or not. Once an area is selected for harvesting, the 

cutting intensity is then determined with respect to the 

surrounding wildlife habitats. Normally, all wet and dry 

riparian areas are eliminated from the fuelwood plan. Other 

sites that may be critical habitat for certain species, such 

as threatened and endangered species, are also left uncut. 

Less critical habitat areas may be harvested to a certain 



12 

degree so as to maintain the habitat qualities while 

providing a fuelwood resource. Potential effects to the 

visual quality of the area are discussed to assure that the 

change after harvesting will not be greater than what has 

been allowed in the land management plan. Areas with high 

public visibility rarely are harvested, while the visual 

appearance of other less visible areas can be modified to 

some extent. 

Fuelwood supplies that had ready accessiblity, such as 

existing roads, flat terrain, etc., were recorded, while 

inaccessible areas, such as areas needing road construction, 

were noted as future sources of fuelwood. 

The rotation age of Emory oak (Ouercus emoryi), the 

major species utilized for fuelwood in the area, was not 

known, however, an estimate of 80 years was made. 

Unfortunately, this estimate did not take into account 

whether the existing trees came from seed or from sprouts. 

Land managers, unfamiliar with the local fuelwood harvesting 

history, believed that all of the local oak stands 

originated from seed rather than from sprouts. However, a 

review of the area history shows that nearly all of the area 

had been harvested nearly a century earlier to support the 

nearby mining industry and that the present oak stands were 

most likely from sprouts. A study by Touchan (1986) found 

that the actual rotation age of Emory oak from sprout is 

approximately 25 to 30 years. 
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Using the data from the inventory and assuming an 80 

year rotation, it was calculated that approximately 1,000 

cords of green standing fuelwood could be harvested annually 

to assure a sustained yield.2 

A 1,500 cord limit, 1000 cords of greenwood and 500 

cords of downed-deadwood, was incorporated into the fuelwood 

management program for the Sierra Vista Ranger District in 

time for the fall 1979 cutting season. The harvesting limit 

was imposed only on the personal-use permits offered and did 

not effect the amount of fuelwood harvested by commercial 

cutters. Commercial harvesting was a separate program and 

was allowed to continue temporarily while land managers 

monitered the demand for the personal-use permits. These 

permits, which previously had allowed the annual harvesting 

of 2 cords per family, were reduced to 1 cord per family, 

annually, making the limited supply of fuelwood available to 

the greatest number of families. The price of each 

personal-use permit also increased from $5.00 in the 1970s 

to $10.00 in the early 1980s, to $25.00 in 1986.3 The price 

of a one-cord permit has remained at $25.00 for the 

remainder of the decade. 

2. One cord is equal to a stack of wood 4 feet by 4 feet by 
8 feet or approximately 75 cubic feet of solid wood. 

3. No adjustment for inflation was made. 
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In 1980, the commercial harvesting program, which 

amounted to approximately 500 cords of greenwood per year, 

was eliminated from the district fuelwood plan altogether. 

This was due to the high demand for personal-use permits in 

1979; all permits were sold the first week they were 

available and requests for more continued throughout the 

wood burning season. In 1987 the allowable annual cut was 

reduced further to 700 cords of green standing wood and 350 

cords of downed-deadwood, due to newly upgraded 

environmental contraints which eliminated more areas from 

the fuelwood plan. 

Currently, the demand for fuelwood in the Sierra Vista 

area has decreased. This decrease is due, in part, to the 

fact that people have become accustomed to the prices of 

other traditional energy sources, which may have stabilized 

or dropped, and they now are willing to pay those prices. 

Also, the tree species currently being harvested on the 

Sierra Vista Ranger District, alligator juniper (Juniperus 

deppeanal, is less desirable than Emory oak and still costs 

$25.00 per cord. Another factor involved in the decrease in 

demand is that the fuelwood areas are a long distance from 

the cities and towns where the majority of the demand 

exists. 

It is interesting to note that in 1982, the issuance of 

free-use manzanita permits, allowing the free harvesting of 

Arctostaphylos punaens. a hard, multi-stemmed, shrublike 
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plant, surpassed the number of oak and juniper permits sold 

that year. This was a minor achievement, because manzanita 

was considered a non-desirable species for fuelwood. Many 

local people say the only logical way to cut manzanita is 

with a bulldozer. It is a hard wood that quickly dulls the 

cutting edge of any saw; it requires hard work to harvest 

and returns relatively little reward. However, from 1981 

until 1986, the number of free-use manzanita permits issued 

outnumbered oak and juniper permits each year. In 1987, 

when fuelwood demand decreased, the demand for manzanita 

permits almost disappeared. 

Fuelwood areas on the Sierra Vista Ranger District that 

had been cut during the last three decades have been left to 

regenerate naturally. Unfortunately, seedling survival of 

Emory oak under natural conditions appears to be extremely 

low in the oak woodlands (Borelli, 1989). The species 

harvested for fuelwood in southeastern Arizona typically 

regenerate through coppicing (or stump sprouting). After 

harvesting, Emory oak stumps can produce as many as 30 or 40 

sprouts each during the first few years. After a harvest, 

that portion of the oak woodland turns into a short, thick 

jungle of slow growing oak sprouts. Sprouts grow so thick 

that the livestock carrying capacity is reduced by more than 

50 percent within a few years of harvesting, and remains 

that way for a decade or more, leaving the land relatively 
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unproductive (Case, 1985). There is a period of stagnation, 

approximately 5 to 10 years after harvesting, which can last 

from 10 to 20 years, when one or several sprouts finally 

begin to assert dominance. During the stagnation period, 

all sprouts compete for nutrients, water, and sunlight, and 

consequently, growth is extremely slow. Through 

competition, however, weaker sprouts die-off and residual 

sprout growth rates increase. 

