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Forest Grazing in the South 

HAROLD E. GRELEN 

Highlight: Potential forage production is higher in the South stock grazing. Local cattle auctions began in the South during 
than in other range areas of the United States, although actual the 1930’s, giving an added impetus to the industry. The first 
production is declining rapidly due to accelerated pine regener- 
ation. The cutover longleaf (Pinus palustris Mill.) pinelands that 

major governmental regulation of cattle in the South came with 
the efforts to eradicate tick fever. Required quarantine and 

produced an abundance Of forage have been IargeIy regenerated dipping provoked vigorous, often violent, opposition but 
with fast-growing slash (P. elliottii Engelm.) and loblolly pines (P. 
taeda L.) and these young plantations reduce herbage production proved effective in eliminating the disease from the South 

drastically within a few years. Few large industrial timber com- before World War II (Van Houweling 1956). 
panics encourage grazing, although some allow it, often without 
ke, as a public relations gesture. Cattlemen who depend on forest 

Hogs were allowed to graze the unfenced range and a large 

range alone seldom own the land their cattle graze, often lease the 
population, mostly feral, developed and was managed even 

Iand under an annual permit, and have little incentive to improve more loosely than open-range cattle. Along with annual fires, 

the range. Attempts to promote cooperation among livestock hogs devastated early plantings and prevented longleaf pine 

producers through grazing associations have generally been un- from reestablishing naturally. Hogs still threaten longleaf pine 
successful. Public land managers are under pressure from wildlife regeneration in some areas. 
and environmental organizations to prohibit or curtail grazing. Initially, forestry interests were unconcerned about the cut- 
Operational-scale multiple-use research is needed to evaluate over lands, but legislation enacted at state and national levels 
compatibility of cattle, wildlife, and other resources. insured the eventual restoration of the southern pineries. In 

189 1, Congress gave the President the power to create forest 

Range management information for southern pine forests reserves on public land. These forest reserves later became 

most frequently originates at research installations and does not National Forests. Timber companies began reforestation as 

reflect the average pineywoods grazing operation. The South’s early as 19 12 but the annual fires that accompanied grazing on 

rapid and abundant forage production has been reduced by cutover lands destroyed many young plantations. By 1927 most 

widespread pine regeneration and other factors. Moreover, southern states had outlawed forest arson and provided for the 

forest grazing faces growing opposition from wildlife and creation of state forestry agencies to enforce fire prevention. 

environmental organizations. This paper is an attempt to pro- During the late 1920’s and early 1930’s, when all burning was 

vide a realistic appraisal of southern range management. officially discouraged, the benefits of controlled fire were being 
demonstrated. lnman Eldridge, Roland Harper, and I-I. H. 

History 
Chapman promoted fire for fuel reduction, hardwood control, 
and seedbed preparation. In 1935 the Forest Service began 

Cattle have grazed the southern pineywoods since Spanish 1 arge-scale administrative studies of prescribed burning, which 
explorers brought them to Florida in the 16th century. Livestock 
numbers multiplied with increases in the number of homesteads 

led eventually to the adoption of prescribed burning as a silvi- 
cultural tool. Until World War II the Forest Service and State 

and the establishment of large cropland plantations throughout f 
the South. The Civil War decimated cattle numbers, but cattle 

orestry organizations did not have enough of the right kind of 

production soon recovered and became important in the south- 
tractor-fire plows or transports to fight wildfires or apply needed 

ern economy. By the turn of the century, longleaf pine forests of 
prescribed fires (Riebold 197 1). 

After World War II most of the cutover lands that had 
the Coastal Plain were important to cattle production (Lewis hl to the cut-and-get-out lumber companies were ac- 
1974). 

onged 

When large-scale lumbering began about 1890, annual 
quired by large, stable timber companies. Pine regeneration 

burning to keep the understory open and “freshen” the native 
efforts accelerated rapidly and paper mills proliferated across 

forage was an established custom. Forage increased as more and 
the South. Planting and direct seeding reached a peak around 

more timberland was clearcut, and annual fires kept the grasses 
1959, when Over 1 ‘/2 million acreS were regenerated southwide 

vigorous while destroying pine and hardwood reproduction. 
(SFRAC 1959). Regeneration of the cutover lands and the 

Most of the olddgrowth longleaf pine was harvested by 1933. 
determination of timber companies to protect their investments 

Land was virtually abandoned by the lumber companies after 
brought about an increase in the number of fences and stricter 

timber harvests were completed, and millions of acres of 
enforcement of trespass laws. Intensified fire protection and 

prairie-like cutover land became “open range.” All land that 
prescribed burning in young plantations reduced the threat of 

was not fenced was legally available to all cattlemen for live- 
wildfire. Decrease in forage under the fast-growing pines forced 
many cattlemen to reduce their herds and some sold out 

~_. completely. In the early 1960’s, efforts were increased in 
The author is rincipal range scientist, U.S. Forest Service, Southern Forest Experiment 

R 
southern National Forests to promote proper use of forage by 

Station, 2500 S reveport Highway, Pineville, Louisiana. 
Manuscript received July 26, 1977. 

strict regulation of cattle numbers. 
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BOTTOM LAND HARDWOODS 

UPLAND HARDWOOD - BLUESTEM 

Fig. 1. Range types of the South (Byrd and Lewis 1976). 

Total cattle numbers in the states shown in Figure 1 (ex- 
cluding Texas and Oklahoma) rose from 6.8 million in 1900 to 
9.5 million in 1940, an increase of about 40%. In 1975, these 
states had 22.4 million cattle, more than twice the 1940 
population. Improved productivity of cultivated pastures ob- 
viously accounts for much of this increase, despite the fact that 
there were about 1 million fewer acres of cultivated pastureland 
in 1974 than in 1940 (19.6 million acres). There was also a 
decrease in farm woodlands and woodland pasture, from 61 .O 
million acres in 1940 to 33.9 million in 1974. 1 

Although some states do not yet have stock laws prohibiting 
free ranging of cattle on all land, the era of abundant, free grass 
and open-range grazing is over. Pines once again dominate the 
vast areas converted to grasslands by clearcutting of timber 
during the early part of this century. 

Research 

The earliest research on forest range in the South was 
conducted from 1923 to 1933 at McNeill, Mississippi, in a study 
of the effects of fire on longleaf pine (Pinus palustris Mill.) 
seedlings, soils, and grazing. Range burned annually produced 
37% more cattle gains than similar unburned sites (Wahlenberg 
et al. 1939). 

The importance of the southern livestock industry was 
apparent during World War II when the national demand for 
beef exceeded the supply. Surveys were conducted in North 
Carolina, Georgia, and Louisiana as a first step toward in- 
creasing beef production on forest range (Biswell et al. 1942; 
Biswell and Foster 1942; Campbell and Rhodes 1944). The 
surveys reported a low level of management among stockmen, 
who ran cattle (usually mixed with those of other operators) 
yearlong on open range. Calf crops averaged less than 50%, 
with calves about 300 pounds at weaning. A later survey found 
similar conditions in south Alabama and west Florida among 
cattlemen who depended entirely on forest range. However, 75 

’ Cattle and acreage figures provided by the Bureau of the Census. 

to 80% calf crops and large calves were produced by progressive 
farmers who fed and managed their cattle well (Brasington 
1948). A similar survey in East Texas indicated that half of the 
woods grazing was yearlong; the other half was seasonal, April 
through October. Calf crops averaged from 64 to 79% (Silker 
1955). 

Subsequent studies were designed to find the causes of and 
possible remedies for the problems revealed by the surveys. A 
study at the Coweeta Hydrologic Laboratory in the North 
Carolina mountains determined the hardwood browse prefer- 
ences of cattle (Shepherd et al. 1946). Restricted breeding 
schedules were developed to insure that most calves are born in 
winter and could thereby take maximum advantage of lactation 
stimulated by the spring period of highest forage quality. 

Better management began to show consistent results in the 
size and quality of calf crops. In research in Louisiana and 
Georgia, Brahman crossbred cows bred to goodquality English- 
breed bulls produced 80 to 85% calf crops and calves averaging 
425 to 480 pounds at weaning (Duvall 1964; Halls et al. 1964). 
Of course, most cattlemen managed their herds far less inten- 
sively than research herds, thus potential production was 
seldom reached in typical operations. 

A system of rotation burning was develped on pine-bluestem 
range in which one-third of each grazing unit is burned each year 
on a 3-year rotation (Duvall and Whitaker 1964). This rotates 
grazing much like a system with separate fenced pastures; 
utilization of herbage is high on the currently burned compart- 
ment and declines as other compartments are successively 
burned. On longleaf-slash pine-wiregrass range in Georgia, half 
of each research range unit was burned each year (Southwell and 
Hughes 1965). Such rotations allow pine seedlings to be planted 
in a l-year grass rough with a fresh bum nearby to attract cattle 
away from the young seedlings. When the entire range unit has 
been regenerated, burning must be curtailed until the oldest 
trees are large enough to withstand fire, usually about age 5. 

Comparisons of the effects of 20 years of burning at various 
seasons and frequencies in a South Carolina loblolly pine forest 
indicated that burning every second or third winter produced 
good understory conditions for a combination of cattle and wild- 
life (Lewis and Harshbarger 1976). Recent investigations in 
Louisiana loblolly-shortleaf pine-hardwood forests show that 
capacities for yearlong grazing vary from 30 acres per cow to 
over 100 acres per cow, depending on the composition and 
density of the overstory (Wolters and Wilhite 1974). 

Forage values of native grasses, forbs, and browse plants 
were determined and served as a basis for winter nutrient 
supplementation recommendations (Campbell and Cassady 
1951; Cassady 1953; Biswell et al. 1943; Foster et al. 1945; 
Duncan 1958). With the supply of forage reduced because of 
pine regeneration and with the price of standard protein supple- 
ments high and rising, current research is concerned with 
finding a more economical method for supplementing range 
cows in winter. Liquid supplements, self-fed, show promise 
because they avoid the labor costs of hand-feeding (Pearson 
1974). Wider use of improved pasture as winter supplement is 
anticipated, and pasture-range combinations are promising 
(Lewis and McCormick 1971). 

A thorough evaluation of the extent of competition between 
cattle and deer for food plants is needed, particularly on 
loblolly-shortleaf pine-hardwood ranges. Evaluation should 
be made in stands where appreciable herbage production has 
been restored by thinning, timber stand improvement, and 
prescribed burning. 
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Major Forest Range Types 

Although grazing occurs in every forest type in the South, the 
former longleaf pine belt, now referred to in the Forest Survey 
as the longleaf-slash pine type, has always produced more 
understory herbage than other southern timber types. According 
to the most recent forest survey data of the U.S. Forest Service, 
the longleaf-slash pine forest type occupies over 18 million 
acresz of the lower Coastal Plain from east Texas to North 
Carolina. Longleaf pine alone originally occupied an estimated 
30 to 60 million acres (Wahlenberg 1946). Range types general- 
ly correspond to timbertypes, but in range research the longleaf- 
slash pine forest type is categorized by the most abundant native 
forage grass in the understory. In Louisiana, Missisippi, 
Alabama, and northwest Florida, bluestem grasses (Andropo- 
gmr spp.) dominate the herbaceous cover. On sandhills and pine 
flatwoods in Florida and Georgia, pineland threeawn or wire- 
grass (Aristida stricta Michx.), is usually dominant (Carter and 
Hughes 1974; Grelen 1974). 

The other major range type, loblolly-shortleaf pine-hard- 
wood, (including oak-pine and the loblolly-shortleaf pine tim- 
ber types) (U.S. Forest Service 1969), occupies about 70 
million acres of the upper Coastal Plain from east Texas and 
Oklahoma to Virginia (Fig. 1) and is the most widespread range 
type in the South. 

Vast areas of bottom land hardwood forests still exist in the 
South, especially where the threat of frequent flooding dis- 
courages agriculture. Because of the scarcity of forage under 
dense hardwood stands, cattle may browse young hardwoods; 
thus grazing is generally considered incompatible with hard- 
wood plantation management. Hardwood canopies, whetheron 
bottom lands or uplands or as an understory in pine stands, 
usually produce too much shade to allow a substantial forage 
resource. Thousands of acres of low-quality hardwoods in 
southern Mississippi, western Arkansas, and eastern Oklahoma 
have been cleared by herbicides and converted to grasslands, 
either by recovery of native grasses or by planting fescue grasses 
(Fesrucu spp.) (Crawford and Porter 1974). Native and im- 
proved pasture acreage has increased within the pine types also. 

A North Carolina survey revealed the potential value of 
switch cane (Arundinaria fecm (Walt.) Muhl.) as forage 
(Biswell and Foster 1942). Switch cane and giant cane (A. 
gifiunfeu (Walt.) Muhl.) once furnished abundant nutritious 
forage on overflow bottoms and other low wet sites in the 
Atlantic and Gulf Coastal Plain to east Texas. In North 
Carolina, two acres of cane brakes on treeless low lands would 
support a cow from May to &amber (Shepherd 1946). 
Burning, heavy grazing, and clearing of the productive cane 
sites for cultivated crops have eliminated many acres of switch 
cane, and few extensive brakes are found today (Hughes 1966). 

Lungleaf-Slash Pine-Bluestem Range 
This western section of the former longleaf pine belt com- 

prises about 5 million acres from southwest Texas to the Florida 
panhandle. Bluestem grasses, primarily little bluestem (Andro- 
pogon scoparius Michx.) and its variety, pinehill bluestem (A. 
scoparius var. divergens Anderss. ex Hack.), provide about 
half of the herbaceous forage on cutover lands and in frequently 
burned pine stands. Slender bluestem (A. teener (Nees) Kunth) 
may share dominance on burned and grazed cutover land, and 
creeping bluestem, (A. srohfer (Nash) Hitchc.), a close 
relative of little bluestem, is abundant in Alabama and Florida. 

Natural longleaf forests favor forage production, but current 
forestry practices are often geared to the faster growing and 
more easily regenerated slash and loblolly pines. In Louisiana, 
for example, less than 100,000 acres of the one million-plus 
acres of clearcut longleaf pinelands were restored to longleaf 
pine by 1965. Much cutover range has been planted to slash and 
loblolly (Foil and Merrifield 1966). Also loblolly pine is a more 
prolific seed producer than either longleaf or slash, and has 
invaded many cutover longleaf sites when annual burning was 
curtailed. About half of the available range on former long- 
leaf pine sites in southwest Louisiana is being grazed and 80% 
of that is used only lightly (Stemitzke and Pearson 1974). 

Prescribed burning, either for silvicultural purposes or as a 
range improvement practice, reduces number and size of under- 
story shrubs and hardwoods (Fig. 2). West of the Mississippi 

River, southern waxmyrtle (Myrica cm-i&-a L.) is the most 
abundant understory plant of the range, interfering with forage 
production and grazing on unburned sites. Gallbeny (Ilex 
&bra Walt.) is a common woody weed throughout the piney- 
woods east of the Mississippi River. It frequently forms dense 
understories on moist sites, reducing herbage yields and ob- 
structing grazing. Southern red oak (Quercusfalcara Michx.), 
blackjack oak (Q. marilandica Muenchh.), and post oak (Q. 
stellatu Wagenh.) are common on most well-drained uplands 
and unless kept in check by frequent fires may produce dense 
shade in the understory. Regular burning does not eliminate 
shrubs and hardwoods but keeps plants within browsing reach of 
cattle and deer. 

As young plantations mature, forage production varies with 
the management imposed; only if stands are thinned early and 
kept fairly open by frequent burning can a forage resource be 
maintained (Grelen 1976). Walters (1973) found that in both 
slash and longleaf pine plantations herbage production declines 



Longleaf-Slash Pine-Wiregrass Range 
Over 13 million acres of the longleaf-slash pine range east of 

the longleaf-slash pine bluestem type are characterized by the 
presence of wiregrass, or pineland threeawn. Wiregrass is a 
tough bunchgrass that dominates the ground cover of dry sand- 
hills and wet flatwoods and prairies of Florida and south 
Georgia. On the sandhills of northwest Florida, it is associated 
mainly with turkey oak (Quercus laevis Walt.), bluejack oak 
(Q. incana Bartr.), and scattered longleaf pines. Bluestem 
grasses are common but dominate sites only where the wiregrass 
rough has been removed. Once eliminated, wiregrass does not 
reestablish, but efforts to replace wiregrass with bluestems or 
other better forage grasses have been unsuccessful except when 
the wiregrass was mechanically eradicated. 

Management of Forage Resources 

Despite a long history of range management research by the 
Forest Service and the efforts of the Soil Conservation Service 
and other agencies to promote proper “se, relatively few 
cattlemen manage the forest land their cattle graze. Forage 
production is dependent on timber management, and there is 

As in longleaf-slash pine-bluestem range, prescribed burning 
is recommended. %w palmetto (Serenoa repens (Bartr.) Small) 
and gallberry are top-killed by burning and can be held in check 
by burns every 3 to 4 years. Herbicide applications in August are 
effective but expensive (Halls et al. 1964). 

Both the dry scrub oak sandhills and wet sandy flatwoods 
dominated by saw palmetto or gallberry are almost useless for 
growing trees or livestock (Fig. 4). Large areas of both types 
have been cleared for pine regeneration, and in south Florida 
many thousand acres of palmetto-dominated prairie have been 
cleared for grazing. Unique to south Florida are approximately 2 
million acres of prairies that are too wet for pine stands of rea- 
sonable density (Rummell 1957). The land is used primarily for 
cattle ranching. When saw palmetto is removed by mechanical 
choppers, forage production from the native bluestem grasses is 
increased from as little as 150 lb/acre to about 3 tons/acre 
(Yarlett 1965). Much of this prairie land is now in improved 
pasture. 

Loblolly-Shortleaf Pine-Hardwood Range 
Loblolly-shortleaf pine-hardwood range lies inland from 

longleaf-slash pine range (Fig. I), ad is characterized by 
uneven-aged stands of pines with a dense understory of hard- 
woods, shrubs, woody vines, and pine regeneration. Herbage 
yield is low unless the hardwood canopy is reduced by thinning 
and the understory is kept fairly open by regular burning. 
Throughout much of the type, bluestem grasses have been 
shaded out by the dense hardwood canopy, and the scant 
herbage consists of shade-tolerant, and often less palatable 
species such as spikegrasses (Linda spp.). 

Because herbaceous forage is relatively scarce, the type is 
more important for wildlife, particularly deer, than for cattle 
grazing. Cattle, especially thosegrazing yearlong, oftendepend 
on hardwood and shrub browse to supplement their diet. Where 
cattle heavily browse plants preferred by deer, both may suffer. 
Competition for forage can be alleviated by controlling cattle 
numbers and by thinning the forest overstay. Research is 
needed to determine the extent of competition and to find 
practical ways for resolving conflicts. 

A recent increase in intensive site preparation for pine 
regeneration, particularly in the loblolly-shortleaf pine forest 
type, may enhance the grazing potential. Although severe 
mechanical denudation may destroy perennial grasses, other 
perhaps more nutritious herbage and woody sprouts abound 
while grasses recover. Both cattle and deer are attracted to these 
man-made openings in dense forests, and prevention of cattle 
damage to pine regeneration is a major problem. 



little the cattleman can do to sustain or increase forage unless he 
owns the timber. Many small fanners with wood lots or tree 
farms successfully combine cattle and timber production. More 
often, practices such as burning to prevent damage by winter 
wildfires arc carried ““t by timber management in late autumn 
or early winter, precluding winter grazing of forest range. 

On southern National Forests appreciable grazing capacity 
has been maintained in natural stands of longleaf pine. On 
loblolly-shortleaf pine-hardwood range, where tire exclusion 
has produced dense understories of young pines, shrubs, and 
hardwoods, little herbage is produced and grazing is not 
encouraged. Even-age management of loblolly and shortleaf 
pine could improve forage resources if a way can be found to 
reduce concentration of cattle on clearcut regeneration areas. 

Many cattlemen feel that they cannot afford to constmct 
fences necessary to control range use properly on large @acts_of 
National Forest or private timberland that their cattle graze, 
especially while permits are usually issued on a” annual basis. 
Moreover, seldom will all cattlemen who have joint access to 
large tracts cooperate for mutual benefit. Attempts to form 
grazing associations of cattlemen “sing non-owned timberland 
have generally failed in the South. Long-ten” leases, rather than 
annual permits, would also encourage better management. 
When current land-use plans are completed, IO-year permits are 
planned for grazing allotments on National Forest Lands in 
Louisiana. 

A” apparent trend among large timber companies is to allow 
use of large tracts for hunting only. Some companies lease areas 
to hunting clubs, generating more revenue from the land than 
leasing the land for grazing. Hunting leases require no pernx- 
nent changes or additions to the land such as water or fences. 
Much of the land best suited to hunting is not ideal cattle range, 
but most industrial land managers are not enthusiastic about 
forest grazing. Even on lands with abundant forage, they 
usually allow grazing only in the interest of public relations. 

Cattle Management 

The average range cow today, although still extremely 
heterogeneous, is larger and more productive than her ances- 
tors. Cattlemen learned early that range cows with recognizable 
amounts of the Brahman breed were more adaptable to the 
southern environment than British purebreds. Also, experience 
indicated that a milk breed such as the Jersey greatly improves 
the Brahman crossbreeds (Whitaker et al. 1970). Many cows 
have a high percentage of Brahman blood, but the best pro- 
ducers usually have 50% or less (Baker and Black 1950; 
Southwell and Hughes 1965). Generally, however, no special 
effort is made to control the crossbreeding in range herds. 

Traditional pineywoods range cattle operations involved 
yearlong grazing, with little or no winter food supplement. 
Cattle had to get winter protein from the leaves of evergreen 
trees and shrubs and the overwintering rosettes of certain forbs. 
As open range was fenced and better control of cattle was 
possible, more cattlemen began winter feeding. Cottonseed 
meal or cake, with a crude protein content of 41%, was a 
popular winter supplement until the price doubled during the 
early 1970’s. The labor required for feeding dry supplements 
ha, also become more expensive, although researchers have dis- 

about 32% protein and dispensed free-choice in lick tanks (Fig. 
5). Most of the protein in liquid supplements is provided by 
nonprotein nitrogen sources such as urea, with phosphorus and 
other minerals provided in balanced amounts. Best results are 
obtained when the supplement is made available to cattle 
yearlong. The cattleman who has to pay for labor to feed his 
cattle may find liquid supplements profitable, but if labor is not 
a consideration, feeding cattle cottonseed cake in winter may 
not be significantly more expensive (Pearson 1974). 

Cattlemen who own or lease pasture land can use winter 
pasture or hay from summer crops as a winter supplement. 
However, grazing permits that prohibit winter grazing of forest 
range force permittees to provide enough land to support cattle 
in winter. Small improved pastures or grassed firebreaks 
interspersed within a grazed timber stand may be an efficient 
way to supplement feeding of brood cows in winter. 

No follow-up has been made to determine the extent to which 
improved range livestock production practices have been 
adopted since early surveys outlined the severe management 
problems. Stock laws and increased range fencing have practi- 
cally eliminated free-ranging cattle. The limited breeding 
season recommended by research has not been widely accepted, 
butthe useofbetterbeef-breed bulls isapparent. Smallcattlemen 
who are in the business as a sideline to a regular job realize that 
they could increase returns by improving management but most 
are satisfied with present profits or feel they cannot afford 
additional investment. 

The Future of Forest Grazing 

covered that a thrice-weekly distribution is as efficient as daily 
feeding (Pearson and Whitaker 1972). Research with cotton- 

The potential for range forage production in the South is 

\eed meal mixed with salt to control intake has not proved 
probably greater than that of any other region of comparable size 

satisfactory (Duvall 1969). 
in the United States. However, dense pine stands on managed 

Many cattlemen now use liquid supplements, containing 
forest lands and eve” denser hardwood canopies on unmanaged 
land keep forage production far below the potential and it will 



probably decrease in the future. 
Among factors that may affect future forest grazing particu- 

larly in the loblolly-shortleaf-hardwood type, are complaints 
from sportsmen’s groups that cattle compete with deer for 
browse, particularly during winter. The Forest Service is aware 
of the potential problem and advocates 7-month grazing on 
National Forest allotments where permittees have sufficient 
land to hold their cattle during the winter. Forest Service 
planners are also evaluating a deferred-rotation grazing system, 
which would allow cattle to remain on an allotment yearlong 
while excluding use on approximately one quarter of the 
allotment each year. The Soil Conservation Service in Louisiana 
recommends reserving 15 percent of the total livestock carrying 
capacity for deer. 

Much forest land is lost each year to cropland and pasture, the 
urban sprawl, and real estate for private recreational use. The 
forage resource on much of the land still available for livestock 
grazing is declining as cleared areas are regenerated and pine 
and hardwood canopies shut out the sunlight needed for forage 
production. A drastic curtailment of prescribed burning, as has 
been proposed to maintain air quality, would insure further 
decline. 

Most wildlife biologists and many foresters are intolerant of 
cattle in the woods; the attitude of timber company management 
and the stance of sportsmen, conservationists, and other groups 
often reflect this intolerance. Such opposition to forest grazing 
is likely to intensify. The average cattleman does little to 
enhance the image of forest grazing. He has no concept of 
proper use and will allow his cattle to overgraze, often unknow- 
ingly. He lacks the incentive or the financial means to invest in 
capital improvements or to cooperate with other cattlemen in 
grazing associations. 

Until recently, range management research efforts in the 
South dealt primarily with cattle-herbage relationships. Greater 
emphasis is needed on the interrelationships of livestock with 
other multiple-use elements of forest management, particularly 
timber and wildlife. This can be accomplished by operational- 
scale multiple-use management research where compatibility of 
sound range management with other forest uses can be evaluated 
and results shown to livestock producers, timberland managers, 
wildlife biologists, and other environmentalists. Unless forest 
managers are convinced that maintaining a forage resource 
beneath their timber is profitable and compatible with timber 
production and other forest uses, especially wildlife, the attri- 
tion of forest range in the South appears likely to continue. 

Literature Cited 

Baker, A. L., and W. H. Black. 1950. Crossbred types of beef cattle for the 
Gulf Coast region. U.S. Dep. P__sr. Circ. 844. 23 p. 

Biswell, H. H., and J. E. Foster. 1942. Forest grazing and beef cattle pro- 
duction in the Coastal Plain of North Carolina. N.C. Agr. Exp. Sta. Bull. 
334. 22 p. 

Biiwell, H. H., B. L. Southwell, J. W. Stevenson, and W. 0. Shepherd. 
1942. Forest grazing and beef cattle production in the Coastal Plain of 
Georgia. Georgia Coastal Plain Exp. Sta. Circ. 8. 25 p. 

Biswell, H. H., W. 0. Shepherd, B. L. Southwell, and T. S. Boggess, Jr. 
1943. Native forage plants of cutover forest lands in the Coastal Plain of 
Georgia. Georgia Coastal Plain Exp. Sta. Bull. 37. 43 p. 

Brasington, J. J. 1948. Cattle grazing in south Alabama and west Florida 
forests. South Lumberman 177: 183-186. 

Byrd, N. A., and C. E. Lewis. 1976. Managing southern pine forests to 
produce forage for beef cattle. U.S. Forest Serv. State and Priv. Forest. 
Atlanta, Ga. Forest. Manage. Bull. Sept., 1976. 5 p. 

Campbell, R. S., and J. T. Cassady. 1951. Grazing values for cattle on pine 
forest ranges in Louisiana. Louisiana Agr. Exp. Sta. Bull. 452. 31 p. 

Campbell, R. S., and R. R. Rhodes. 1944. Forest grazing in relation to beef 
cattle production in Louisiana. Louisiana Agr. Exp. Sta. Bull. 380. 43 p. 

Carter, Clifford W., and Ralph H. Hughes. 1974. Longleaf-slash pine- 
wiregrass range. In: Range Resources of the South. Georgia Agr. Exp. Sta. 
Bull. NS 9. p 17-19. 

Cassady, J. T. 1953. Herbage production on bluestem range in central 
Louisiana. J. Range Manage. 6:38-43. 

Crawford, H. S., and I. R. Porter. 1974. Upland hardwood-bluestem range. 
In: Range Resources of the South. Georgia Agr. Exp. Sta. Bull. NS 9. 
p. 17-19. 

Duncan, D. A., and E. A. Epps, Jr. 1958. Minor mineral elements and other 
nutrients on forest ranges in central Louisiana. Louisiana Agr. Exp. Sta. 
Bull. 516. 19 p. 

Duvall, V. L. 1964. How much beef from native cows grazing forest range? 
Gulf Coast Cattleman 30(5): lo- 11, 14. 

Duvall, V. L. 1969. Comparison of supplementation methods for cow herds 
grazing pine-bluestem range. J. Range Manage. 22: 182- 187. 

Duvall, V. L., and L. B. Whitaker. 1964. Rotation burning: a forage manage- 
ment system for longleaf pine-bluestem ranges. J. Range Manage. 17: 
322-326. 

Foil, R. R., and R. G. Merrifleld. 1966. Planted forests of Louisiana. 
Louisiana Agr. Exp. Sta. Bull. 611. 48 p. 

Foster, J. E., H. H. Biswell, and E. H. Hostetler. 1945. Comparison of 
different amounts of protein supplement for wintering beef cows on forest 
range in the southeastern coastal plain. J. Anim. Sci. 4:387-394. 

Grelen, H. E. 1974. Longleaf-slash pine-bluestem range. In: Range Resources 
of the South. Georgia Agr. Exp. Sta. Bull. NS 9. p 9-12. 

Grelen, H. E. 1976. Responses of herbage, pines, and hardwoods to early and 
delayed burning in a young slash pine plantation. J. Range Manage. 
29:301-303. 

Grelen, H. E., and H. G. Enghardt. 1973. Burning and thinning maintain 
forage in a longleaf pine plantation. J. Forest. 7 1:419-420, 425. 

Halls, L. K., R. H. Hughes, R. S. Rummell, and B. L. Southwell. 1964. 
Forage and cattle management in longleaf-slash pine forest. U.S. Dep. Agr. 
Farmers’ Bull. 2198. 25 p. 

Hughes, R. H. 1966. Fire ecology of canebrakes. Proc. 5th Annu. Tall Timbers 
Fire Ecol. Conf. p. 148-158. 

Lewis, C. E. 1974. Southern ranges: an introduction. In: Range Resources of 
the South. Georgia Agr. Exp. Sta. Bull. NS 9. p. 5-8. 

Lewis, C. E., and W. C. McCormick. 1971. Supplementing pine-wiregrass 
range with improved pasture in south Georgia. J. Range Manage. 24: 
334-339. 

Lewis, C. E., and T. J. Harshbarger. 1976. Shrub and herbaceous vegetation 
after 20 years of prescribed burning in the South Carolina Coastal Plain. 
J. Range Manage. 29:13-18. 

Pearson, H. A. 1974. Liquid supplements for cattle grazing native range. Proc. 
of the Program and 1973 Res. and Extension Progr. Rep. , Louisiana State 
University 14th Annu. Livestock Prod. Day. p. 33-40. 

Pearson, H. A., and L. B. Whitaker. 1972. Thrice-weekly supplementation 
adequate for cows on pine-bluestem range. J. Range Manage. 25;315-316. 

Riebold, R. J. 1971. The early history of wildfires and prescribed burning. In: 
Proc. Prescribed Burning Symp. Southeast Forest Exp. Sta., Charleston, 
S.C. p. 11-20. 

Rummell, R. S. 1957. Beef cattle production and range practices in south 
Florida. J. Range Manage. 10:71-78. 

Siiker, T. H. 1955. Forest grazing in the pine-hardwood and bottomland hard- 
wood types of southeast Texas. Texas Forest. Serv. Bull. 47. 34 p. 

Shepherd, W. O., C. M. Kaufman, and H. H. Biswell. 1946. Forest grazing 
in North Carolina. South. Lumberman 173:228, 230, 232, 234, 236, 238. 

Southern Forest Resource Analysis Committee. 1969. The South’s Third 
Forest . . . How It Can Meet Future Demands. 111 p. 

Southwell, B. L., and Ralph H. Hughes. 1965. Beef cattle management 
practices for wiregrass-pine ranges of Georgia. Georgia Agr. Exp. Sta. Bull. 
NS 129. 26 p. 

Sternitzke, H. S., and H. A. Pearson. 1974. Forest-range resource statistics 
for southwest Louisiana parishes. U.S. Forest. Serv. South. Forest Exp. Sta., 
New Orleans, La. Resour. Bull. SO-50. 22 p. 

U.S. Forest Service. 1969. A forest atlas of the South. South Forest. Exp. Sta. 
and Southeast Forest Exp. Sta. 27 p. 

Van Houweling, C. D. 1956. Our battle against animal disease. In: Animal 
Diseases. U.S. Dep. Agr. Yearb. of Agr. 1956. p. l-7. 

Wahlenberg, W. G. 1946. Longleaf pine, its use, ecology, regeneration, pro- 
tection, growth, and management. Charles Lathrop Pack Forestry Founda- 
tion, Washington, D.C. 429 p. 

Wahlenberg, W. G., S. W. Greene, and H. R. Reed. 1939. Effects of fire 
and cattle grazing on longleaf pine lands, as studies at McNeill, Miss. 
U.S. Dep. Agr. Tech. Bull. 683. 52 p. 

Whitaker, L. B., H. A. Pearson, and W. M. Monroe. 1970. Crossbred 

JOURNAL OF RANGE MANAGEMENT31 (4), July 1978 249 



cattle-custom-built for piney woods range. Louisiana Cattleman 70:8-9. hardwood range. In: Range Resources of the South. Georgia Agr. Exp. Sta. 
Walters, G. L. 1973. Southern pine overstories influence herbage quality. Bull. NS 9:20-23. 

J. Range Manage. 261423-426. Yarlett, L. L. 1965. Control of saw palmetto and recovery of native grasses. 
Woken, G. L., and A. T. Wilhite, Jr. 1974. Loblolly-shortleaf pine- J. Range Manage. 18:34+-345. 



Influence of Prescribed Burning on Infiltration 

and Sediment Production in the Pinyon- 

Juniper Woodland, Nevada 

BRUCE A. ROUNDY, W. H. BLACKBURN, AND 
R. E. ECKERT, JR. 

Highlight: On arid and semiarid rangelands, areas between 
woody plants are named dune interspaces. Soil and litter accumu- 

ing treatments resulted in severe mechanical disturbance of 

late under plants to form mounds which are called coppice dunes. 
surface soils (Gifford 1975). On arid and semiarid rangelands, 

The loss of soil-protecting litter after burning pinyon-juniper 
areas between woody plants, named dune interspaces, produce 

communities in eastern Nevada decreased rates ofwater infiltration more runoff and sediment than do areas under plants, named 
on coppice dune soil at field capacity and increased sediment 
production from coppice dunes with the soil dry and at field 
capacity. Differences in infiltration rates and sediment production 
of dune interspace soil were related to preburn soil morphological 
differences, not to burning. Vesicular soil crusts and surface-soil 
bulk density of coppice dunes were not increased by burning. 
Coppice soil organic matter was not significantly lower on burned 
areas, although mean values were slightly lower than those on 
unburned areas. Soil-water repellency was decreased by burning. 
Burning is not expected to increase runoff or soil loss substantially 
on similar areas with coarse-textured soils, because post-burn 
infiltration rates on coppices in these tests exceeded rainfall rates 
expected from natural storms. 

Prescribed burning of rangelands invaded by pinyon (Pinus 
spp.) and juniper (Juniperus spp.) is a relatively inexpensive 
and effective vegetation-conversion technique (Aro 1971). 
Evaluation of the environmental consequences of prescribed 
burning and other range improvement practices should include 
information on the rate of infiltration of water and on the 
sediment production of associated soils. Infiltration rate is 
related to sediment production and peak floods from the intense 
summer thundershowers characteristic of the Great Basin 
(Blackbum 1975). 

Chaining pinyon-juniper in Utah adversely affected infil- 
tration and erosion rates only in a few instances, when windrow- 

coppice dunes, where soil and litter accumulate (Blackburn 
1975). However, fire may decrease infiltration rates and increase 
erosion on coppice dunes in the following ways: by destroying 
soil-protecting vegetation and litter (Hendricks and Johnson 
1944); by decreasing porosity as a result of organic matter loss 
and the associated breakdown in soil structure (Wahlenburget al. 
1939); by clogging soil pores with suspended material (Beaton 
1959); or by intensifying water repellency in various soil layers 
(Adams et al. 1970; DeBano and Krammes 1966; and Buckhouse 
and Gifford 1976). This study compared unburned and pre- 
scribed-burned communities of pinyon (Pinus monophylfu) and 
juniper (Juniperus osteosperma) to determine the effect of 
burning on infiltration rate and sediment production and associ- 
ated cover and soil factors. 

Study Sites and Methods 

Prescribed burns and adjacent unburned areas on the same soil 
family were studied at two sites near the White River, in eastern 
Nevada. Both sites were alluvial fans with a 5% slope at the lower site 
and an 8% slope at the upper site. Both sites supported a scattered pin- 
yon-juniper community (Blackbum and Tueller 1970) with a dominant 
understory ot big sagebrush (Artemisia tridentutu) and desert bitter- 
brush (Purshia glundulosu). Soils were derived from volcanic parent 
material and were interpreted as coarse-loamy, mixed, mesic; and 
loamy-skeletal, mixed, mesic soil families of Aridic Argixerolls at the 
lower and upper study sites, respectively. Prescribed burning was 
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(1975). Fixed plots of 0.9144 by 0.9144 m or variable-sized runoff 
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plots were used. Infiltration was measured with the soil surface 
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interspace and for each type of coppice dune (pinyon, juniper, big 
sagebrush, and bitterbrush). Infiltration was defined for any point in 
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Table 1. Mean infiltration rate (cm/hr) on unburned and burned coppice-dune and dune-interspace soils of scattered pinyon-juniper communities near 
the White River, Nevada.’ 