Several years ago, a small, unofficial project was 

completed by the Forest Service on the Sierra Vista Ranger 

District looking at the effects of thinning oak sprouts 

after harvesting. The sprouts were 4 years old at the time 

of thinning and were thinned to 1 or 2 sprouts per stump on 

a 2 acre plot. Although no measurements were taken at the 

time of thinning, several years later height and diameter 

differences could be seen between the thinned sprouts and 

the nearby unthinned sprouts of the same age. In fact, the 

height of the thinned sprouts were comparable to the sprout 

heights of an area harvested 10 years prior. 

This project posed some interesting questions, for 

example, could sprout thinning increase growth? If so, 

could it help reduce the rotation time between harvests and 

possibly increase the allowable annual cut? A decision was 

made to further investigate the effects of thinning oak 

coppice, as reported herein. 

The following oak coppice study took place in 
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southeastern Arizona, on the Sierra Vista Ranger District of 

the Coronado National Forest. The District contains several 

thousand acres of oak woodland that supplies fuelwood to 

many nearby towns, including Sierra Vista, Bisbee, Nogales, 

and Tucson, a large metropolitan area to the northwest. 
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LITERATURE REVIEW 

Oak Woodlands 

The oak woodlands referred to in this study occur 

extensively in the Sierra Madre Occidental of Mexico and 

extents northward into the southwest United States. This 

area includes portions of southeast Arizona, southwest New 

Mexico, and a portion of southwestern Texas. This woodland 

type, as shown in Figure 2, covers approximately 31,500-

square-miles (Ffolliott, 1988). The oak woodlands have been 

classified in the Western Live Oak Cover Type (Ffolliott, 

1980) and in the Madrean Evergreen Woodland (Brown, 1982). 

The oak woodland contains a variety of oak species, both 

evergreen and deciduous. Evergreen oaks, which occur more 

frequently, include Emory oak (Ouercus emoryi1. Arizona 

white oak (&*_ arizonica), Mexican blue oak (O. 

oblonctif glial, silverleaf oak (Q_i_ hypoleucoides), O. 

chihuahuensis. and Qj. albocincta. Although not entirely 

evergreen, many species appear to be drought deciduous, 

keeping their leaves for the majority of the year, dropping 

them only in the late spring prior to the summer rainy 

season. Temperature deciduous oaks, found in the oak 

woodlands, include Gambel oak (Q^. gambelii). Q_s_ 

chuchiuchupensis . and santaclarensis. 

The oak woodlands generally occur between 4,000 and 

7,500 feet elevation, with the majority of the evergreen 
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species occupying the lower to middle portion of the 

elevation range and the deciduous species occupying the 

middle to upper portion. The elevational ranges of these 

species vary according to microclimate and soil types. 

Microclimate is dependant upon stand density, slope, 

exposure, and geographic location. On south-facing 

exposures, for example, the evergreen species tend to grow 

at a higher elevation because the sites are generally hotter 

and drier which enables these species to outcompete other 

less tolerant species. Conversely, in protected, moist 

canyon bottoms, deciduous species tend to grow at lower 

elevations. Ffolliott (1989) notes that the structural 

development of these woodlands also is determined by soil 

type and depth, and that oaks frequently are found on thin 

soiled sites. 

Annual precipitation in the oak woodlands ranges from 

12 to 18 inches with approximately 65 percent of the 

moisture falling between the months of May and October. 

Severe thunderstorms, arriving in July and August, from the 

southeast, are storms of high intensity and short duration 

(USDA Forest Service, 1989). The remainder of the 

precipitation generally is associated with winter storm 

systems from the west. Growing seasons in the oak woodlands 

differ according to elevation. The lower elevation portion 

of the woodlands average between 160 to 200 frost-free days, 

while the upper portion receives between 100 to 160 frost-
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free days. Evaporation (from a U.S. Weather Bureau class A 

jaaQj^ in southeastern Arizona ranges from 80 inches in the 

lower elevations to 40 inches in the higher elevations (USDA 

Forest Service, 1989). 

Woodland Associations 

The evergreen oaks generally are considered to be the 

climax species at the lower elevations of the oak woodlands. 

However, they are associated with many other woodland tree 

and grass species. 

Alexander and Ronco (1987) classified forest vegetation 

on the national forests in Arizona and New Mexico into a 

variety of climax series and habitat/community types. 

Classification was based on ecological factors such as site 

climate, tree association, and principal undergrowth 

species. The main climax series occuring in southeastern 

Arizona that include the evergreen oaks are the Pinus 

leiophylla series, the Pinus enaelmannii series, and the 

Pinus ponderosa series. The principal undergrowth species 

of evergreen oak in these series include Emory oak, Arizona 

white oak, silverleaf oak, Tourney oak, and netleaf oak. The 

oaks associated with the above coniferous series occur on 

either hot, dry sites or warm, dry to very dry sites. 

The Forest Service further classifies the oak woodland 

near the Huachuca Mountains in southeastern Arizona into two 

broadleaf woodland oak series in the woodland formation, the 
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Emory oak series and the Mexican blue oak - Emory oak 

series. Within the Emory oak series, Emory oaks are found 

in association with the Pinus leiophylla series, while the 

latter oak series, found at the lowest elevations of the oak 

woodlands, is not associated with any coniferous climax 

species and normally grows in open savanna stands. 

Oak Woodland Consumptive Use History 

Throughout the settlement of the Southwest, the oak 

woodlands have been used as a source of energy for heating 

and cooking, food, and building material. Fuelwood provided 

heating for both comfort and cooking. Oak, having a high 

caloric content, was plentiful and created a hot, long 

lasting fire. Juniper, although faster burning, lights 

quickly and burns hot. Acorns, a staple food for the native 

Americans, were harvested in the late summer and fall, 

roasted, ground into a flour, and cooked in bread. Some 

well preserved archeological sites still contain remnants of 

oak seeds harvested centuries ago. Mexican and American 

settlers in the area also harvested acorns for food (Spoerl, 

1988). Today, many people travel to the oak woodlands to 

harvest acorns for either personal consumption or sale. 

Oak and juniper also have been utilized as a source of 

material for fencing (including corrals, line and corner 

posts, and fence stays in barbed wire) and for miscellaneous 

construction (Ffolliott, 1988). 
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During the mining boom of the late 1800s, the oak 

woodlands of southeastern Arizona, were cut heavily to 

support the mining industry. The wood was used to fuel the 

processing smelters and also used in mine shafts and tunnels 

as support timbers. Miners preferred the native oak and 

juniper species to imported species, especially when the 

work area was wet and the wood was subject to rot (Bahre and 

Hutchinson, 1985). 

Utilization of the oak woodlands of southeastern 

Arizona began to decline in the 1880s, when the mines became 

flooded and could not operate profitably. This decline 

continued for the rest of the 19th century and on into the 

first-half of the 20th century. Paralleling this decline, 

consumption of fuelwood in the United States had dropped 

from an estimated 140 million cords in the 1870s to 16 

million cords in 1960 (Skog and Watterson, 1986). 

The energy crisis during the early 1970s is credited 

with reversing the downward trend of fuelwood consumption. 

In the last two decades, there has been a sharp increase in 

the price of major energy resources (natural gas, 

electricity, and heating oil) throughout the United States. 

As prices increased, cheaper, alternative energy sources 

were found. Once again people began burning fuelwood to 

supplement other energy sources for home heat. It was 

estimated that in 1981, one-fourth of all households in the 
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United States burned fuelwood and that annual fuelwood 

consumption had increased to 42 million cords. In the rural 

west, it was estimated that two-thirds of all households 

burned fuelwood. However, it was estimated that this amount 

only supplied 2 to 3 percent of home heating requirements 

for that year (Skog and Watterson, 1986). 

Coppice Regeneration Studies 

Meyer (1988) notes that there are four types of oak 

regeneration possible: seedlings, seedling sprouts, stump 

sprouts (or coppice), and by cloning. Although all four 

types of regeneration are common to most oaks, stump 

sprouts, seedling sprouts and clones provide the majority of 

regeneration in the oak stands around the country 

(McQuilken, 1975; Merz and Boyce, 1956). 

According to McDonald, et al. (1988), stump sprouts 

develop from dormant buds located beneath the bark on the 

root crown. They are attached to the xylem tissue and move 

outward, occasionally dividing as the tree grows. These 

buds are suppressed by auxins that are produced in the 

terminal shoots. When the shoots are removed, due to 

harvesting or fire, the dormant buds grow into stump 

sprouts. The new stump sprouts are connected to the stump 

root system through sieve tubes and vessels, and are able to 

take advantage of a ready supply of water and nutrients. 

Within weeks of sprouting, the new shoots begin producing 
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auxins that will aid in suppressing growth of new root 

collar buds. This helps in assuring the new sprouts 

survival. 

There have been many studies on coppicing in the United 

States and abroad. Most studies, however, concentrate on 

commercially important species, such as those harvested for 

lumber, pulp and paper, or veneer. Black cottonwood 

(Populus trichocarpal and red alder (Alnus rubra) sprouts, 

for example, were studied during successive coppicing 

harvests to determine if short rotations would benefit pulp 

and paper manufacturers (Harrington and DeBell, 1984). In 

this study, different levels of irrigation and amended pulp 

mill sludge were applied to the sprouts which then were 

harvested at 2 year intervals over an 8-year period. 

Results showed a decline in yield in red alder due to 

rootstock mortalilty, while black cottonwood yields remained 

constant. 

In Europe, measurement records showed a decline in 

vigor when a coppice system was used for hardwood species. 

In Germany, however, records showed that oak coppice managed 

on short rotations for centuries displayed no decline in 

vigor (McDonald, et al., 1988). 

Another study on coppice thinning was conducted on a 

16-year-old stand of hybrid poplar (Populus sp.). The study 

showed that after thinning, stumps resprouted prolifically 

and, thereby, reduced the growth rate of the residual 
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sprouts. A recommendation was made, based on these results, 

not to thin at all (Davidson, 1983). Beck (1977) stated 

that 18 years after thinning, no growth benefits could be 

seen on the residual sprouts of yellow-poplar (Liriodendron 

tulipiferal. These sprouts were thinned to one sprout per 

stump at a sprout age of 6 years. 