Infiltration rate (cm/hr) 

Site and treatment 

Tree coppice Shrub coppice All coppice Interspace 

DIV F.C. Dn, F.C. DrV F.C. DN F.C. 

Lower site 
Unburned 8.32a 8.26a 7.82a-c 7.25~ 8.07a 7.76a 5.76ab 3.75c 
Recent bum 8.13ab 7.47bc 7.77a-c 6.29d 7.95a 6.75b 5.94a 3.27cd 
Year-old bum 8.20ab 7.80a-c 7.23~ 5.72d 7.71a 6.76b 4.53bc 2.25d 

Upper site 
Unburned 8.28a 8.22a 8.02a 7.42ab 8.15a 7.82a 4.12b 1.95c 
Recent bum 7.84a 6.55cd 7.97a 6.81bc 7.91a 6.68b 3.86b 2.51~ 

Year-old bum 8.13a 7.58ab 7.55ab 5.83d 7.84a 6.71b 5.97a 3.85b 

’ Means followed by the same letter are not significantly different (0.05) as determined by Duncan’s multiple range test. Comparisons are made within sites, between moisture conditions 
(F.C. = Field Capacity), among and within rows and columns for tree and shrub coppice, and within columns for all coppice and for interspace. 

time as the difference between total water applied and total runoff. 
Runoff from plots was funneled into buckets and pumped out and 
weighed in 5-minute intervals. Sediment was collected from a 900-m] 
runoff sample and sediment trapped in the collection apparatus. 
Samples were oven-dried and weighed before conversion to sediment 
loss (kg/ha). 

Percentage of the ground covered by litter, rock, vegetation (grass, 
forbs, and tree and shrub seedlings only), and bareground were 
estimated visually for each plot. Large trees and shrubs were trimmed 
to near-ground level. Average litter depth and percentage of litter 
cover were converted to litter volume. 

Soil temperatures were recorded at 0-, I-, and 2-cm depths with 
Type K thermocouples before, during, and after burning. 

Percent of plot area with a vesicular surface crust was estimated and 
was multiplied by a one-to-five rating to reflect vesicular horizon 
thickness and development. One represented well-aggregated soil 
with no vesicular crust, and five represented a vesicular crust thicker 
than 5 cm. This number was then divided by five to give index values 
of percent of vesicular-horizon development on each plot. 

After each field capacity test, the percentage of dry, water- 
repellent area was noted. Bulk density at 5- and IO-cm depths and 
antecedent soil moisture content were determined on coppice and 
interspace areas adjacent to runoff plots with a Troxler surface- 
moisture density gauge. Particle-size distribution of coppice and 
interspace surface horizons was measured by the hydrometer tech- 
nique (Bouyoucos 1962). Organic matter content of coppice and inter- 
space surface horizons was determined by the Walkely-Black method 
(Black 196.5). 

Analysis of variance was used to compare terminal infiltration rate 
and sediment production at the end of 60 minutes with measured soil 
and vegetation variables. A multiple regression and correlation and a 
ridge regression (Hoer1 and Kennard 1970) were used to determine 
those factors most influential in causing variation in infiltration and 
sediment production. 

Results and Discussion 

Infiltration Rates 
At both sites infiltration rates on burned coppices were 

significantly lower than those on unburned coppices with the 
soil at field capacity, but they were similar with the soil initially 
dry (Table 1). Infiltration rates were generally similar for 
pinyon and juniper coppices and for sagebrush and bitterbrush 
coppices. Shrub coppices generally had lower infiltration rates 
than tree coppices on unburned and burned areas. Also, 
infiltration on shrub coppices tended to be lower 1 year after 
burning than immediately after burning. 

Interspaces on the l-year-old bum at the lower site had lower 
infiltration rates than interspaces on the unburned and recently 
burned areas. In contrast, interspaces on the l-year-old burn at 
the upper site had higher infiltration rates than interspaces on the 
unburned and recently burned areas. Interspaces always had 
lower infiltration rates than did coppices. 

Sediment Production 
At both sites sediment production from burned coppices was 

generally significantly higher than that from unburned coppices, 
both with the soil dry and at field capacity (Table 2). Generally, 
sediment production between the two tree species and between 
the two shrub species had greater similarity than did production 
among tree and shrub species. Tree coppices produced more 
sediment on all burned treatments than on all unburned treat- 
ments, except that at the lower site the l-year-old bum pro- 
duced the same amount of sediment as did unburned with the 
soil dry. Shrub coppices generally produced more sediment 
than tree coppices, and sedimentation tended to increase with 
the age of the burn. 

Table 2. Mean sediment production (kg/ha) on unburned and burned coppice-dune and dune-interspace soils of scattered pinyon-juniper communities 
near the White River, Nevada.’ 

Site and treatment 

Sediment (kg/ha) 

Tree coppice Shrub coppice All coppice Interspace 

Dni F.C. DlY F.C. DN F.C. Dry F.C. 

Lower site 
Unburned 49e 50e 397cd 572b-d 14oc 157bc 932a 850a 
Recent bum 18ld 194d 630bc l,046a-c 338ab 456a 666a 870a 
Year-old bum 55e 190d 1,229ab 1,861a 262a-c 602a I ,697a 2,753a 

Upper site 
Unburned 105d 98d 537bc 8 13a-c 240~ 282~ 1,445a I ,820a 
Recent bum 389~ 603bc 794a-c I ,096ab 550ab 813ab I ,047a 2,188a 
Year-old bum 457bc 741a-c 1.148ab 1.585a 724ab I ,072a 997a I, 145a 

_ 
’ Means followed by the same letter are not significantly different (0.05) as determined by Duncan’s multiple range test. Comparkona are made wthin sites. between mokture condttwn\ 

(F.C. = Field Capactty), among and within columna for tree and shrub coppice, and withm columnb for all coppice and for interspace. 
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Table 3. Soil and cover factors influencing infiltration rates and sediment production, ranked in order of relative importance as indicated by the 
accompanying standard partial regression coefficients (in parenthesis); soil at field capacity.* 

Lower site 

R’ = 0.70 

Vesicular horizon development 
(-0.44) 

Bareground(-0.38) 

O-5 cm bulkdensity 
(-0.16) 

Upper site 

R= = 0.75 

Vesicular horizon development 
(-0.49) 

Littercover (0.25) 

Organic matter (0.25) 

0- 10 cm bulk density 
(-0.16) 

Litter volume (0.11) 

Lower site 

RZ = 0.54 

Bare ground (0.47) 

Sediment production 

Upper site 

R2 = 0.46 

Litter volume (-0.43) 

Litter volume (-0.37) Bare ground (0.28) 

Vesicular horizon development 
(0.11) 

’ Rwd in columns by Gudy rite. most important variable lIsted first. All R’ values are signnficant at the 0.01 level 

Interspaces generally produced more sediment than coppices 
overall, but sediment production for interspaces and shrub 
coppices was similar on burned areas. Sediment production 
tended to be lower with higher interspace infiltration rates. 

Associated Factors 

Important variables in the regression equations for infiltration 
and sediment production reflected soil morphological or cover 
differences that resulted either from burning or from inherent, 
preburn differences among coppice types, among interspace 
areas, or between coppice and interspace areas. The most 
important factors influencing infiltration rates were vesicular 

horizon development, bareground, litter cover, surface-soil 
bulk density, volume of litter, and surface-soil organic matter 
(Table 3). Important factors correlated with sediment pro- 
duction included vesicular horizon development, volume of 
litter, and bare ground (Table 3). 

Soil temperatures recorded before, during, and after burning 
suggested that spring burning probably affected soil litter cover 
but was too cool (less than 50°C deeper than 1 cm) to cause soil 
morphological changes. 

Analysis of variance and comparison of mean values of 
independent variables in regression equations indicated that, on 
coppices, vesicular horizon development and bulk density were 
not increased nor was soil organic matter significantly de- 
creased by burning (Table 4). However, coppices had less 
vesicular horizon development, lower bulk density, and higher 
organic matter content than did interspaces in both unburned 
and burned areas. Data on these three variables, then, mainly 

reflected the inherent differences between coppice and inter- 
space areas and not burning effects. Because dune interspaces 
have less vegetative cover and less litter accumulation, they 
receive less organic matter than do coppice dunes. Low soil 
organic matter is associated with high bulk density and the 
formation of a platy to massive vesicular surface horizon (Wood 
1976), which readily slakes when wetted and has the low 
infiltration rate associated with high sediment production 
(Blackbum 1975). 

Differences in cover and volume of litter best explain 
differences in infiltration rates and sediment production among 
unburned and burned coppices and among tree and shrub 
coppices. Litter protects the soil surface structure and porosity 
from destruction by reducing raindrop impact, allowing high 
infiltration rates, and controlling sediment production over a 
period of wetting. Because tree coppices generally had more 
litter cover and volume and less bare ground than did shrub 
coppices on all treatments (Table 4), infiltration rates were 
generally higher (Table 1) and sediment production lower 
(Table 2) on tree coppices than on shrub coppices. 

Burned tree and shrub coppices had less cover and volume of 
litter and more bare ground than did unburned tree and shrub 
coppices (Table 4). Burning converted much of the coppice 
litter to light ash or charred fragments, some of which settled on 
the soil, with the rest blown away by post-fire winds. Coppices 
on the 1 -year-old bums at the upper site generally had less litter 
cover and volume and more bare ground than coppices on recent 
bums. The tree coppices on the 1 -year old bum at the lower site 
were on the edge of the burn and much of their litter was left in 

Table 4. Mean values of soil and cover factors influencing infiltration rates and sediment production for unburned and burned pinyon-juniper sites near 
the White River, Nevada.’ 

Lower’site Uppersite 

Factor Unburned Recent bum Year-old bum Unburned Recent burn Year-old bum 

Coppice vesicular horizon development (a) 3 ab 6 a 1 b 4 a 3 ab 1 b 
interspace vesicular horizon development (%) 61 a 59 a 82 a 84 a 52 ab 54 a 
Coppice &IO cm bulk density (g/cm”) 1.54 1.54 I .61 1.60 1.61 1.57 
Interspace cl0 cm bulk density (g/cm”) 1.59 1.59 1.64 1.57 1.76 1.67 
Coppice soil organic matter (%) 6.2 a _ 2 5.9a 7.7a _ 6.6a 
Interspace soil organic matter (%) 2.3a _ 3.1 a 0.6a _ 3.6a 
Tree coppice bare ground (%) I d 25 b 6 c 1 f 19 de 27 cd 
Shrub coppice bare ground (%) 17 b 80 a 78 a 10 e 45 bc 91 a 
Tree coppice litter volume (dm”) 43.Oa 8.3c 21.Ob 32.Oa 12.0b 8.6 bc 
Shrub coppice litter volume (dm:‘) 5.5c 0.2d 0.4d 4.5c 0.6dd 0.03d 
Tree coppice litter cover (W) 95 a 46 a 80 a 90 a 53 a-c 48 bc 
Shrub coppice litter cover (%) 64 ab 13 c 12 c 78 ab 23 d 6 e 
’ Mean\ followed by the smw Ictter arc not significantly different (0.05) as determined by Duncan‘s multlple range test. Statistical comparisons are made among values with!” sites and 

ulthln rows for copper and intenpace iactors and within sites and wthin rowb and columns for tree and ahmb coppice factors. 
’ Orfnmc matter compar~\on done after I year only. 
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place, while most of the shrub-coppice litter was destroyed by 
the fire. This explains the relatively high infiltration rates and 
low sediment production of the tree coppice for that l-year-old 
bum treatment. 

Litter volume explained the variation in sediment production 
better than the variation in infiltration rates. Unburned tree 
coppices with deep litter accumulation maintained high infil- 
tration rates with a minimum of sediment production, even with 
the soil at field capacity. The loss of litter cover from burning, 
then, was the major cause of lower infiltration rates and higher 
sediment production on burned coppice dunes. 

A 1- to 2-cm-thick water-repellent soil layer existed under the 
heavily decayed litter of some pinyon and most juniper trees. 
This nonwettable layer had little effect on infiltration rates and 
sediment production, because simulated rainfall infiltrated 
small wettable spots around the water-repellent areas and wet 
the soil below the repellent areas. Where fire destroyed most of 
the litter layer, most water repellency at the soil surface 
evidently was also destroyed; water-repellent areas were much 
less extensive on burned than on unburned coppices. 

Infiltration rates differed among dune interspaces because of 
soil morphological differences. The vesicular pores were largest 
and the vesicular horizon was thickest in the middle of the dune 
interspaces. The vesicular pores decreased in size and the 
horizon became thinner near the coppice dune areas of litter 
additions. The vesicular horizon generally gave way abruptly to 
well-aggregated, weak, fine, subangular, blocky soil near the 
periphery of the coppice dunes. The soil aggregate stability and, 
consequently, the infiltration rate and sediment production of a 
particular dune interspace were, therefore, related to its proxim- 
ity to surrounding vegetation, which added soil organic matter 
by litter fall and decomposition. 

At the lower site infiltration rates of interspaces were lower 
on the l-year-old bum than on unburned plots due to their 
greater vesicular horizon development (Table 4). Additional 
soil-surface examinations indicated that this difference probably 
resulted from the positions of interspace plots relative to coppice 
dunes and not from burning. Interspaces on the year-old bum at 
the upper site had higher surface-soil organic matter content 
than did unburned interspaces, resulting in less vesicular 
horizon development and, thus, higher infiltration rates (Table 
4). The high organic content resulted from a higher preburn 
density of trees and shrubs on that particular burned area than on 
the unburned area. Indications are that variations in infiltration 
rates and sediment production on interspaces were not due to 
burning. 

Conclusions 

Sediment production from raindrop splash should be higher 
on burned than on unburned coppice dunes due to the absence of 
soil-protecting vegetation and litter cover, even if coppice 

infiltration rates are not exceeded. A thunderstorm of sufficient 
duration and intensity to exceed infiltration rates of coppice 
dunes on burned areas would produce much more sedi- 
ment than would be produced on unburned areas. The as- 
sociated increase in overland fow through dune interspace 
areas would also increase erosion of coppice dunes. However, 
the soils studied in these tests were coarse-textured and had 
relatively high infiltration rates. Even after burning and with the 
soil at field capacity, coppice infiltration rates were well above 
the 1 -hour, lOO-year return-storm intensity of 3.4 cm/hour for 
the area (Miller et al. 1973). Because most natural storms are 
less intense and shorter than the simulated thunderstorm used in 
the study, they will probably not exceed infiltration rates on 
burned coppice dunes. Prescribed burning of similar areas will 
probably not increase runoff and soil loss. Burning during cool 
and wet times of the year will reduce the loss of coppice litter 
and thus help maintain high infiltration rates and low sediment 
production. 
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Drought Tolerance of Seminal Lateral Root 
Apices in Crested Wheatgrass and Russian 
Wildrye 

AMIR S. HASSANYAR AND A. M. WILSON 

Highlight: Germinating seed of crested wheatgrass (Agropyron 
ciesertorum) and Russian wildrye (Elymus junceus) were exposed 
to temporary drought, and the capacity for development of 
seminal lateral roots was then determined under conditions of 
favorable soil moisture. After a temporary drought of -370, 
-910, and - 1580 bars, 75,58, and 24% of the crested wheatgrass 
seedlings and 69, 20, and 6% of the Russian wildrye seedlings 
developed seminal lateral roots, respectively. Because actively 
growing seminal primary roots may be killed by temporary 
drought and because germinating seed and young seedlings lack 
the capacity for development of adventitious roots, the growth and 
survival of seedlings often may depend on the development of 
seminal lateral roots. 

In semiarid regions, there is often no alternative but to plant 
during seasons when germinating seed will be exposed to 
drought. Under these conditions, emergence and establishment 
may depend on the tolerance of germinating seed to temporary 
drought and on their capacity for recovery during subsequent 
periods of favorable moisture. The capacity for root develop- 
ment after temporary drought is especially critical in the early 
growth and survival of seedlings. 

The seminal primary root, which develops from the lower end 
of the embryo, is the first root of a grass seedling. In certain 
species of the Festucoideae subfamily, including crested wheat- 
grass (Agropy-on desertorum) and Russian wildrye (Elymus 
jutzceus), the next roots that develop are the seminal lateral 
roots. Seminal lateral roots develop from primordia at the 
scutellar node (Boyd and Avery 1936; Hyder 1974). However, 
many grass species entirely lack the potential for seminal lateral 
root development (Hoshikawa 1969). At later stages of grass 
seedling growth, adventitious roots may arise from the coleop- 
tilar and higher nodes of the main shoot, from nodes of tillers, 
and in certain species from the subcoleoptile internode 
(Hoshikawa 1969; Hyder 1974). 

Survival drought tolerance is defined as the capacity of plants 
or of germinating seed to endure the dehydration of their tissues 
(Levitt 1964), and it is quantified from relationships between 

degree of plant drought (i.e., water potential of plant tissues) 
and percentage death. Drought tolerance is related to the 
capacity of cells, membranes, cytoplasm, and organelles to 
endure dehydration without experiencing destructive structural 
and chemical changes (Toole et al. 1956; Wilson et al. 1970; 
Maguire 1972; Wilson 1973). 

This study was conducted to evaluate the responses of 
germinating seed of ‘Nordan’ crested wheatgrass and ‘Vinall’ 
Russian wildrye to temporary drought. These responses were 
evaluated by determining total germination, rate of germi- 
nation, length of shoots, and length of roots in a growth 
performance test under favorable moisture conditions. The 
objectives were to define the role of seminal lateral roots in the 
survival of germinating seed after exposure to drought, to 
determine the latent potential for seminal lateral root deveop- 
ment, and to quantify the drought tolerance of shoot apices and 
seminal lateral root apices. These species were selected because 
of evidence that germinating seed of crested wheatgrass are less 
susceptible to drought injury than those of Russian wildrye 
(Bleak and Keller 1974). 

Materials and Methods 

Seed Sources and Experimental Treatments 
Seed of crested wheatgrass (produced in North Dakota in 1973) and 

of Russian wildrye (produced in Montana in 1974) were cleaned in an 
air column to remove inert material and light-weight seed. Germi- 
nation tests at 10°C indicated 9 1% germination for crested wheatgrass 
and 94% germination for Russian wildrye. In these tests, crested 
wheatgrass and Russian wildrye reached 50% germination in 10 days 
and 12 days, respectively. Seed were treated with 15 mg of thiram, bis 
(dimethylthiocarbamoyl) disulfide, per gram dry weight of seed to 
minimize microbiological contamination. 

The experimental procedures included three consecutive steps: (1) a 
wet treatment to initiate seed germination, (2) a temporary drought 
treatment, and (3) a germination or growth performance test to 
determine the effects of the temporary drought treatment. The research 
included two experiments. The first dealt with the role of seminal 
lateral roots under drought conditions, and the second dealt with the 
drought tolerance of seminal lateral root apices. The methods used in 
the two experiments are given under separate subheadings. 

Authors are graduate research assistant, Range Science Department, Colorado State 
Role of Seminal Lateral Roots under Drought Conditions 

University, and plant physiologist, Agricultural Research Service, Department of Agri- During the initial wet treatment, samples of 200 seed were placed on 
culture, Crops Research Laboratory, Colorado State University, Fort Collins 80523. 
Present address of Amir S. Hassanyar is Faculty of Agriculture, Kabul University, Kabul, 

moist blotter paper in dishes and kept in darkness in a germinator set 

Afghanistan. for 10°C. We observed dishes at 12-hour intervals and removed 
The study involved cooperative investigations of the Agr. Res. Serv., U.S. Dep. Agr., gemlinating' seed when the seminal primary root had extended to a 

and Colorado State University Experiment Station. (Scientific Series Paper No. 2280) length of 2 to 5 mm. One hundred twenty-five germinating seed were 

me authors gratefully acknowledge the technical assistance of Deborah Scott. removed from each dish and were air-dried for 4 to 6 days at 23°C in 
Manuscript received October 2 I, 1977. open dishes in the laboratory. Most of the germinating seed had not 
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developed a visible coleoptile when they were removed from the 
dishes. 

Responses of germinating seed to temporary drought were evalu- 
ated in a 30-day germination test. Samples of 100 treated or untreated 
seed were placed on moist blotter paper in germination dishes, and 
dishes were kept in darkness in a germinator at 10°C. This temperature 
was selected because it is typical of average soil temperatures at 
planting depth in the spring and fall (Wilson et al. 1974). In related 
studies, constant temperatures in a germinator and variable tempera- 
tures in the field influenced the germination of crested wheatgrass seed 
in a similar way (Wilson 1973). The number of seedlings with a living 
root, a living shoot, or both, were counted daily. High turgidity was a 
characteristic used for identification of living shoots or roots. The 
presence of root hairs was also a reliable indicator of a living root. 

The effects of temporary drought on germinating seed were also 
evaluated in a 20-day growth performance test. Samples of 25 treated 
or untreated seed were planted at a depth of 2 cm in plastic pots (15 cm 
diameter by 15 cm deep) filled with autoclaved sandy loam soil. Pots 
were placed in a growth chamber set for 10°C and a daylength of 
12 hours. Maximum photosynthetic flux density attainable in the 
growth chamber used in this experiment was about 160 micro- 
einsteinslm” per sec. Soil was maintained near field capacity by 
irrigating with distilled water two or three times weekly. At 20 days, 
all pots were removed from the growth chamber, soil was washed from 
the roots, and shoot and root lengths were measured. Roots did not 
extend to the bottom of the pots in the 20-day test. Thus, pots were 
large enough not to restrict root growth. 

Drought Tolerance of Seminal Lateral Root Apices 
The initial wet treatment was accomplished as described in the first 

experiment. We removed seed from dishes when the seminal primary 
root had extended to a length of 2 to 5 mm. Seed that had not yet 
developed a visible shoot were selected for exposure to temporary 
drought. We excised the entire seminal primary root with a scalpel and 
dried the seed for 4 days at constant water potentials. The seminal 
primary root was excised so that root development during the growth 
performance test would depend entirely on the capacity for seminal 
lateral roots. Water potentials of -100, -220, -370, -910, or 
- 1580 bars were maintained over saturated solutions of Na2S04, 
KCI, NaCl, Ca(N03)2, and CaC12, respectively (Spencer 1926; 
Wilson and Harris 1968). These water potentials are typical of those 
found in soil on semiarid lands (Wilson et al. 1970; Wilson 1973). 
After treatment at constant water potentials, seed were dried at 70°C 
for 24 hours to determine water percentage on a fresh weight basis. 

The effects of temporary drought on germinating seed were deter- 
mined in the 20-day growth performance test at 10°C. Untreated seed 
from air-dry storage and germinating seed (seminal primary root 
excised) that had not been exposed to drought were included in the test 
to determine the latent potential for development of seminal lateral 
roots. Seedlings were grown in a growth chamber where the photo- 
synthetic photon flux density was 480 microeinsteins/m2 per sec. 

Experimental Design and Statistical Procedures 
Each value for percentage germination is based on a sample of 100 

seed in a dish. In the growth performance tests, each value for 
percentage of seedlings with a shoot or root, average length of shoot or 
root, and average number of roots per seedling is based on a sample of 
25 seed planted in a pot filled with soil. Length of shoot is the distance 
from the seed to the tip of the longest leaf and is based on the number of 
seedlings that developed a shoot. Length of root is the total length of 
the main axis of all seminal roots. Values for average length of root 
and average number of roots per seedling are based on the number of 
seedlings that developed a root. 

A randomized complete block experimental design was used for 
both experiments. The first experiment included eight replications, 
and the second experiment included 16 replications. Analysis of 
variance and Duncan’s multiple range test were used for determining 
significant differences among treatment means. Differences among 
treatments and between species noted in the text are significant at 
either the 0.05 or 0.01 level. 
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Results 

Role of Seminal Lateral Roots in Drought Conditions 
Seed water content at the end of the air-dry treatment was 8%. 

Seminal primary roots, which had extended to a length of 2 to 5 
mm during the initial wet treatment, were killed by the 
temporary drought treatment. 

In the germination test of untreated seed of crested wheat- 
grass (Fig. 1A) and Russian wildrye (Fig. 2A), growth of 
seminal primary roots preceded growth of the shoot by about 2 
days. However, in the germination test of treated crested wheat- 
grass, development of shoots preceded the development of 
seminal lateral roots by about 8 days (Fig. 1B). By the end of the 
30day germination test, 40% of treated crested wheatgrass seed 
had developed a shoot and 26% had developed one or more 
seminal lateral roots. In contrast, a maximum of 7% of the 
treated Russian wildrye seed developed a shoot and none of the 
treated seed developed a seminal lateral root (Fig. 2B). Some 
shotits that were not supported by a root died during the 30-day 
germination test which accounts for the occasional decreases in 
the number of treated seed with a living shoot (Figs. 1 B and 2B). 

Fig. 1. Shoot and root development for 
grass in a germination test of 10°C. 
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DURATION OF GERMINATION TEST AT IOC (days) 

treated and untreated crested 

In the 20-day growth test, which was conducted to evaluate 
the effects of temporary drought, the percentages of germi- 
nating seed that developed a shoot indicated the susceptibility of 
either shoot apices or coleoptiles, or both, to drought injury. 
Percentages of seedlings that had developed a shoot at 20 days 
were 62 and 90 for treated and untreated crested wheatgrass and 
2 1 and 94 for treated and untreated Russian wildrye, respective- 
ly (Table 1). The first and second leaves extended from 
coleoptiles that emerged during the growth performance test. 
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Table 1. Effects of air-drying germinating seed of crested wheatgrass and 
Russian wildrye (when the seminal primary root was 2 to 5 mm long) on 
the percentage that developed a shoot or root and on average length of 
shoot or root (cm) produced in a 20-day growth performance test at 10°C. 

Growth criteria 
and species 

% with a shoot 
Crested wheatgrass 
Russian wildrye 

Untreated Treated 
seed 1 seed2 

90 c3 62b 
94C 21a 

Mean 

76x 
58~ 

% with a root 
Crested wheatgrass 82 c 42b 622 
Russian wildrye 88c 4a 46Y 

Average length of shoot 
Crested wheatgrass 4.9 3.5 4.2~ 
Russian wildrye 3.7 2.4 3.oy 
Treatment mean 4.3b 3.0a 

Average length of root 
Crested wheatgrass 3.3 1.4 2.4~ 
Russian wildrye 2.3 0.4 1.4y 
Treatment mean 2.8 b 0.9a 

’ Untreated seed produced a seminal primary root and occasionally a seminal lateral root. 
* Because all seminal primary roots were killed by the temporary drought treatment, root 

data are for seminal lateral roots. 
3 Means within each criterion of growth performance labeled with the same letter are not 

significantly different at the 0.05 level. Because there was not a significant interaction 
for length of shoot and length of root, statistical differences are shown only for the main 
effects (species and treatments). Each value represents the mean of 8 pots with 25 seed 
planted per pot. 

Thus, both the coleoptile and the shoot apex were drought 
tolerant in these seedlings. 

Untreated seed developed a seminal primary root and occa- 
sionally a seminal lateral root during the 20-day growth per- 
formance test. However, they did not develop adventitious 
roots. Because all seminal primary roots in treated seed had 
been killed by temporary drought and because seedlings did not 
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Fig. 2. Shoot and root development for treated and untreated Russian wildrye 
in a germination test at 10°C. 

develop adventitious roots, root development during the 20-day 
test depended entirely on the capacity for development of 
seminal lateral roots. At 20 days, the percentages with a root 
were 42 and 82% for treated and untreated crested wheatgrass 
and 4 and 88% for treated and untreated Russian wildrye, 
respectively (Table 1). The analysis of variance indicated a 
significant interaction between treatments and species in re- 
lation to developme+nt of seminal roots. The temporary drought 
treatment reduced average lengths of both shoots and roots 
(Table 1). 

Drought Tolerance of Seminal Lateral Root Apices 
The time course of water loss from germinating seed during 

temporary drought in constant humidity environments is given 
in Table 2. Crested wheatgrass and Russian wildrye did not 

Table 2. Water content (?6) of seed of crested wheatgrass and Russian 
wildrye after 0, 1,2,3, or 4 days of drought treatment at various water 
potentials. 

Days of exposure 
to temporary drought -100 

0 days 
Crested wheatgrass 
Russian wildrye 

Mean 
1 day 

Crested wheatgrass 
Russian wildrye 

Mean 
2 days 

Crested wheatgrass 
Russian wildrye 

Mean 
3 days 

Crested wheatgrass 
Russian wildrye 

Mean 
4 days 

Crested wheatgrass 
Russian wildrye 

Mean 

45.9 46.2 47.2 46.2 46.2 
45.8 46.6 46.0 45.5 46.0 
45.9i2 46.4i 46.6i 45.8i 46.li 

27.8 
27.9 
27.9h 

24.5 
24.8 
24.7g 

24.7 16.4 13.9 10.9 7.4 
23.9 16.3 13.7 11.4 7.1 
24.3g 16.4e 13.8d 11.2c 7.2a 

23.5 16.3 13.9 10.8 7.8 
24.2 16.3 13.9 11.6 7.7 
23.98 16.3e 13.9d 11.2c 7.8a 

Water potentials (bars)’ 

-220 -370 -910 - 1580 

19.0 15.6 12.5 8.8 
20.4 16.5 14.1 9.0 
19.7f 16.Oe 13.3d 8.9b 

16.5 13.8 11.2 7.6 
16.9 14.0 11.9 7.6 
16.7e 13.9d 11.6~ 7.6a 

’ Drought treatments were imposed after seed had absorbed water from moist blotter paper 
for 2 days at 10°C. 

2 Treatment means labeled with the same letter are not significantly different at the 0.05 

level of probability. 

differ in capacity for water uptake during the initial wet treat- 
ment or in resistance to water loss during exposure to temporary 
drought. At the end of the 4-day drought treatment, seed water 
content ranged from 23.9% at - 100 bars to 7.8% at -1580 
bars. 

When seminal primary roots were excised and the germi- 
nating seed planted in moist soil without exposure to temporary 
drought, the percentages of crested wheatgrass and Russian 
w ildrye seed that developed a seminal lateral root were 83 and 
86, respectively (Table 3). Average total length of seminal 
lateral roots was 6.5 cm for crested wheatgrass and 5.0 cm for 
Russian wildrye. The average number of seminal lateral roots 
was 1.6 for both crested wheatgrass and Russian wildrye. 

Exposure of germinating seed to a temporary drought of 
- 100, - 220, or -370 bars had little injurious effect on the 
percentages of crested wheatgrass and Russian wildrye seed- 
lings that developed a shoot during the 20-day growth per- 
formance test (Fig. 3). However, water potentials of -910 and 
- 1580 bars significantly reduced the percentages that devel- 
oped a shoot. 

Water potentials of -910 and - 1580 bars for crested wheat- 
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Table 3. Latent potential for seminal lateral roots in germinating seed of 
crested wheatgrass and Russian wildrye as indicated by percentage of 
seedlings with a root, average length of roots (cm), and average number 
of roots per seedling produced in a ZO-day test at 10°C. 

Growth criteria Untreated 
and soecies seed’ 

Seminal 
primary 

root 
excised2 Mean 

% with a root 
Crested wheatgrass 
Russian wildrye 
Treatment mean 

Average length of root 
Crested wheatgrass 
Russian wildrye 
Treatment mean 

Average number of roots 
Crested wheatgrass 
Russian wildrye 
Treatment mean 

87 83 
94 86 
90b 84a 

5.0 6.5 
3.3 5.0 
4.2a 5.7b 

1.2 1.6 
1.0 1.6 
1.1 a 1.6b 

85 y3 
9oz 

5.8~ 
4.1 y 

1.4y 
1.3y 

I Untreated seed from air-dry storage produced a seminal primary root and occasionally a 

seminal lateral root. Adventitious roots did not develop during the 20-day test. 
z Seminal primary roots were excised when they had extended to a length of 2 to 5 mm. 

Therefore, all root values in this treatment are for seminal lateral roots. 
3 Species or treatment means (within each criterion of growth performance) labeled with 

the same letter are not significantly different at the 0.05 level of probability. Each value 
represents the mean of I6 pots with 25 seed planted per pot. 

grass and -370, -910, and - 1580 bars for Russian wildrye 
significantly reduced the percentage of seedlings that developed 
a seminal lateral root (Fig. 3). After a temporary drought of 
-370, -910, and - 1580 bars, 75, 58, and 24% of the crested 
iv heatgrass seedlings and 69,20, and 6% of the Russian wildrye 
seedlings developed seminal lateral roots, respectively. 

Only a water potential of - 1580 bars reduced average shoot 
lengths of crested wheatgrass, but all water potential treatments 
reduced average shoot lengths of Russian wildrye (Fig. 4). 

Average total length of seminal lateral roots per seedling 
decreased in both species and in all drought treatments except 

WATER POTENTIAL DURING TEMPORARY DROUGHT (ban) 
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Fig. 3. Effects of various degrees of temporary drought on the percentage of 
crested wheatgrass and Russian wildrye seedlings that developed a shoot or a 
seminal lateral root during a 20-day growth performance test at 10°C. Water 
potentials indicate the temporary drought treatment that corresponds to the 
measured water content. 
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Fig. 4. Effects of various degrees of temporary drought on average length of 
shoot and seminal lateral root produced during a %O-day growth performance 
test at 10°C. Water potentials indicate the temporary drought treatment that 
corresponds to the measured water content. 

- 100 bars for crested wheatgrass (Figs. 4 and 5). At -370, 
-910, and - 1580 bars, average root lengths were4.5,3.0, and 
2.2 cm for crested wheatgrass and 3.0, 1.7, and 0.9 cm for 
Russian wildrye. Thus, temporary drought inhibited root devel- 
opment more than shoot development and injured Russian 
wildrye more than crested wheatgrass. 

Discussion 

Drought tolerance is related in part to embryo morphology 
during seed development and germination. In particular, it is 
influenced by the presence or absence of root primordia at the 
scutellar note of the mature grass embryo (Boyd and Avery 
1936) and by tire capacity for root development from these 
primordia. 

In germinating seed of crested wheatgrass and Russian 
w ildrye, the seminal primary root develops first. Seminal lateral 
root primordia at the scutellar note remain quiescent for several 
days or weeks after planting and then develop sequentially, one 
or two at a time. In this quiescent condition, they are less 
susceptible to drought injury than the apex of the actively 
growing seminal primary root. Thus, when the seminal primary 
root is killed by temporary drought, the subsequent develop- 
ment of one or more seminal lateral roots provides the seedling 
with a replacement source of water and nutrients. In this study, 
germinating seed and young seedlings of crested wheatgrass and 
Russian wildrye lacked capacity for development of adventi- 
tious roots. 
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AGROPYRON DESERTORUM ELYMUS JUNCEUS 

TEMPORARY DROUGHT : 31% RH 

Fig. 5. Examples of seminal lateral root development in crested wheatgrass (A. 
desertorum) and absence of seminal lateral root develooment in Russian 
wildrye (E. junceus) during-a 20-day growth performa& test at IO’C. The 
entire seminal primary root was excised when it had extended to a length of2 
to 5 mm. Germinating seed were exposed to a drought of - 1580 bars (3iY0 
relative humid@) for 4 days and then planted in moist soil for the growth 
performance test. The examples represent the six best seedlings from one 
replication. 

Seed of crested wheatgrass and Russian wildrye did not differ 
in resistance to water loss during temporary drought. Undried 
seed (seminal root excised) of the two species did-not differ in 
percentage of seedlings that developed seminal lateral roots or 
in average numbers of roots per seedling. However, crested 
wheatgrass was superior to Russian wildrye in total length of 
seminal lateral roots (Table 3). Therefore, differences between 
species in seminal lateral root development, after exposure to 
temporary drought, were apparently due to differences in latent 
potential for growth of seminal lateral roots as well as differ- 
ences in drought tolerance of seminal lateral root apices. 

Bleak and Keller (1974), working with six range grasses, 
encountered no significant negative effects of preplanting seed 
treatment, with the possible exception of the behavior of 
Russian wildrye. In their study, seed were retained in a moist 
environment until approximately 5% had developed visible 
roots. Seed were then spread out and air-dried. This pretreat- 

ment improved the early emergence of seedlings in field 

plantings for all species except Russian wildrye. Our results 
help explain why preplanting treatment of Russian wildrye was 
not as cf‘fective in promoting early emergence as preplanting 
treatment of crested wheatgrass. 

The water potentials investigated in this study were com- 
parable to those of surface soil in field plantings during the 
spring and fall (Wilson et al. 1970). These investigators found 
that soil moisture conditions were more favorable at a depth of 
2.5 cm than at the soil surface. Thus in some situations, drought 
injury may be reduced by increasing the depth of planting; 
however, emergence of crested wheatgrass and Russian wildrye 
may be adversely affected when planting depth is greater than 
2.5 cm (McGinnies 1973). 