Wendell (1975) recommended waiting until 1 or 2 sprouts 

of yellow-poplar exhibited dominance before thinning was 

attempted. This recommendation was based on two 

observations: the amount of resprouting that occurred after 

thinning; and the fact that left unthinned, the number of 

sprouts dropped from more than 40 after 1 year to 

approximately 5 after 10 years (Davidson, 1983). 

A study on tanoaks (Lithocarpus densiflorus) in 

northwest California, however, showed that 2 years after 

harvesting there were approximately 27 sprouts per stump, 

while in a similar tanoak study in southwest Oregon, results 

showed that sprouts numbered approximately 48 per stump 

after 5 and 6 years (McDonald, et al., 1988). 

A study by Meyer (1988) on the coppice regeneration of 

Emory oak and Arizona white oak in southeastern Arizona 

examined the affects of cutting intensities on stump 

sprouting. Four different cutting intensities were applied, 

specifically 25, 50, 75, and 100 percent of basal area was 

removed. He found that the clearcut areas led to 
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approximately 97 percent resprouting on the Emory oak stumps 

while the lesser intense cuts led to approximately 71 

percent resprouting. Also, greater mean volume growth 

occurred on Emory oak sprouts (334 cm3) and Arizona white 

oak (126 cm3) in the clearcut areas than occurred in the 

lesser cut areas (Emory oak - 77 cm3, Arizona white oak - 51 

cm3). 

Connell, et al., (1973) made several recommendations to 

improve stump sprouting of black oak (Ouercus kelloaaii1. 

These recommendations included harvesting the tree between 

December and May, leave a stump of 18 inches or less to 

reduce the chance of heart rot infection, and thin sprouts 

at age 4 to release dominant leaders and improve stand 

condition. 

These studies, by Davidson, Beck, and Wendell, show 

that there is no benefit to thinning poplar sprouts to 

improve growth, at least not until sprout dominance is 

established. However, the study by McDonald demonstrates 

that even within the same species, the time frame for sprout 

dominance to occur can be highly variable. The study 

reported herein will focus on the application of different 

thinning treatments on several age groups of Emory oak 

sprouts to determine if the sprout dominance time frame can 

be reduced. Long-term effects of these treatments will, 

however, require further study. 
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Study Objective 

The objective of the study reported in this paper was 

to determine the effects on volume growth by thinning Emory 

oak coppice using 4 thinning treatments applied to 5 

different age groups and 4 different stump diameter classes. 

These variables were chosen to study the effects each might 

have on total volume growth. In each of the variable 

interactions (age x stump diameter, age x residual sprout, 

etc.), control samples of unthinned sprouts were left to 

determine the volume growth that occurred naturally over the 

1-year study period. Comparisons were made between similar 

treatment groups to determine which treatment would best 

increase volume growth in the study period. 

Study Area 

The study area was located at the southeastern end of 

the Huachuca Mountains, in Cochise County, Arizona. The 

geographical boundaries include the Huachuca Mountains to 

the north and east, the United States-Mexico border to the 

south, and Cave Canyon, a major drainage in the area, to the 

west. Elevation of this area ranges from 5,200 feet near 

the border, to 6,500 feet along the foot of the Huachuca 

Mountains. The area is 10 airmiles south from Sierra Vista 

and 70 airmiles southeast of Tucson, Arizona. The study 

area is located within the oak woodland type which is 

dominated by Emory oak. Other major associated tree species 
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in this area include Arizona white oak and alligator 

juniper. 

One of the objectives of this study was to look at the 

effects of sprout age on volume growth. Therefore, five 

separate areas, each area harvested 1 year apart from the 

next, were sampled. Study areas were chosen on their 

physiographic similarity (slope, aspect, and elevation) to 

the other 4 areas. All 5 areas are located within a 1 mile 

radius. 

Precipitation in the area is derived from two major 

seasonal weather systems, warm summer seasonal rains from 

the Gulf of Mexico, and cooler winter seasonal rains from 

the Pacific. Fifty to 60 percent of the precipitation comes 

during the summer rainy season. Records from the nearest 

weather station (located at Fort Huachuca, 10 miles to the 

north) show that the mean annual rainfall for the area is 

14.9 inches, with a maximum mean of 22.4 inches in 1964 and 

a minimum mean of 7.2 inches in 1962. The annual rainfall 

for the area during the study period (January through 

December 1985) was 13.2 inches. Mean annual temperature for 

the area is 61.9°F, with a maximum mean annual temp, of 

63.3°F in 1981, and a minimum mean annual temp, of 60.1°F in 

1983. The annual temperature for the area during the study 

was 61.8°F. There are an average of 170 frost-free days in 

the study area (Meyer, 1988). The actual number of frost-

free days during the study period was 173 days. 
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The Huachuca Mountains are in the mountain region of 

the basin and range physiographic province of Arizona (USDA 

Forest Service, 1989). The west-side of these mountains, 

formed from Cretaceous limestone and sandstone, is composed 

mainly of sedimentary rock. The study sites were located on 

a Casto-Martinez-Canelo soil association, which generally 

occurs on dissected fans and piedmonts. These soils are 

more than 60 inches deep and formed from mixed sedimentary 

and igneous rock on old alluviums (USDA Soil Conservation 

Service, 1979). 

Due to the complex geology of the area, a variety of 

soils and vegetation can be found. According to Brown's 

(1973) natural vegetative communities map of Arizona, 5 of 

the 8 different vegetative communities that exist in the 

State are located within 3 miles of the study area. These 

communities include the ponderosa pine community, chaparrel 

and oak woodland, grasslands, desert shrub community, and 

riparian associations. 

The land on which the study area is located is 

administered by the USDA Forest Service under a multiple-use 

concept. A portion of the area has been harvested for 

fuelwood at different intensities over the last three 

decades. The 5 sites studied were harvested during the late 

1970s and early 1980s, and had approximately 60 to 90 

percent of the basal area removed. After harvesting, each 
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area was left to regenerate naturally. 

Field Procedure 

The sampling technique used in the study area was a 

completely randomized sample design. At each of the 5 

sites, stumps were randomly selected, classified according 

to stump diameter, then assigned a thinning treatment. Each 

stump was considered a sampling unit or plot and, therefore, 

each stump had an equal chance of receiving one of the four 

treatments. 

In December 1984 and January and February 1985, 

thinning and measuring began on the Emory oak sprouts that 

had emerged from stumps that had been harvested during the 

fall-winter seasons of 1977 through 1981. The thinning 

treatments applied to the sprouts included leaving 1, 2, or 

3 residual sprouts, or leaving all sprouts on the stump as a 

control. The sprouts left as residuals were chosen using 4 

criteria: total sprout height, sprout diameter at root 

collar, branching characteristics, and overall plant vigor. 

The tallest sprout was not always chosen, nor was the 

largest diameter sprout. Each criteria weighed evenly in 

the decision. When it was decided which sprout was to be 

kept, the remaining sprouts were removed using a hand or 

chain saw. Care was taken not to damage the residual sprout 

during thinning. 

Once the treatment had been applied to a stump, the 
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residual sprout(s) was measured for total height and 

diameter at root collar, and the data then were recorded. 

Each stump was labelled with a metal tag designating age of 

sprout, stump diameter, treatment, and replication. Each 

treatment was replicated 10 times per area, for a total 

stump sample of 800 (160 per age group). The number of 

sprouts measured in each area varied between 482 and 560 due 

to the variable amount of sprouts on the control stumps. A 

total of 2,631 sprouts were measured in the entire study 

area. 

In December 1985 and January 1986, the sprouts were 

remeasured for height and diameter and the data recorded. 

The following tabulation shows the number of stumps and 

sprouts sampled in each age class: 

Age Class Stumps Sampled Sprouts Sampled 

4 160 560 

5 160 524 

6 160 529 

7 160 536 

8 160 482 

Total 800 2631 
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Data Analysis 

Sprout volume was calculated using a variation of 

Chojnacky's (1988) oak outside-bark volume equations. Among 

the 4 equations he used to calculate volume, 2 of the 

equations, for smaller diameter trees, were modified and 

used in this analysis. Of those 2 equations, 1 calculated 

volume of single stemmed trees, the other calculated volume 

for multi-stemmed trees. Chojnacky calculated an equivalent 

diameter root collar (EDRC) for multi-stemmed trees. EDRC 

represented one diameter at root collar for all stems per 

clump (as if there were only one tree). The EDRC is found 

by summing the squares of all stem diameters in that clump, 

then finding the square root. A combination variable DSQH 

(diameter squared times height) is calculated by squaring 

the DRC (or EDRC), multipling by the height, and then 

dividing by 1000. DSQH is entered into the appropriate 

volume equation. Chojnacky found that volume could be 

predicted adequately from the diameter squared times height 

(DSQH) method. 

Chojnacky's method also was used in calculating the 

combination variable (DSQH) for this coppice study. 

However, Chojnacky's volume equations V = - 0.028 + 1.9545X 

+ 0.1400X2 (multi-stemmed) and V = - 0.068 + 2.4048X + 

0.1383X2 (single stemmed) had to be modified to avoid 

negative volume values at low DSQH values. Small DSQH 

values resulted from small sprout measurements (height and 
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diameter). The smallest tree volume estimated by Chojnacky 

was 0.16 ft3 for a tree in the 4 inch DRC and 6 foot height 

class. The smallest DRC value in this study was .5 inches 

and the smallest height was 1 foot. Using Chojnacky's 

volume equation for single-stemmed trees, this would 

calculate a volume of - 0.07 ft3. 

New equations were developed to better represent the 

data, Chojnacky's smallest volume (0.16 ft.3) for a single 

stem tree was plotted against its respective DSQH value 

(0.096). From this point, a straight line was drawn to the 

point of origin; the equation of that line was the formula 

used to estimate the volume of the sprouts (Chojnacky, 

1989). This process was repeated using values for multi-

stemmed trees and, subsequently, a multi-sprout equation was 

developed. For multi-sprout stumps the modified equation is 

V = 1.677X, (where X = EDRC2 times height divided by 1,000). 

For single-sprout stumps the modified equation is V = 

1.708X, (where X = DRC2 times height divided by 1,000. 

After the volumes were calculated for both years of 

measurements, the total change in volume for the study 

period was determined by subtracting the volume of year 1 

from the volume of year 2. 

The above-described method allows the calculation of 

change in volume on a per stump basis. The EDRC (DRC for 

one residual sprout) and the DSQH values were calculated for 
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each stump, then inserted into the volume equation to find 

the volume per stump for both years. However, to find the 

change in volume on a per sprout basis. only the single stem 

volume equation was used for calculating volume for all 

sprouts. Presenting volume on a per sprout basis was done 

to better represent the growth rate of each sprout as they 

reacted to each treatment. Again, volume was calculated for 

both years and the difference analyzed. 