Variability within species in capacity for seminal lateral root 
development after temporary drought suggests the opportunity 
to select for this drought tolerance adaptation. Cultivars with 
improved drought tolerance should reduce planting failures. 
Species and cultivars that possess low drought tolerance of root 
apices, or exhibit a low inherent capacity for seminal lateral root 
development, or entirely lack seminal lateral roots, are most 
susceptible to drought injury and least suited for planting on 
semiarid lands. 
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Effects of Spring Burning on a Mountain 
Range 

MUTASIM BASHIR NIMIR AND GENE F. PAYNE 

Highlight: The physical, biological, and chemical consequences burning on forage plants varies according to species, location, 
of burning mountain range were monitored the year of a spring condition of range, season of burning, stage of growth, and 
burn on theGallatin NationalForest, Montana. Twosites within the many other characteristics of the range as well as the character- 
burn were intensively studied. Burning did not cause any major 
changes in soil chemical or physical properties. Significant soil 

istics of the bum (McMurphy and Anderson 1965; Hadley and 

chemical changes occurred regardless of the fire influence. 
Kicckhcfcr 1963). 

Burning resulted in early reduction of basal cover of vegetation. 
This effect was decreased as the season advanced. A listing of 
species damaged by burning and favored by burning is provided. 

detrimental effects of very hot fires are largely avoided due to 

Because of the concern over the use of herbicides in the 
environment, there has been increasing interest in burning as a 
means of reducing big sagebrush (Artemisia tridentata Nutt.) to 

less heat and moist soils. This study evaluates the first-year 

improve herbaceous production. Burning in the spring has been 
considered desirable in the northern Rocky Mountains because 

results of a spring bum in southwestern Montana. About 140 

(1) fire control is much easier and (2) it is assumed that the 

acres were burned on May 30, 1973. 
Daubenmire (1968), Vallentine (1971), and Wright (1974) 

provide a fairly complete review of the literature relating to the 
use and effects of fire. 

Rain storms beating on the surface of burned soils may reduce 
infiltration rates, thus sometimes reducing soil moisture (Hanks 

Study Area 
The study area is in the Gallatin National Forest, located on Taylor 

Fork of the Gallatin River, immediately southwest of the Taylor Fork 
and Wapiti Creek junction. 

The pasture is in a grazing system in a horse allotment. The range 
was rested 1 year prior to the bum and was classified as good 
condition. 

towards the northeast. Site 1 is more exposed than site 2, which is 
surrounded by timber and topographical barriers. The snow melted 
from site 1 almost two weeks earlier than from site 2. 

The burn was not complete, leaving some areas completely un- 

Two experimental sites were chosen. The lower site (site 1) is at 
6,900 ft elevation while the upper site (site 2) is at 7,200 ft. Both sites 
were divided into two blocks, one burned and the other protected from 

burned, some partially burned, and others completely burned. Of the 

burning. Site 1 is gently sloping towards the east while site 2 is sloping 

two sites studied, site 1 had the most complete burn. The fire was 
much less intense in site 2 

The soils of site 1 are well drained. The profile has about 15 cm of 
very dark brown loam surface layer, a grayish brown blocky structured 
clay loam subsoil, and a calcareous loam substratum that rests on 

and Anderson 1957; Anderson 1965). In some instances higher 
infiltration rates are reported on burned sites than on unburned 
sites (Scott and Burgy 1956; Beaton 1959). Tot-rant (1956) 
explained that light surface bums may increase the macroscopic 
pores and percolation rate through burning individual dead 
shrub and grass roots for several inches into the soil. 

The oxidation of organic materials and production of ash by 
fire are accompanied by a release of bases, resulting in slight 
increases of pH (Lloyd 1971). This author concluded that the 
effects of fire in terms of plant nutrition are unimportant in the 
ecology of grassland relative to damage caused to the plants and 
alteration in the physical environment. 

Blaisdell (1953), in a study in the upper Snake River Plains, 
stated that all plants are damaged by fire, but if given complete 
protection from grazing for one season, most recover. He found 
that Idaho fescue (Festuca iduhoensis) was slower to recover 
than other species. It is generally accepted that the effect of 

partially weathered sandstone. The soils of site 2 are excessively 
drained. The profile has a thin dark grayish brown loam surface layer, 
a weak blocky structured grayish brown gravelly loam subsoil, and a 
calcareous gravelly loam substratum. Fractured hard bedrock occurs at 
about 20 cm. 

The dominant shrubs in both sites are big sagebrush (Artemisia 
tridentata) and silver sagebrush (Artemisia cana). Shrubby cinquefoil 
(Potentifla fruticosu) occurred in site 1 only. One spike danthonia 
(Dunthonia unispicatu) is the dominant grass in site 1. Mountain 
brome (Bromus murginutus) is the dominant grass in site 2. Both 
species occur in the two sites with Idaho fescue, slender wheatgrass 
(Agropyron trachycaufum), alpine bluegrass (Pou ufpinu), and green 
needlegrass (Stipa viridula). Sedges (Curex spp.) occur in both sites. 
The common forbs are common avens (Geum triflorum), northwest 
cinquefoil (Potentillu grucilis), common dandelion (Turuxucum of- 
ficinule), sticky geranium (Geranium viscosissimum), crag aster 
(Aster scopulorum), velvet lupine (Lupinus leucophyllus), rose pussy- 
toes (Antennaria rosea), Virginia strawberry (Fruguriu virginiana), 
false dandelion (Agoseris gluucu), common yarrow (Achilleu mifle- 
filium), tufted phlox (Phlox cuespitosa), and forget-me-not (Myosotis 

Authors are research scientist, Wildlife Research Unit, P.O. Box 16, Elmourda, 
Omdurman, Sudan; and professor of range science, Department of Animal and Range 

sylvatica). 
Sciences, Montana State University, Bozeman 59717. The average yearly precipitation of the study area is about 40-50 

Financial support for this study was provided by the Gallatin National Forest, U.S. cm-most of it in the form of snow. The monthly average maximum 
Forest Service, and the Montana Agricultural Experiment Station. Copies of the thesis on 
which this report is based and reprints of the report may be obtained by request to Dr. temperatures during the summer range between 60 and 80°F. The 
Payne. The report is Montana Agricultural Experiment Station Technical Paper No. 746. monthly average minimum temperatures during the summer range 

Manuscript received May 5, 1977. between 26 and 39°F. 
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Methods 
SITE I 

Soil Physical Properties 5- 
Mulch collections were made before burning on ten I-dm plots 

located at random in each site. Samples were oven dried and weighed. 4- 
Three different mulch destruction classes were recognized: Class 1, 

25% of the mulch changed to ash; class 2, from 25 to 75% of the mulch 5 3 
changed to ash; and class 3, more than 75% of the mulch changed to x 
ash. The amount of each bum class was measured along two 15-meter E TOTAL GRASSES 
randomly located lines. -0 

Soil temperatures during the bum were determined using Tempil z 
5-_ 

UNBURNED (Y = 4 46 •t 0 Og x, 

Sticks. Tempil Sticks are hard waxes mixed with different chemicals 2 4 ____---- ___---- 

having different melting points. The sets of Tempil Sticks used for the 
surface temperatures had melting points ranging from 120°C to 425°C 

k 
3 

_ 
a 

- - -nURN;~ ;;Z-Z-,7 ;;.oSXi 

and the sets used from the temperatures at the depth of the 1 cm had e 
melting points ranging from 65°C to 175°C. The Tempil Stick waxes 
were broken in small crumbles and folded in aluminum foils made in 5: - 
rectangular shapes about 2.5 X 1.75 cm. Four replicates of Tempil 
Stick sets were placed in each site before burning. I= 

SITE 2 

Measurements of soil temperature were taken weekly in the top 4 cm D 6- TOTAL FORES 
by a soil thermometer with a metallic probe. Measurements were taken 
about 3:00 p.m. 2 5- 

A pocket penetrometer was used to measure soil penetration indices s: 
biweekly. 

m 4 

Two concentric rings having IO-inch and 6-inch diameters and 1 ft $ 7 

high were used to measure infiltration rates. Both were firmly fixed 2 ‘ TOTAL GRASSES 

into the ground and water was applied simultaneously in both rings. 
The time required to complete the absorption of a certain level of water 

9 
_- 

3- 
Q: UNBURNED 

ty=2 \3+006X) _ --------- 

from the inner ring was recorded. 2- - -;G,&- - c 

Moisture in the top 20 cm of the soil was determined by taking ten 
_ - 3.--G : ;32 

_ - &NED 
soil samples from each block and drying them at 105°C until they lost I I I III II 11 1 
no more water. The samples were taken once in late August. a, d- 10) L 2 8 I0 

G 2 2 & & q ? co ; 8 ? ;m;&;uj 

Soil Chemical Properties 
A circle with 3.9 m radius was used on each block to collect soil DATES OF MEASUREMENTS 

samples. Cores of soil were collected every two steps along the cir- 
cumference of the circle. The cores were divided into O-2 cm, 

Fig. 1. Regression lines for changes in basal cover of vegetation through the 

8-- 10 cm, and 18-20 cm depths. About 15 cores were taken around the 
growing season (**highly significant variation due to regression). 

circumference with the soil from each depth being cornposited, thus 
providing a composite sample for each depth in one traverse of the 
circle. Three traverses were made to provide three replications. 
Before-burning samples were collected in mid-May. After-burning 
samples were collected in mid-June. 

In addition to the above, 20 soil cores from completely burned 
surfaces and 20 soil cores from the completely unburned surfaces 
within the burned blocks were collected. The soil samples from 
@2 cm and 8- 10 cm were separated from each core. 

The soil samples were analyzed for pH, oxidizable organic matter, 
exchangeable potassium, calcium and magnesium, available phos- 
phorus, and nitrate-nitrogen. 

Vegetational Analyses 
Basal vegetational cover was estimated weekly on a total of twenty 

4 X 5 dm plots located at 1.5-m intervals on two 15-m transects in each 
block. 

Vegetational development was measured weekly on ten 4 x 5 dm 
plots located at random on each block. Culm heights of dominant 
grasses and sedges and leaf height of dominant forbs were measured. 
Floral development was recorded. 

Observations were made of the “recolonization” of some of the 
completely burned areas and the vegetational development in them. 

Productivity was obtained during the last week of August by 
clipping ten 4 X 5 dm plots located at random on a transect on each 
block. The plots were clipped at ground level. A species was 
segregated whenever it was present in reasonable quantities. The 
samples were oven dried and weighed. 

estimated bum classes indicate major differences between the 
nature of bums in the two experimental sites. In site 1, although 
the mulch was very limited (2.8 g/sq dm), the fire was severe 
and consumed most of the available mulch. The volume of 
mulch in site 2 (10.8 g/sq dm) was considerably greater than in 
site 1, but the fire was very light and resulted in very few severe- 
ly burned surfaces. This was probably due to the fact that site 2 
was more moist than site 1. 

The maximum Tempil Stick temperatures reached during the 
bum were between 175 and 205°C at the soil surface and 
between 65 and 80°C at the depth of 1 cm. This compares with 
temperatures of 600°C to 720°C reported by Daubenmire ( 1968) 
in his summary of fire literature. 

Soil temperatures for the 3-month period following burning 
were generally higher on the burned surfaces (Table 1). Com- 
plete combustion of the mulch cover probably would have 
resulted in greater differences. Sweeney (1956) concluded that 
blackened ash was an important factor determining soil temper- 
atures of burned areas. 

The soil penetration indices were slightly higher in the burned 
than the unburned blocks but the differences were not statistical- 
ly significant. 

Soil Chemical Properties 
The chemical properties of the soils of the burned and 

Results and Discussion 
unburned blocks before and after burning are shown in Tables 2 
and 3 for site 1 and site 2, respectively. 

Soil Physical Properties At site 1, higher pH values occurred in the O-2 and 8-10 cm 
The measurements of the mulch and the measurements of the soil depths in the burned block than in the unburned block. This 
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Table 1. Temperature (‘C) at the top 4 cm of soil on burned and unburned 
blocks at intervals of 1 to 2 weeks through the summer, taken at 
3 p.m. Values are averages of ten measurements. 

Nitrate nitrogen increased at all soil depths in both unburned 
and burned areas. In the O-2 cm depth, the increases were 
greater in the burned areas than in the unburned areas. 

Salts were consistently lower at the after-burning date in site 
I, while little change took place at site 2. Burning did not 
influence salt content. 

Organic matter content of the soil was consistently lower at 
all depths on both burned and unburned soils at the after-burning 
date. It is apparent that fire was not the causative agent in 
organic matter reduction at either site. 

Calcium tended to increase regardless of burning treatment, 
although the trend was not consistent. Magnesium decreased 
consistently regardless of burning treatment. Sodium increased 
consistently and significantly regardless of treatment at site 1. 
No trend was evident at site 2. 

In summary, it appears that the short-term effects of burning 
are most noticeable in the O-2 cm soil depth. There were 
increases related to burning in pH, potassium and nitrate nitro- 
gen levels. 

Changes not related to burning but rather to normal seasonal 
changes were increases in nitrate nitrogen, phosphorus, cal- 
cium, and sodium and decreases in magnesium, salts, and 
organic matter. 

As has been pointed out, the above sampling was from a 
random sampling procedure on block areas protected from fire 
and available to fire. The fire missed some spots in the 
“burned” block at site 1 and a much larger part of the “burned” 
range at site 2. The random sampling included some of these 
unburned spots. A very limited soil sampling (not subject to 
statistical analysis) of spots with mulch totally consumed and 
spots with mulch completely unburned was done and the same 
chemical analyses made. Nearly all characteristics had higher 
values in the burned than unburned spots. Those characteristics 
that increased in the random sampling procedure showed similar 
increases in this test. The increases in those characteristics that 
decreased in the random sampling were very minor. It appears 
that further studies of soil chemical changes would be useful. 

Date Unburned Burned - 

6123 22.8 
6128 23.5 
715 29.7 
7/l I 17.5 
7122 26.0 
7128 30.2 
8116 27.3 
8130 23.8 

Site 1 
26.2** 
28.4** 
28.3 
17.7 
29.2** 
31.8** 
30.6** 
26.0** 

Averages 25.1 27.2 

Site 2 

612 1 21.4 23.3* 
6127 23.6 22.3* 
714 23.6 27.7** 
7113 25.1 27.1** 
712 1 23.0 26.9** 
7128 23.3 24.0 
815 22.4 22.2 
8117 25.7 28.3 
8129 20.8 21.3 

Averages 23.3 24.1 
* Significant differences at the 0.05 probability level. 
** Significant differences at the 0.01 probability level. 

can be attributed to release of bases from the burned ash. At site 
2, where the intensity of the burn was much lower, pH did not 
differ between burned and unburned blocks. 

Phosphorus increased markedly through the summer at site 2, 
but did not change significantly at site 1 except for a reduction in 
one case. Burning apparently had no effect on phosphorus. Site 
2, being more moist and with more organic matter, likely has a 
higher chelation rate than site 1. 

Potassium decreased in the unburned and increased in the 
burned blocks at the O-2 cm soil depth. Changes were not 
consistent at deeper levels. 

Table 2. Soil chemical properties of the burned and unburned blocks before and after burning, site 1, at the O-2 cm, 8-10 cm, and 18-20 cm depths (values 
are averages of three replicates). 

Depth 
(cm) PH 

PPM. Mmhoslcm % Milliequivalent/ 1 OOg 

P K N03-N Salts O.M. Ca Mg Na 

O-2 
Unb. ’ Before’ 6.00 

After 6.03 

Before 6.07 
After 6.37* 

56 812 
56 715* 

43 838 
49 848 

0.8 1.9 11.75 22.3 
1.8** 0.7** 5.80** 19.7* 

0.8 1.7 8.48 19.5 
2.8** 0.9** 5.97 21.9 

3.99 
3.24 

4.29 
4.05 

0.50 
0.83* 

0.56 
0.89** 

Before 6.20 40 635 0.0 0.9 4.87 13.1 2.57 0.50 
After 6.23 32 615 0.5 0.5** 4.47 15.0* 1.94* 0.82** 

Before 6.26 21 661 0.0 0.8 4.57 13.4 3.48 0.69 
After 6.37* 11* 575 0.5 0.5** 4.40 15.4** 3.31* 0.88** 

Before 6.40 31 585 0.0 0.8 4.20 12.3 2.65 0.56 
After 6.33 34 502* 1.4** 0.4** 3.33** 14.1** 2.54 0.84** 

Before 6.37 07 532 0.0 0.7 3.27 12.3 4.04 0.71 
After 6.47 06 442 0.5 0.3** 2.40** 14.5** 3.63 0.96* 

B 

8-10 
Unb. 

B 

18-20 
Unb. 

B 

’ Unb.: Unburned plot. 
B: Burned plot. 
Before: Before burning (mid-May). 
After: After burning (mid-June). 

* Significant differences at the 0.05 probability level. 
** Significant differences at the 0.01 probability level. 
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Table 3. Soil chemical properties of the burned and unburned blocks before and after burning, site 2, at the &2 cm, 2?-10 cm, and l&20 cm depths (values 
are averages of three replicates). 

Depth 
PPM. 

Mmhoslcm % 
Milliequivalent/lOOg 

(cm) PH P K N03-N Salts O.M. Ca Mg Na 

O-2 Before l 6.17 50 1002 0.5 0.7 6.06 21.1 4.73 0.49 
Unb. l After 6.17 66* 914 1.7 0.9 5.87* 25.1 4.69 0.55 

B Before 6.30 66 655 0.2 0.7 6.00 19.8 4.51 0.55 
After 6.33 89** 980** 2.2** 0.7 5.83* 18.9 3.24** 0.63 

8-10 
Unb. 

Before 6.10 28 690 0.0 0.4 5.80 15.2 3.49 0.51 
After 6.00 38 682 1.3** 0.4 5.60 15.1 2.54** 0.49 

Before 6.17 41 962 0.0 0.4 5.46 14.7 3.31 0.55 
B After 6.07 54* 932 1.3 0.5 5.36* 15.3 2.54** 0.69 

18-20 Before 6.10 29 525 0.0 0.4 4.0 13.7 3.23 0.51 
Unb. After 6.00 37* 508 1.8** 0.3 3.7 11.8 2.19* 0.50 

B Before 6.10 37 815 0.0 0.5 5.0 13.4 3.26 0.51 
After 5.93 58 852 0.8** 0.4 3.9@ 13.3 2.13** 0.75** 

’ Unb.: Unburned plot. 
B: Burned plot. 
Before: Before burning (mid-May). 
After: After burning (mid-June). 

* Significant differences at the 0.05 probability level. 
‘* Significant differences at the 0.01 probability level. 

Vegetational Analyses 

Bascrl Cotter 
The responses of individual species to burning is shown in 

Tables 4 and 5. 
The effect of burning on the different grass species showed 

some similarities on the two sites. Significantly lower values 
were observed in the basal cover of Idaho fescue, sedges, and 
alpine bluegrass in the burned block in site 1. The three species 
also showed lower values in the burned block at site 2, but the 

Table 4. Basal cover differences between the burned and unburned 
blocks, site 1, means of 12 weeks measurements (values are in sq dm/20 
sq dm). 

Species Unburned Burned 

Agropyron trachycaulurn 0.15 0.25 
Carex spp. 0.49 0.31 
Danthonia unispicata 2.49 2.70 
Festuca idahoensis 0.27 0.13 
Poa alpina 0.40 0.10 
Stipa viridula 0.16 0.15 
Total grasses and sedges 3.95 3.65 

Achilles rnillefoliurn 0.00 0.01 
Agoseris glauca 0.09 0.04 
Atennaria rosea 0.37 0.30 
Dodecatheon pauciflorurn 0.02 0.00 
Fragaria virginiana 0.13 0.20 
Gem triflorum 1.70 0.90 
Lupinus leucophyllus 0.14 0.17 
Phlox caespitosa 0.42 0.21 
Potentilla gracilis 0.15 0.19 
Taraxacum oficinale 0.03 0.21 

Miscellaneous forbs 0.84 0.54 
Total forbs 3.90 2.78 

Artemisia tridentata 2.05 0.29 
Potentilla fruticosa 0.65 0.15 
Dead Artemisia tridentata 1.28 1.94 
Dead Potentilla fruticosa 0.01 0.07 
Ash 0.00 2.46 
Bare soil 0.62 0.49 
Lichen 0.44 1.06 
Litter 10.99 9.54 
Rock 0.00 0.12 

* Significant differences at the 0.05 probability level. 
.W Significant differences at the 0.01 probability level. 

Differences 

+o. 10** 
-0.18** 
+0.21 
-0.14** 
-0.30* 
-0.01 
-0.30** 

+0.01 
-0.05 
-0.07 
-0.02 
+0.07 
-0.80** 
+0.03 
-0.21** 
+0.04 
+O. 18** 

-0.30** 
-0.12** 

- I .76** 
-0.50** 
+0.66** 
+0.06 
+2.46** 
-0.13 
+0.62** 
7 1.45** 
+o. 12** 

values were not statistically significant. The significant differ- 
ences in site 1 and the lack of significance in site 2 undoubtedly 
retlect the difference in fire intensity. 

Slender wheatgrass showed significantly higher values in the 
burned blocks in both sites. This species did not appear in 
measurable quantities until mid-July. It not only escaped fire 
damage, but likely found the growing conditions more favora- 
ble in the burned than the unburned environments. 

The effect of burning on forbs showed some variations. In site 
1 the total forbs value was significantly lower in the burned 

Table 5. Basal cover differences between the burned and unburned 
blocks, site 2, means of 12 weeks measurements (values are in sq dm/ 
sq dm). 

Species Unburned Burned Differences 

Agropyron trachycaulum 0.11 0.19 +0.08* 
Agrostis alba 0.18 0.08 -0.10 
Brornus marginatus 0.72 0.55 -0.17* 
Carex spp. 0.44 0.42 -0.02 
Danthonia unispicata 0.03 0.05 +0.02 
Festuca idahoensis 0.69 0.66 -0.03 
Poa alpina 0.12 0.12 0.00 
Stipa viridula 0.30 0.30 0.00 
Total grasses and sedges 2.52 2.38 -0.14 

Achilles rnillefoliurn 0.14 0.37 
Agoseris glauca 0.32 0.34 
Antennaria rosea 0.07 0.15 
Aster scopulorurn 0.24 0.43 
Fragaria virginiana 0.01 0.04 
Geranium viscossissirnurn 0.62 0.49 
Geum triJlorum 0.29 0.20 
Lupinus leucophyllus 0.32 0.34 
Myosotis sylvatica 0.28 0.26 
Potentilla gracilis 1.16 1.41 
Taraxacum oficinale 0.73 0.56 
Miscellaneous forbs 0.84 0.74 
Total forbs 5.06 5.36 

+0.23** 
+0.02 
+0.08 
+o. 19** 
+0.03 
-0.13 
-0.09 
+0.02 
-0.02 
+0.25* 
-0.17* 
-0.10 
+0.30 

Arternisia tridentata 1.46 0.08 
Dead Artemisia tridentata 1.49 1.54 
Lichen 0.02 0.00 
Litter 10.63 8.61 
Bare soil 1.54 3.56 
Rock 0.08 0.03 

- 1.38** 
+0.05 
-0.02 
-2.02** 
+2.02** 
-0.05 

* Significant difference at the 0.05 probabtllty level. 
i;b Significant difference at the 0.01 probability level. 



block than in the unburned block. In site 2 the total forbs value 
was nonsignificantly higher in the burned block. 

Common yarrow and northwest cinquefoil showed higher 
basal cover in burned blocks than in unburned blocks in both 
sites. Common avens was reduced by burning at both sites. 
Tufted phlox, which occurred at site 1 only, was significantly 
reduced by burning. Crag aster, occurring only on site 2, 
increased significantly on the burned plots. 

Big sagebrush was reduced significantly at both sites. 
Shrubby cinquefoil, occurring only at site 1, also was signifi- 
cantly reduced. Some resprouting of the latter species was 
noted. 

The consistency of the pattern of changes of basal cover for 
most of the above species in both sites makes it possible to draw 
definite conclusions about the reaction of each species to fire as 
follows: 

Species damaged by fire Species favored by fire 
Sedges Slender wheatgrass 
Idaho fescue Common yarrow 
Alpine bluegrass Crag aster 
Common avens Northwest cinquefoil 
Tufted phlox 
Big sagebrush 
Shrubby cinquefoil 

Interaction between burning effect and dates of observations 
was tested and found to be significant. Obviously these factors 
are not independent of each other. Regression lines were plotted 
for total grasses and total forbs of both sites to reflect the 
relationship between the basal cover measurement and dates of 
observations (Fig. 1). Forbs on the unburned blocks of both sites 
declined through the season from June 27 onward. The forb 
cover on the burned blocks was at lower levels at the beginning 
of the season but did not decrease as rapidly as on the unburned 
areas. Grasses increased through the season at both sites, but 
most rapidly on the burned block of site 2. 

Vegetational Development 
Most grasses and forbs showed slower vegetative growth in 

the burned blocks during the first few weeks of measurements. 
However, most species recovered in short time and the measure- 
ments were comparable after 5 or 6 weeks. 

No clear differences were noticed in the rate of floral develop- 
ment between the burned and unburned blocks in the two sites; 
however there was less floral development in the burned areas. 
Most plant growth within these burned areas remained green 
while vegetational growth in surrounding unburned areas 
became quite dry. 

Forage Production 
Production 12 weeks following the burn tended to be lower on 

the burned than on the unburned range. The difference was 
statistically significant only for total grasses on site 2 with 490 
kg/ha on the unburned block and 308 kg/ha on the burned range. 
Common avens was the only species showing a statistically 
significant response, this on site 1 with 294 kg/ha on the 
unburned block and 32 kg/ha on the burned block. 

Conclusions 

The most important factor affecting the results of this study 
was the nature of the bum. The bum was not a typical shrub- 
grassland bum in which all or most of the fuel caught fire and 
changed to ash, and hence contributed to the physical and 
chemical properties of the soil. The bum was started in 
unfavorable weather conditions and after considerable green 
growth, resulting in localized burned areas with surrounding 
areas not affected at all. The sampling procedures thus included 
both burned and unburned spots within the “burned blocks.” 

In addition to the natural differences between the two sites, 
the nature of the bum experienced in each site was quite 
different. In site 1, severe fire occurred resulting in many 
localized severely burned areas, while in site 2 the bum was 
light. These differences make it difficult to compare the effect of 
burning in the two sites. 

The bum did not cause any major changes in soil physical 
properties. 

Change in soil chemical properties were limited. The changes 
in the chemical properties tested appeared to be due more to 
normal changes in the ecosystem rather than to fire. 

Burning resulted in a considerable reduction of basal cover of 
most of the vegetation. The reduction is mainly attributed to the 
direct damage caused by the fire. The differences between the 
burned and unburned blocks decreased as the season advanced. 

Species respond differently to fire, some being damaged and 
others favored. 
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Effects of Summer Weather Modification 
(Irrigation) in Festuca Idahoensis-Agropyron 
spicatum Grasslands 

D. COLLINS AND T. WEAVER 

Highlight: A simulated summer cloud seeding program was conducted for 4 years 
on a Festuca idcrhoensis-Agropyron spicatum grassland. Production and phenologic 
responses were essentially nil when plots were given 1 .l, 1.2, 1.4 times natural 
rainfall on a per storm basis by sprinkler irrigation. Watering at the rate of 5 
cm/week extended the flowering period in only one species, Tragopogon dubius; 
extended the green leaf season in most species; and increased the production of only 
three species, Festuca idahoensis, Balsamorhiza sagittata, and Tragopogon dubius. 
The increased production occurred only in the year following irrigation and may have 
been due to increased plant reserves and vigor. It appears that summer cloud seeding 
programs will have little or no positive effect on production in this vegetation type. 

Precipitation can probably be in- 
creased in the Northern Great Plains of 
the United States by cloud seeding. 
Silver iodide seeding has increased the 
yield from specific cumulus clouds in 
many experiments and seasonal in- 
creases of lO-20% have been sug- 
gested (National Research Council 
1973; American Meterological Society 
1970; Battan 1969). Within the Great 
Plains, the potential for increasing 
precipitation may be greatest in the 
northern high plains area (Weinstein 
1972). 

The long-term effects of precipita- 
tion increases on native grasslands, the 
dominant ecosystems of the Northern 
Plains, should be a conversion to the 
successfully functioning and generally 
more productive ecosystems found in 
areas to the east with similar tempera- 
tures and a similar seasonal distribution 
of precipitation, but higher precipita- 
tion. Similar conversions occurred in 
10-20 years after the droughts of the 

mid- 1930’s and mid- 1950’s (Weaver 
1968; Coupland 1958). The migration 
westward of more mesic species to fill 
sites created by artificially increasing 
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precipitation will probably take more 
than 1 O-20 years ( 1) because propa- 
gules will not be as available on these 
sites as they were on sites “cleared” 
for short periods by drought and (2) 
because migration of propagules from 
source areas to the east will be hindered 
by large areas of intervening farmed 
land (Whittaker 1967). In their west- 
ward migration, eastern grassland eco- 
systems may be modified significantly 
if they migrate into environments 
different from those they presently 
occupy, i.e., if increases in precipita- 
tion are linked to shifts in the seasonal 
distribution of precipitation (Lewis 
1970); to changes in the frequency of 
fire (= lightning, Daubenmire 1968); 
to changes in the frequency of hail 
(National Research Council 1973; Am- 
erican Meterological Society 1970); or 
to the effects of seeding agents (Weaver 
and Klarich 1973; White 1973; Teller 
and Cameron 1973; Klein and Molise 
1975). 

Because range composition is likely 
to change slowly, one also asks about 
the effects of weather modification on 
vegetation presently existing in the 
target area. The experiment described 
below was designed to answer such 
questions about short- and mid-term 
effects through simulated cloud seed- 
ing. In it we compared the performance 
of native bunchgrass vegetation on a 
plot receiving natural summer rainfall 

to the performance of bunchgrass 
vegetation on three adjacent plots 
receiving 1.1, 1.2, and 1.4 times 
natural rainfall on an individual storm 
basis. Appropriate additions were made 
immediately after each storm through- 
out the growing season. To determine 
the maximum possible effects of a 
precipitation management program we 
also observed the performance of 
vegetation in a constantly wet plot (soil 
water stress always kept below 2 bars). 
Four assumptions underlie our experi- 
ment. Even after successful cloud 
seeding, precipitation will still be 
within the normal range of precipita- 
tion; growing season precipitation in 
the northern plains averages less than 
250 mm (USDA 194 1) so increases are 
unlikely to exceed 50 mm (20%, see 
paragraph 1). Increases are likely to 
come as small additions to existing 
showers. The seasonal distribution of 
precipitation is unlikely to change since 
air masses suitable for seeding are 
unlikely to appear in drought seasons. 
And the probability of drought is 
unlikely to change, since air masses 
suitable for seeding are unlikely to 
appear in drought years (Borchert 
1950). 

Methods 

The experiment was conducted in the 
Festuca idahoensis-Agropyron spicatum 
habitat type of Daubenmire ( 1970) and 
Mueggler and Hand1 ( 1974). The site was 
located 9.5 km north of Bozeman, Mont., 
on Bridger gravelly loam soils (DeYoung 
and Smith 193 1). It has received little or no 
grazing for many years and its condition 
might be classed as “low good.” Plant 
names used follow Hitchcock and Cronquist 
(1973). 

In 1969 five 61 X 61 m (0.40 ha = 1 
acre) plots were established in a relatively 
homogeneous area. The treatments im- 
posed were, from east to west, 0%, 40%, 
20%, lo%, and 5% supplements to natural 
rainfall. Due to lack of plant response in 



1969 and 1970 the 5% plot was converted 
in 1971 to a “continuously wet” plot in 
which irrigations of approximately 2.5 cm 
were made at 3-day intervals. Sprinkling 
began May 15, 1969, May 15, 1970, June 
28, 1971, and June 15, 1972; it ceased on 
September 1 in all years. Sprinkling was 
postponed until mid-June in 1971-1972 
because it was assumed that cloud seeding 
would be avoided during May and early 
June when the water content of soils is near 
tield capacity. Actual additions made in 
1969 were 0, 4, 9, 16, and 33% of the 
precipitation falling at the site (Table 1) 
with the deficiencies all in the unusually 
wet June. Additions in 1970 were 0,4, 10, 
20, and 39% of actual precipitation (Table 
1). Additions in 1971 followed the same 
pattern but were nil-except in the con- 
stantly wet plot-because the June precipi- 
tation fell before sprinkling began and the 
July-August precipitation fell in showers 
too light to mimic (Table 1). Additions 
made in 1972 were 0, constantly wet, 12, 
22, and 41% of actual precipitation. 
Supplements in the wet plot (formerly 5%) 
were 544 mm in 197 1 and 458 mm in 1972. 
Supplemental water was added during 
evenings following showers to minimize 
evaporative losses. Additions to each plot 
were made with 28 “Rainbird” sprinklers 
on 45-cm risers. To provide natural drop 
sizes and good control of the amount of 
water applied, we used 1 l/64-inch nozzles 
in the wet and 40% treatment areas and 
‘/x-inch nozzles in the 20% and 10% areas. 

Meterological conditions in the 1969- 
1970 period are compared with long-term 
averages in Table 1. Relatively large 
temperature deviations (exceeding 2°C) 
occurred in June 1970, August 1970, 
August 197 1, and June 1972. Relatively 
large precipitation deviations (exceeding 
50 mm) occurred in June 1969 and July 
1970. 

The effectiveness of the precipitation 
was determined by measuring the soil 
moisture at five sites in each treatment plot 
with plaster blocks (Taylor et al. 1961) and 
a “Coleman” meter at weekly intervals. At 
each site, blocks were buried at depths of 
10, 25, and 75 cm. 

Phenologic stages of important species 
were recorded weekly to determine whether 
plant development was affected by addi- 
tional precipitation. Observations were 
made in 1 x 10-m subplots located near the 
center of each area treated. Control phenol- 
ogy plots were established in the unir- 
rigated area and in the five unsprinkled 
buffer areas between the sprinkled plots. 
All phenological observations reported 
were made by one observer, L. Taylor. 
Grasses entered the flowering stage when 
the flower was “in the boot,” entered the 
fruiting stage when the seed was hard, and 
entered the ripe stage when the seed was 
shed. For Tragopogon dubius the fruiting 
period is reported instead of the flowering 
period because fruiting is less ephemeral 
and therefore more dependable; the two 
periods are almost identical. 

In each treatment area ten 0.5 x l-m 
plots were clipped fortnightly in 1970- 
1972 to determine the effects of additional 
precipitation on production. Plant material 
was separated into Festuca idahoensis, 
Agropyron spicatum, Bromus tectorum, 
miscellaneous forbs, and litter; dried at 
60°C; and weighed. Plots were located in a 
randomized block design i.e., in each 
treatment area ten blocks were selected for 
their similarity to each other and to blocks 
in other treatment areas, and in each of 
these blocks 30 plots were designated, from 
which one was randomly chosen at each 
clipping date. Clipping was similar in 1969 
to that of 1970- 1972 except that 2 x 5-dm 
plots were used, the plot frame was 
“thrown randomly,” material from the ten 

Table 1. Meterological conditions at Bozeman, Mont., and at the study site, 1969-1972. 

Month Normal’ 1969 1970 1971 1972 

April 6 
May 11 
June 14 
July 19 
August 18 

April 44 
May 85 
June 75 
July 29 
August 30 
Annual2 443 

May3 - 

June - 
July - 

Mean Monthly Temperatures at Bozeman 
9 2 5 5 

12 11 11 11 
13 16 14 17 
19 20 18 18 
20 21 22 19 

Monthly Precipitation at Bozeman 
64 39 72 49 
49 87 56 44 

187 37 . 73 78 
43 80 7 30 
38 25 18 37 

635 492 442 419 
Monthly Precipitation at the Study Site 

11 20 - - 

355 92 120 474 
21 83 6 29 

August - 29 10 20 24 

’ Normals are averages of the last 30 years of record at Bozeman. 
* The year is tabulated as September I-August 3 1. 
’ May 16-30. 
4 June 15 through June 30. 
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frames clipped was pooled prohibiting the 
calculation of standard errors, and the 10 
and 20% plot treatments were clipped at 
maximum standing crop rather than fort- 
nightly. 

Effects of Additions 
to Summer Rainfall 

Additions of approximately 25 mm 
(1 inch) of water every 3 days to the 
“constantly wet” plot kept soil water 
stresses there below two bars through- 
out the top 75 cm of the soil (Fig. 1, 
June 23, 197 I on). Soil water stress 
periods in 25 and 75 cm horizons were 
similar in the plots receiving natural 
rainfall and natural rainfall supple- 
mented by 40% (80 mm in 1970,O mm 
in 197 1, and 41mm in 1972). The 40% 
supplement to natural rainfall shortened 
the soil water stress period only in the 
IO-cm horizon; see 1972 in Figure 1. 
Supplements of less than 40% did not 
significantly affect the length of soil 
water stress periods in any layer. These 
results might have been expected since 
most showers falling on dry soils were 
too small to wet them to 10 cm, and 
most precipitation entering moist (field 
capacity) soils percolated downward to 
depths greater than 75 cm. 

Four observations of the effects of 
supplemental rainfall on plant phenolo- 
gy follow: (1) Species whose growth 
periods were essentially complete be- 
fore watering began were apparently un- 
affected by supplemental water. These 
early spring species included Lomatium 
nwcrocurpum, Lomatium simplex, 
Fritillaria pudica, Delphinium bicolor, 
Mertensia oblongifolia, Phlox hoodii, 
Crepis acuminata, and Bromus tec- 
tot-urn. (2) The flowering period of 
Tragopogon dubius was clearly ex- 
tended by constant watering in 197 I 
and 1972, but was apparently not 
extended in any other species. Lesser 
supplements had no effect on any 
species. The blooming period of Bal- 
samorhiza sagittata, Festuca idaho- 
ensis, and perhaps Agropyron spicatum 
ended at or before the onset of signifi- 
cant soil water stresses. The cool April 
of 1970 may have slightly delayed 
blooming in Balsamorhiza sagittata 
and Achilles millefolium. (3) The 
length of the “live leaf” period was 
generally increased by constant water- 
ing, but was unaffected by lesser 
additions. In relatively dry 197 1, Bal- 
samorhiza sagittata, Agropyron spicu- 
turn,, Lupinus sericeus, Achilles mille- 
folium, and Tragopogon dubius 
br jwned in early August on all plots 
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Fig. 1. The efsects of irrigation on soil water, plant phenology, and production of three species in a Festuca idahoensis-Agropyron spicatum grassland. 
(A and F) Time scales for the graphs between. (B) Precipitation deposited by storms in the irrigation period. (C) Soil water stresses on treatments given 
0, 10, 20, and 40% supplements to natural rainfall or kept constantly wet (wet). Water stresses are compared at three depths: 10 cm, 25 cm, and 75 cm. 
Unshaded areas indicate stresses less than 2 bars, stippled areas indicate stresses of 2-5 bars, hatched areas indicate stresses of 5-10 bars, and black- 
ened areas indicate stresses greater than IO bars. (0) Summer phenologies of Balsamorhiza sagittata (BASA), Festuca idahoensis (FEID), Agropyron 
spicatum (AGSP), Lupinus sericeus (LUSE), Achilles millefolium (ACM), and Tragopogon dubius (TRDU) on plots receiving 0 and 40% supplements to 
natural rainfall or kept constantly wet (wet). The ‘constantly wet’ plot only received 105% of natural rainfall in 1970. Hatched zones indicate periods 
when the plants had live leaves and blackened zones indicate flowering periods. (E) The seasonal progression of standing crop for Festuca idahoensis 
(FEID), Balsamorhiza sagittata (BASA), and Tragopogon dubius (TRDU), three species which respond to added water, in the constantly wet plot, 
is shown. 
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except the constantly wet plot, while 
Festuca idahoensis retained substantial 
numbers of green leaves despite dry 
soils. In slightly moister 1972, Bal- 
samorhiza sagittata and Lupinus 
sericeus browned in mid-August on all 
plots except the constantly wet plot 
while the other plants remained green. 
In relatively moist 1970, leaves of all 
these plants remained green through 
early September. Balsamorhiza sagit- 
tutu, Agropyron spicatum, and Lupinus 
sericeus came into leaf after May 1, 
1970, (i.e., late) because the spring 
was cool: April, 1970, temperatures 
averaged 3.7”C below normal while 
they were within 05°C of normal in 
1971-1972. (4) Though leaves re- 
mained green longer when water was 
added, late season aboveground pro- 
duction was low or nonexistent even in 
the constantly wet (< 2 bars) plots. 
This is illustrated by graphs of standing 
crops of Festuca idahoensis, Bal- 
samorhiza sagittata, and Tragopogon 
dubius, the three species responsible 
for the 1972 production response on the 
constantly wet plot; they show little 
growth after July 1 in either 197 1 or 
1972 (Fig. 1). (The reader will remem- 
ber that the constantly wet plot received 
only 105% of natural rainfall in 1969- 
1970.) 

Net primary production was esti- 
mated for each plot and each year by 
maximum standing crop, sum of spe- 
cies peaks, and trough-peak analysis 
with tests for significant differences at 
the 95%) 89%) and 0% levels (Kelly et 
al. 1974; and Singh et al. 1975). The 
results acquired by summing, for each 
species or group of species clipped, the 
largest live weight observed appears in 
Figure 2. Across all treatments the 
maximum standing crops observed 
averaged 83% of the sum of species 
peaks estimate. Across all treatments 
the sum of species peaks estimate 
averaged 95 % , 92%, and 84% of 
trough-peak estimates made with 95%, 
80%, and 0% probability that a peak is 
significantly higher than the preceding 
trough. Of the total production in all 
treatments 34% was Festuca idaho- 
ensis, 9% was Agropyron spicatum, 
5’3 was Bromus tectorum, 8% was mis- 
cellaneous grasses, 2 1% was Bal- 
samorhiza sagittata, 5% was Tragopo- 
gon dubius, 670 was Lupinus sericeus, 
and 12% was miscellaneous forbs. 

the plot receiving no supplement. The 
absence of a response to sprinkling in 
1970 might be attributed to regular 
rains through early August and the lack 
of potentially limiting soil water 
stresses till late August when plant 
growth potential had become limiting. 
No response to sprinkling should be 
expected in 197 1 since the lack of 
summer storms resulted in no addition 
of water. The apparent response to the 
20% and 40% rainfall supplements 
in 1972 is not statistically significant 
even at the 20% confidence level; it is 
due in the 40% treatment to growth of 
Balsamorhiza sagittata which occurred 
before sprinkling began; and it is due in 
the 20% treatment to a “response” of 
Festuca idahoensis which did not occur 
in the 40% treatment. Two explana- 
tions for the failure of supplemental 
rainfall to increase production seem 
possible: (1)One might argue, probably 
incorrectly, that none of the water 
added reached the plants due to small 
natural showers which resulted in light 
supplemental additions, high canopy 
catch, and high clothesline effect (= 
small plot size, Tanner 1957). This is 
doubtful because 7, 7, 0, and 0 rains 
exceeded 1.25 cm in 1969-1972, res- 
pectively; the canopy is a rather open 
bunchgrass type; the plots are relatively 
large (0.40 ha); and soil water stresses 
at 10 cm were reduced, especially in 
1972, by sprinkling on the 40% plot 
(Fig. 1). (2) The argument that water 
doesn’t limit current aboveground 

growth of plants on this site appears 
stronger for three reasons. In similar 
grasslands yields were correlated only 
with precipitation in May (Mueggler 
1972) when soil water stresses on our 
site were less than 2 bars (Fig. 1). In 
other grasslands of the northern plains. 
April through mid-June precipitation 
controlled yields (see below) and in this 
period, too, soil water stresses on our 
site were less than 2 bars. Production 
on our control sites was very similar 
from year to year despite the relatively 
moist springs (April-June) of 1969 (96 
mm more precipitation than normal in 
Bozeman) and 197 1 (+ 49 mm) and the 
relatively dry springs of 1970 (- 16 
mm), and 1972 (- 41 mm). 

Production of plots kept “constantly 
wet” was increased significantly (90% 
level) in 1972, but not in 1971. The 
yield increase observed in 1972 was 
due to increased production of Festuca 
idahocnsis, Balsamorhiza sagittata, 
and Tragopogon dubius. When one 
graphs standing crops of these species 
against time (Fig. l), he sees that most 
of the material produced by these 
species was produced before sprinkling 
began (June 15, 1972), so the increased 
production observed must be a product 
of 1971 watering. The heavy pro- 
duction of these species is not due to 
use in 1972 of water stored in 2971, 
however, because soils in the control 
and lightly sprinkled plots were brought 
to field capacity by natural rains before 
the growing season began-they were 

1969 1970 1971 

m Tragopogon 

4oo I---- q  Balsamorhiza 

n Festuca 

0 Mist grass 

I 

_ 0 Mist forb 

NE 

3oo 

t 

Preclpltation supplement 0 

Production on plots given lo%, 
20%, and 40% rainfall supplements 
was never significantly greater than on 

Fig. 2. Abovegroundproduction on plots receiving 0, 10,20, or 40% supplements to natural rainfall 
or kept constantly wet (wet). The constantly wet plot (water stresses below 2 bars) was only given a 
5% supplement to natural rainfall in 1969 and 1970. Production was estimated by summing the 
maximum standing crops of Tragopogon dubius (TRDU), Balsamorhiza sagittata (BASA). Festuca 
idahoensis (FEID), miscellaneous grasses (MIGR), and miscellaneous forbs (MIFB); standard 
errors of the maximum standing crops are indicated by bars. Heights of the 1969 10% and 20% 
estimates are increased (dashed lines) on the assumption that these maximum standing crop 
estimates are 83% of what a sum of the species peaks estimate would have been (see text). 
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rewet to 10 cm by mid-September, to 
25 cm by early October, and to 75 cm 
by early March (Weaver 1975). One 
may speculate, therefore, that the post- 
poned production is a product of plant 
reserve materials stored during August 
of 197 1 while plants were “green but 
not growing ’ ’ or a product of high 
decomposition and nutrient release 
rates during the normally dry late 
summer. 

Other Studies of 
Precipitation Effects 

Regression studies generally demon- 
strate increased yields on native range 
with increases in effective precipita- 
tion. In the Bouteloua gracilis- 
Agropyron smithii-Stipa comata type 
of the western Dakotas, Whitman and 
Haugse ( 1972) reported yield increases 
on two native range sites of about 44 
kg/ha/cm of precipitation. In Bouteloua 
gracilis-Agropyron smithii types of 
Alberta, Montana, and Wyoming, 
yield increases of 34 kg/ha/cm 
(Smoliak 1956), 32 kg/ha/cm (Ballard 
1974), less than 35 kg/ha/cm (Caprio 
and Williams 1973), and 32 kg/ha/cm 
(Noller 1968) were reported. In shrub 
grasslands dominated by Artemisia tri- 
derztata, responses of 17 kg/ha/cm 
(Blaisdell 1958) and 15 kg/ha/cm 
(Noller 1968) were reported. And in 
Festuca idahoensis grasslands above 
2,100 m Mueggler ( 1972) reported 
responses of 74 kg/ha/cm. Kg/ha/cm 
may be converted to pounds/acre/inch 
by multiplying by 2.26. All of these 
studies emphasize the importance of 
correlating yield with periods of rain- 
fall that are effective in production; 
with precipitation, in other words, that 
falls either in early parts of the growing 
season (usually April through mid- 
June) or in water storage periods of the 
previous fall (Rogler and Haas 1947; 
Caprio and Williams 1973; Blaisdell 
1958; and Noller 1968). Results of 
Caprio and Williams (1973) suggest 
that rainfall associated with the previ- 
ous growing season may also be 
et’fective, probably through effects on 
plant vigor. On consideration of site to 
site variation Sneva and Hyder (1962) 
conclude for the inter-mountain region 
that a 1% increase (or decrease) in 
rainfall over the median will result in a 
1% increase (or decrease) in yield over 
the median yield. 

In contrast to the cool-season grass- 
land we studied, irrigation experiments 
show that constant watering may in- 
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crease the yields of warm season grass- 
lands dominated by Bouteloua gracilis 
significantly (Klages and Ryerson 
1965; Smika et al. 1965; and Lauenroth 
and Sims 1973). Water spreading 
experiments show that water applied in 
the rainy seasons and in proportion 
(unknown) to actual rainfall can in- 
crease yields on sites dominated by 
Bouteloua gracilis or Agropyron 
Smithii by 16 to 350% (Branson 1956; 
Huston 1960; Cosper and Thomas 
1961). 

Conclusions 

The regression studies summarized 
above indicate that short-term additions 
to rainfall in the fall and early spring 
(April through mid-June) may increase 
yields on relatively good sites in the 
northern plains at rates of about 31 
kg/ha/cm in Bouteloua gracilis- 
Agropyron smithii grasslands to 75 kg/ 
ha/cm in Festuca idahoensis grass- 
lands. 

Our studies suggest, however, that 
cloud seeding in the summer months 
(mid-June through August) may not 
immediately increase yields of grass- 
lands in the northern plains. On our 
irrigated Festuca Idahoensis-Agropy- 
ron spicatum plots, for example, we 
observed no increased production when 
natural rainfall was supplemented by 
40% i.e., when May through mid-June 
precipitation was increased by 5.3, 
3.3,0.0, and 0.0 cm in 1969-1972 and 
when mid-June through August preci- 
pitation was increased by 8.1,4.6,0.0, 
and 4.1 cm in 1969- 1972, respectively. 
A spring response was probably lacking 
because water was not a limiting factor 
on the study site through mid-June. A 
summer response was probably lacking 
because additions as large as 0.4 times 
natural rainfall were far too small to be 
effective during the summer period. 
Regular large additions to soil water (5 
cm irrigation weekly) increased har- 
vestable yields in the year following 
that in which they were made, probably 
by increasing plant reserves and vigor. 

Would a really larger Bouteloua 
gracilis-Agropyron smithii grasslands 
respond to increased summer rainfall as 
the Festuca idahoensis-Agropyron 
spicatum grassland did? Increased yield 
might be observed after several years if 
increased summer precipitation re- 
sulted either in increased vigor and/or 
densities of existing grasses or replace- 
ment of these with more productive 
grasses. On the other hand decreased 

yields might be observed if increased 
summer precipitation resulted in in- 
creased importance of less productive 
grasses such as Bouteloua gracilis 
(Lewis 1970). 
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THESIS: COLORADO STATE UNIVERSITY 

Standing Crop, Diets, Travel and Weight Changes Under Short-duration and 
Continuous Grazing, by Dean Mauritz Anderson, MS, 1977. 

Forbs and pricklypear (Opuntia macrorhiza) fruit were selected in 
greatest amounts when their availability was highest. In the SDG 
system forb consumption declined most rapidly during the first 7 days 
of the 2%day grazing periods. Crude protein also followed this trend, 
while digestible energy showed a more linear decline over the 28 days. 
Crude protein and digestible energy were highest in early spring diets 
and thereafter declined linearly reflecting standing crop maturity. A 
digital pedometer, housed in a foam-rubber-padded metal case 
attached to a leather band buckled around the heifer’s foreleg, was 
used to monitor travel of four heifers between July 31 and December 
3 1. Heifers under SDG traveled less than those on continuous grazing 
with a significant linear decrease for both treatments from July to 
December. Travel for esophageally-fistulated animals did not differ 
significantly from travel of non-fistulated heifers. Travel of animals 
under continuous grazing appeared to be related most to botanical and 
chemical components of the diet, while under SDG animal travel was 
also related to several weather parameters. Non-fistulated animals on 
continuous and SDG did not differ significantly with respect to actual 
weight, average daily gain or percent change in weight during the 
28-day grazing periods. There was a significant linear increase in 
actual weight for both treatments between March and December. The 
largest average daily gain and percent change in weight corresponded 
to the time of spring forage growth with lowest gains in the fall when 
standing crop was mature. Over the ten 2%day periods, mean actual 
weight, average daily gain and percent change in weight for the 
esophageally-fistulated heifers in the SDG system were significantly 
lower than for the esophageally-fistulated heifers on continuous 
grazing. 
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Evaluation of Herbicides for Roadside Weed 
Control in New Mexico 

P. C. QUIMBY, JR., R. L. MCDONALD, R. G. LOHMILLER, 
AND R. L. BRAMMER 

Highlight: Twenty-eight herbicides or combinations of the second and third season after planting. Mowing the newly 
herbicides were evaluated for selecting control for kochia and established grass stands, even for weed control, is undesirable 
Russian thistle in grasses desirable for roadside erosion control: 
sideoats grama, sand dropseed, western wheatgrass, Indian rice- 

because the young grass seedlings need as much top growth as 

grass, and threeawn. Based on their ability to control weeds with- 
possible during the first growing season to establish their root 

out injuring desirable grasses, treatments that were superior to 
system. Moreover, it is difficult to mow all the grass before the 

the bromacil standard (2 lb/acre) were: bromoxynil at 0.5 and 1 
weeds get a good start and offer serious competition to the grass. 

lb/acre, dicamba at 1 lb/acre, and 2,4-D amine at 3 lb/acre. The purpose of this project was to evaluate herbicides for 
control of annual weeds, such as kochia and Russian thistle, in 
established stands of grasses that were planted or had volun- 
teered from indigenous stands along highways in New Mexico. 

The control of annual broadleaved weeds in seedings of 
native grasses along roadsides in low rainfall areas of New 
Mexico (Quimby 1971) is quite different from the control of 
noxious perennial grasses encountered along highways in 
higher rainfall areas, e.g., Oklahoma (Huffine et al. 1968), 
Arkansas (Sckerl et al. 1966), and Mississippi (Hussey 1966; 
Snuggs 1973). In New Mexico, the Soil Conservation Service 
has suggested the use of native grasses for “critical area” 
stabilization (Lohmiller 1971). Dates selected for seeding are 
those with the highest probability of receiving 0.6 inch or more 
precipitation during each of two, consecutive, 3-week periods. 
A minimum probability of 60% is preferred, and dates within 
the “rainy” season of July, August, and early September are 
usually selected (Lohmiller 197 1; Brammer 197 1). Rainfall 
during these 3 months may constitute about half the annual 
precipitation for much of the state. Weeds and grasses compete 
for this limited moisture. 

Russian thistle (Sal.sola kali L. var. terzuifolia Tausch) and 
kochia [Kochiu scopariu (L.) Schrad.] are the worst weed 
problems in roadside seedings of native grasses in New Mexico. 
Mowning is recommended the first year of seeding for the control 
of Russian thistle when it is the predominant weed. The mowed 
thistles provide some cover for the soil and shade the new grass 
seedlings without undue competition. However, even when 
i-lowed, kochia competes strongly for water and nutrients, and a 
dense stand can completely crowd out the grass seedlings. In 
those areas that cannot be mowed (e.g., along steep slopes in 
interchanges), Russian thistle and kochia often crowd out new 
grass seedlings and compete with the established grasses during 

At the time of the research, authors were plant physiologist and agricultural research 
technician, Plant Science Research Division, Agricultural Research Service; soil con- 
servationist, Soil Conservation Service, U.S. DepartmentofAgriculture, Los Lunas, New 
Mexico; and horticulturist, New Mexico State Highway Dep.,Santa Fe. Quimby is 
presently plant physiologist, Southern Weed Sci. Lab., Stoneville, Mississippi; 
McDonald is agricultural research technician, Cotton Physiology Lab., Phoenix, Arizona; 
Lohmiller is plant materials specialist, Soil Conserv. Serv., U.S. Dep. Agr., Bozeman, 

Montana; and Brammer is principal landscape architect, Construction Div., New Mexico 
State Highway Dep., Santa Fe. 

The report represents cooperative investigation of Sci. and Educ. Admin. and Soil 
Con\crv. Serv., U.S. Dep. Agr. and the New Mexico State Highway Dep. 

Manuscript received June 16, 1977. 

Materials and Methods 

The herbicides were evaluated for: low toxicity to established, 
desirable grasses; an acceptable level of control of the undesirable 
annual weeds; and minimum hazard to crops and ornamentals growing 
adjacent to or within the right-of-way. 

The major herbicide previously used by the highway department 
was bromacil (Table l), a nonselective soil sterilant, at 2 lb/acre. It 
was included in the tests, along with another soil sterilant, karbutilate 
(Table I) to establish an index of grass injury and weed control for 
these chemicals. 

Fifteen herbicides (Table 1) were applied at various rates and com- 
binations (28 treatments total) to plots replicated in quadruplicate in a 
randomized complete block design at three locations along Interstate 
25 and Interstate 40 in the vicinity of Albuquerque, New Mexico, in 
August, 197 1. These three areas were selected to include as large a 
number of plant species as possible in the treatments. 

Herbicides wereapplied with a push-type bicycle sprayer delivering 
25 gal/acre of carrier on a 36-inch wide strip. A nonionic surfactant at 
0.5% (v/v) was included with all treatments. Treated areas were 
mowed at irregular intervals by the New Mexico State Highway 

Table 1. List of herbicides evaluated in 1971 for control of weeds along 
roadsides in New Mexico. 

Common name 

Benefin 
Bromacil 
Bromoxynil 
Chlotflurenol 
2,4-D amide 
2,4-D amine 
DCPA 
Dicamba 
Fenac 
Karbutilate 

Methazole 

MH 
Picloram 
Simazine 
2,3,6-TBA 

Chemical name 

N-butyl-N-ethyl-a,cr,a-trifluoro-2,6-dinitro-p-toluidine 
5-bromo-3-set-butyl-6-methyluracil 
3,5-dibromo-4-hydroxybenzonitrile 
Methyl 2-chloro-9-hydroxyfluorene-9-carboxylate 
(2,4-dichlorophenoxy) acetamide 
(2,4-dichlorophenoxy) acetamine 
dimethyl tetrachloroterephthalate 
3,6-dichloro-o-anisic acid 
(2,3,6-trichlorophenyl) acetic acid 
rert-butylcarbamic acid ester with 3(m-hydroxyphenyl)- 

1,l -dimethylurea 
2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine- 

3,5-dione 
1,2-dihydro-3,6_pyridazinedione 
4-amino-3,5,6-trichloropicolinic acid 
2-chloro-4,6-bis(ethylamino)-s-triazine 
2,3,6-trichlorobenzoic acid 
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Department. Plots were visually evaluated by three or four observers at 
3 and 6 weeks after treatment. Weed control and grass injury scores 
were based on 0 = no injury; 100 = dead. Weed control scores were 
averages of the two visual estimates of percent kill of weeds and 
percent injury to weeds at the time of evaluation (postemergence 
effects) at Tijeras Canyon and Interstate 40 west of Albuquerque. The 
percent kill of weed seedlings (preemergence effect) was included in 
the average of Tijeras Canyon where seedlings had emerged after 
treatment. A performance index score (PI) was calculated for each 
treatment by subtracting the mean percent injury to grasses (all 
locations) from the mean weed control score. The data were subjected 
to analyses of variance and standard errors of means (Sz) and co- 
ettlclents of variation (CV) were calculated. The means were compared 
with Duncan’s multiple range test at the .Ol level of significance. 

Highway Areas Selected for Herbicide Evaluation 

This area was located east of Tijeras Canyon on the median of I-40 
and began about 100 ft west of the State Road 2 17 overpass. The 
median was about 60 ft wide; the plots were approximately 50 ft long. 
The Highway Department had reseeded the area. The predominant 
grass was western wheatgrass (Agropyron smithii Rydb.) with some 
squirreltail [Sitanion hystrix (Nutt.) J. G. Smith), Kentucky bluegrass 
(Pact pratensis L.), sideoats grama [Bouteloua curtipendula Michx.) 
Tort-.], and sand dropseed [Sporobolus cryptandrus (Torr.) A. Gray). 
Kochia had developed to a good stand over most of the area. Weed 
control and grass tolerance to the various herbicides were evaluated. 
This area was sufficiently large to permit untreated plots between each 
treatment. Soils were loams to heavy clay loams (“B” horizon 
exposed by construction). 

This area was located west of Albuquerque on the median of I-40 
about 2 miles west of the Central Avenue Interchange. The median 
was 100 ft wide and was seeded to sideoats and blue grama [Bouteloua 
grtrcilis (H.B.K.) Lag.]. Some Indian ricegrass [Olyzopsis hy- 
rtzerzoiries (Roem. & Schult.) Ricker] on the drier slopes,, sand drop- 
seed, Russian thistle, and kochia were also present. Plots were 80 ft 
long, with untreated plots located between each treatment. Soils were 
loamy to fine sandy loam (mixed road fill). 

The area was located near Sandia Pueblo on I-25 in the right-of- 
way on the west side of the highway. 

Grasses present were indigenous to the area (approximately 60% 
threeawn (Aristidu spp.), 35% Indian ricegrass, and 5% sand drop- 
seed). The soil is a fine sandy loam with some surface gravel. The 
plots were 60 ft long, with untreated plots between each treatment. 
The main reason for selecting this site was the presence of the Indian 
ricegrass. Weeds were sparse, and only tolerance of the grasses to the 
herbicides was tested. 

Results and Discussion 

Weed Control Scores 
Weed control scores were higher at Location 2 (I-40), west of 

A Ibuquerque) than at Location 1 (Tijeras Canyon) with the same 
chemicals (Table 2), perhaps because the soil was sandier at 
Location 2. Some of the treatments varied considerably in their 
effects at the different locations. When averaged over the two 
locations, two soil sterilant treatments, bromacil at 2 lb/acre and 
karbutilate at 2 lb/acre, provided significantly higher weed 
control scores than nine other treatments. Only four of the 
treatments, fenac at 2 lb/acre, simazine at 1 lb/acre, 
chlortlurenol + MH at I+ I lb/acre, and chlorflurenol at 3 lb/ 
acre, had significantly lower weed control scores than the 13 
treatments that produced weed control scores of 70 or higher. 

Table 2. Mean weed control scores for herbicides evaluated 3 and 6 weeks 
after application in August, 1971, for control of Russian thistle and 
kochia along roadsides at Tiieras Canyon and Interstate 40 (I-40) 2 miles 
west of Albuquerque, N. Mex. 

Location 

Treatment 

Tijeras I-40 west of 
Rate Canyon Albuquerque Mean 

(lb/acre) (score) (score) (score) 

Bromacil 
Karbutilate 
2,4-D amine + methazole 
Karbutilate 
2,4-D amine + methazole 
Dicamba 
Bromoxynil 
2,4-D amine 
2,4-D amine + DCPA 
Dicamba 
Bromoxynil 
2,4-D amine + 2,4-D amide 
2,4-D amine + 2,4-D amide 
2,4-D amine 
2,4-D amine + fenac 
2,4-D amine 
Picloram + 2,4-D amine 
2,4-D amine + Benefin 
2,4-D amine + fenac 
2,4-D amine + Benefin 
2,4-D amine + DCPA 
2,3,6-TBA 
2,3 ,&TBA 
Fenac 
Fenac 
Simazine 
Chlorflurenol + MH 
Chlorflurenol 

sx, cv 

2 lOOa’ 
2 97a 
1+3 95 a 
1 86 ab 
1+1 77 abc 
1 66bcd 
1 66 bed 
3 58 cd 
1+4 65 bed 
0.5 57 cd 
0.5 47 def 
1+2 54 cde 
1+1 53 cde 
2 55 cd 
1+3 47 def 
1 44 def 
0.25+0.5 44def 
1+1 40 d-g 
0.5+1.5 26 fgh 
1+1.5 27 e-h 
1+8 27 e-h 
2 24 fgh 
4 26 fgh 
4.5 14gh 
2 15gh 
1 5h 
1+1 6h 
3 4h 

6.3,26% 

1OOa 
1OOa 
98a 

IOOa 
1OOa 
1OOa 
1OOa 
91a 
82 ab 
90a 
98a 
89a 
89a 
81ab 
88 ab 
88 ab 
86 ab 
89a 
95a 
88 ab 
72 abc 
74 abc 
61 bed 
50 cd 
44d 
40 de 
18e 
18e 

1OOa 
98a 
96 ab 
93 ab 
88 abc 
83 a-d 
83 a-d 
74 a-d 
74 a-d 
73 a-e 
73 a-e 
72 a-e 
71 a-e 
68 a-f 
68 a-f 
66 a-f 
65 a-f 
64 a-f 
60 a-f 
58 b-g 
50 c-h 
49 c-i 
44 d-i 
32 e-i 
30 f-i 
22 ghi 
12hi 
lli 

6.5917% 8.8.20% 

’ Values followed by the same letter within a column are 
.Ol level according to Duncan’s multiple range test. 

not significantly different 

Most of the treatments could not be separated on the basis of 
statistical analysis. Excluding the soil sterilant treatments, 17 of 
the treatments produced weed control scores that were not 
significantly different at the .Ol level. 

Simazine at 1 lb/acre would not be expected to exert much 
post-emergence effect on existing weeds, but results from 
previous tests showed this chemical provided good pre- 
emergence control of Russian thistle in a sandy soil. Also, 
chlorflurenol, a growth inhibitor, would not be expected to 
provide weed kill (Harris et al. 197 1). Unfortunately, a good 
evaluation of growth inhibition was not possible because the 
plots were mowed. 

Kill of weed seedlings (preemergence effect) paralleled the 
postemergence effects. Bromoxynil was not effective as a pre- 
emergence treatment. This response was expected because 
bromoxynil is a contact-type herbicide with little activity 
through the soil. Simazine at 1 lb/acre did not perform well as a 
preemergence herbicide. A higher rate might have resulted in 
better performance. 

Injury to Grass 
In contrast to the poor separation of treatments with respect to 

weed control, differences with respect to injury to the grasses 
were quite obvious (Table 3). As averaged over three locations, 
the two soil sterilants produced significantly greater injury to the 
grasses than did all other treatments. The other treatments 
produced an average of less than 25% injury to the grasses and 
none of these treatments were significantly different. 
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Table 3. Mean visual estimates of percentage of grass injury caused by 
herbicides evaluated 3 and 6 weeks after application in August, 1971, for 
weed control along roadsides at Tijeras Canyon, Interstate 40 (I-40) 2 
miles west of Albuquerque, and Interstate 25 (l-25) at Sandia Pueblo. 

Location 

Treatment Rate 

I-40 west I-25 at 
Tijeras of Albu- Sandia 

Canyon’ querque’ Pueblo3 Mean 
(%) (%) (%) (%) 

Karbutilate 2 82 a4 
Karbutilate 1 72a 
Bromacil 2 85 a 
2,4-D amine + methazole 1+3 32 bc 
2,3,6-TBA 2 25cd 
2,3,6-TBA 4 32bc 
Simazine 1 4Ob 
Fenac 4.5 IOe 
2,4-D amine + methazone 1+1 12de 
2,4-D aine + DCPA I+1 12de 
2,4-D amine + 2,4-D amide 1+2 8e 
2,4-D amine + fenac 1+3 5e 
Dicamba 0.5 IOe 
Dicamba 1 8e 
Chlorflurenol + MH 1+1 5e 
2,4-D amine + DCPA I+8 Oe 
knac 2 Oe 
Chlorflurenol 3 2e 
Bromoxynil 0.5 Oe 
2,4-D amine + Benefin 1+1 Se 
2,4-D amine + fenac 1.5+1.5 5e 
2,4-D amine 2 Oe 
2,4-D amine 2e 
Picloram + 2,4-D amine :.25+0.5 5e 
2,4-D amine + 2,4-D amide I+ 1 Oe 
2,4-D amine + Benefin ]+I.5 Oe 
2,4-D amine 1 Oe 
Bromoxynil 1 Oe 

IOOa 62a 8la 
95a 45 abc 71 a 
58b 55ab 66a 

8c 30 bed 23b 
8c 28 cde 20b 

12c 2de 15b 
oc 5de 15b 
SC 18de llb 
oc 15de 9b 
2c 12de 9b 
2c 15de 8b 
2c 18de 8b 
5C 5 de 7b 
8c 5de 7b 
oc 12de 6b 
oc 18de 6b 
oc 15de 5b 
2c 5de 3b 
oc 8de 3b 
2c Oe 2b 
oc 2de 2b 
oc 8de 2b 
2c 2de 2b 
OC Oe 2b 
oc 2de lb 
Oc Oe Ob 
OC Oe Ob 
oc Oe Ob 

sx, cv 3.4,4 1.8% 3.0,53% 5.5,96% 5.7,71% 

’ Principal grass was western wheatgrass. 
1 Principal grasses were sideoats and blue gramas. 

‘I Principal grasses were threeawn, Indian ricegrass, and sand dropseed. 
’ Values vollowed by the same letter within a column are not significantly different at the 

.Ol level according to Duncan’s multiple range test. 

Simzaine at 1 lb/acre injured (40%) western wheatgrass at 
Location 1 (Tijeras Canyon) but did not appreciably injure the 
other grass species at the other two locations (see footnotes 1,2, 
and 3 at bottom of Table 3). Also, the combination of 2,4-D 
amine and methazole at I+3 lb/acre injured western wheatgrass 
at Locat ion 1 and threeawn, Indian ricegrass, and sand dropseed 
at Location 3 (I-25 at Sandia Pueblo). This injury was 
apparently caused by the methazole because 2,4-D alone did not 
harm the grasses. The combination of 2,4-D - methazole at 1 + 1 
lb/acre injured western wheatgrass significantly less than did 
the combination with the higher rate (3 lb/acre) of methazole. 
No injury to any of the grasses at any of the locations was 
detected for bromoxynil at 1 lb/acre, 2,4-D amine at 1 lb/acre, 
or for 2,4-D amine + benefin at 1 + 1.5 lb/acre. At Location 2 
(I-40, west of Albuquerque), 1 month after treatment, sideoats 
grama appeared to be more resistant than blue grama to bromacil 
at 2 lb/acre. 

The results with the soil sterilants generally agreed with those 
of others (Bowmer and McCully 1969), clearly showing that 
this type of chemical should only be used in those areas 
requiring total vegetation control. 

Performance Index sx, cv 8.8,20% 5.7,71% 7.5,26% 

A performance index was calculated for each treatment ’ Values followed by the same letter within a column are not significantly different at the 

(Table 4). The Performance Index, or PI, was equal to the Weed .Ol level according to Duncan’s multiple range test. 

Control Score (Table 2) minus Percent Injury to Grass (Table 3). 
In general, the performance indices for a given treatment were 
quite consistent in relative rank over all locations. However, PI 
scores were generally higher for Location 2 (I-40, west of 
Albuquerque) than for Location 1 (Tijeras Canyon). This 
relationship reflected the generally better weed control at 
Location 2 (Table 2). 

Bromacil at 2 lb/acre was selected as a standard for com- 
parison because it was already in use in some highway 
department districts. Seven treatments had significantly higher 
PI values than bromacil (Table 4). These seven treatments were: 
bromoxynil at 0.5 or 1 lb/acre, 2,4-D amine + methazole at 
I+ 1 lb/acre, dicamba at 1 lb/acre, 2,4-D amine at 3 lb/acre, and 
2,4-D amine + 2,4-D amide at 1+ 1 lb/acre. Methazole is not 
registered for noncropland use. Also, 2,4-D amide is not readily 
available at present. Four treatments, bromoxynil at 0.5 or 1 
lb/acre, dicamba at 1 lb/acre, and 2,4-D amine at 3 lb/acre, are 
currently cleared and registered for noncropland use. 

All three of these herbicides would be acceptalbe for use 
along highway rights-of-way, except where spray drift or 
vapors could come into contact with sensitive crop plants or 
omamentals. Under these conditions, bromoxynil is probably 
the least hazardous because it is a nonvolatile, contact-type 
herbicide. If bromoxynil or 2,4-D amine is used, retreatment 
may be necessary when a new crop of weeds appears because 
residual activity of these herbicides in soil is short. 

Conclusions and Recommendations 

Bromoxynil at recommended rates is relatively nontoxic to 

Table 4. Performance Index (PI) calculated from weed control scores 
(average for two locations) and injury to grasses (average of three 
locations) as visually estimated for herbicides evaluated for control of 
Russian thistle and kochia along roadsides in New Mexico. 

Treatment 

Weed Control - Grass Injury = Perf. Index 

Rate 
(lb/acre) (Score) (%) (PI) 

Bromoxynil 
2,4-D amine + methazole 
Dicamba 
2,4-D amine + methazole 
2,4-D amine 
2,4-D aine + 2,4-D amide 
Bromoxynil 
2,4-D amine 
Dicamba 
2,4-D amine 
2,4-D amine + DCPA 
2,4-D amine + 2,4-D amide 
Picloram + 2,4-D amine 
2,4-D amine + Benefin 
2,4-D amine-fenac 
2,4-D amine + fenac 
2,4-D amine + Benefin 
2,4-D amine + DCPA 
Bromacil (STANDARD) 
2,3,6-TBA 
2,3,6-TBA 
Fenac 
Karbutilate 
Fenac 
Karbutilate 
Chlorflurenol 
Simazine 
Chlorflurenol + MH 

1 83 a-d’ Ob 
1+1 88 abc 9b 
1 83 abc 7b 
I+3 96 ab 23b 
3 74 a-d 2b 
1+1 71 a-e lb 
0.5 73 a-e 3b 
1 66 a-f Ob 
0.5 73 a-e 7b 
2 68 a-f 2b 
1+4 74 a-d 9b 
I+2 72 a-e 8b 
0.25+0.5 65 a-f 2b 
1+1 65 a-f 2b 
I+3 68 a-f 8b 
0.5+1.5 60a-g 2b 
1+1.5 58 b-g Ob 
I+8 50 ch 6b 
2 IOOa 66a 
2 49 20b 
4 44 d-i 15b 
2 30 f-i 5b 
1 93 ab 71a 
4.5 32 e-i llb 
2 98a 8la 
3 lli 3b 
1 22 ghi 15b 
I+1 12hi 6b 

83a 
79a 
76a 
73 ab 
72 ab 
70 ab 
70 ab 
66 abc 
66 abc 
66 abc 
65 abc 
64 abc 
63 abc 
63 abc 
60 a-d 
58 a-d 
58 a-d 
44 b-e 
34 c-f 
29 def 
29 def 
25 ef 
22 ef 
21ef 
17ef 
8f 
7f 
6f 
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grasses in all stages of growth. This chemical will provide 
excellent weed control on newly seeded roadsides and on 
established stands of grass where annual broadleafed weeds are 
a problem. Although it is now routinely used by the New 
Mexico State Highway Department, additional research is 
desirable on the safety and efficiency of bromoxynil for use in 
vegetation management along roadsides in New Mexico where 
climate, soils, and grasses vary so much among different 
locations. 