An analysis of variance was conducted and an F value 

calculated to determine if the treatments (age, stump 

diameter, and residual sprout), for both volume per stump 

and volume per sprout values, were significant. A mean 

separation test (Duncan's Multiple Range Test) was completed 

to determine where significant differences occurred within 

each treatment. 
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RESULTS AND DISCUSSION 

One purpose of this study was to determine if a coppice 

treatment would result in higher volume growth on a per 

stump basis. This information is useful to land managers, 

because the greatest total volume per stump is often the 

desired result of a managed coppice system. Although 

thinning treatments were highly significant in affecting 

volume growth after only 1 year, the stumps that were 

unthinned still exhibited the greatest volume growth on a 

per stump basis. This is because the volume growth for all 

sprouts per stump was combined. 

To more clearly illustrate the effects of the other 

three thinning treatments, the results also are presented as 

volume growth on a per sprout basis. This method shows the 

volume growth of each sprout individually, as if each were 

on its own stump, even for the unthinned sprouts on the 

control stumps. Therefore, the volume growth results are 

presented in separate tables, in terms of mean volume growth 

per stump and mean volume growth per sprout. Within each of 

those two catagories, growth was explained as mean cubic 

foot volume per treatment and mean percent volume per 

treatment. Percent volume growth better illustrates the 

growth rates; change in volume divided by the original 

volume of each sprout. 

The treatments (age, stump diameter, and residual 
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sprout) were analyzed on a single, two-way, and three-way 

variable interaction basis. The analysis of the single 

treatments showed that the age and residual sprout 

treatments were highly significant on a per stump and per 

sprout basis, for mean volume growth and percent growth. 

The stump diameter treatment was highly significant on a per 

sprout basis for the mean volume growth and percent growth 

calculations. However, on a per stump basis, mean volume 

growth was highly significant while percent growth was found 

to be non-significant. 

The two-way analysis of variance showed that the 

treatment interactions of age x stump diameter and stump 

diameter x residual sprout were not significant for mean 

volume growth and percent volume growth on a per stump 

basis. All other two-way treatment interactions were shown 

to be highly significant. 

The three-way treatment interaction (age x stump 

diameter x residual sprout) was found to be highly 

significant for both mean volume growth and percent growth. 

For the purposes of explanation, the definitions of 

significance from Little, et al., (1978) will be used; that 

is, highly significant treatments = p < .01, significant 

treatments = p < .05, and non-significant treatments = p 

> . 05. 
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Growth per Stump 

Mean Volume Growth 

Of the 4 thinning treatments applied to similar age 

groups and stump diameter classes, the unthinned control 

sprouts showed the greatest volume growth in 1 year, with a 

mean growth of 0.10 ft3. The next largest growth increase 

was the 3 residual sprouts, with a growth of 0.09 ft3; then 

came the 2 and 1 residual sprouts, with 0.07 ft3 and 0.05 

ft3 of growth, respectively. Mean annual growth between the 

unthinned and the 3 residual sprout group was not 

significantly different. The growth of the unthinned and 

the three residual sprout group was significantly greater 

than the 2 residual sprout group. The volume growth per 

stump for these 3 groups were all significantly greater than 

the volume growth for the 1 residual sprout group. 

Of the 4 stump diameter classes, the greatest mean 

volume growth occurred on the 10-inch diameter class group, 

when compared to the other 3 stump diameters with similar 

treatments; however, there were exceptions to this 

observation. Growth on the 10-inch stump class was not 

significantly different than the growth of the 6-and 8-inch 

classes with similar treatments. The growth of these 3 

classes, however, was significantly greater than the growth 

of the 4-inch class. After analysis, it was determined that 

the stump diameter treatment had no significant impact on 

sprout volume growth. In treatment interactions containing 
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the stump diameter variable (age x stvmp diameter, residual 

sprout x stump diameter) the interaction was found to be 

nonsignificant. The age variable was highly significant in 

all interactions. The growth of the 8-year-old sprouts was 

significantly greater than the growth of other age groups 

with similar treatments. In fact, the volume growth of each 

age group was significantly greater than the younger age 

group with similar treatments. Mean cubic foot volume 

growth per stump, by treatment, is represented in Table 1. 

Percent Volume Growth 

When comparisons were made within similar age groups 

and stump diameter classes, the one and two residual 

thinning treatments showed higher growth rates than did the 

three residual and unthinned control group. The 1 residual 

sprout group had the highest growth rate with 368 percent, 

the 2 and the 3 residual sprout groups had highs of 294 and 

176 percent growth, respectively. 

Comparing percent growth between the 4 stump diameter 

classes with similar age and thinning treatments, there 

appeared to be no significant difference in growth rates. 

Significant differences in percent growth between age 

classes with similar treatments were found. Younger-aged 

sprouts always exhibited a higher growth rate than the older 

age groups; primarily because the sprouts were small to 

start with and, therefore, could easily double or triple 
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Table 1. Mean volume growth (ft3) per stump. 