In tests conducted in 1970, simazine gave excellent pre- 
emergence weed control. Its low toxicity to established 
warm-season grasses indicated that this chemical deserves 
further evaluation for preemergence control of weeds where 
warm-season grasses are the dominant species. 

Chlorflurenol is a specialty chemical developed to suppress 
growth of plants, not to kill them. This study indicated that it 
does not kill kochia or Russian Thistle, but evaluation of growth 
suppression was not possible because the plots were mowed. 

Bromacil and karbutilate are effective soil-sterilants. How- 
ever, bromacil and karbutilate should be compared experi- 
mentally to determine which is the least dangerous to the 
environment. They should be compared for long-term residual 
weed control and for danger to desirable plants caused by lateral 
movement of herbicide as a result of leaching and runoff with 

sediments under the varying conditions found in New Mexico. 
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THESIS: TEXAS A&M UNIVERSITY 

Mechanical Manipulation of South Texas Mixed Brush for Herbaceous Forage 
Production, by Candelario L. Gonzalez, MS, Range Science. 1974. 

Mechanical brush manipulation treatments followed by grass 
seeding and fertilization treatments were conducted on South Texas 
mixed brush to determine the effect on plant composition and total 
hetbaceous production. The study was conducted in the Rio Grande 
Plains (Starr County) during 1972 and 1973. Seeded grass species 
selected for this study were five native (Digitaria californica (Benth.) 
Hem-. , Puppophorum bicolor Foum., Seturia macrostachyu H.B.K., 
Trichloris crinitu (Lag.) Parodi., Trichlorisplurifloru Foum.) and one 
introduced (Cenchrus ciliaris (L.) Link). It was hypothesized that 
mechanical brush manipulation in the presence and absence of seeding 
and fertilization would increase total herbaceous production. 

Both rootplow and front-end stacking treatments increased total 
hetbaceous production. Increase in production is closely associated 
with soil disturbance and increased infiltration rates on these two treat- 
ments. Rootplow and front-end stacking had more moisture in 
O-60 cm profile than the control treatment throughout the year. 

Yield response indicated that both rootplow and front-end stacking 
decreased water run-off during high intensity rains, and thus made 
more soil moisture available for plant growth. Heavy or intense rains 
caused ponding in the microtopographical soil surface of rootplow and 
li-ont-end stacking, while the soil surface of the control treatment was 
more susceptible to run-off losses. 

Establishment of the seeded grass species was slow in 1972 due to a 
severe cold winter that resulted in high mortality. High rainfall in 
winter, plus a long cool spring, proved favorable for annual and weedy 
perennial forbs. These annuals and weedy perennials responded 
vigorously and in June, 1973, produced 75% of the herbage on plots 

which had undergone soil disturbance due to rootplow and front-end 
stacking. Most of the high forb production on rootplow and front-end 
stacking was due to the increased production of Pulufoxiu roseu 
(Bush) Cot-y, Tidestromiu lanuginosa (Nutt) Standl., and Ambrosia 
psilostachyu D.C . 

In fall 1973, the seeded grass species were more numerous and 
produced higher yields than in June. Grasses accounted for 75% of 
total herbaceous yield produced. All seeded species, with the ex- 
ception of Trichloris crinitu, established well and produced con- 
siderable yield. 

Grass production was increased by nitrogen fertilizer while forb 
production was not significantly affected. Fertilizer treatment in- 
creased the relative abundance of seeded species as well as nonseeded 
grass species. Generally, Cenchrus ciliuris produced the highest 
yields on all treatments in the presence and absence of fertilizer. Three 
of the native seeded species, Setariu macrostachya, Digituriu cali- 
fornicu, and Trichloris pluriflora, responded best to rootplow treat- 
ment and produced the highest yields in this treatment, regardless of 
level of fertilization. Chloris cuculluta Bisch., Aristida wrightii 
Nash., and Boutelouu trifidu Thurb. were the three most abundant of 
the nonseeded species. 

Fertilizer treatment significantly increased crude protein in most 
seeded and nonseeded grass species. The highest crude protein 
percentage occurred in Setariu mucrostuchya, and the lowest in 
Aristidu wrightii. Mechanical brush manipulation treatment did not 
affect crude protein level. 
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Runoff Water Quality from Varying Land Uses 
in Southeastern Arizona 

H. A. SCHREIBER AND K. G. RENARD 

Highlight: Surface runoff waters from three kinds of activity on rangeland were 
examined for suspended solids and some indicator chemical constituents. We 
compared ungrazed brush-covered rangeland with recently subdivided rangeland, 
originally and still partly brush-covered, but whose surface was disturbed by man’s 
urbanizing influence. Water quality indicators showed the urbanized watersheds had 
poorer water quality. Comparisons between the two brush-covered watersheds and a 
third-grass-covered and grazed-were made only on the runoff water’s dissolved 
constituents. Despite the grazing activity, the waters were of better quality. 

A contrast in the geology between the grass and brush areas suggested that mineral 
sources affected qualitative changes in the dissolved solids. Calcareous soils produced 
waters higher in Ca and total dissolved solids and lower in other cations. Phosphate in 
runoff averaged higher from the grass-covered, noncalcareous area than from the 
brush-covered calcareous watershed. We hypothesize now that the phosphate 
originated from soil sources, rather than from grazing activity. Nitrate levels were 
comparable in runoff from all the nonurban areas, but increased in runoff from the 
semiurban area. Thus, the nonagricultural complex of activities associated with a 
housing development was more detrimental to water quality than those from un- 
disturbed or grazed rangelands. 

The need for water quality data, 
chemical as well as sediment, has 
become acute because of recent legis- 
lation such as the 1972 Federal Water 
Pollution Control Act Amendments. 
Such data for rangeland areas are 
especially lacking. The impact of 
grazing on chemicals in runoff is also 
needed for the preparation of Environ- 
mental Impact Statements (EIS) on 
public lands. 

Runoff from intense thunderstorms 
in the arid and semiarid rangelands of 
the southwestern United States has 
been studied extensively with special 
emphasis on sediment production. In- 
formation published, however, on the 
chemical quality in such water has been 
minimal. Gregory and Ffolliott (1976) 
discussed runoff water quality from a 
forested range on sedimentary rock in 
northern Arizona. Urban runoff waters 
from rains, presumably similar to those 
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at Tombstone, falling on parts of 
Tucson (100 km northwest) were 
examined in detail (Dharmadhikari 
1970; Mische 197 1; and Popkin 1973). 
The drainage basin above Charleston, 
14 km upstream from the mouth of 
Walnut Gulch, has been partly moni- 
tored for conductance since 1964 (U. S . 
Geology Survey 1974). 

To identify and control sources of 
nonpoint pollution control, we col- 
lected surface runoff samples in 1974 at 
Walnut Gulch Experimental Water- 
shed, near Tombstone, Ariz., to 
examine the water quality of a south- 
eastern Arizona rangeland area with 
varying soils and vegetation under 
year-round grazing by cattle (chiefly 
Herefords). In this paper, we present 
information regarding ranges in con- 
centration of various ions in runoff 
from select soils, vegetations, and 
land-use units. This data and the 
associated observations should be 
valuable to those concerned with non- 
point pollution control in the arid and 
semiarid regions associated with agri- 
culture. 

Description of Experimental Areas 

Figure 1 shows the location of three 
small watersheds (all included within the 

150-km” Walnut Gulch Experimental 
Watershed), each containing within their 
boundaries uniform plant communities, 
uniformly distributed soil series (or com- 
plexes), and presumably receiving uniform 
rain during an event. The 98-gage water- 
shed raingage network includes a gage at 
each of the three small watersheds. Mean 
annual rainfall is 350 mm, 230 mm of 
which occurs from June to September, 
corresponding to the runoff season. Runoff 
for the three locations, as well as at the 
outlet of the entire area, is ephemeral and 
measured and recorded continuously, using 
precalibrated measuring devices. Further 
background information on the entire 
experimental area can be found in Renard 
(1970). 

Watershed No. 112, located in the upper 
elevations of the Walnut Gulch watershed 
is heavily-grazed and grass-covered (Table 
1). Despite the heavy stocking rate (proba- 
bly more than 4 cow-calf animal units/km*/ 
year with continuous grazing), erosion is 
not excessive at this site, as was shown by 
Osborn et al. (1977). Watershed No. 12 I is 
a recently urbanized area (current housing 
density is about 1 family dwelling/ha), with 
brush-covered calcareous soils. Watershed 
No. 104 is a similar brush-covered, cal- 
careous soil area, where grazing and other 
man-related activities have been excluded 
for I5 years. Erosion was considerable 
from this area (Osborn et al. 1977). 

The wide variations in soils and, per- 
haps, vegetation (a mixture of desert shrubs 
and grasses) on the Walnut Gulch Water- 
shed are often reflected in the chemical 
characteristics of the flow along different 
channel segments of these ephemeral 
stream channels. Creosotebush (Larrea 
divaricata Cav.) and whitehorn (Acacia 
constrictu Benth.) dominated the vegeta- 
tive cover of the brush-covered watersheds 
(Nos. 104 and 121), with vegetation basal 
areas of 2% and a 40% crown cover. Blue 
grama (Bouteloua grucilis (H.B.K.) Lag.) 
and sideoats grama (Bouteloua curtipen- 
dula Michx.) dominated the vegetative 
cover of Watershed No. 112, where 
vegetation basal area is 5% with a 50% 
crown cover. 

The soil series on the small watersheds 
are all complexes of two soil series each. 
These series are the same for watersheds 
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Fii. 1. Walnut Gulch watershed and the unit source areas (small watersheds) contained therein. 

Nos. 104 and 12 1, although the percentages Methods of Runoff 
of each series within these watersheds are Collection and Analysis 

with a US D-48 hand sampler. During high 
discharges, a US P-63 sampler was lowered 
from a cableway car to obtain depth- 
integrated samples throughout the flow. All 
samples were collected in glass or plastic 
bottles. 

Sediment concentrations were deter- 
mined by centrifuging, drying, and weigh- 
ing the suspended sediment. The super- 
natant liquid, removed from the water/ 
sediment aliquot, provided the source 
liquid for determining electrical conduc- 
tivity (EC) with a standard Wheatstone 
bridge, pH electrometrically, and all other 
ionic constituents. The major cations were 
determined using an atomic absorption 
spectrophotometer. The HC03 concen- 
trations were obtained by electromatic 
titration to a pH 4.5 endpoint. The PO4-P 
in the supematant was determined by the 
Murphy-Riley ascorbic acid method, while 
NOR-N was determined using the phenol- 
disulfonic method. Aliquots for the N 
determination were taken within 24 hours 

probably different (Table 1). 
All series are formed on geologic 

Water samples were collected from the 

material of old valley plains or alluvium, 
three small watersheds using a Chickasha- 

made of gravelly loamy materials. The 
type sampler (Miller et al. 1969), which 

Bernardino, the only soil series with a well 
collects samples throughout flow events 

developed neutral-to-slightly acid argillic 
with 3- to lo-min sampling intervals. At the 
outlet of Walnut Gulch (watershed No. l), 

horizon, hasaCcahorizonwithin0.5 mof 
the surface. 

samples were usually collected by wading 

above the supercritical measuring flume 

Table 1. Watershed characteristics. 

Watershed no. Drainage area (ha) Vegetation Soils Land use 

1 15,000 

121 5.26 

112 1.86 

104 4.54 

mixed 
grass-brush 
brush 

grass 

brush 

70% 
Calcareous 
Rillito-Laveen 
gravelly loam 
Bemardino- 
Hathaway 
gravelly loam 
Rillito-Laveen 
gravelly loam 

Mixed 

Suburban 

Grazed 

Ungrazed 

Table 2. Minimum, maximum, and mean values of various quality parameters measured on Walnut Gulch in 1974. 

Parameter Units Min. 

121’ 1122 1043 0014 

Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean 

PH 7.8 
EC pmhoslcm 85 
SUM me/L 0.72 
CATIONS 
NOJ-N ppm .03 
PO4-P ppm .007 
HCOa ppm 53 
Na lTm .65 
K PPm 1.60 
Ca IJPm 10.9 
Mg PPm 0.52 

8.7 8.34 7.0 7.59 7.48 7.4 8.9 8.17 7.4 8.5 8.21 
167 123 60 159 92.5 80 196 103 77 216 156 

1.80 1.31 0.60 1.02 0.89 0.74 1.94 1.03 1.17 2.10 1.55 

1.09 0.62 .20 .67 0.30 .08 .57 0.24 .Ol .72 0.23 
.50 0.06 .05 .70 0.22 .OOl .25 0.03 .OOl .16 0.05 

119 70.7 24 45 38.5 31 120 58.8 53 109 78.8 
3.05 1.87 .92 2.00 1.87 .56 3.65 1.50 1.20 2.40 2.08 
7.15 4.39 4.0 11.5 5.03 1.6 5.4 2.52 2.8 5.6 3.75 

29.2 20.9 7.1 13.8 12.3 12.0 28.0 16.5 17.0 34.0 25.1 
1.27 0.88 0.48 1.04 0.77 0.49 2.38 1.00 0.93 2.05 1.32 

’ Based on 107 samples - Recently urbanized (1 family dwelling/ha). 
’ Based on 33 samples - Heavily grazed, grass-covered watershed. 
” Based on 12 1 samples--Crazing and other man-related activities excluded for 15 years. 
’ Based on 65 samples-Outlet of the entire watershed. 
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and dried, but P was determined after the 
runoff season ended. While exhaustive 
tests on P losses during storage have not 
been made, we felt this delay did not affect 
observed P concentrations in these waters. 

Results 

Table 2 summarizes the data from all 
samples collected in 1974 from the 

three small watersheds (Nos. 12 1, 104, 
and I 12) and from the total watershed 
outlet (No. 1). 

Figure 2 shows the relationships 
between discharge, sediment concen- 
tration, and EC of the supernatant 
solution for the first runoff event of the 
summer rainy season at each of the two 
small watersheds, Nos. 104 and 121. 
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Fig. 2. Discharge, percent sediment, and electrical conductivity offlows through station No. 121 
(July 28, 1974) and No. 104 (July 19, 1974). 

These events were selected because 
samples were obtained throughout the 
duration of the flows, and because they 
were high runoff volume events. The 
runoff event at watershed No. 104 was 
the largest of the year; the event at No. 
121 was the third largest. 

As shown by Henderson ( 1966) and 
Vanoni ( 1975), sediment concentration 
tends to correlate with water discharge 
within a given event. In comparing the 
two events in Figure 2, the sediment at 
watershed No. 12 1 probably includes a 
higher percentage of sand as compared 
with that at No. 104, where a settling 
pond was maintained, causing some 
sand-sized aggregate deposition im- 
mediately above the measuring and 
sampling area. EC was correlated with 
instantaneous volume and sediment 
concentration, suggesting that the ions 
carried in solution were probably 
associated with the sediment or were 
affected by the same detaching mech- 
anisms. This was not true, however, for 
watershed No. 12 1, where we found a 
50% higher salt content, which could 
have been caused by real although non- 
ascribable differences in soils and 
geology and by increasingly numerous 
disturbances, such as roads, buildings, 
and animals. 

Figures 3 and 4 illustrate variation in 
some water quality parameters during 
individual flow events at watersheds 
Nos. 104 and 12 1. We encountered 
similar variability at the other stations 
for individual flow events. Early and 
late season concentrations were com- 
parable, indicating that seasonal varia- 
bility was not a strong factor affecting 
sediment concentration or EC (Figs. 3 
and 4). Figures 3a and 4a show the peak 
runoff from the various flows at the un- 
grazed and suburban watersheds over 
one runoff season. Peak runoff, an 
index of rainfall intensity and duration, 
usually correlated well with the total 
volume of runoff per event (Osborn and 
Laursen 1973). Peak runoff can be 
compared with other parameters meas- 
ured during these same flows. Some- 
times, two separate events occurred the 
same day (shown by a break at the 
height of the smaller flow line). The 
disturbed area, watershed No. 12 1, had 
a high, stable concentration, regardless 
of flow volumes. The sediment dis- 
charged from watershed No. 12 1 was 
comparable with the highest sediment 
loads cited by Dharmadhikari for an 
industrial watershed in Tucson ( 1970). 
He indicated that as an urban area 
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becomes “settled,” with proportional- 
ly more pavement and less disturbed 
land, suspended sediment decreases. 
Our values may be partially attributed 
to the more recent exposure and 
generally steeper slopes at watershed 
No. 121 than those at Tucson. Popkin 
(1973) noted that McGauhey (1968) 
gave 50 mg suspended sediment/l as a 
limit for potable water. Most runoff 
waters from urban, semiurban, or 
agricultural rangelands would not meet 
this criterion without treatment, such as 
detention and addition of alum. 

Figures 3c and 4c show that all but 
one flow at No. 12 1 had ECs greater 
than 125 pmhos/cm, but less than 175 
pmhos/cm. Those flows at No. 104 
were all under 125 pmhos/cm with one 
exception. These two anomalous rec- 
ords, together with a lack of seasonal 
trend at either watershed, suggest that 
many variables affected the total dis- 
solved solids in these waters. 

Dharmadhikari’s study ( 1970) of the 
Tucson watersheds indicated complex 
urban activities may cause even further 
deteriorations in conductance (in- 
creased total dissolved solids). Runoff 
from the industrialized area in his study 
showed still further deterioration in the 
dissolved load. Unlike EC, the NO:3 
concentrations varied consistently at 
both locations (Figs. 3d and 4d) with 
threefold differences in NO:% concen- 
trations between the disturbed (No. 
12 1) and undisturbed (No. 104) water- 
sheds, respectively, and with early- 
season flows containing higher NO:3 
concentrations than late-season flows 
by a factor of two, independent of flow 
discharge rates, sediment, and EC. 
These high early-season NO:% concen- 
trations in the runoff water could have 
reflected the microbial activity in the 
soil, resulting in nitrification of organic 
materials made available during the 
preceding winter and spring. Another 
possible explanation is that all of the 
ingredients required for nitrification 
were available, but plant uptake is 
lower early in the runoff season. 

The seasonal values of phosphate in 
the runoff water (Figs. 3e and 4e) do 
not resemble those for NOS. Each area 
contributed a relatively constant 
amount of P per event with the 
disturbed watershed contributing con- 
sistently higher amounts. The correla- 
tion between sediment and P was better 
than that between sediment and NOa or 
EC. Actually, a multifactor relation- 
ship could exist: P concentrations were 

highest when flow rates were lowest 
and sediment concentrations were 
highest. Thus, the amount of P per 
event might tend to be a fixed amount, 
or at least a discontinuous function of 
flow volume. Given a threshold amount 
of runoff, a relatively fixed increment 
of P is dislodged from the soil surface. 

Figure 5 shows in detail the relation- 
ships between EC and sediment con- 
centration at three sites. From these 
relationships, a minimum discharge, or 

conditions that lead to a threshold, 
apparently gave sediment concentra- 
tions at watershed No. 121 that were 
comparable to concentrations obtain- 
able at No. 104. Under these low dis- 
charge rates, EC can decrease slightly, 
but otherwise the insensitivity of EC to 
sediment concentration is shown by 
those samples, which averaged over 3 
g/l. The lack of pattern for all other EC 
vs sediment concentration relations is 
evident, but for most cases, when flows 
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Fig. 3. Some water quantity and quality parameters offlows at gaging station No. I2 I during 1974. 
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occurred in several places on the same 
day, the ranking in ECs is very close. 
From this, we can infer that the quality 
of rainwater varies between storms, 
and the contribution of soil salinity is 
not sufficient to mask the atmospheric 
contribution to total dissolved solids in 
the water. Even in the Tucson runoff 
waters, Dharmadhikari ( 1970) ob- 
served less variance within storm 
samples than between sets of storm 
samples. 

Similar water quality variables were 
measured by Stephenson ( 1975) on the 
Reynolds Creek Experimental Water- 
shed near Boise, Idaho. These data 
were compared with values obtained on 
Walnut Gulch. Interestingly, the EC, 
K, and Na concentrations in Walnut 
Gulch runoff waters were comparable 
with that at the outlet of Reynolds 
Creek. However, Mg concentrations 
were usually lower and Ca concentra- 
tions higher in southeastern Arizona 
because of CaC03 in the soil. This 
CaCO:s also influences orthophosphate 
solubility, causing P concentrations to 
decrease by an order of magnitude 
(relative to those from Idaho) in water 
originating in the calcareous parts of 
Walnut Gulch. 

Within Walnut Gulch, the presence 
or absence of surface CaC03 in a small 
watershed allowed us to separate, on 
the basis of pH, limey areas which 
invariably have water whose super- 
natant liquid has a pH greater than 7.4. 
Overland flows sampled at site No. 112 
never had Ca concentrations greater 
than 14 ppm, while that from other 
areas rarely had such low Ca concentra- 
tions. A concentration of 4- to 5-ppm K 
separated the calcareous from non- 
calcareous areas except for the urban- 
ized watershed, which seemed to often 
resemble the non-calcareous areas in K 
and P concentrations. The NOs-N 
concentrations from the urbanized area 
generally exceeded those measured on 
the other areas. 

The limited data collected and 
analyzed indicate that any Walnut 
Gulch runoff water would be safe for 
livestock in its present form, based on 
the standards given by McKee and 
Wolf ( 1963), although Weeth (1973) 
cautioned against blanket acceptance of 
such standards without more research. 
The chemical constituents examined 
and reported on in this paper indicated 
tiiat the water would probably be 
excellent for human consumption and 
irrigation after it was treated to remove 
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to make them safe for recharge. 
D. L. (Ed.). Hydrology and Water Resources 
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THESIS: UNIVERSITY OF IDAHO 

Improvement in Utilization of Iran’s Kholeshkuh Range by Management Planning, 
by Nowzar Seraj, MS, Range Management. 1973. 

The Kholeshkuh project area of 27,699 hectares lies in a subalpine 
region of the Albourz Mountains in the northern part of Iran. The area 
is a small portion of the greater Albourz ecosystem with an average 
annual precipitation of 400-500 mm. A rich variety of grasses, 
legumes, and shrubs forming different vegetation types provides a 
valuable source of summer grazing for sheep and goats. Due to poor 
utilization and lack of knowledge of range management, some parts of 
these mountain meadows have been depleted. Conversion of range- 
land to shifting cultivation on the steeper slopes has caused soil 
erosion on several parts of the area. 

Although the area has the potential of more production (than 
presently), no attempt at improving production prior to this planning 
has been made. 

The economic condition of the inhabitants is very poor. Crop 
raising, animal husbandry, and grazing of rangelands are practiced in a 

primitive form, resulting in excessive loss of animals, soil erosion, 
and low crop produ<tion almost every year. 

The animal husbandry and crop raising are not integrated, con- 
sequently the need for hay and forage crops during winter remains a 
serious problem. The ultimate solution to all these problems is a 
change of the traditional system of range utilization and livestock 
management through a comprehensive management plan based on 
scientific methods of range analysis. Following the nationalization of 
natural resources in Iran, this plan was completed during 2 years of 
actual field work spent collecting data and preparing maps to complete 
a management program for the area. In fact, this is the first range 
management program in Iran made according to the requirements of 
the Nationalization Act and approved by the Minister of Natural 
Resources and the High Council of Forest, Range and Soil Con- 
servation of MNR in Iran. 
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Soil Water Use and Recharge in a Fertilized 
Mixed Prairie Plant Community 

J. ROSS WIGHT AND A. L. BLACK 

Highlight: Nitrogen fertilization on a mixed prairie, upland 
range site increased soil water extraction, overwinter recharge, 
and water- and precipitation-use efficiency. Overwinter recharge 
was inversely related to soil water content in the fall. 

Water is the major growth-controlling factor in arid and semi- 
arid regions, and its efficient management is essential for 
obtaining and maintaining maximum herbage production. Op- 
timum use of the water resources can be enhanced by increasing 
the amount of annual precipitation that becomes available for 
plant use and the efficiency of water utilization during the 
growth processes. The productivity and subsequent water-use 
efficiency (WUE) of grassland ecosystems can be greatly 
increased by fertilization (Smika et al. 1965; Rogler and Lorenz 
1974; and Wight 1976). Research has also shown that nitrogen 
(N) fertilization increases both root growth (Haase 1958; Lorenz 
and Rogler 1967; and Goetz 1969) and soil water extraction 
(Smika et al. 1961; and Wight and Black 1972). Lorenz and 
Rogler (1967) reported that fertilized range plants increased 
total water use by extracting water to greater depths than 
nonfertilized plants. The effect in this case was temporary, 
because there was no subsequent water recharge of the subsoil. 
Smika et al. ( 1965) reported that, under natural soil-water 
conditions, N fertilizer doubled yield but did not increase the 
amount of water used during the May to July growing season. 

kg P/ha were broadcast on 6- by 6-m plots of native range in the early 
spring of 1970. No fertilizer was applied in subsequent years, and 
these fertilizer rates, as referred to in this paper, are expressed in terms 
of annual rate equivalents (ARE)--i.e., a single application of 112 kg 
N/ha considered over a 4-year period is a 28 kg N/ha ARE treatment. 
For the 336 and 672 kg N/ha rates, the ARE is 84 and 168 kg N/ha, 
respectively. Plots were arranged in a split-plot design with P treat- 
ments as main plots and N treatments as subplots. In this study, P had 
no measurable effect on soil water use or recharge, and the P 
treatments were averaged together for each level of N. 

Herbage yields were determined from one 0.5 by 2-m quadrat in 
each plot, handclipped at ground level. Location of sampling quadrats 
was changed each year to avoid sampling areas previously clipped to 
ground level. Yield samples were taken when the major grass species 
had reached maturity, usually about mid-July of each year. Harvested 
plants were separated by species, oven-dried at 65”C, and weighed. 
During November of each year, all herbage in each plot was harvested 
to a IO-cm height to prevent litter accumulation. 

Soil water content was measured in 30-cm increments to a depth of 
150 cm by neutron-moderation. Measurements were made as early as 
possible after spring thaw and about every 2 weeks thereafter, during 
the April to July growing season. Additional measurements were 
made periodically during late summer and fall. 

This paper discusses the effects of N-fertilization of range- 
land over a 4-year period on water use and soil water recharge. 

Methods 

The study area was located near Sidney, Mont., on a sandy, 
glaciated plains range site with a 1 to 2% slope. The soil was a 
Williams fine-loamy, mixed Typic Argiborolls. During the study 
period, 1970-1973, annual precipitation averaged 426 mm, 29% 
above the long-term average, with about 70% received during the 
April to September growing season. Vegetation belongs to the 
Bmteloua-Carex-Stipa (blue grama-threadleaf sedge-needleand- 
thread) faciation of the mixed prairie association (Weaver and 
Albertson 1956). Basal cover measured by the point method was about 
13%, half of which was clubmoss (Selaginella densa). Western 
wheatgrass (Agropyron smithii), needleandthread (Stipa comatu), 
blue grama (Bouteloua grucilis), and threadleaf sedge (Curexfilijoliu) 
were the major forage species, and accounted for 18, 10, 8, and 16%, 
respectively, of total herbage production. 

Factorial combinations of ammonium nitrate at rates of 0, 112,336, 
and 672 kg N/ha and concentrated superphosphate at rates of 0 and 224 

We calculated WUE as the units (kg) of forage (oven-dried) 
produced per unit (mm) of water used, where water used represented 
the change in soil water between the beginning of the growing season 
and harvest plus the precipitation that occurred during this same 
period. Soil water measurement dates for specific events are shown in 
Table 1. Precipitation-use efficiency (PUE) was calculated as the units 
(kg) of forage produced per unit (mm) of precipitation received 
between harvests. Fall regrowth was not included in the yield 
estimates. 

Available soil water was the portion of the total soil water content at 
the beginning of the growing season that was available for plant use- 
i.e., it could, with time, be extracted by the native vegetation. The 
lower limits of available or extractable water were estimated as the 
lowest soil water contents measured over a 6-year period, including 
the 4 years of this study. Plant-available water was the total amount of 
water available for plant use during the growing season and included 
the available soil water plus the April to July growing season 
precipitation. Available WUE was calculated as the units (kg) of 
herbage produced per unit (mm) of plant-available water. 

Overwinter recharge was determined for 1970-7 1 and 1972-73 and 
was calculated as the difference between the soil water content in the 
fall and the first soil water reading in the spring (Table 1). Nearly all 
precipitation occurred as snow during this period. Absence of fall soil 

Table 1. Soil water measurement dates. 

Authors are range scientist and soil scientist, respectively, U.S. Department of Agricul- 
ture, Science and Education Administration-Federal Research, Northern Plains Soil and 
Water Research Center, P.O. Box 1109, Sidney, Montana 59270. 
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Event 

Early spring 
Start of growing season 
Harvest 
Late fall 

1970 1971 1972 1973 

313 1 2124 4112 312 
313 1 w 4112 3130 
7117 7119 8/l 7119 
11/3 - 1 l/15 1 l/12 
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Table 2. Effects of N on average berbage yield, water use, recharge, and soil water characteristics, 197&1973. 

N 
treatment 

(ARE) 
kg/ha 

Herbage 
yield 
kg/ha 

Plant- 
available 

water 
(mm) 

Water 
used 
(mm) 

WUE 
kg/ha-mm 

Available Overwinter’ 
Total soil water (mm)/ 

WUE PUE recharge 
( 150 cm profile)* 

kg/ha-mm kg/ha.mm (mm) Harvest Fall 

0 993 309 233 4.28 3.16 2.51 -4 268 253 
28 1558 317 268 5.91 4.90 4.06 26 225 221 
84 2389 319 272 8.62 7.29 6.05 44 205 201 

168 2638 318 269 9.40 7.80 6.49 32 216 210 

L&VI (P = 0.1) 315 N.S. 18 1.04 0.85 0.78 28 28 28 
’ Average of 1970-7 I and 1972-73. 
” Average of 1970, 1972, and 1973. 

water measurements in 1971 prevented the determination of over- 
winter recharge for 1971-72. 

Results and Discussion 

Nitrogen fertilization increased herbage production with no 
measurable differences between the 84 and 168 kg N/ha ARE 
treatments (Table 2). In this study, N rates had no measurable 
effect on species composition in terms of the percentage of 
grasses, forbs, and shrubs. 

Nitrogen fertilization did not affect the amount of water 
available for plant use during the April to July growing season, 
but it did increase the amount of water used compared to that of 
the unfertilized system (Table 2). Roots of N-fertilized grasses 
extracted more water from the soil profile at all soil depths than 
did roots of nonfertilized grasses (Fig. 1). Total soil water 

75- 

I 

1970 1971 1972 1973 
Fig. I. Effect.~ oj’ N-fertilization on yearly SOi1 Water content. 

content at harvest was 43 to 63 mm less in the fertilized plots 
than in the check plots (Table 2). However, between harvest in 
mid-July and the late fall soil measurements, usually in Novem- 
ber, the nonfertilized plots lost more soil water than did the 
fertilized plots. The small amount of water used by the check 
plots during this harvest-to-fall period prolonged senescence, 
but was nonproductive in terms of increasing herbage yields. 
Apparently, semidormant to dormant vegetation continues to 
extract water from the soil, until limiting soil-water tensions are 
reached. Even though water loss was higher on the nonfertilized 
plots than on the fertilized plots between harvest and fall, they 
retained 32 to 52 mm more soil water in the fall than did the 
fertilized plots. 
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During the two periods of measurements (1970-7 1 and 1972- 
73), average overwinter soil water recharge was higher on 
fertilized plots than on the check plots (Tables 2 and 3). Over- 
winter recharge varied with year and was inversely related (r = 
-0.70; n = 32) to soil water content in the fall. This inverse 
relationship helps explain the lower overwinter recharge on 
check as compared with the fertilized plots. Similar results have 
been reported by Black and Power ( 1965) and Willis and 
Carlson (1962) in regard to overwinter soil water recharge on 
summer-fallowed lands. 

Variation in annual over-winter recharge is a result of vari- 
ations in antecedent soil water and winter climate (Table 3). 

Table 3. The effect of N-fertilization, antecedent soil water, and winter 
climate on overwinter recharge. 

N 1970-7 1 1972-73 

treatment Soil water Overwinter Soil water Overwinter 
(ARE) content-fall recharge content-fall recharge 
kg/ha (mm) (mm) (mm> W-4 

0 254 27 269 -36 
24 221 57 238 -6 
84 204 53 194 35 

168 221 44 211 20 

Overwinter weather characteristics: 
Precipitation (mm)’ 44 30 
Days of snow cover 93 48 
Average snow depth (mm) 113 88 
Average mean temperature (‘C)2 -25 -22 

’ Under windy conditions as prevail in Eastern Montana, snow caught by a gage may 

be as little as 507~ of that reaching the ground surface (Weiss and Wilson 1958). 

’ For December, January, and February. 

During the 1970-7 1 winter, all treatments gained soil water, but 
the drier, fertilized plots gained the most. However, during the 
1972-73 winter, the check and 24 kg N/ha ARE plots lost soil 
water. This loss could be attributed to higher antecedent soil 
water in 1972-73 than 1970-7 1 and the drier, open winter in 
1972-73. During 1972-73, snowfall was light and the soil 
surface was exposed for over half the winter as compared with a 
nearly continuous snow cover during the 1970-71 winter. 

Loss of soil water during the 1972-73 winter indicated that the 
evaporation process continues throughout the winter and that 
significant quantities of soil water can be lost when soils of high 
water content are exposed to the winter air. Loss of water from 
the 90- to 150-cm profile depth (Fig. 1) was probably due, at 
least in part, to an upward water-vapor movement along a 
temperature gradient, intensified by exposure of the soil surface 
to subzero ambient air temperatures. Other research has also 
demonstrated that, under the winter climate of the Northern 
Great Plains, soil water moves upward along temperature 
gradients and that significant quantities of water can be lost by 

281 



evaporation from frozen soil surfaces (Willis et al. 1964; and 
Benz et al. 1968). During the winter of 1972-73, 36 mm of 
water were lost from the check plots, while the N-fertilized plots 
had a net gain of as much as 35 mm. With a WUE of 7.29 
(Table 2) for the 84 kg/ha ARE N rate, this soil water recharge 
differential of 7 1 mm could account for as much as 5 16 kg/ha 
forage production the following year (7 1 m x 7.29 kg/ha.mm). 
Thus, N fertilization enables range plants to use water that is 
often lost in winter evaporation. 

As indicated in Figure 1, most of the soil water extraction and 
recharge took place in the upper 60 cm of soil profile. 
Differences between fertilized and nonfertilized plots at the 90- 
to 150-cm depth indicated that N stimulates root production in 
the lower, as well as in the upper, segments of the soil profile. 
Black (1968), working on a similar site, reported that on 
unfertilized plots, soil water was not depleted below the 60-cm 
depth; with N fertilization, soil water depletion extended below 
the 90-cm depth. As indicated in Figure 1, there was a gradual 
reduction in subsoil water content of fertilized plots during the 
first 2 years of study. Lorenz and Rogler (1967) noted similar 
results in their studies, and they suggested that this additional 
source of water helped account for some of the initial response 
of native vegetation to fertilizer. In this study, there was some 
replenishment of the subsoil water in the fertilized plots during 
1972, but replenishment was not sufficient to reach pretrea- 
ment levels. The fertilized and nonfertilized plots at the greater 
depths will probably differ in soil water content until precipi- 
tation becomes adequate to completely recharge the soil profile. 
The probability of this happening on semiarid rangelands is low 
because precipitation is usually limited, and potential water use 
by perennial vegetation is relatively high (Smika et al. 1965). 

Nitrogen fertilization increased the efficiency with which 
plants utilized water, as indicated by the increases in WUE 
shown in Table 2. Where N was not limiting during any portion 
of the study, as in the 84 and 168 kg N/ha ARE treatments, 
WUE was about double that of the N-deficient checks, in- 
creasing from about 4 to over 8 kg/ha.mm. Smika et al. (19651, 
working with higher levels of available water, reported even 
greater increases in WUE with applications of N fertilizer. More 
important, perhaps, is the effect of N fertilization on PUE. This 
term provides a means of comparing management treatments as 
to their ability to make use of yearly precipitation taking into 
account both the effects of fall precipitation on fall tiller 
initiation, and on forage production the following year, as well 
as effects of fall and winter precipitation on soil water recharge. 
On a long-term basis, precipitation is the only water resource 
available on most rangelands. As seen in Table 2, PUE 
increased from 2.5 kg/ha-mm for the check to more than 6.0 
kg/ha.mm when N was not limiting. Nitrogen fertilization also 
increased the percent of precipitation that was utilized to grow 
the crop. Of the total precipitation received between July 

harvests, 61 and 70% was evapotranspired on the check and 
fertilized plots, respectively, during the April to July growing 
season, 

The results of this study indicated that N fertilization on a 
mixed upland range site increases the amount of water that 
became available for plant use by increasing both soil water use 
efficiency (WUE) and precipitation use efficiency (PUE). 
Fertilized vegetation extracted more soil water than non- 
fertilized vegetation, increasing the over-winter soil water re- 
charge efficiency and providing a larger storage reservoir 
whenever precipitation was adequate to recharge the soil 
profile. 

Literature Cited 

Benz, L. C., W. 0. Willis, F. M. Sandoval, and R. H. Mickelson. 1968. 
Soil water translocation in a high water table area. Water Resourc. Res. 
4:95-101. 