AGE 
4 5 6 7 8 

Mean SD Mean SD Mean SD Mean SD Mean SD 
St RS 
4 1 .003 .002 .014 .008 .042 .019 .047 .027 .086 .055 

2 .010 .008 .031 .034 .086 .040 .104 .040 .131 .076 
3 .021 .012 .025 .018 .080 .034 .122 .053 .152 .077 
C .011 .010 .034 .030 .116 .069 .115 .070 .117 .031 

6 1 .004 .003 .022 .019 .037 .030 .080 .027 .092 .048 
2 .008 .007 .032 .020 .047 .029 .143 .053 .124 .054 
3 .016 .008 .036 .026 .085 .033 .187 .070 .216 .078 
C .022 .018 .040 .021 .204 .109 .127 .059 .146 .071 

8 1 .011 .006 .020 .017 .022 .017 .078 .034 .109 .028 
2 .012 .008 .018 .021 .073 .050 .130 .061 .130 .045 
3 .021 .011 .032 .022 .091 .050 .175 .078 .134 .047 
C .023 .019 .050 .020 .202 .150 .146 .071 .135 .060 

10+1 .009 .004 .018 .017 .043 .054 .067 .033 .128 .075 
2 .014 .006 .031 .020 .083 .050 .119 .056 .140 .059 
3 .016 .009 .038 .023 .092 .030 .156 .049 .205 .181 
C .023 .013 .040 .031 .223 .167 .148 .042 .142 .047 

St = stump diameter, RS = residual sprout, C = control stump 
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their original size while still growing less volume than the 

older sprouts. Percent volume growth on a per stump basis is 

presented in Table 2. 

Growth per Sprout 

Mean Volume Growth 

As previously stated, mean volume growth per sprout was 

calculated by utilizing the single-stemmed volume equation for 

each sprout, regardless of the number of sprouts per stump. 

For the 1 residual sprout class, the volume growth per sprout 

was identical to the volume growth per stump because the same 

single-stem formula was used in both calculations. However, 

differences in mean volume growth between the per sprout group 

and the per stump group became greater as the number of 

sprouts per stump increased; in other words, the more sprouts 

that occurred per stump, the smaller the total volume growth 

was for each sprout. 

The greatest volume growth occurred on the 1 residual 

sprout group with 0.128 ft 3 followed by the 2 and 3 residual 

sprout groups with 0.061 ft 3 and 0.054 ft 3, respectively. 

Presenting the volume growth in per sprout terms better 

illustrated the effect each treatment had on each individual 

sprout. Total volume growth per sprout by the age, stump 

diameter, and thinning treatment interaction is presented in 

Table 3. 
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Table 2. Percent growth per stump. 

AGE 

4 5 6 7 8 
St RS Mean SD Mean SD Mean SD Mean SD Mean SD 

4 1 368 405 235 108 96 45 63 24 67 28 
2 257 186 252 245 98 72 75 35 52 27 
3 176 159 134 66 103 54 69 23 78 61 
C 79 55 102 117 53 12 44 10 32 13 

6 1 280 359 277 468 68 34 81 27 95 64 
2 139 98 157 121 69 42 75 13 61 19 
3 80 74 92 48 60 26 83 32 46 31 
C 100 111 64 28 62 17 42 17 40 23 

8 1 239 569 155 89 112 83 75 23 63 23 
2 150 134 294 304 73 27 82 27 54 25 
3 69 40 84 46 63 25 76 23 34 10 
C 81 49 51 12 66 20 58 16 39 18 

10+ 1 129 147 264 427 89 39 82 38 52 33 
2 90 116 164 122 65 38 104 44 59 40 
3 46 16 77 35 51 17 67 14 34 12 
C 62 33 63 34 66 21 58 26 36 26 

St = stump diameter, RS = residual sprout, C = control stump 
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Table 3. Mean volume growth (ft3) per sprout. 

AGE 

4 5 6 7 8 
IS Mean SD Mean SD Mean SD Mean SD Mean SD 

1 .003 .002 .014 .008 .042 .019 .047 .023 .086 .040 
2 .005 .005 .017 .024 .044 .025 .043 .018 .052 .033 
3 .007 .005 .009 .008 .028 .016 .034 .020 .040 .024 
C .002 .002 .005 .006 .018 .015 .014 .013 .015 .012 

1 .004 .003 .022 .019 .037 .030 .080 .024 .092 .041 
2 .004 .004 .017 .013 .024 .016 .061 .026 .040 .022 
3 .006 .004 .013 .011 .030 .019 .053 .027 .054 .032 
C .003 .004 .006 .006 .031 .018 .015 .016 .016 .015 

1 .011 .007 .020 .017 .022 .017 .078 .030 .109 .019 
2 .006 .005 .010 .012 .038 .028 .055 .029 .043 .022 
3 .007 .005 .011 .010 .032 .025 .050 .029 .027 .020 
C .003 .004 .008 .008 .033 .025 .016 .014 .017 .016 

1 .009 .005 .018 .017 .043 .054 .067 .029 .128 .052 
2 .007 .004 .016 .011 .043 .030 .050 .028 .050 .023 
3 .005 .004 .013 .009 .032 .018 .044 .022 .033 .038 
C .003 .004 .006 .007 .030 .024 .017 .016 .016 .014 

St = stump diameter, RS = residual sprout, C = control stump 
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Percent Volume Growth 

The percent volume growth values calculated on a per 

sprout basis were similar to the percent volume growth rate 

values given on a per stump basis. Again, the younger-aged 

sprouts exhibited greater growth rates than the older sprouts 

with similar treatments. Also, there appeared to be no 

significant differences in growth rates between stump diameter 

classes with similar treatments. Analysis of the thinning 

treatments showed that within each age group and stump 

diameter class, the 1 and 2 residual sprouts had significantly 

greater growth rates than the 3 residual sprout class and the 

control group. Growth rates per sprout are presented in Table 

4. 