Black, A. L. 1968. Nitrogen and phosphorus fertilization for production of 
crested wheatgrass and native grass in northeastern Montana. Agron. J. 60: 
213-216. 

Black, A. L., and J. F. Power. 1965. Effect of chemical fallow methods on 
moisture storage, wheat yields, and soil erodibility. Soil Sci. Sot. Amer. 
Proc. 29:465-468. 

Goetz, Harold. 1969. Root development and distribution in relation to soil 
physical condition on four different native grassland sites fertilized with 
nitrogen at three different rates. Can. J. Plant Sci. 49:753-760. 

Haas, H. J. 1958. Effect of fertilizers, age of stand and decomposition on 
weight of grass roots and of grass and alfalfa on soil nitrogen and carbon. 
Agron. J. 50:5-9. 

Lorenz, R. J., and G. A. Rogler. 1967. Grazing and fertilization affect root 
development of range grasses. J. Range Manage. 20: 129-132. 

Rogler, G. A., and R. J. Lorenz. 1974. Fertilization of mid-continent range 
plants. p. 231-254. In: D. A. Mays (Ed.) Forage Fertilization. Amer. Sot. 
Agr., Crop Sci. Sot. Amer., and Soil Sci. Sot. Amer., 677 South Segoe 
Road, Madison, Wis. 

Smika, D. E., H. J. Haas, G. A. Rogler, and R. J. Lorenz. 1961. Chemical 
properties and moisture extraction in rangeland soils as influenced by nitro- 
gcn fertilization. J. Range Manage. 14:213-216. 

Smika, D. E., H. J. Haas, and J. F. Power. 1965. Effects of moisture and 
nitrogen fertilizer on growth and water use by native grass. Agron. J. 57: 
483-486. 

Weaver, J. E., and F. W. Albertson. 1956. Grasslands of the Great Plains- 
Their Nature and Use. Johnsen Publ. Co., Lincoln, Nebr. 395 p. 

Weiss, L. L., and W. T. Wilson. 1958. Precipitation gage shields. Extrait 
dcs Comptes Rendus et Rapports-Assemblee Generale de Toronto, 1957 
Tome 1:462-484. 

Wight, J. Ross. 1976. Range fertilization in the Northern Great Plains. 
J. Range Manage. 29: I 80- 185. 

Wight, J. Ross, and A. L. Black. 1972. Energy fixation and precipitation- 
use efficiency in a fertilized rangeland ecosystem of the Northern Great 
Plains. J. Range Manage. 25:376-380. 

Willis, W. O., and C. W. Carlson. 1962. Conservation of winter precipitation 
in the northern plains. J. Soil and Water Conserv. 26:122-123. 

Willis, W. O., H. L. Parkinson, C. W. Carlson, and H. J. Haas. 1964. 
Water table changes and soil moisture loss under frozen conditions. Soil Sci. 
9X:244-248. 

282 JOURNAL OF RANGE MANAGEMENT31 (4), July 1978 



Population Dynamics After Wildfires 

in Sage brush Grasslands 

JAMES A. YOUNG AND RAYMOND A. EVANS 

Highlight: Population dynamics of herbaceous and shrub species were investigated 
in big sagebrush/Thurber needlegrass communities burned in wildfires. The sites 
burned are representative of extensive areas of degraded rangelands in the central 
Great Basin. Herbaceous succession after wildfires in these communities is dominated 
by the dynamics of populations of the alien annual grass downy brome. Downy brome 
caryopses are greatly reduced by most large wildfires, but the plants originating from 
surviving downy brome caryopses respond dynamically to the released environ- 
mental potential. The response may include hybridization and recombination. The 
result is a purge of native annual species from the community and the failure of 
seedlings of native perennial grass species to become established. Root and crown 
sprouting of the native shrubs, green rabbitbrush and horsebrush, occurs after the 
wildfire has killed the dominant big sagebrush. Green rabbitbrush sprouts produce 
abundant achenes, which readily germinate and grow. The reestablishment of downy 
brome dominance predisposes the vegetation to recurring wildfires and cyclic envi- 
ronmental degradation. 

Our purpose was to investigate plant 
population dynamics in big sagebrush 
(Artemisia triderztata)/Thurber needle- 
grass (Stipa thurberiana) communities 
burned in wildfires. 

Attrition by livestock grazing may 
annually influence more acres, but 
burning by wildfires as a catastrophic 
stand renewal process is the deter- 
minant force shaping the future vegeta- 
tion of the sagebrush/grasslands in the 
Great Basin. Burning triggers the popu- 
lation dynamics that are the subject of 
this investigation. 

The incidence and consequence of 
burning in pristine sagebrush/grass- 
lands are controversial (Daubenmire 
1970). It is difficult to reconstruct 
chronologies for recurrence of wild- 
fires in this type of vegetation because 
there are no trees to fire-scar. Evidence 
from woodlands associated with sage- 
brush/grasslands indicated that wild- 
fires recurred at regular intervals 
(Burkhardt and Tisdale 1976). Before 
the influence of European man, the 
average frequency of fire across con- 
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tiguous units of sagebrush/grass com- 
munities in northern Yellowstone 
National Park was 32 to 70 years 
(Houston 1973). Within a large general 
area, however, some kind of fire 
occurred at least every 17 to 4 1 years. 
Wildfires have been recognized as a 
factor determining plant succession on 
degraded sagebrush/grasslands since 
the arrival of European man in the 
intermountain west (Pickford 1932). 

The dominant shrub characterizing 
the landscape, big sagebrush, does not 
sprout from the crown or roots follow- 
ing burning and, therefore, is tempor- 
arily eliminated from the community 
(Blaisdell 1953). The influence of 
burning on perennial grasses depends 
on timing and intensity of the fire and 
the species of grass involved (Wright 
and Klemmedson 1964). Generally, 
herbage production of most perennial 
grass species is initially reduced, but 
long-term production is enhanced from 
the reduced competition from shrubs. 
Prescribed burning has often been 
proposed as a tool to restore the balance 
between shrub and grass species 
(Pechanec et al. 1954). 

There are several species of root- 
sprouting shrubs present in most big 
sagebrush communities that dynami- 
cally respond to fire and temporarily 
(10 to 15 years) dominate the overstory 
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(Young and Evans 1974). Hamiss and 
Murray ( 1973) provided a summary of 
30 years of succession following con- 
trolled burning of sagebrush/grasslands 
that illustrates the ultimate reestablish- 
ment of big sagebrush. 

An innovative approach to address- 
ing the problem of wildfire frequency 
in a pristine big sagebrush environment 
has been expressed by Wright ( 1977). 
He considered that the interval between 
tires had to be greater than the period of 
dominance of the root-sprouting sub- 
dominant shrubs, which is roughly 10 
to 15 years. If the interval between 
wildfires was less than the period of 
w-al shrub dominance, the environ- 
ment would have been characterized by 
root-sprouting shrubs rather than big 
sagebrush . 

Stand renewal in big sagebrush com- 
munities of the Great Basin has been 
revolutionized during the last century 
by the introduction of domestic live- 
stock and by the introduction of alien 
plant species (Young et al. 1972). The 
niche for large herbivores that is filled 
by domestic livestock has been vacant 
since the close of Pleistocene (Martin 
1%7). Thus, during the last century, 
native perennial grasses have been 
subjected to unprecedented grazing 
pressure. Piemeisel ( 195 1) was the first 
to recognize and interpret the impact of 
alien introduction on succession on big 
sagebrush/grasslands. 

Methods 

Three wildfires in seral big sagebrush/ 
Thurber needlegrass in the area 30 to 50 km 
north of Reno, Nev., were sampled. The 
dates of the fires and the areas burned were: 
(a) Red Rock, 1972, 800 ha; (b) Hallelujah 
Junction, 1973, 16,000 ha; and (c) Seven 
Lakes, 1974, 4,000 ha. The fires burned 
during the last week in July or the first 2 
weeks in August. Obviously, the large fires 
burned many different plant communities, 
but the landscape-characterizing communi- 

283 



ty was big sagebrush/Thurber needlegrass. 
This was the community to which we 
restricted our sampling. The stratification 
for site potential was based on remnant 
vegetation, topo-edaphic features, and the 
previous knowledge of the burned areas. 
Much of the preburn environment had been 
subjected to investigation before the fires 
(e.g. Kennedy and Doten 1901; Young and 
Evans 1974). Soils are Aridisols derived 
from decomposing granite or quartz diorite. 
Elevation ranges from 1,500 to 1,800 m, 
with annual precipitation (primarily snow), 
ranging from 20 to 25 cm. 

Table 1. Density (number/m*) of perennial grasses and forbs immediately after burning in wild- 
tires and in one through four subsequent growing seasons. Data from 100 permanently marked 
plots on Red Rock burn. 

Time after burning 

Based on earlier investigations (Kennedy 
and Doten 190 1; Young and Evans 1974) 
and records of the public land management 
agencies, it is apparent that virtually all of 
the recently burned area had previously 
been burned at least once since 1900. 
Grazing by domestic livestock has been 
continuous and generally excessive since 
1870. 

The first phas.e of sampling consisted of 
locating 10 permanently marked m’ quad- 
rats at specifically chosen points in each 
sampling site of each bum. In the Red Rock 
burn 100 plots were marked, 250 were 
established in the Hallelujah Junction burn 
and 50 in the Seven Lakes burned area. 
Each plot was located over a burned 
perennial grass bunch or shrub stump. The 
m” quadrats were divided with a 10-x 1 O- 
cm grid to facilitate charting the location of 
multiple grass or shrub stumps and to aid in 
cxular estimates of ash and unburned litter 
cover. The marked plots were resampled 
annually at the end of the spring growing 
season. The recovery or mortality of the 
charted perennial species was recorded and 
herbage cover and density of reestablishing 
species were recorded. 

Plant species 
Perennial grasses 

Elymus cinereus 
Oryzopsis hymenoides 
Poa sandbergii 

Spa comata 
S. speciosa 
S. thurberiana 
Sitanion hystrix 

Total grasses 

Perennial forbs 
Balsamorhiza sagittata 
Lupinus caudatus 
Wyethia mollis 
W. amplexicaulis 

Total forbs 

Total perennials 

1 month 1 year 2 years 3 years 

0.02 0.02 0.02 0.01 
Ta T T T 

0.42 0.57 0.51 0.44 
0.02 0.03 0.06 0.02 

T T T T 
0.18 0.14 0.12 0.16 
0.32 0.30 0.41 0.30 

0.96 1.06 1.12 0.93 

0.10 0.10 0.17 0.20 
0.09 0.08 0.14 0.16 
0.08 0.07 0.06 0.06 
0.09 0.06 0.08 0.11 

0.36 0.31 0.45 0.53 

1.32 1.37 1.57 1.46 

4 years 

0.01 
T 

0.46 
0.04 

T 
0.16 
0.30 

0.97 

0.31 
0.16 
0.06 
0.10 

0.63 

1.60 

a T represents less than 0.01 plants per mz. 

ty due to the fire (Table 1). There was a 
slight increase in density of Sandberg 
bluegrass (Poa sandbergii), which 
reflects the difficulty in distinguishing 
individual plants of the species when 
they are freshly burned. 

The second phase of sampling consisted 
of 10 randomly located lo-m2 plots at each 
site sampled. Shrub density, height, and 
cover were obtained on each plot annually 
at the end of the growing season. In 
addition, frequency and cover of herba- 
ceous vegetation were obtained by use of 
the step-point technique of Evans and Love 
(1957). This sampling was done at the end 
of the spring growing season the first year 
after burning and was repeated annually. 

In previous studies in this environ- 
ment, we determined that 2.5 perennial 
grass plants per m” are necessary to 
preempt the environmental potential 
released by removing the shrub portion 
of the community (Young and Evans 
1974; Evans and Young 1975). Unless 
this density of perennial grasses was 
present, the site was subject to invasion 
by alien annual species and/or shrub 
seedlings. Note that the season after 

burning the density of perennial grasses 
was slightly more than 1 plant per m2 
and total perennial herbaceous species 
density was 1.4 plants per m2 (Table 1). 
Obviously, the burning of the shrubs 
and lack of herbaceous perennials 
provided environmental potential to 
fuel the increase of opportunistic colo- 
nizing species. We have presented 
density data only for the Red Rock fire, 
where we have the longest time base; 
but a similar lack of herbaceous 
perennials was also evident on the other 
two bums. The low percentage herba- 
ceous cover ( 12%) the first growing 
season following the burning (Fig. 1) 
also reflected the openness of the post- 

In 1973, the first growing season after 
the Red Rock burn, we randomly selected 
400 to 500 downy brome plants from the 
burned area and from the adjacent areas of 
the same potential and seral state that were 
unburned. We counted the numbers of 
tillers per plant and numbers of immature 
caryopses per plant. 

Results 

Herbaceous vegetation 
Comparing the density of perennial 

herbaceous species immediately after 
the fire with that recorded the next 
growing season revealed few differ- 
ences in density or evidence of mortali- 

YEARS AFTER BURNING 

Fig. 1. Projected herbage cover of herbaceous species in a seral big sagebrush/Thurber 
communiry through 4 years afer burning in the Red Rock wildfire. 

needlegrass 
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bum communities. 
Downy brome was the most frequent 

herbaceous species the first season after 
burning on all three bums (Table 2). 
However, annual forbs and especially 
native annuals, such as little flower 
collinsia (Collinsia parvijlora) or 
Brewers mimulus (Mimufus breweri), 
rivaled and additively exceeded downy 
brome in frequency. 

The bulk of the reproductive reserve 
of downy brome was located under the 
big sagebrush canopies in these com- 
munities before burning (Young and 
Evans 1975). The accumulation of 
litter and nutrients and the more 
favorable microenvironment resulted 
in more plants and greater growth of* 
herbaceous species under shrubs than 
in the interspaces (Schlatterer and 
Hironaka 1972). This accumulation of 
herbaceous and woody fuels in and 
below shrubs resulted in uneven 
burning of the sagebrush/grass com- 
munities in wildfires. 

The bulk of downy brome reproduc- 
tive reserve of germinable and dormant 
seed was consumed in the hot fire 

resulting from burning of the shrub. 
Relatively few caryopses survived in 
the shrub interspaces to provide a 
source for reestablishing the population 
the first season following the fire 
(Young et al. 1976). 

The shrub vs interspace environ- 
ments that contrasted so in the degraded 
sagebrush/grass communities before 
burning (Schlatterer and Hironaka 
1972) were also present after burning. 
The first growing season after burning, 
downy brome was virtually absent 
from the blacken-ash rings of the old 
shrub canopies and established only in 
the shrub interspaces. The native an- 
nual forbs colonized the ash accumu- 
lations from the shrubs. 

Alien forbs, such as Russian thistle 
(Salsofa iberica) or tumble mustard 
(Sisymbrium altissimum), which char- 
acterized the first stages of abandoned 
field succession in Piemeisel’s (1951) 
classical sequence for the sagebrush/ 
grasslands in the intermountain west, 
were absent or relatively unimportant 
in these communities (Table 2). The 
sparse but highly competitive stand of 

downy brome that reestablished the 
first season after burning was sufficient 
to suppress these seral stages (Young 
and Evans 1973). 

In a community of some 30 herba- 
ceous species, population dynamics 
following burning were rather stagnant 
for most members except downy 
brome. The density of downy brome 
the first season followng burning was 
less than 10 plants/m’. By 3 years after 
burning, the density was greater than 
10,000 plants/m2 (Fig. 2). This tre- 
mendous preemption of environmental 
potential dampened the expression of 
dynamics by other species. 

Although the density of downy 
brome plants was very low the first year 
after burning, the vigor of the individu- 
al plants was tremendous. In both 
numbers of tillers and caryopses pro- 
duced per plant, the populations of 
downy brome on burned areas were 
far more productive than those found 
on adjacent unburned areas (Figs. 3 and 
4). In number of caryopses per plant, 
the populations did not overlap. The 
lowest caryopses production per plant 

Table 2. Herbaceous species composition based on frequency on three wildfires 1 through 4 years after burning. 

Years after burning in wildfire 

1 st Season 2nd Season 3rd Season 4th Season 

Plant species Red Rock Hallelujah 7 Lake Red Rock Hallelujah 7 Lake Red Rock Hallelujah Red Rock 

Perennial grasses and sedges 
Carex douglasii Ta T 0 T T 0 T T T 
Elyrnus cinereus 2 2 2 T T T T T T 
Oryzopsis hyrneroides T 1 3 T T 2 T T T 
Poa sandbergii 7 3 3 2 2 1 3 1 2 
Stipa comata 3 1 T 3 1 T 2 1 2 
S. occidentalis 0 2 0 0 1 0 0 2 0 
S . speciosa T 1 2 T T T T T T 
S. thurberiana 3 3 4 1 2 2 2 2 1 
Sitanion hystrix 3 2 3 1 1 2 3 4 4 

Annual grasses 
Brornus tectorurn 23 13 15 74 68 60 57 61 50 
Vulpia octoblora 2 T 4 0 0 0 0 0 0 

Perennial forbs 
Astragalus fdipes T 0 0 T 0 0 T 0 T 
Balsarnorhiza sagittata 11 7 12 4 2 10 8 8 9 
Crepis acurninata 1 3 T 0 1 T 0 0 0 
Lupinus caudatus 10 9 11 3 2 7 6 8 10 
Lygodesrnia spinosa 0 T 2 1 2 6 5 11 8 
Phlox diffusa 5 3 2 1 T T 2 T 5 
Sidalcea glausescens 

T’ T” 0” T’ 
0 0 

Wyethia rnollis T 0” T’ T” 1 
W. arnplexicaulis 3 2 2 2 1 2 2 T 4 

Annual forbs 
Collinsia parvifora 10 9 7 T 0 0 0 0 1 
Descurainia pinnata T T 6 1 3 2 3 0 T 
Eriogonurn baileyi 2 5 3 T 2 2 T 2 0 
Gilia brecciarurn T T T T 0 0 0 T 0 
Mirnulus breweri 8 12 14 T 0 0 0 0 0 
Mentzelia perfoliata 1 5 1 2 1 0 1 T 0 
Montia perfoliata T T 0 0 0 0 0 0 0 
Nicotiana attenuata 0 11 0 0 1 0 0 0 0 
Sisyrnbriurn altissimun 1 1 2 3 2 2 4 T 0 
Phacelia rnertensia 3 1 0 0 0 0 0 0 0 ~_ ________ 

a T - indicated less than I% frequency. 
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24000 - 

10,000 -- 

1,000 -- RED ROCK - 

HALLELUJAH b-------A 

I 2 3 4 
YEARS AFTER BURNING 

Fig. 2. Density of downy brome plants per m2 on seral big sagebrush/Thurber needlegrass corn- 
munities I through 4 years after burning in wildfires, 

on the bum was 960, while the 
maximum by unburned plants was 250. 
The number of tillers per plant is 
important because it extends the flow- 
ering period and enhances the chances 
for hybridization among plants. The 
reproductive response of the reduced 
population of downy brome that estab- 
lishes after the wildfires is an expres- 
sion of phenotypic plasticity. This 
plasticity is an obvious response to 
reduced competition, but the pheno- 
typic response paves the way for 
changes in breeding systems that have 
genotypic consequences. 

Downy brome plants are largely self- 
pollinated, and in unburned communi- 
ties hybridization probably rarely 
occurs. The release in environmental 
potential brought on by the destruction 
of the dominant woody component of 
the community and the partial reduc- 
tion in downy brome reproduction 
potential pave the way for hybridi- 
zation and recombination. This is an 
application of the genetic system for 
predominantly self-pollinated species 
established by Stebbins and Allard 
(e.g. Allard 1965). Annual species of 
Bro~rzus are the prime, but not only, 

60 T 
- 6'URNED AREA - hi GROWING SEASON 

--- - - UNBURNED ADJACENT AREA 

TILLER PER PLANT 

Fig. 3. Number of tillers per plant on randomly selected downy brome plants from Red Rock burned 
area the first growing season after the fire and in an adjacent unburned area. 

example of this type of breeding 
system. We have shown in previous 
studies that medusahead (Teaniather- 
wn asperum) populations exhibit the 
type of variability associated with 
largely self-pollinated species (Young 
et al. 1968). We carry the concept a 
logical step farther and suggest that the 
progeny of the hybrids express popula- 
tion heterosis in the FI generation, 
i.e., the second year after burning 
(Young and Evans 1976). Note that the 
population density of downy brome the 
second year after burning, when we 
propose the expression of population 
heterosis, is one-quarter to a third of the 
population density observed the third 
year following burning; but the compe- 
tition from downy brome during the 
second year largely purges the com- 
munity of native annuals (Table 2; 
Fig. 1). 

The second year after burning, when 
the downy brome population increases, 
the plants invade the haloes of ash from 
the burned shrub canopies occupied by 
native annuals the season before. The 
burned shrubs provide a relatively 
nutrient-rich environment, especially 
in nitrogen (Schlatterer and Hironaka 
1972), for full expression of the 
potential of downy brome. The nitro- 
gen resulted from nitrification of 
decaying accumulations of shrub and 
herbaceous litter under the shrubs and 
possible cryptogamic fixation (Snyder 
and Hullstein 1973; Charley and West 
1975). The organic nitrogen in the litter 
under the shrubs is mostly lost through 
volatization when burned, but there is a 
relatively large accumulation of nitrate- 
N in the soil under the burned canopies 
compared to the interspaces between 
the shrubs. The nitrogen was made 
available for downy brome by the fire 
in the sense that the shrub competition 
was removed, intraspecific competi- 
tion reduced, and a suitable seedbed 
prepared. 

The only other herbaceous species to 
respond positively in the post-bum 
environment were the robust perennial 
forbs not preferred by grazing herbi- 
vores. This group included balsam root 
(Bulsamorhizu sugittutu), silver lupine 
(Lupinus cuudutus), mules ear (Wyethiu 
mollis), wyethia (Wyethiu umplexi- 
c&is), and spiny skelton weed (Lygo- 
desmiu spinosu) . These species in- 
creased in frequency (Table 1) and 
density (Table 2). 

Consequences of herbaceous succession 
By the third year after burning the 
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population dynamics of downy brome 
had stabilized at a new dynamic 
equilibrium. Cover and density fluctu- 
ated with growing conditions (Evans et 
al. 1970). The environment was closed 
to seedlings of perennial grasses 
(Robertson and Pearse 1945) so that the 
natural succession pattern to a sage- 
brush/perennial grassland equilibrium 
was irrevocable altered. 

By 2 years after burning, the downy 
brome populations that hybridized 
were segregating. Many of the new 
combinations were probably of no 
selective value, but those that had 
selective advantages for micro-niches 
in the site lapsed into self-pollination 
and produced stable duplicates of them- 
selves. 

A major consequence of the dy- 
namics of downy brome was a loss of 
annual species diversity. On the Red 
Rock bum diversity of herbaceous 
species progressively dropped, 20, 50, 
and 70% in the three growing seasons 
following reestablishment (Table 2). 
Similar reductions were apparent for 
the shorter time scale on the other two 
bums. Comparing the data for the 
downy brome-dominated communities 
with that in published accounts of the 
species composition of pristine big 
sagebrush/Thurber needlegrass com- 
munities further illustrates how greatly 
species diversity was reduced (Young 
et al. 1977). If our model for the 
population dynamics is correct, there 
would be a progressive increase in 
intraspecific diversity of downy brome 
over the same time period. 

Shrub dynamics 
Based on the density of burned shrub 

stumps immediately after the fires, the 
dominant shrub in prebum communi- 
ties was big sagebrush (Table 3). As 
expected, none of the burned big sage- 
brush plants sprouted. The two major 
subdominant shrubs were green rabbit- 
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Fig. 4. Downy brome caryopses production per plant in the Red Rock burn and in an adjacent un- 
burned area the first season after burning. 
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T 
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Fig. 5. Projected herbage cover and constancy of shrub species on Red Rock burn 4 years after 
wildfire. 

brush (Chrysothamnus viscidiflorus) 
and horsebrush (Tetradymia canes- 
tens). Both species sprouted vigorous- 
ly, with horsebrush having the higher 

Table 3. Mean density (number/m’) of shrubs recorded on the area of each tire after burning 
and percent resprouting the next growing season. Density based on number of stems per unit 
area. See text for difficulty in comparing density of clonal and new clonal species. 

Shrub density/l0 m* and percent resprouting 

Red Rock Hallelujah 7 Lakes 

Shrub species Density Sprouting Density Sprouting Density Sprouting 

- Artemisia tridentata 2.82 0 3.14 0 2.66 0 
Chrysothamnus viscidtflorus 0.91 85 0.41 81 0.62 76 
Tetradymia canescens 0.38 96 0.62 93 0.71 98 
Prunus andersonii 0.09 100 0.10 100 0.08 100 
Ephedra viridis 0.02 98 0.01 100 0.03 100 
Ribes velutinum 0.08 100 0.06 100 0 - 

JOURNAL OF RANGE MANAGEMENT31 (4), July 1978 

survival rate. 
Three occasionally occurring shrub 

species, desert peach (Prunus ander- 
sorzii), currant (Ribes velutinum), and 
green ephedra (Ephedra viridis), were 
vigorous sprouters after burning with 
virtually all plants producing new 
stems that survived (Fig. 5). 

The pattern of growth of sprouts after 
burning was quite variable. Green 
rabbitbrush characteristically has one 
sprout per burned plant. The new stem 
develops from a bud near the soil 
surface. Horsebrush, the other sub- 
dominant shrub, sprouts from roots 
located well below the soil surface. 
Each burned horsebrush plant produced 
several new shoots. A single burned 
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horsebrush shrub may produce 5 to 7 
sprouts, with 1 to 2 dm spacing 
between sprouts. 

Desert peach, ephedra, and currant 
were distributed in definite clumps. 
These clumps represent individual or 
multiple clones that can occupy a quite 
extensive area. Desert peach plants 
sprout from lignotubers and an exten- 
sive network of underground stems. 
Ephedra also sprouts from extensive 
woody crowns. Currant sprouts, after 
burning, with a host of armed stems. 
These stems often trap wind erosion 
products, and soil mounds develop 
over the area of the clone (Saunders et 
al. 1973). 

The net effect of these various 
resprouting habits is to make it difficult 
to obtain a single meaningful parameter 
to assess shrub succession. 

Green rabbitbrush was the only shrub 
species to establish large numbers of 
seedlings (Table 4). In a previous study 
we showed how green rabbitbrush 
responds dynamically to burning in 
wildfires by sprouting, tremendous 
achene production, and subsequent 
seedling establishment (Young and 
Evans 1974). 

If we had a longer post-bum time- 
scale, seedling establishment of sage- 
brush would become increasingly 
important (Hamiss and Murray 1973). 
The three clonal species had virtually 
no seedling establishment after the 
bums. 

It is important to note that no shrub 
seedlings established the first season 
after burning. This indicates either a 
lack of shrub seed reserves in the litter 
and soil or their destruction by burning. 

Discussion 

The dominance of downy brome 
after wildfires in sagebrush grasslands 
resembles the phoenix of an alien life 
form rising from the ashes to haunt the 
post-bum environment (Young et al. 
1976). However melodramatic the 

analogy, the implications of this study 
of post-bum population dynamics are a 
clear documentation of environmental 
degradation. 

The sagebrush/grassland ecosystems 
that have existed in the Great Basin 
only since the Pleistocene (Axelrod 
1950) have, within the span of a single 
century, been irreversibly altered by 
the husbandry of domestic livestock 
and unintentional introduction of alien 
plant species. The natural equilibrium 
of a vegetation composed of sagebrush/ 
stipa communities will never again be 
attained, but only can be approached 
through the use of exotic species. It is 
easy to rationalize the magnitude of this 
degradation by enumerating the many 
areas of sagebrush/grasslands where 
downy brome is absent and native 
perennials still dominate. These areas 
are a valuable resource worthy of 
protection to maintain their economic 
and scientific values. Close examina- 
tion often reveals high seral sagebrush/ 
grassland communities remaining on 
areas at higher elevation under more 
mesic conditions, and/or long distances 
from stock water. If you doubt the 
colonizing ability of alien weeds, 
remember that at the turn of the century 
there was no downy brome in northern 
Nevada (Kennedy and Doten 190 1). 
Unfortunately, modem technology has 
accelerated environmental degradation 
in sagebrush/grasslands rather than 
impeded it. Probably, conversion of 
sagebrush lands to annual grasslands 
has been greater in one century around 
urban areas and along railroads in the 
Great Basin than during the entire first 
millenium of livestock grazing in 
Arternisia steppes of Asia. 

Downy brome has the inherent 
competitive ability to close seral com- 
munities to seedlings of perennial 
grasses. We have provided in this study 
additional evidence of how the breed- 
ing system of this species is closely 
tuned to the demands of diverse and 
changing environments. Downy brome 

Table 4. Shrub seedling establishment per 10 m2 on Red Rock burn 1 through 4 years after 
burning. 

Shrub species 
Seedling establishment/l0 mz years after burning 

I 2 3 4 

Artemisia tridentata 0 0.01 Ta 0.02 
Chrysothamnus viscidiflorus 0 0.89 1.02 0.61 
Tetradyrnia canescens 0 T 0.03 0.18 
Prunus andersonii 0 0 0 0 
Ephedra viridis 0 0 0 0 
Ribes velutinurn 0 0 T 0.01 - 
a T indicates less than 0.01 seedlings per IO m’. 

literally fuels its own dynamics by 
providing the accumulation of fine 
herbage that ignites and carries wildfire 
to the widely spaced sagebrush plants. 

During the 1930’s, R. L. Piemeisel 
and G.P. Pickford clearly enumerated 
the preemption of seral habitats in the 
sagebrush/grasslands by alien annuals. 
They clearly visualized this as a cyclic 
phenomenon accelerating in a con- 
centric spiral, with conversion to an 
annual grassland as the ultimate result. 
Pickford recognized that once the alien 
spiral was initiated, complete removal 
of domestic livestock would not stop 
the ultimate environmental conversion. 
There is strong evidence that removal 
of livestock would actually accelerate 
conversion to annual dominance be- 
cause of fuel accumulations. 

Downy brome dominance is the 
symbol of environmental degradation if 
the pristine vegetation is used as the 
benchmark of judging range condition. 
However, the current livestock indus- 
try in large areas of the Great Basin is 
partially dependent on downy brome as 
a forage base. 

Downy brome is not the ultimate 
in potential environmental degradation. 
Small portions of the sagebrush/ 
grassland of the Great Basin have been 
degraded past downy brome dominance 
to scotch thistle (Onopordurn acanthi- 
urn) and/or medusahead (Taeniatherurn 
asperurn) dominance. These communi- 
ties represent a very limited grazing 
resource compared to downy brome or 
to potential vegetation. 

By dietary preference and life-style, 
the American public demands quality 
animal protein. Among vertebrates, 
only the ruminants have evolved diges- 
tive systems capable of converting high 
Iigna-cellulose herbage to animal pro- 
tein. As feed grains increase in value in 
the international marketplace, range- 
lands become more important in red 
meat production. Life-styles can be 
forced to change and a finite amount of 
plant protein be substituted in diets, but 
the requirements for quality protein so 
outstrip supply that use of rangeland 
resources remains essential. The popu- 
lation dynamics presented in this paper 
document for one community the fact 
that the forage resource of the sage- 
brush/grasslands are being degraded. 

We have described a biological 
process in terms of a sequence of 
ecological events. Answering to this 
degradation is not simply the responsi- 
bility of land management agencies or 
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ranchers. The degradation of sage- 
brush/grass ranges is a product of our 
culture. 

The livestock husbandryman of the 
19th century initiated exploitation of 
the sagebrush/grasslands without pre- 
cedence and without experience in a 
similar environment to guide their 
actions. Throughout the entire history 
of herbivore domestication, alien plant 
species and, we suspect, associated 
opportunistic vertebrate and inverte- 
brate faunas have evolved a counter 
culture to man’s husbandry of animals. 
We now have a century of experience 
with domestic animals in the Great 
Basin, a half century of ecologic 
research, and evidence from antiquity 
of the impact of prolonged haphazard 
animal husbandry on the Artemisia 
steppe of southwestern Asia (Flannery 
1969). Despite this accumulation of 
ecological knowledge and practical 
experience, there is currently no appli- 
cation of appropriate technology for the 
restoration of plant communities in this 
environment. As a consequence, we 
propose that the breeding system and 
population dynamics of downy brome 
should be used as a model for 2 1st 
century ecology, improvement, and 
management of the sagebrush/grass- 
lands and, with modification, much of 
the semiarid portions of the world. 

Dynamics is the essence of the data 
of this study. The dynamics of degraded 
sagebrush/grasslands cannot be stopped 
by the desire, no matter how well 
motivated, to preserve the current plant 
communities and their environment. 
The process has been initiated and 
equilibrium will return only with degra- 
dation of the ecosystem under current 
land management policies. Application 
of appropriate technology to stem the 
tide of degradation does not only mean 
conversion of degraded sagebrush/ 
downy brome communities to perenni- 
al grasslands for livestock production. 
It also means reestablishment of stable 
perennial shrub, forb, and grass- 
dominated communities with associ- 
ated biotic and physical factors, in- 
cluding fire, to be in equilibrium with 
the potential of the environment. The 
environmental impact of man’s activi- 

ties on this ecosystem has been and will 
be stated many times with increasing 
precision and clarity. What remains to 
be done is affirmative action to improve 
these plant communities for environ- 
mental stability and increased pro- 
ductivity. 
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Herbage Yield and Quality of Threadleaf Sedge 

J. STUBBENDIECK AND MICHAEL A. FOSTER 

Highlight: An investigation of herbage yield, crude protein, and 
in vitro dry matter disappearance (IVDMD) levels of ungrazed 
threadleaf sedge (Curex JiZifoZia Nutt.) was conducted over a 
2-year period in western Nebraska. Threadleaf sedge contributed 
approximately 80% of the total herbage production on the study 
site. Crude protein varied from over 18% in late April to 5% or less 
in February. Levels of IVDMD varied from 69% in May to 51% in 
March. Levels of these quality factors were higher than those for 
most grasses throughout the year. 

Our objectives were to determine (1) herbage yield and (2) 
herbage quality, measured as percentage crude protein and in 
vitro dry matter disappearance (IVDMD), of threadleaf sedge. 

Study Area 

The study site was located in western Nebraska, approximately 16 
km south of Scottsbluff. Average annual precipitation at the study site 
is 366 mm, although precipitation levels during the 2-year study were 
below average at 328 and 269 mm for 1975 and 1976, respectively. 

Threadleaf sedge (Carex filifolia Nutt.) is one of the most 
important grass-like range plants in the grasslands of the Great 
Plains (Weaver and Albertson 1956; Coupland 1961). Thread- 
leaf sedge occurs on dry plains and hills from Manitoba to 
British Columbia, south to Texas, and as far west as California 
(Femald 1950; Britton and Brown 1970). This species is 
commonly found growing in association with needleandthread 
(Stipa comata Trin. & Rupr.) and blue gama (Bouteloua gracilis 
(H.B.K.) Lag. ex Steud.), but can thrive on dry ridges and in 
places where little other vegetation can survive (Weaver and 
Albertson 1956). 

The soil at the study site was classified as Mitchell silt loam (Ustic 
Torriorthent), with a 3 to 5% slope. This soil is a deep, well-drained 
soil with a medium textured layer beneath a brownish gray surface 
layer (Yost et al. 1968). The study area was fenced to exclude 
domestic livestock and was classified as a silty range site. Threadleaf 
sedge occupied 79% of the basal herbage area of the study site, and 
plants growing in association with it included blue grama, needleand- 
thread, and sand dropseed (Sporobolus cryptundrus Torr.). 

Methods 

Threadleaf sedge is a long-lived perennial which forms a 
tough sod. Threadleaf sedge is densely tufted with pale green 
glabrous culms and may reach a height of 8 to 36 cm. The leaves 
of threadleaf sedge are filiform and may be from 5 to 25 cm long 
and approximately 0.6 cm wide (Britton and Brown 1970). 

Threadleaf sedge resumes growth in early spring and com- 
pletes growth in late May. This plant is especially valuable for 
grazing during this period, because it maintains high palatability 
for all classes of livestock. By the end of June it becomes dry 
and tough. The low growth form of threadleaf sedge and the 
resistance of its tough, wiry roots enables it to withstand heavy 
grazing and trampling. Its roots are brown or black in color and 
form a tangled mat to a depth of 0.5 m, with some roots reaching 
a depth of 1.5 m (Weaver and Albertson 1956). 

A harvesting schedule was initiated on January 4, 1975, and 
completed on December 6, 1976. Twenty-four harvests were made 
during each year. Harvest frequency varied from weekly, during 
active growth periods, to monthly, during periods of dormancy. Four 
quadrats (2.3 m2) were clipped near the soil surface in each of four 
replications in a randomized complete block design. A series of plots 
was used, enabling the use of previously unharvested plots. All above- 
ground biomass was removed by clipping on March 10 of each year. 
Threadleaf sedge herbage was separated from other herbage, weighed, 
and dried in a forced air oven at 65°C until reaching a constant weight 
and weighed. Samples were ground to 40-mesh size and saved for 
nitrogen and IVDMD analyses. Percentage crude protein was deter- 
mined by the Kjeldahl procedure (Assoc. Official Agr. Chem. 1960). 
The method outlined by Tilley and Terry (1963) was used for the 
IVDMD determinations. 

Herbage Yield 
Results and Discussion 

Although ranchers in the shortgrass prairie pay a premium for 
rangeland containing threadleaf sedge, little information is 
available on its herbage yield or quality. Research on other 
species of Carex in Canada has shown herbage yields ranging 
from 380 to 6,400 kg/hectare and an average crude protein 
percentage of 9.1 (Gorham and Sommers 1973; van Ryswyk et 
al. 1973). Goetz (1975) has shown that the crude protein 
percentage of threadleaf sedge growing in North Dakota com- 
pared favorably to that of blue grama, varying from 12.8% on 
May 15 to 6.4% on August 15. He stated that the high loss of 
“leaf material” greatly reduced the value of this species for 
summer grazing. 

Herbage yield decreased from the January sampling date 
through the early April sampling date both years (Fig. 1). This 
was due to winter loss of plant materials. Growth resumed in 
early April of both years, as indicated by an increase in moisture 
levels of the herbage. 

Maximum herbage yield of 883 kg/hectare was recorded on 
June 27 in 1975, 1 week later than in 1976 (Fig. 1). Weaverand 
Albertson (1956) reported that threadleaf sedge in South Dakota 
completed growth approximately 1 month earlier than that 
reported here. Above-average precipitation ( 158 mm) was 
recorded from late May through June 1975, thus enabling the 
plants to reach a higher production level than in 1976. 

Authors are associate professor of agronomy (range management), University of 
Nebraska, Lincoln 68583; and research associate, Texas A&M University, Research and 
Extension Center, Vernon, Texas 76384. 

I his report is a contribution of the Nebraska Agricultural Experiment Station as Tech- 
nical Paper Number 5450. 

Manuscript received October 24, 1977. 

Moisture levels of the herbage reached a maximum of only 
64% in 1975 and 68% in 1976, considerably less than maxi- 
mums generally recorded for other forage species (Table 1). 
Loss of plant material due to breakage of dry tissue from the un- 
grazed threadleaf sedge began in the spring. Regrowth occurred 
during September 1975, following closely the receipt of 53 mm 
of rainfall. Following a relatively dry period (May through 
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Fig. 1. Total and sedge herbage yields during 1975 and 1976. 

June 

July), only a small amount of regrowth occurred in September 
1976. 

Threadleaf sedge contributed a major portion of the herbage 
production on the study site (Fig. 1). Herbage yield of threadleaf 
sedge reached a maximum of 883 and740 kg/hectare in 1975 
and 1976, respectively. Total herbage yield reached 1,030 
kg/hectare in 1975 and 925 kg/hectare in 1976. 

Percentage crude protein was lowest during the late fall 
through early spring when averages ranged from 5 to 6% 
(Table 1). This crude protein range compares favorably with 
that reported for blue grama and is somewhat higher than that of 
other mature grasses (Williams 1953; Rogers and Box 1967; 
Nat. Acad. Sci. 1976). Burzlaff ( 197 1) found that crude protein 
levels of little bluestem (Schizachyriurn scoparium (Michx.) 
Nash.), prairie sandreed (Calamolvifa (Hook.) Scribn.), and 
sand bluestem (Andropogon hallii Hack.) grown at Fort 
Robinson in western Nebraska were 2%, or less, on November 
1. This 2% level can be compared to the crude protein content of 
threadleaf sedge, which was approximately 6% on November 1. 

Crude protein increased rapidly with resumption of spring 
growth (Table 1). Maximum crude protein was recorded in late 
Apri 1 both years. Crude protein levels for the mid May sampling 
date were approximately 2.5 percentage units higher than those 
reported for threadleaf sedge during the same period in North 
Dakota (Goetz 1975). Crude protein declined from mid May 
until early July. Crude protein levels in late July were approxi- 
mately 7%. Burzlaff (197 1) reported crude protein levels of the 
three warm-season range grasses to be from 1 to 3 percentage 
units lower than threadleaf sedge during the same time period. 
Perry ( 1974) determined the crude protein levels of sand blue- 
stem and prairie sandreed grown on the Panhandle Experimental 
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July Aug. Sept. Oct. Nov. Dec. 

Jan. 415 9 9 6.1 5.7 
Feb. 4/S 9 9 5.8 4.7 
March 415 9 9 6.2 6.2 
April 415 28 28 6.8 6.8 
April 1 l/l2 38 57 10.6 10.6 
April 18/19 50 62 16.4 16.1 
April 25126 55 68 18.0 18.6 
May 213 60 67 17.7 17.9 
May 9/10 62 66 16.5 16.6 
May 16/17 64 65 15.3 15.5 
May 23124 60 62 14.8 14.4 
May 3013 1 60 62 13.6 13.5 
June 617 60 60 12.4 11.8 
June 13/14 54 57 11.0 11.0 
June 20/21 48 54 9.7 9.3 
June 27128 36 52 8.4 8.3 
July 1 l/l2 38 45 7.9 7.5 
July 25/26 38 40 7.0 7.4 
Aug. 819 30 23 7.0 7.1 
Aug. 22123 24 14 7.0 6.7 
Sept. 516 32 14 7.7 6.5 
Oct. 516 23 12 6.2 6.5 
Nov. 516 9 11 6.0 6.1 
Dec. 516 9 10 5.9 5.7 

LSD.o;, 2 0.5 

1976 

1976 

Range, near Scottsbluff. He found that the crude protein content 
was 5.5% for prairie sandreed in late July. A slight increase in 
crude protein content of threadleaf sedge occurred in con- 
junction with the regrowth during September 1975. 

Table 1. Moisture content (%), crude protein (%), and IVDMD (%) of 
threadleaf sedge over a 2-year period at Scottsbluff, Nebr. 

Harvest date Moisture content Crude protein IVDMD 

197511976 1975 1976 1975 1976 1975 1976 

56 56 
55 55 
51 51 
57 57 
62 63 
67 65 
67 67 
69 68 
67 69 
66 66 
65 67 
64 63 
63 61 
62 62 
62 61 
62 62 
61 59 
59 56 
58 56 
57 56 
58 56 
55 56 
56 56 
56 56 

2 
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Cows nursing calves (average milking ability during the first 
3 to 4 months postpartum) require a total protein level of 9.2% 
(Nat. Acad. Sci. 1976). Threadleaf sedge met these require- 
ments from resumption of spring growth until approximately 
June 20 (Table 1). Dry pregnant mature cows require 5.9% total 
protein in their diets (Nat. Acad. Sci. 1976). Threadleaf sedge 
essentially met these requirements throughout the year, with the 
possible exception of the months of December, January, and 
February. In addition, grazing animals are selective and gener- 
ally consume forage of higher nutritive value than harvested 
total herbage. 

In Vitro Dry Matter Disappearance 
In vitro dry matter disappearance (IVDMD) values were 

lowest in March (5 1%) before resumption of spring growth 
(Table 1). This was considerably higher than IVDMD values for 
most dry, mature grasses (Streeter et al. 1968; Nat. Acad. Sci. 
1976). Burzlaff ( 197 1) found IVDMD levels on November 1 to 
be 38% for prairie sandreed, 37% for little bluestem, and 46% 
for sand bluestem. These values can be compared to the 
approximate 56% IVDMD of threadleaf sedge in early Novem- 
ber. Percentage IVDMD increased rapidly during April and 
May. Percentages of IVDMD of more than 60% are not 
uncommon for immature range grasses, but these values rapidly 
decline in the summer (Burzlaff 1971; Perry 1974). Percentage 
IVDMD did not drop below 60% until July and remained above 
55% until February. 
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documented examination of the principal poisonous plants 
of the United States and Australia, with some treatment 
of plants from England, Canada, and New Zealand. Re- 
search in the United States and Australia on the effects 
of poisonous plants on livestock is in the vanguard, and 
the authors represented are among the leading scientists 
working in the area of poisonous plants. 
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Effects of Gully Plugs and Contour Furrows on 
the Soil Moisture Regime in the Cisco Basin, 
Utah 

GERALD F. GIFFORD, VALDON B. HANCOCK, AND GEORGE B. COLTHARP 

Highlight: Soil moisture patterns in and around gully plugs and contour furrows 
constructed on Mancos shale-derived soils in Cisco Basin were studied from 
December of 1965 through December of 1966. Preliminary studies were initiated 
during the summer and fall of 1965. Results of monthly measurements indicate 
increased moisture storage immediately beneath treatment depressions, but minimal 
lateral movement. Results of this study, and others, suggest that treatments of this 
type on Mancos shale will function primarily to collect runoff, sediment, and possibly 
associated salts and that increased vegetal production is not a logical expectation. 

The East Desert of Utah is character- 
ized by soil which is both highly 
erodable and relatively unproductive (5 
to 7% live plant cover). This is largely 
due to the Mancos shale formation, a 
marine deposit of the Cretaceous age, 
which is typified in the Cisco Basin. 
The area has some importance as a 
winter range for sheep and cattle, but 
low rainfall (average annual is 7.18 
inches, 1953-66) is a major limiting 
factor in forage production and revege- 
tation. In an effort to reduce runoff and 
sediment production from the basin, 
the Bureau of Land Management 
treated select areas with contour fur- 
rows and gully plugs. Gifford ( 1975) 
and Wight (1975) have recently re- 
viewed the hydrologic impacts of 
various range improvement practices, 
including gully plugs and contour 
fi.lrrows. 

The objective of this study was to 
determine the effects of gully plugs and 
contour furrows on the soil moisture 
regime of the Cisco Basin. The impor- 
tance of soil moisture has been empha- 
sized by Houston ( 1965, p. 25) as 
follows: 

Authors are associate professor, graduate research 
assistant, and associate professor, respectively, Water- 
shed Science Unit, College of Natural Resources, 
Utah State University, Logan 84322. Mr. Hancock is 
currently with the 1J.S. Forest Service and Dr. Coltharp 
is currently associate professor of forestry, University 
of Kentucky, Lexington. 

Manuscript received September 6, 1977. 

An understanding of soil moisture regimes 
and the factors which influence them is basic 
to improving range productivity in the West. 
Moisture is no doubt the most important 
single influence affecting range forage pro- 
duction in the largely semi-arid climate. 

Methods and Procedures 
A description of the study area and treat- 

ments applied has been given by Gifford et 
al. ( 1977). For this study, two 40-acre areas 
were selected: Area 2 in a Nuttall’s salt- 
bush (Atriplex nuttallii) community which 
had been treated with gully plugs and 
contour furrows in 1964, and Area 3 in a 
mat saltbush (Atriplex corrugatu) com- 
munity which had been similarly treated in 
1962. Both areas were fenced to exclude 
livestock. 

Treatments were constructed with a 
cmwler-type tractor equipped with a dozer 
blade (for gully plugs) or a Holt trencher 
(for contour furrows). Gully plugs were 
constructed by the bulldozer’s scooping out 
a small basin and depositing the spoil 
material on the downhill side in the form of 
a small dam. In some instances the tractor 
packed down the dam portion with the 
tracks of the vehicle. The contour furrows 
were plowed on the contour with the Holt 
trencher, a concentric disk apparatus. The 
fmnt disk digs the furrows and the rear and 
slightly offset disk throws the excavated 
material onto a spoil bank or throw. 
Average spacing of the furrows was 25 feet. 

A preliminary investigation of the area1 
distribution of soil moisture around gully 
plugs and contour furrows was determined 
gravimetrically during the summer and fall 
of 1965 using a Veihmeyer tube (Veihmeyer 
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1929). Measurements were taken at 6-inch 
intervals to a depth of 24 inches in transects 
which ran across the treatments. The 
limited gravimetric sampling served as a 
basis for developing a sampling procedure 
using the neutron depth moisture gauge. 

Access tubes for measuring soil moisture 
with the neutron depth gauge were installed 
to a depth of 5.5 feet during September of 
1965 in and around each of the soil surface 
treatments as shown in Figure 1. Five 
replications of each of the two types of 
treatment in each of the two areas were 
made, one randomly selected from each of 
these exposure types-east, west, north, 
south, and alluvial flat. A total of 100 
access tubes were installed in the two areas. 
Results of the preliminary gravimetric 
sampling indicated that influence of the soil 
surface treatments on soil moisture ex- 
tended approximately 4 feet from the edge 
of the treatments. For this reason, one 
access tube of each replication (hereafter 
referred to as position 1 of gully plugs and 
position 3 of furrows) was located in the 
water-storing basin of the treatment; one 
access tube (position 2 of gully plugs and 
furrows) on the edge; another access tube 
(position 3 of gully plugs and position 1 of 
ti.urows) 4 feet from the edge of the treat- 
ments. The last access tube (position 4) was 
located below the throw of the furrow to 
detect any lateral movement of moisture 
downhill through the throw or spoil. Since 
moisture movement through the dam of the 
gully plugs was not indicated by prelimi- 
nary gravimetric data, the last access tube 
in the gully plugs was located at the head 
(uphill) end of the pit. In addition to these 
four tubes, an access tube (position 5) was 
installed sufficiently far away to be con- 
sidered unaffected by the treatments and 
was used as a control. In some instances, 
the same control tube was used for an 
adjacent gully plug and furrow replication 
on the same exposure site. Measurements 
were taken at the 12-, 1%, 24-, 36-, and 60- 
inch depths. In the center of the gully plugs 
(hole #I), the 60-inch depth was estab- 
lished relative to the pretreatment ground 
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I Downslope 
HOLE NOS. 

Fig. 1. Location of soil moisture access tubes around treatments. 

level, while the other depths were measured 
relative to the bottom of the gully plug. 

were analyzed as a randomized (split-split) 
block deisgn and data from the gully plugs 

Certain limitations of the neutron depth 
moisture probe prohibits accurate moisture 

and contour furrows were analyzed sepa- 
mtely in each area. For the analysis, blocks 

readings between 0- to 6-inch depths in the correspond to different exposures, whole 
soil. A neutron surface moisture meter was plots correspond to soil moisture access 
used occasionally to determine soil mois- tube locations and soil depths, and dates 
ture amounts and distributions in the correspond to the splits. 
surface soil. Rainfall, as measured in standard 8-inch 

Soil moisture was measured at each of storage gauges, was 5.25 inches during the 
the sampling points each month from study period, while the previous 12 months 
December of 1965 through December of were relatively wet with 13.70 inches. 
1966, with the exception that only one set 
of measurements was made in January and Results 
February of 1966-during the last part of 
January in Area 2 and during the first part of Monthly soil moisture values, aver- 

February in Area 3-for a total of 12 dates aged for the 0- to 60-inch depth, 

measured. Data for October of 1966 in Area indicated that moisture trapped in the 
3 were incomplete because of instrument treatments is retained in the immediate 
failure; therefore, only 1 I dates were used area of the treatment depression and 
in the statistical analysis of Area 3. All data does not move laterally through the soil 
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Fig. 2. Soil moisture variation (0”-60”) around treatments: (a) contour furrows in Nuttall saltbush 
(Area 2); (6) gully plugs in Nuttall saltbush (Area 2); (c) contour furrows in mat saltbush (Area 3); 
(d) gully plugs in mat saltbush (Area 3). 

to any appreciable extent (Fig. 2a, b, c, 
d). For the gully plugs on both Area 2 
(Nuttall saltbush) and Area 3 (mat salt- 
bush), the analysis of variance showed 
a significant position x date and depth 
x date interaction, as might be ex- 
pected. Averaged over dates and 
depths, tube 1 in Area 2 (28.6% 
moisture by volume) and tubes 1 
(27.9% moisture by volume) and 2 
(24.6% moisture by volume) in Area 3 
had significantly more moisture around 
them than the other tube locations 
(mean for other locations was 20.0% 
moisture by volume). Since tubes 1 and 
2 were located in and immediately 
adjacent to the gully plug basin, it is 
evident that moisture from the basin 
remains within 4 feet of the treatment. 
Mean values (averaged over all dates 
and sampling positions) for percent 
moisture by volume at the various 
sampling depths remain nearly constant 
on Area 2 and decreased slightly with 
depth on ‘Area 3. The lack of a 
significant position x depth interaction 
indicated that little moisture was actual- 
ly moving into the soil profile. This was 
visually evident in that free water 
collecting in the two treatments on both 
areas often stood on the soil surface for 
days or even weeks, until it eventually 
evaporated. 

For the contour furrows the analysis 
of variance showed a significant posi- 
tion x date and depth x date inter- 
action, as was also the case with the 
gully plugs. Averaged over dates and 
positions, access tube locations 2 
(23.3% moisture by volume) and 3 
(23.2% moisture by volume) for the 
contour furrows in Area 2 had signifi- 
cantly more moisture around them than 
locations 1, 4, or 5 (control) (mean for 
these latter three locations was l’9.9% 
moisture by volume). Tubes 2 and 3 
were located in and immediately ad- 
jacent to the furrows, while tubes 1 and 
4 were only 4 and 3 feet, respectively, 
from the furrows. This indicated that 
the moisture moved out somewhat less 
than 3 feet laterally from the furrows. 
In Area 3 soil moisture around tubes 2 
(21.7% moisture by volume) and 3 
(22.1% moisture by volume) in furrows 
was not significantly greater than 
locations 1, 4, or 5 (mean for these 
latter three locations was 19.2% mois- 
ture by volume). This would seem to 
indicate that the contour furrows in this 
area were losing their effectiveness; 
they were put in 2 years prior to those in 
Area 2. The position x depth inter- 
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action was not significant (as with the 
gully plugs) and mean values (averaged 
over all dates and sampling positions) 
for percent moisture by volume at the 
various sampling depths varied only 
sightly with depth on both areas. 

Conclusions 

Soil moisture data showed that the 
gully plugs and contour furrows signifi- 
cantly increased moisture storage im- 
mediately beneath the treatment depres- 
sions, but not laterally around them. 
Depth of moisture penetration within 
depressions apparently seldom exceed- 
ed 24 inches. 

Based on results of this study and 
also results presented by Wein and 
West ( 1972; 1973), it becomes evident 
that the primary function of these treat- 

ments on Mancos shale-derived soils is 
to collect runoff and sediment (and 
possibly associated salt) rather than 
increased vegetal production. 

Lack of both vertical moisture pene- 
tration and also lateral movement of 
moisture within treatment depressions 
indicates that the potential for salt 
leaching and eventual increases in salt 
loading within the Colorado River 
Basin through subsurface flow contri- 
butions is nil, at least where precipita- 
tion patterns are similar to those 
encountered in this study. This aspect, 
however, warrants additional research 
to cover a more complete spectrum of 
possible climatic events. 
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Response of Birds, Small Mammals, and 
Vegetation to Burning Sacaton Grasslands in 
Southeastern Arizona 

CARL E. BOCK AND JANE H. BOCK 

Highlight: We studied the impact of fire on an ungrazed sacaton 
grassland community at The Research Ranch in southeastern 
Arizona. Two swmner hums were followed through two post-fire 
growing seasons. A winter burn was studied through one post-tire 
growing season. Burning reduced the height and extent of sacaton 
grass (Sporobolus wrighfii) itself, and stimulated growth of other 
grasses and forhs. Summer fires created more hare ground and 
encouraged a greater number and variety of annuals than the 
winter tire. The tires had the effect of reducing total small- 
mammal populations and greatly increasing bird populations. 
llwse results were more dramatic on the areas which burned in 
early summer than on the winter-burned plot. Raptors and most 
game birds, particularly mourning doves, were most abundant on 
one-year-old burns. Seed-eating birds (Fringillidae) preferred 
burned over unburned areas. Cotton rat (Sigmodon hispidus) 
populations were greatly reduced by the tires, while populations of 
seed-eating pocket mice (Perognathus) and kangaroo rats (Dipodo- 
mys) increased, especially on the summer hums. Sacaton grass- 
lands recover rapidly even from summer burning, at least in the 
absence of livestock. Results of this study suggest that fire is 
beneficial to the indigenous plants and wildlife of sac&on com- 
munities, as long as a mosaic of different aged stands is main- 
tained. 

In 1929, H. S. Swarthconductedafaunal analysisofsouthem 
Arizona. He wrote (1929): “East of the Santa Rita Mountains 

there are illimitable stretches of rolling hills or gently 
slofiing plains covered with grass and almost nothing else. In 
some low-lying wales the shorter prairie (‘grama’) grass is 
replaced by growth of ‘sacaton,’ a coarse bunch grass eight to 
ten feet high.” Sacaton grasslands (Sporobolus wrighrii) reach 
their greatest development in southeastern Arizona (Keamey 
and Peebles 1960), although the combined effects of over- 
grazing, drought, trampling, and erosion have drastically re- 
duced this component of the desert grassland in historic time 
(Humphrey 1958). 

Sacaton is a coarse grass which is readily eaten by livestock 
only as new spring growth. As a result many ranchers burn 
sncaton stands to remove old vegetation. Most controlled 

burning is done in winterorearly spring, when temperatures are 
low and growth has not yet begun, and when as a result little 
grass will be killed (Humphrey 1970; W. H. Brophy, pen. 
comm.). On the other hand, most “natural” fires in desert 
grasslands are likely to occur in May and June-the hottest and 
driest times of the year, when lightning storms begin in antici- 
pation of the sum&r rainy sea&m. 

In mid-Mav and mid-June. 1975, two wildfires of approxi- 
mately 150 and 350 ha occurred on The Research Ranch, a 
3,200.ha preserve in Santa CNZ Co., southeastern Arizona. 
These fires burned through extensive stands of sacaton grass 
which had been ungrazed since 1969 (Fig. 1). In February, 

1976, a third fire of about 100 ha combusted some additional 
sacaton, including one of our “control” study areas established 
in August, 1975, for an investigation of the first two bums. The 
purpose of this study was to determine the effects of these tires 
on the vegetation, birds, and small mammals of sacaton 
grassland. The Research Ranch provided a unique opportunity 
to compare vegetation and wildlife populations in burned and 
adjacent unburned sacaton communities without the usual 
complications of cattle grazing and trampling, or other un- 
natural manipulations. 

Study Areas 

Methods 

Permanent study sites were established on the two summer burns 
and on adjacent unburned (control) areas in August, 1975. Bird 



transects, rodent traplines, and vegetation sampling were carried out 
on these study areas. In February, 1976, one of the control sites 
became the winter burn study area, following a third fire. As a result of 
the timing of the three burns, we have data through two post-fire 
growing seasons for the summer (1975) burns, but for only one post- 
fire growing season on the winter (1976) burn. 

Data Collection 
In January, 1976, a weather station provided by the U.S. Forest 

Service was established at ranch headquarters. Data collected from a 
rain gauge and recording hygrothermograph permitted analysis of an 
annual climatic cycle. Vegetation composition was determined by 
running line transects (Kershaw 1964) along established routes on 
burned and unburned study sites. The sampling interval was 0.5 m; 
sample sizes are indicated in Table 1. All vegetation intercepted by a 

Table 1. Cover, expressed as percent of points sampled. 

Summer bums 

Control 1 st year 2nd year Winter bum 
Category (n=900) (n=600) (n=600) (n=600) 

Forbs 45 72 72 59 - 
Sacaton 74 35 70 50 
Other grasses 19 14 29 57 
Dead vegetation 1 6 0 0 
Bare ground 1 13 7 1 

vertical line at each point sampled was identified and recorded. The 
categories “dead vegetation” (both standing and on the soil surface) 
and “bare ground’ were recorded only when no living plants were 
present. Vegetation was sampled in late August and September of 
1975 and 1976, following the peaks of summer growth (Cable 1975). 
Mean maximum height of vegetation was compared by measuring the 
height of the tallest plant at the first 200 points sampled in each habitat. 
Monthly live-trapping censuses were made from September, 1975, 
through January, 1976, and from July through December, 1976. Each 
tmpline was 300 m long, with 20 stations set at 15-m intervals, two 
traps per station. Traplines were run for three consecutive nights (= 
120 trap-nights per census). Large folding Sherman live-traps were 
used, baited with peanut butter. Walking bird censuses of about I hour 
duration were conducted along prescribed 500-m routes on each study 
site. No attempt was made to determine actual densities of bird 
populations, but results indicate relative abundances. Censuses were 
made three or four times per month from September, 1975, through 
January, 1976, and from July to December, 1976. Control (unburned) 
plot census results were combined for 1975 and 1976 since control 
area bird populations were comparable in the 2 years. 

Statistical Analysis 
The hypothesis being tested was that fire has a significant effect on 

vegetation composition and wildlife utilization of sacaton grassland. 
Chi-square tests for goodness of fit were used to test the null 
hypothesis that vegetation would be the same on all study sites, given 
equal numbers of points sampled. Expected frequencies were cal- 
culated by dividing the total combined numbers of plants recorded on 
unburned, first-year summer burned, second-year summer burned, 
and winter burned transects in proportion to the sampling effort made 
in each of the four habitats. If such four-cell goodness of fit tests 
showed that a species or category of species (e.g., forbs) was not 
randomly distributed through the various habitats, then a series of two- 
cell tests was run to determine which habitats differed significantly 
from one another. This is a weak statistical procedure, since probabili- 
ties become high that spuriously significant scores will result (Roscoe 
1969). For this reason two and four-cell tests were considered 
significant only when probability levels were 5 .005. T-tests were 
used to compare single pairs of means, as in the case of the 1975 

Fig. 2. Weather data for The Research Ranch in 1976. Temperatures and 
relative humidities are the means of daily maximum and minimum values. 
Solid line = temp.; open circle and dotted line = relative humidity; closed 
circles and solid line = precipitation. 

the bird census data. The Scheffe test is a conservative but “mathe- 
matically defensible” (Roscoe 1969) approach to the problem of 
multiple comparisons in the analysis of variance. 

Results 

Climatic Data 
Figure 2 shows the annual cycles of relative humidity, 

temperature, and precipitation at The Research Ranch in 1976. 
While we have no data for 1975, it is safe to say that the same 
general pattern occurred. Figure 2 is important because it shows 
that the winter burn (February, 1976) took place when tempera- 
tures were low and relative humidity high. By contrast, the May 
and June, 1975, bums occurred during the hottest and driest 
months of the year. While we have no data on the actual 
intensities of the three fires, it seems likely that the summer 
bums would have been much more severe than the winter burn 
as a result of these differences in temperature and moisture 
regime. Also, the winter burn would have recovered somewhat 
even in its first year as a result of winter precipitation prior to its 
major period of re-growth during the summer rains. 

Vegetation 
Forbs were significantly more common, collectively, on both 

summer and winter burned plots than in unburned habitats 
(Table 1). This difference persisted through two post-fire 
growing seasons on the summer bums. Occurrence of forbs on 
the summer burned plots was greater than on the winter burned 
area, but two-cell Chi-square tests did not quite meet the critical 
value used in all of the vegetation comparisons (see Methods). 
In this case Chi-square = 7.74; 0.01 > p > 0.005. Forbs more 
common on the bums included, especially, species of Amar- 
anthus, Ipomaea, Bidens, Convolvulus, Solidago, Portulaca, 
Chenopodium, and Ambrosia. 

Sacaton cover was significantly reduced through one post- 
fire growing season as a result of both summer and winter 
burns, but recovery was virtually complete on the summer 
burned plots (in terms of percent occurrence) after two growing 

: / seasons. The summer fires reduced sacaton cover to a signifi- mammal trapping results. Analysis of variance and Scheffe tests 
(Koscoe 1969) were used when it was desirable to make multiple ’ cantly greater degree than did the winter bum. Other grasses 
comparisons of pairs of means. This was the case in analyzing (mostly Panicum obtusum) were significantly more abundant on 
maximum plant heights, the 1976 mammal trapping results, and all of the winter burned plot than in any other habitat, although the 



summer fires also resulted in a significant increase in grasses 
other than sacaton after two growing seasons (Table 1). Finally, 
dead vegetation and bare ground were significantly more 
common on the first-year summer burned plots than in any other 
habitat. Bare ground was significantly reduced after a second 
growing season on the summer burned plots, but still was 
significantly greater than on winter burn or control areas. 

All mean maximum heights of sacaton were significantly 
different from one another (p < O.Ol), except for the winter 
bum versus second-year summer burned plots (Table 2). 

Table 2. Mean maximum height of vegetation. Data are 
plant at the first 200 points sampled in each habitat. 

for tallest 

Category Mean (cm) Standard deviation 

Control 
Summer bum 

First year 
Second year 

Winter bum 

171.9 41.5 

39.3 28.5 
93.2 45.6 
88.6 41.9 

Small Mammals 

Peromyscus sp. (including maniculatus and leucopus) were 
the only common rodents on the control area (Table 3). Burned 
plots supported much smaller populations of S. hispidus, but 
more heteromyid rodents (Perognathus and Dipodomys). Num- 
bers of Perornyscus were unaffected by the fires. 

Table 3. Number of small mammals captured, expressed as 
number trapped per monthly census (= 120 trap-nights). 

the 

Species 

1975 1976 

Summer Summer Winter 
Control bum Control bum bum 
(n=9) (n= 10) (n=6) (n=lO) (n=6) 

Perognathus hispidus 0.4 4.9 0.3 3.4 3.3 
Dipodornys vnerriarni 0 4.0 0.2 3.4 0 
Reithrodontornys rnegalotis 0 0.2 0 0 0 
Perornyscus sp.’ 23.9 23.9 9.7 4.4 10.8 
Onychotnys torridus 0.1 1.7 0 0.7 0 
Neotorna albigula 0.7 0 2.0 0.2 0.2 
Sigtnodon hispidus 59.6 6.7 29.8 1.9 8.7 

Total mammals 84.7 41.4 42.0 14.0 23.0 

’ Includes P. ttwt~iwlc~m and P. Icwc~~pu.s, not distinguished during live-trapping 

Meaningful comparisons of small-mammal populations 
between the first and second year after burning were not 
possible because captures on the control areas declined signifi- 
cantly over this period (Table 3). The following statistically 
significant within-year differences were found (see Table 3): (1) 
in 1975, the first-year summer burned areas supported signifi- 
cantly fewer total rodents (p<O.OOl), fewer Sigmodon (p< 
0.00 I), and more combined heteromyid rodents (Dipodomys 
and Perognathus, ~~0.05) than control areas; (2) in 1976, the 
second-year summer burned plots supported fewer total rodents 
(p<O.O5), fewer Sigmodon (p<O.O5), fewer Neotoma (p< 
0.05), and more combined heteromyid rodents (~~0.05) than 
the remaining control area; (3) in 1976, the first-year winter 
bum supported fewer Sigrnodon (pCO.05) and fewer Neotoma 
(~~0.05) than the control area. 

Bird Populations 
Because many of the winter birds lived in flocks, there were 

large variations in results from one bird census to the next. These 

variations minimized the number of statistically significant 
differences between means, and may have obscured some 
biologically-real distinctions between habitats. However, the 
following significant differences (p < 0.05) were found 
(Table 4): 

1. The control plot supported fewer total birds than either the 
first-year or second-year summer burned plots; the first-year 
summer burned plot averaged significantly more total birds per 
census than the winter bum area. 

2. Raptors (Falconiformes) were significantly more abun- 
dant, collectively, on the first-year summer bum than in any 
other area. 

3. Fringillidae (seed-eating songbirds) were more abundant 
on the first- and second-year summer bums than on the control 
areas. The winter bum appeared to be intermediate in this 
regard, and it was not significantly different from either the 
control or summer burned plots. 

4. Total doves and quail were significantly more common on 
the first-year summer bum than in any other habitat, and this 
also was true individually for the commonest species, the 
mourning dove. White-winged doves were more abundant on 
the first-year summer bum than on either the control or second- 
year summer burned plots. 

Discussion and Conclusions 

Results of this study show that wildfires can drastically alter 
the composition of sacaton plant communities, at least through 
one post-fire growing season. The effects of fire were to 
decrease the height and extent of sacaton grass itself, and to 
stimulate the growth of other grasses and forbs. The hot summer 
fires had a greater effect than the winter bum, especially in 
creating bare ground and increasing the number and variety of 
annual forbs. After two post-fire growing seasons the sacaton 
grass largely had recovered on the summer burned plots, but 
abundance of forbs remained high. These results appear to be 
typical of the effects of fire in many different grassland 
communities (see review by Vogl 1974). 

The fires we studied had the effect of reducing total rodent 
populations and increasing combined bird populations in 
sacaton grassland (Tables 3 and 4). Again, these effects were 
much more striking on the areas which burned in May and June 
than on the winter burned plot. Two-year-old summer burned 
plots continued to differ more from the control area than did the 
winter burn after only one post-fire growing season. We found 
in an earlier study at The Research Ranch (Bock et al. 1976) that 
fire in upland (Bouteloua) grassland sites also increased birds in 
relation to small mammals. Bendell’s (1974) review indicates 
this to be true of fires generally. 

Cotton rat (Sigmodon hispidus) populations were greatly 
reduced by sacaton fires, while pocket mice (Perognathus) and 
kangaroo rats (Dipodomys) increased, especially on the summer 
burns. This change in mammal community composition may be 
attributed to the food habits of these animals. Cotton rats feed 
largely on green vegetation, whereas the other species are 
chiefly seed predators (Baker 1971). The increase in weedy 
forbs on the burns would favor the pocket mice and kangaroo 
rats. Increase in variety and abundance of seeds probably also 
accounted for the large populations of seed-eating birds 
(Fringillidae, Table 4) which occupied the burned areas. 

The first-year summer burned plots supported far more 
raptors and gamebirds than any other sacaton stands we cen- 
),rrsed (Table 4). The birds of prey undoubtedly preferred to hunt 
over these relatively open areas because of the ease of prey 
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Table 4. Mean numbers of birds counted per census. 

Species 
Control 
(t-t=5 1) 

1 st year 2nd year Winter bum Control 1 st year 2nd year Winter bum 
(n=32) (n=35) (n= 19) Species (n=5 1) (n=32) (n=35) (n= 19) - 

Turkey vulture 0.08 
(Cafharres aura) 

Cooper’s hawk 
(Accipirer cooperii) 

Red-tailed hawk 0.14 
(Bufeo jumaicensis) 

Swainson’s hawk 
(B. swuinsoni) 

Harrier 0.12 
(Circus cyuneus) 

Kestrel 0.04 
(F&o spurverius) 

Falconiformes subtotal 0.39 
Scaled quail 0.78 

(Cullipeplu squumutu) 
Harlequin quail 2.29 

(Cyrtonyx montezumue) 
White-winged dove 0.14 

(Zenuidu asiatica) 
Mourning dove 1.55 

(Zenuiduru mucrouru) 
Gamebird subtotal 4.75 

Poor-will 0.02 
(Phuluenoptilus nurtullii) 

Common nighthawk 
(Chordeiles minor) 

Black-chinned hummingbird 
(Archilocus ulexundri) 

Western kingbird 
(Tyrunnus verriculis) 

Cassin’s kingbird 0.45 
(T. vociferuns) 

Ash-throated flycatcher 0.08 
(Myiurchus cineruscens) 

Black phoebe 0.04 
(Suyornis nigricuns) 

Say’s phoebe 0.12 
(5. suyu) 

Homed lark 
(Eremophilu ulpestris) 

Barn swallow 0.16 
(Hirundo rusticu) 

0.22 

0.16 

0.09 

0.69 

0.25 

1.41 
1.53 

1.25 

1.38 

37.06 

41.20 

0.19 

0.94 

0.28 

0.09 

0.25 

’ Most probably Vesper and Savannah sparrows. 

0.03 

0.03 

0.23 

0.11 

0.40 
0.11 

2.40 

0.20 

11.40 

14.11 

0.09 

0.11 

0.83 

7.74 

0.17 

0.05 

0.11 

0.05 

0.21 

0.79 

0.37 

2.74 

3.90 

0.11 

0.37 

0.05 

Loggerhead shrike 
(Lunius ludoviciunus) 

Yellowthroat 
(Geothlypis trichus) 

Eastern meadowlark 
(Srurnellu magna) 

Blue grosbeak 
(Pusserinu cueruleu) 

House finch 
(Curpoducus mexicanus) 

Pine siskin 
(Spinus pinus) 

American goldfinch 
(S. tristis) 

Green-tailed towhee 
(Pipilo chlorurus) 

Brown towhee 
(P. fuscus) 

Lark bunting 
(Culumospizu melunocorys) 

Savannah sparrow 
(Pusserculus sundwichensis) 

Vesper sparrow 
(Pooecetes grumineus) 

Lark sparrow 
(Chondestes grammucus) 

Rufous-crowned sparrow 
(Aimophilu ruficeps) 

Botteri’s sparrow 
(A. botterii) 

Cassin’s sparrow 
(A. cussinii) 

Chipping sparrow 
(Spizellu pusserinu) 

Brewer’s sparrow 
(S. breweri) 

White-crowned sparrow 
(Zonotrichiu leucophrys) 

White-throated sparrow 
(Z. ulbicollis) 

Unknown sparrow’ 
Fringillidae subtotal 

Total birds 

0.24 

1.86 

0.67 

0.82 

0.10 

0.10 

0.45 

0.47 

2.63 

0.22 

0.06 

1.31 

0.14 

0.39 

0.92 

1.71 
9.35 

18.14 

0.03 0.17 

2.72 1.63 

0.03 0.06 

1.53 0.09 

0.16 

0.44 

2.72 

14.78 

0.28 

0.06 

0.20 

0.26 

0.47 

1.37 

0.84 

1.21 

0.05 

0.26 

0.03 

2.09 

0.25 

0.88 

1.44 

4.20 

14.91 

0.40 

0.14 

1.11 

2.51 

0.11 

0.49 

0.60 

2.26 

7.11 

0.26 

0.11 

1.05 

0.68 

1.89 

4.41 4.83 
29.03 29.71 

0.63 

0.11 

3.37 
21.67 

76.50 54.96 26.57 

detection. Many workers have shown the importance of various 
weed seeds in the diet of mourning doves (e.g., Dillon 196 1; 
Griffing and Davis 1974). Also, Leopold (1972) has noted that 
“doves have such small weak legs and feet that they cannot 
scramble through thick weeds or grass but must move about on 
essentially bare ground.” Clearly a hot summer fire which 
opens the sacaton community and stimulates growth of forbs 
will be highly beneficial to dove populations; our results show 
this to be the case to a striking degree. 

cession. This undoubtedly would be the state of sacaton grass- 
land under “natural” conditions. 