The mean number of sprouts per stump in each study area 

varied depending upon the age of the sprout stand. The 

highest number of sprouts per control stump occurred on the 4-

year-old group, with a mean of 8 sprouts per stump. The 5-, 

6-, and 7-year-old groups contained 8, 7, and 7 sprouts per 

control stump, respectively. The smallest number of sprouts 

per stump occurred on the 8 year-old group, which had a mean 

of 6 sprouts per stump. It appears that sprout competition in 

the study area reduces the number of sprouts per stump by 1 

approximately every 2 years. 
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Table 4. Percent growth per sprout. 

AGE 

4 5 6 7 8 
!t RS Mean SD Mean SD Mean SD Mean SD Mean SD 

4 1 368 406 235 108 96 45 63 30 67 24 
2 386 447 281 300 104 78 95 57 42 28 
3 162 210 164 137 121 74 82 42 63 61 
C 100 128 124 226 68 37 67 58 33 48 

6 1 280 359 277 411 68 34 81 38 95 55 
2 208 272 166 126 74 50 94 32 53 62 
3 73 82 104 64 73 48 102 49 43 34 
C 87 128 76 71 80 50 56 41 41 43 

8 1 239 569 155 88 112 83 75 31 63 15 
2 218 343 345 415 86 62 115 85 40 29 
3 77 54 87 51 77 44 94 38 22 14 
C 89 113 76 116 84 49 84 52 32 29 

1 129 147 264 903 89 39 82 47 52 25 
2 124 260 181 161 74 54 137 78 43 33 
3 50 27 88 54 64 39 90 41 18 15 
C 81 132 78 96 76 42 75 60 40 60 

St = stump diameter, RS = residual sprout, C = control stump 



46 

SUMMARY AND CONCLUSION 

Determining which coppice thinning treatment would best 

improve volume growth for Emory oak sprouts is difficult at 

this time. Volume growth per stump was shown to be greatest 

on unthinned control stumps; this would lead to the 

recommendation that no thinning should be attempted. However, 

when volume growth is considered on a per sprout basis, the 

results show that thinning will enhance volume growth to a 

greater extent than applying no treatment at all. 

Residual Sprouts 

The results show that in each variable interaction, the 1 

residual sprout thinning treatment produces significantly 

greater volume per sprout than any other thinning treatment. 

Two residual sprouts produce the next highest volume, followed 

by the three residuals and the control. Growth rates were not 

significantly different between the 1 and 2 residual sprout 

classes, but produced significantly greater growth rates than 

the 3 residual and control sprouts. Therefore, the null 

hypothesis, sprout growth rates are not effected by the number 

of sprouts per stump, was rejected. 

Stump Diameter 

Volume growth varied greatly within each stump diameter 

class. Of the 4 stump diameter classes, no particular 

diameter class was shown to be greatest. Analysis showed 
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that the stump diameter variable was not significant in 

effecting growth rates. In this case, the null hypothesis, 

stump diameter does not effect sprout growth rates, was 

accepted. 

Aae of Sprout 

The age of a sprout when thinned significantly effected 

the growth rate of the residual sprouts. Volume growth for 

the older-aged sprouts were greater than the younger aged 

sprouts with similar treatments. This may be due to the 

following reasons. First, as was noted earlier, sprout 

competition increases every year, more sprouts die off, and 

this allows the surviving sprout(s) to access a larger share 

of the food, water, and sunlight. Second, the older the stand 

is when thinned, the better the residual sprouts can 

outcompete new post-treatment sprouting. During remeasurement 

on the study areas, a year after initial thinning, the 

younger-age groups contained more post-treatment sprouts than 

did the older areas. These post-treatment sprouts likely 

draw-off nutrients and water from the stump root system that 

otherwise would go to the original residual sprouts. 

Another reason for better growth rates in the older age 

classes may be due to the fact that, again, growth prohibiting 

auxins are produced in the terminal shoots. The older the 

sprout, the more terminal shoots that are present and the 

greater the amount of auxin present. These older sprouts then 



48 

are better able to reduce competition more so than the 

younger, smaller sprouts. The null hypothesis, age of a 

sprout when thinned will not effect the growth rate, was 

rejected. 

The results described above lead to the following 

conclusions: thinning coppice to only one or two sprouts will 

increase growth rates of the residual sprouts during the first 

year more than the 3 residual sprouts or leaving sprouts 

unthinned. The greatest volume per stump produced will be on 

the unthinned stumps, while the greatest volume produced per 

sprout will be on the 1 or 2 residual sprouts; thinning older 

sprouts will lead to greater volume production than thinning 

younger sprouts and may reduce the chance of re-sprouting; and 

thinning according to stump diameter size alone will not 

effect sprout growth rates. 

The results and conclusions that have been presented are 

for a 1 year study period only. Before a final decision can 

be made as to which thinning treatment should be imposed, 

results from a longer study period should be available. It 

must be determined whether these short term benefits will 

positively effect the long term growth of the sprouts, or if 

the benefits will be lost over the natural length of the 

rotation. 
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