Humphrey ( 1970) recommended that sacaton grass be burned 
in late winter or early spring to provide maximum young growth 
for cattle forage, and to minimize permanent fire damage. The 
results of our work suggest that summer burning (before the 
onset of the summer rains) may be beneficial to certain bird and 
mammal populations. A hot early-summer fire does kill some 
sacaton, but this opens the habitat and stimulates the growth of 
weedy plants essential as food to many species of birds and 
mammals. At the same time, mature stands of sacaton provide 
essential cover for other species, such as the Botteri’s sparrow 
(Table 4). In our opinion, ideal sacaton management would 
create a mosaic of stands in various stages of post-fire suc- 

Vogl ( 1974) has noted the differing opinions concerning the 
effects of fire on grassland ecosystems. These opinions range 
fmm complete condemnation to unqualified praise. Hastings 
and Turner ( 1965) and Humphrey ( 1974) also have discussed 
the controversy surrounding the role of fire in the maintenance 
of southwestern grasslands. Vogl (op. cit.) pointed out that the 
combined effects of fire and grazing can be entirely different 
from the results of fire alone, and that few studies have been 
conducted in ungrazed habitats because such areas are difficult 
or impossible to find. We have conducted a study of the effects 
of fire on a large urzgrazed (since 1969) sacaton grassland 
community at The Research Ranch. It appears that hot early- 
summer bums are beneficial to plants and wildlife, as long as a 
mosaic of different aged stands is maintained. It seems intuitive- 
ly obvious that heavy grazing and trampling following a severe 
burn could result in something very different-permanent loss 
of plant cover, erosion, and ultimate destruction of the sacaton 
community. This may explain why sacaton grasslands are 
disappearing from the Southwest. 
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The Estimation of Winter Forage and Its Use 
by Moose on Clearcuts in Northcentral New- 
foundland 
G. R. PARKER AND L. D. MORTON 

Highlight: This study was designed to evaluate the effect of 
clearcutting on moose (Alces &es americana) populations in 
northcentral Newfoundland. Fourteen logged areas of various size 
and age were sampled for potential standing forage and current 
use. Balsam fir (Abies bafsamea), white birch (Bet&z papyrifera), 
pin-cherry (Prunuspensyhnica), and willow (Salix spp.) were the 
most common forage species. Moose browsed most heavily upon 
pin-cherry, followed by birch and willow. Balsam fir was only 
lightly used. The most efficient sized plot for measuring browse 
production was found to be 6 m2. Available browse on balsam fir 
trees ~5 m in height was measured by linear correlation with the 
product of stem diameter and height. Most winter browse was in 
cuts 8 to 10 years of age. The greatest use was in cuts 40 to 50 ha in 
size. A forest management plan which encourages a heterogeneous 
pattern of 40 to 50 ha block cuts and mature forest cover is 
suggested to be most compatible with the management of moose in 
northcentral Newfoundland. 

The rapid growth of the wood fibre industry in Newfound- 
land, and the northeast in general, has promoted large-scale 
harvesting of softwoods by the most economical means. Clear- 
cutting is the most prevalent method of harvesting, particularly 
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in the spruce-fir forests in the northcentral portion of the 
province. This intensive disturbance to the climax forest has 
resulted in a proliferation of immature forest stands and in- 
creased the abundance of important moose forage species such 
as pin-cherry, white birch, and immature balsam fir. 

The increase in logging activity has stimulated increases in 
moose densities and severe damage has resulted to regenerating 
balsam fir, causing concern to both the wildlife and forest 
managers (Pimlott 1955; Ellis 1960; Dodds 1960; Bergerud and 
Manuel 1968). Although moose densities have been reduced by 
closely regulated harvests throughout most of the province 
(Bergerud et al. 1968), the forests continue to be harvested with 
little regard to the potential impact upon wildlife or the 
ecosystem in general. Individual cuts are increasing in size, 
while little is known of the impact of such extensive forest 
removal upon wildlife, soil fertility, or water quality. 

At the request of the Newfoundland Wildlife Division, 
Canadian Wildlife Service examined clearcuts in northcentral 
Newfoundland during the summer, 1976, to evaluate the impact 
of clearcuts of various sizes and ages upon moose forage 
production and use. This was a pilot study only; research will be 
expanded to evaluate the impact of forest cutting practices upon 
wildlife on a regional basis in other parts of the province. 

Study Area 

The clearcuts sampled were near Badger, an area which has long 
been the focal point of forest harvesting in Newfoundland, and one 
which has continually supported good densities of moose. Rowe 
(1972) places that area within the Grand Falls Section of the Boreal 
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Forest Region of Canada. The most productive forests in insular 
Newfoundland are found there. It is a coniferous forest, with balsam 
fir and black spruce (Picea mariana) the most common species. Both 
white spruce (Piceu gluucu) and white birch are common pioneer 
species in cut-over and burned sites. Red maple (Acer rubrum) and 
white pine (Pinus strobus) are also present, but of minor importance. 

Bogs, muskegs, lakes, and rivers are abundant throughout the 
forested plateau of low relief. The underlying strata are mostly 
palaeozoic sediments with some intrusive rocks, and the derived 
glacial tills that cover the surface are relatively fertile. The soils are 
humo-ferric and ferro-humic podzols on the uplands, gleysols and 
organic soils (peats) on the lowlands. 

The climate of the Badger area is more continental than maritime. 
The mean July maximum temperature is 21°C; the mean Januarv 
maximum temperature is - 12°C. Mean annual precipitation is 10 1 
cm; total snowfall approaches 381 cm. Maximum snow depths may 
teach 130 cm (Thomas 1953). 

Methods 
We experimented with fast and reliable methods for estimating 

available winter forage and its use by moose on cleat-cuts in north- 
central Newfoundland. Recent developments in ungulate browse 
inventories which rely on correlations between stem or twig measure- 
ments and available and removed browse (Shafer 1963; Telfer 1969; 
Basile et al. 1966; Ohmann et al. 1976) suggested that that was the 
approach we should pursue in this study. 

We chose the twig-count method developed by Shafer (1963) as the 
technique to be applied for deciduous browse estimation and use. He 
proved it to be very efficient for estimating hardwood browse 
production and use by deer in Pennsylvania. 

A total twig-count for balsam fir trees would have proven very time- 
consuming, so we investigated the presence of correlations between 
simple stem measurements and available browse. Our approach was a 
modification of the weight-diameter technique for total biomass 
estimates developed by Telfer (1969) in the Maritime Provinces. 

The selection of clearcuts to be sampled was made possible through 
the co-operation of Price Pulp and Paper Company Limited, Grand 
Falls. Cutting records were examined to ensure a representative range 
in size and age of cuts. A number of cuts of desired age and size were 
not available, either by their absence or because their location made 
summer sampling impossible. 

A selected cut was located on an aerial photograph (scale = 
1:60,000), or superimposed on the photograph if the cut was more 
recent. We had little choice of characteristics other than size and age 
due to lack of availability. The original forest cover, however, was 
invariably a mature spruce-fir type. 

Cuts were seldom uniform in shape, but rather their boundaries 
followed the irregular pattern of drainage and standing commercial 
trees. We did not, therefore, study the possible influences of the shape 
of cut (i.e. block, rectangular, etc.) upon intensity of browse removal 
by moose. 

A selected cut was sampled with ten 2 x 5 m-plots (10 m2) 
positioned along a transect at 30-m intervals. A randomly selected 
point from a grid over the cut on a photograph determined the starting 
location of the transect. The first plot was positioned 30 m from the 
selected point along the long axis of the cut. The 2 x 5-m plot was 
subdivided into five 2 x l-m sub-plots. This permitted grouping the 
data into various combinations to calculate efficiency of plot size. 

Preliminary measurements were taken of the diameter at the point of 
browsing (dpb) by moose for the important browse species. One 
hundred dpb measurements were taken for each species. It was 
determined from the formula 

x loa 

that that sample size provided a mean with at least 80% Precision at the 
95% level of confidence. This measurement was applied when 
estimating the quantity of available deciduous forage. All deciduous 
twigs, ~5 cm in length, and having a diameter within the predeter- 
mined dpb range, were tallied from ground to 3 m in height. Later, 
following the completion of annual growth in September, 25 twigs per 
species 25 cm in length, were clipped at the X dpb. These were oven- 
dried (60°C) for 24 hours) and the mean weight of an available twig 
calculated for each deciduous species. Total forage by species for each 
plot was a product of total twigs tallied and the mean weight per twig. 

An additional 20 twigs were clipped with a range of diameter around 
the dpb to calculate correlations between dried weight measurements 
and twig diameters. 

The amount of available balsam fir per plot was estimated from 
correlations developed between forage and the product of stem 
diameter and tree height. Thus, measurements of individual balsam fir 
tree heights (55 m in height) and stem diameter were later converted to 

Fig. 1. The locations of 14 clearcuts sampled near Badger in northcentral Newfoundland, summer, 1976. 



potential winter forage (O-3 m high) by reference to the preliminary 
correlations. 

Utilization of deciduous species by moose was quantified by 
converting the number of browsed twigs tallied to air-dried weights. 
This was not done for fir, and for that species a simple index of use (% 
of twigs eaten during the previous winter) was recorded. 

We measured browse from ground level to 3 m in height. We realize 
changing snow levels often create continuous changes in winter forage 
availability. We do not attempt to distinguish between potential and 
realized available forage for obvious reasons, and for this study, where 
data was collected during one field season, comparisons of forage use 
among cuts should be valid. 

Results 

In July and August, 1976, 14 cuts were sampled for total 
available winter forage and its use by moose in northcentral 
Newfoundland (Fig. 1). The cuts ranged in age from 2 to 15 
years and in size from 3 to 200 ha (Table 1). 

Table 1. The location, size, and age of 14 cuts sampled in central New- 
foundland, July and August, 1976. 

Location 
(see Fig. 1) 

Size 
(ha) 

3 
4 
5 

13 

14 
15 
16 
17 
21 
22 
24 
27 
28 

3 2 
26 2 
40 2 
80 2 

4 7 

10 6 
16 6 
40 7 
92 7 
17 11 
40 10 

200 8 
28 15 
44 15 

A usable correlation was found for balsam fir between the 
product of stem diameter and tree height and the quantity of 
browse available to moose (Fig. 2). The correlation was 
expanded to provide a table of predicted weights for trees with 
given stem diameter-tree height products. The regression shown 
is linear, which gave the best fit for trees 15 m in height. 

500 1500 2500 3500 4500 2 

Helght/d,ometer product 

Fig. 2. The line of regression for a correlation between the product of stem 
diameter and height and the quantity of balsam fir browse available to moose. 

Table 2. Twig weight prediction data for the polynomial regression log-log 
model equation log yi = B, + Bi (log Xi) for five deciduous forage species 
in central Newfoundland. 

Constants 

Species BO Bi R2 

Prunus pensylvanica -4.0130 3.3550 0.98 
Bet&a papyrifera -4.0767 3.5506 0.89 
Populus tremuloides -4.4138 3.4158 0.97 
Salix spp. -5.5773 4.1626 0.98 
Acer rubrum -5.5419 3.9966 0.96 

Thereafter, forage yields become more variable, and probably 
decrease with increasing height of tree. 

We also applied regression analysis to diameter and dried 
weights of deciduous twigs (Table 2; Fig. 3). The best fit was 
from a log-log model,using the equation yi = Bo + Bi (log xi). 
As we were concerned only with evaluating winter forage, the 
analyses were restricted to the nonherbaceous twig material. 
There was a positive correlation between twig diameter and 
dried weights for all species. Predicted weights for twigs with 
various diameter measurements were developed from these 
regressions. It was impossible to accurately identify willow to 
species during field studies. Although there are 36 species of 
willow which occur on insular Newfoundland (Ryan 1974), the 
two most likely to occur in logged over sites are Salix discolor 
and S. bebbiana. 

We tested the efficiency of various sized sub-plots for 
estimating forage production. By arranging various combi- 
nations of the 2 x l-m sub-plots, we were able to compare the 
precision of forage estimates from plots of 2 m2, 4 m2, 6 m2, and 
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Fig. 3. The lines of regression for correlation between twig diameter and dried 
weights for deciduous species important to moose as browse in clearcuts in 
northcentral Newfoundland. 
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Fig. 4. The number of various sized plots required to obtain estimates of 
potential moose forage with 80% precision 95% of the time. 

10 m2. We calculated the required number of sub-plots of each 
size to obtain estimates with 80% precision 95% of the time. 
The mean for required plots was calculated by pooling the 
results of all cuts sampled. This was done for the species balsam 
fir, white birch, and pin-cherry (Fig. 4). 

For both deciduous species, there was a sharp drop in the 
required number of plots as size of plot increased from 2 m2 
through 6 m2. Increasing plot size beyond 6 m2 did not 
significantly increase the precision of the estimate. 
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Fig. 5. Total woody biomass available to moose in clearcuts ranging in age 
from 2 to 15 years. 
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Browse production was calculated for each cut from those 
plots showing the greatest precision. There was an increase in 
total browse production through the first 8 years followed by a 
sharp decline thereafter (Fig. 5). Balsam fir comprised the bulk 
of available browse. Of the deciduous forage, the most abundant 
was white birch, followed in importance by pin-cherry, trem- 
bling aspen (Populus tremuloides), willow, and red maple. 

All deciduous twigs tallied were recorded as being browsed 
or unbrowsed. The unbrowsed twigs were used to calculate 
available forage. This allowed an evaluation of the use being 
made of available browse by moose in cuts of various age and 
size. A similar quantitative assessment of utilization of balsam 
fir was not possible as twigs of that species were not counted. A 
subjective assessment of browsing intensity on balsam fir, 
however, was recorded for each plot. 

There was no obvious relationship between percentage of 
twigs browsed and the age of the cut. There was, however, a 
relationship between use of deciduous forage and the size of cut 
(Fig. 6). The intensity of browsing increased steadily and 
peaked in cuts 40 to 50 ha in size. Thereafter intensity of 
browsing declined. 

Fig. 6. The relationship of use of browse by moose with the size and age of cut. 

Discussion 

Balsam fir provides the greatest potential winter forage for 
moose in central Newfoundland. In the cuts sampled, balsam fir 
consistently accounted for 80 to 90% of the estimated forage. 
That species, however, was only lightly used in the cuts 
sampled, probably due to the abundance of the more preferred 
deciduous species. The most abundant deciduous species is 
white birch. Pin-cherry, willow, and trembling aspen are also 
common in recent cutovers. Although providing less in total 
available forage, pin-cherry was actively selected over the more 
abundant white birch in cuts of all ages. Willow had the highest 
percentage of use, but its lack of abundance reduced its 
importance in cutover sites. 

The greatest amount of forage was found in cuts 7 to 10 years 



following forest disturbance. The greatest production was in the 
&year-old cut where available forage reached 2,000 kg/ha, of 
which 93% was balsam fir. 

The highest percentage of twigs browsed was not in cuts 
where availability was the greatest. The greatest use of available 
forage was found in the oldest and most recent cuts, this 
probably being a function of decreased availability. When 
relating browsing intensity to total available forage, however, 
the greatest amount of browse was removed from the 8- to 
ISyear-old cuts, consistent with the fact those sites produced 
the greatest volume of forage. 

Experimentation with plot size suggests that 6-m2 (2 x 3 m) 
plot will provide the greatest precision of estimate with a 
minimum amount of sampling. Further increases in plot size do 
not measurably reduce the number of plots required to achieve a 
specific precision of estimate. 

Our sampling suggests over 200 6-m2 plots may be necessary 
to achieve an estimate with 80% precision 95% of the time. 
However, that estimate comes from combining the results (to 
increase sample size) of the 2 X 3-m plots (n x 140) in all cuts. 
Only ten plots were positioned in each individual cut. As sample 
size increases within a specific cut, it is to be expected the 
required sample will subsequently decrease, and probably 
approach 50 to 60 plots. The precision and confidence limits of 
the estimate may also be reduced to meet more realistically the 
available resources and time constraints. 

The results of this study suggest that the most valuable 
cutover area to moose is one which is approximately 8 to 10 

increasing distances from cover. A forest management plan 
which encourages a heterogeneous pattern of 40 to 50 ha block 
cuts and mature forest cover is suggested to be most compatible 
with the management of moose in northcentral Newfoundland. 
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Carbon-l 4 Translocation in Three Warm- 
Season Grasses as Affected by Stage of De- 
velopment 

WALTER H. FICK AND LOWELL E. MOSER 

Highlight: Radioactive carbon dioxide was utilized to trace 
carbohydrate translocation in blue grama, sideoats grama, and 
switchgrass. Tagged tillers retained 77% of their fixed carbon 
following a 24-hour translocation period. The roots were the 
strongest sink of assimilate, receiving 76.2% of the total 14C trans- 
located. The pre-elongated and elongated tiller fractions received 
16.3% and 7.5% of the 14C translocated, respectively. Major 
differences among the grasses became evident upon examination 
of relative total activity (RTA) ratios in elongated/pre-elongated 
tillers and root/shoot fractions. Switchgrass produced many more 
elongated tillers and had the highest elongated/pre-elongated RTA 
ratio. Blue grama had the greatest weight of pre-elongated tillers, 
a strong above-ground sink, and therefore had the lowest root/ 
shoot RTA ratio. Sideoats grama had RTA ratios similar to those 
of blue grama. 

Carbohydrate translocation and the relative partitioning of 
photosynthate is important since plant growth depends upon 
carbohydrates for energy production and as building blocks for 
storage and structural compounds. The distribution of carbo- 
hydrates is governed by a source-sink relationship which 
changes with the plant’s growth stage. A carbohydrate sink is an 
area of carbohydrate storage or utilization, and the source is 
usually an area of photosynthate production, such as the leaves 
or any other green plant part. However, storage organs may 
become the source for carbohydrate when a strong above- 
ground sink and little leaf area exists. For example, storage 
organs serve as sources during spring growth of grasses. 

Stem bases, stolons, roots and rhizomes represent the major 
storage organs for carbohydrate reserves of grasses (White 
1973). Carbohydrate reserves are important in perennial plants 
for winter survival, early spring growth initiation, and initial 
regrowth following defoliation (White 1973). Nonstructural 
carbohydrates, such as glucose, fructose, sucrose, fructosan, 
and starch are the major types of carbohydrates stored. Structur- 
al carbohydrates, primarily cellulose and hemicellulose, are not 
used as reserve carbohydrates. 

Begg and Wright (1964) suggested an order of priority for 
photosynthate utilization in vegetative reed canarygrass (Phala- 
ris arundinacea) shoots. The first priority for photosynthate was 
for initiation and development of leaves; second, for an increase 
in dry weight of the shoot and elongation of internodes; and 
third, for the accumulation of root reserves. 

Authors are research assistant and professor of agronomy, University of Nebraska, 
Lincoln, W. f-f. Fick is assistant professor, Department of Agronomy, Kansas State 
University, Manhattan. 

This report is published as Paper Number 5329, Journal Series, Nebraska Agricultural 
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St. Pierre and Wright (1972) studied translocation between 
tillers of timothy (Phleurn pratense). The 14C tracer moved from 
the main shoots to all sinks at both the 3- and 5-leaf stages. 
Treated tillers consistently exported 14C to roots, but incon- 
sistently sent ldC to the main shoot and sister tillers. More 
labeled assimilate moved from the top blades of the main shoot 
to elongating leaves above them, while with the basal leaves 
more assimilate moved to the tillers and roots. 

The emergence and development of a seedhead in grasses 
constitutes a strong sink for carbohydrates. Cat-r and Wardlaw 
(1965) found 49% of the 14C assimilated by the flag leaf of 
wheat (Triticurn aestivurn) and up to 80% of r4C assimilated in 
the glumes to be translocated to the developing grain. 

Dahlman and Kucera ( 1968) reported about 50% of Y 
moved to the roots of less mature vegetation and as much as 85% 
moved to the roots of mature tallgrass prairie grasses 8 weeks 
after tagging. Singh and Coleman (1974) working with blue 
grama and buffalograss-dominated shortgrass prairie, reported 
that 67-76% of the roots at the O-20 cm depth received Y fed 
to leaves and 29-44% of the roots at greater depths received Y. 
Stage of development had a significant effect on 13C distribution 
in the roots. 

Carbohydrate translocation in grasses is a dynamic process 
and occurs toward centers of active growth and storage. 
Morphological changes cause the formation of new centers of 
carbohydrate utilization and storage in grasses. 

Most research on carbohydrate translocation has been done 
with cool-season grasses or annual plants, such as cereal grains. 
Thus, a definite need exists for expanded research in the area of 
carbohydrate translocation in perennial plants, especially warm- 
season range grasses. This research was initiated to determine 
whether short-term photosynthate distribution was similar in 
blue grama (Bouteloua gracilis), sideoats grama (Bouteloua 
curtipendula), and switchgrass (Panicurn virgaturn). These 
three grasses were selected because of their relative abundance 
and importance in Nebraska rangelands and because a com- 
parison of a short, a mid-height, and a tall grass was possible. 
The purpose of this study was to determine the relative carbon 
contribution made by a single tagged tiller to other parts of a 
single plant. 

Materials and Methods 

Excess seed of Nebraska 28 switchgrass, Nebraska 58 blue grama, 
and Trailway sideoats grama were germinated in February in the 
greenhouse at Lincoln, Nebraska. The natural photoperiod, which 
ranged from 12 to 14 hours, was extended to 14 hours with low 
intensity incandescent light ( 110 p einstins rnp2 set-‘, (A = 400 - 
700 nm). Maximum daytime temperature ranged from 30 to 35°C. 
Four seedlings were transplanted to 20 cm x 20 cm plastic pots and 



each pot was thinned to one healthy plant after the seedlings reached 
the 3-leaf stage. Plants were watered as needed and fertilized with 45 
kg/ha N (ammonium nitrate, 34-O-O) and 34 kg/ha P (triple super- 
phosphate, 0-46-O) on March 27 and again with 14 kg/ha N on April 
26. The potted plants were put outside on May 8 and received natural 
light only. 

Radioactive barium carbonate served as the 14C02 source. Radio- 
active carbon dioxide was generated by treating Ba14C03 with lactic 
acid and trapping the gas in sodium hydroxide until the 14C02 was 
released at the time plants were tagged. 

Tagging refers to the photosynthetic incorporation of 14C02 into the 
plant. Tagging occurred outside and in full sunlight between 10:00 
a.m. and 2:00 p.m. to coincide with the time of maximum irradiance. 
Four plexiglass assimilation chambers, 20 cm long x 8 cm wide x 7 
cm deep, were used for tagging. The inside edges of the chambers were 
lined with an adhesive plastic foam tape to provide a tight seal while 
preventing crushing of the culms or leaves. Two syringes were 
inserted into a serum vial containing the NaOH with the trapped 14C02 
through a rubber stopper. Excess 3N H&04 was injected with one 
syringe to release YO2. The released gas was then drawn into the 
second syringe and injected into an assimilation chamber through a 
rubber stoppered porthole in the top of the chamber. A complete tiller 
or the three uppermost leaves were tagged. The tiller in each chamber 
was allowed to assimilate 11C02 for 30 minutes. 

Four tiller stages were selected on the same date for labeling. These _ 
stages were the 2- to 3-leaf stage, a 4-leaf pre-elongated stage, an 
elongated stem prior to boot, and a tiller with a seedhead near anthesis. 
All ihenological stages within a grass were tagged on the same day. 
Blue grama, sideoats grama, and switchgrass were tagged on May 15, 
May 26, and June 5, 1974, respectively. Plants remained outside after 
labeling and a 24-hour period was allowed for translocation of 
assimilated 14C02. After 24 hours the soil was washed from the roots, 
and plants were dried for 24 hours in a forced-air oven at 75°C. Dried 
plants were separated into four plant parts: roots and rhizomes, pre- 
elongated tillers, elongated tillers, and the tagged tiller. The oven-dry 
weight was obtained for each part before grinding the samples in a 
Wiley mill to pass a l-mm screen. 

Approximately 300 mg of oven-dried material of each sample was 
pelleted in tissue paper prior to oxidation. Oxidation was accom- 
plished using a Packard Tri-Carb Sample Oxidizer, Model 306, 
Packard’s Carbo-Sorb, and organic amine, was used as the 14C02 
absorber; and a prepared counting solution, Permafluor V, was used as 
the scintillation medium. The counting solution and CO2 absorber 
were collected in a scintillation counter to determine radioactivity 
present. The samples were counted for 10 minutes or40,OOO counts. A 
channels ratio quench correction curve was utilized for determining 
counting efficiency. The counts per minute recorded by the instru- 
ment, divided by the counting efficiency, equals the actual number of 
nuclear disintegrations per minute (dpm) which occurred. Data for 
each fraction was expressed in terms of dpm/mg, a measure of specific 
activity. The amount of radioactivity in a plant fraction was also 
recorded as relative total activity (RTA), where RTA = dpm in plant 
fraction/total dpm recovered X 100. The amount of assimilated 14CO2 
translocated was determined by subtracting the amount retained by the 
tagged tiller from 100%. 

Percentage figures were transformed using (arcsin) (%)% to allow 
statistical analysis. A split plot design with four replications was used 
to analyze the overall effects of phenological stage. Retention by the 
tagged tiller, percent RTA in the elongated/pre-elongated tillers ratio, 
and root/shoot ratio were analyzed for the three grasses and four tiller 
stages using a factorial arrangement in a completely randomized 
design. Duncan’s multiple range test was used to determine significant 
differences (P = 0.05) between treatment means. 

Results and Discussion 

Blue grama, sideoats grama, and switchgrass averaged 70, 
54, and 13 tillers per plant, respectively, at the time of tagging. 
Following a 24-hour translocation period, 7.4,9.2, and 10.3% 
of the released llCz was recovered in blue grama, sideoats 

Table 1. Average 
grasses. 

percent retention of 14C by the tillers of three 

Phenological 
stage when labeled Blue grama 

Grasses 

Sideoats grama Switchnrass 

80.3 ab 
68.9 b 
82.0a 
86.4 a 

2- to 3-leaf 
4-leaf 
Stem elongation 
Seedhead 

69.1 b’ 
80.5 ab 
76.7 ab 
86.7a 

76.3 a 
60.3b 
75.5 a 
79.3 a 

’ Within each column, 
level of significance. 

numbers by the same letter are not different at the 0.05 

grama, and switchgrass, respectively. Tagged tillers retained an 
average of 76.8% of their fixed carbon after 24 hours of trans- 
location (Tables 1, 2). This retention is comparable to the 69 to 
86% retention reported by Marshall and Sager (1968) when 
whole tillers of Italian ryegrass (Lolium multiJlorurn) were 
tagged. Tagged blue grama tillers with seedheads retained more 
Y than those at the 2- to 3-leaf tiller stage. Tillers with 
seedheads in sideoats grama and switchgrass retained more 14C 
than tillers at the 4-leaf pre-elongation stage. The developing 
seedhead has been shown to constitute a strong carbohydrate 
sink (Sosebee and Wiebe 1973). No differences in retention of 
llC by the tagged tiller were detected among the three grasses 
(Table 2). 

Table 2. Average percent relative total activity (RTA) in four 
of three grasses when labeled at four phenological stages. 

plant Parts 

Plant part 

he-elongated tillers 
Elongated tillers 
Roots 
Tagged tillers 

Grasses 

Blue Sideoats 
grama grama 

5.8~’ 
0.9d 

15.1 b 
78.2 a 

3sc 
1.8~ 

15.4 b 
79.3 a 

Switch- 
grass 

2.6~ 
2.4~ 

22.1 b 
72.9a 

Mean 

4.oc 
1.7d 

17.5 b 
76.8 a 

’ Within each column, 
level of significance. 

numbers followed by the same letter are not different at the 0.05 

The greatest amount of llC remained in the tagged tillers and 
roots had the next highest level of 14C. In blue grama the 
elongated tiller fraction had the least amount of 14C. However, 
in sideoats grama and switchgrass the pre-elongated and elon- 
gated tiller fractions did not differ in RTA (Table 2). Averaged 
over the four stages of maturity, less.than 6% of the RTA was 
located in tillers other than the tagged tiller. Since there was a 
limited movement of ‘“C to other tillers, the tillers on these three 
grasses are largely, but not completely independent of each 
other under conditions of this experiment. The elongated tillers 
of blue grama exhibited the most independence by receiving the 
least amount of llC. Marshall and Sager (1968) obtained similar 
results with Italian ryegrass. In their study, the roots received 
most of the translocated 14C when whole tillers were tagged and 
the oldest daughter tiller of the main shoot was the most 
independent. 

Less ‘T was translocated from a tagged 4-leaf tiller to 
elongated tillers compared to pre-elongated tillers. A tiller 
labeled with Y at the 2- to 3-leaf stage, stem elongation stage, 
or seedhead stage, translocated equal amounts to the pre- 
elongated and elongated tillers (Table 3). Differences among 
the grasses occurred at the 4-leaf stage because the tagged 4-leaf 
tiller of switchgrass had a lower retention of 14C compared with 
other tagged tillers, whereas, blue grama and sideoats grama 
retained similar amounts of ‘“C in at least two of the different 
tagged tiller stages (Table 1). 
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Table 3. Average percent relative total activity (RTA) in four plant parts 
at four phenological stages for three grasses. 

Tiller stage 

Stem 
Plant part 2-3 leaf 4-leaf elongation Seedhead 

Pre-elongated tillers 3.7c’ 6.9~ 3.3c 1.8~ 
Elongated tillers 1.4c 2.8d 1.3c 1.2c 
Roots 19.7 b 20.4 b 17.3 b 12.9b 
Tagged tiller 75.2a 69.9 a 78.la 84.1 a 

’ Within each column, numbers followed by the same letter are not different at the 0.05 
level of significance. 

Roots were the strongest sink for translocated 14C in the three 
grasses at every stage of development, followed by the pre- 
elongated and elongated tiller fractions in blue and sideoats 
grama (Table 4). Switchgrass tillers translocated equal amounts 
of ‘% to the pre-elongated and elongated tiller fractions. 

Table 4. Percent translocated 14C recovered in three plant parts for three 
grasses averaged over four phenological stages. 

Grasses 

Blue Sideoats Switch- 

Plant part grama grama grass Mean 

Pre-elongated tillers 25.7 b’ 17.3b 5.9b 16.3 b 
Elongated tillers 4.6~ 8.0~ 9.8b 7.5c 
Roots 69.7 a 74.7 a 84.3 a 76.2 a 

’ Within a column, numbers followed by the same letter are not different at the 0.05 level 
of significance. 

A ratio of the RTA in the elongated/pre-elongated tillers 
indicated which of the two fractions was the strongest sink and 
whether differences existed among the grasses or tiller stages in 
translocating 13C to the above-ground sinks. No differences 
were detected among the tiller stages when averaged over the 
three grasses, but the grasses differed significantly. The elon- 
gated/pre-elongated ratio of RTA in switchgrass was signifi- 
cantly higher than that found in blue grama and sideoats grama 
(Table 5). Blue grama and sideoats grama had similar ratios 
except at the 4-leaf stage, where sideoats grama has a higher 
elongated/pre-elongated RTA ratio because of greater numbers 
of elongated tillers. Comparing both the RTA and weight ratios, 
pre-elongated tillers of blue and sideoats grama were shown to 
he strong sinks since the elongated/pre-elongated tiller RTA 
ratios were considerably less than the weight ratios (Table 6). In 
switchgrass the few non-elongated tillers that were present did 
not represent a strong sink. 

The root/shoot ratio of RTA allows comparison of the above- 
and below-ground sinks. The tagged tiller was not included in 
the shoot fraction. Generally, switchgrass had the highest root/ 

shoot RTA ratio (Table 5). Sideoats grama had the highest ratio 
at the 4-leaf stage because of a more actively growing root 
system compared to the other grasses. Comparing the RTA and 
weight ratios for roots and shoots, the roots of all three grasses 
were shown to be strong sinks since the RTA ratios exceed the 
weight ratios (Table 6). Switchgrass had the fewest number of 
tillers of the three grasses and the large majority of them were 
elongated. Apparently, switchgrass did not have as strong an 
above-ground sink as the other grasses. Consequently, the roots 
of switchgrass received most of the translocated 14C. A large 
percentage of the above-ground sinks of blue grama were pre- 
elongated tillers. A larger amount of ‘V was translocated to the 
tillers of blue grama compared to those of switchgrass. Sideoats 
grama had an intermediate ratio of RTA in the root/shoot 
fractions. The above-ground sinks of sideoats grama were 
mostly elongated tillers and the roots were relatively less 
developed than the roots of switchgrass (Table 6). 

Table 6. Ratios of relative total activity (RTA) and weight in elongated/ 
pre-elongated tillers and root/shoot fractions of three grasses.’ 

Root/shoot Elongated/pre-elongated 

Grass RTA Weight RTA Weight 

Switchgrass 8.14~1~ 0.74 a 9.05 a 6.OOa 
Sideoats grama 5.40 b 0.59 b 0.67 b 3.6Ob 
Blue grama 3.04b 0.62 b 0.29 b 1.6Oc 

I The tagged tiller was not included in any of the ratios. 
2 Within a column, numbers followed by the same letter are not different at the 0.05 level 

of significance. 

Differences among a short, a mid-height, and a tall grass in 
translocating carbon were closely related to plant .growth and 
development. Blue grama, which produced many unelongated 
tillers, allocated relatively more carbon to aerial plant parts than 
did sideoats grama or switchgrass which produced fewer tillers. 
Under unclipped conditions there is evidence that there is a 
considerable amount of independence between tillers, but some 
carbon compounds do move between them in the 24-hour time 
span measured by this study. 
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Table 5. Ratio of the relative total activity (RTA) in the root/shoot fractions and in the elongated/pre-elongated tillers of three grasses.’ 

Grasses 

Blue grama Sideoats grama Switchgrass 

Elongated/ - Elongated/ Elongated/ 
Phenological Root/shoot pre-elongated Root/shoot pre-elongated Root/shoot Pre-elongated 

stage when labeled RTA RTA RTA RTA RTA RTA 

2- to 3-leaf 3.58 V 0.14b 3.75 b 0.19b 11.07a 11.6Oa 
Cleaf 1.99b 0.41 c 10.45 a 1.41 b 5.38b 4.15a 
Stem elongation 2.10b 0.08 b 4.24 b 0.43 b 9.84 a 7.25 a 
Seedhead 4.50a 0.54b 3.16a 0.66 b 6.29 a 13.19a 
Mean 3.04b 0.29b 5.4Ob 0.67 b 8.14a 9.05 a 
’ The tagged tiller was not included in the ratio. 
’ Within a tiller stage and a parameter numbers followed by the same letter are not different at the 0.05 level of significance. 
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Revegetation Trials on a Saltgrass Meadow 

JIM R. LUDWIG AND WILLIAM J. McGINNIES 

Highlight: Saltgrass (Distichlis strictu (Torr.) Rydb.) meadows 
may be converted to productive pasture if the low-value saltgrass 
is removed and productive forage plants established. Field 
planting trials were conducted in 1975 and 1976 to determine the 
effects of nitrogen fertilizer, chemical soil amendments, mulch, 
and furrows on establishment of crested wheatgrass (Agropyron 
desertorum (Fisch. ex Link) Schult.), tall wheatgrass (A. elongu- 
turn (Host) Beauv.), Russian wildrye (Elymus junceus Fisch.), and 
smooth brome (Bromus inermis Leyss.). In 1975, alternate-furrow 
planting produced thinner stands than nonfurrowed planting, but 
in 1976, yields of the 1975 planting were similar from both treat- 
ments. Nitrogen fertilizer did not improve stand establishment or 
yield. All species became established, but tall wheatgrass ap- 
peared to be least able to withstand the droughty conditions 
encountered in late 1975 and all of 1976. In the 1976 planting, a 
straw mulch increased seedling height and vigor but did not 
increase the number of seedlings or stand ratings. Because of its 
combined high seedling vigor and good drought tolerance, crested 
wheatgrass produced significantly better stands than did the other 
three species in the 1976 planting. 

(McGinnies et al. 1976). Soil reclamation treatments on dry- 
lands, such as fertilization, water catching and storage, chemi- 
cal or organic amendments and deep tillage, have increased 
seeding success on saline-sodic soils in other locations (Soiseth 
et al. 1974). 

In a greenhouse study using Natrustoll soils from various 
horizons, biomass yields of both the above- and below-ground 
plant parts of tall wheatgrass were lower on the C horizon and on 
a mixture of A, B, and C horizons than on A or B horizons 
(McGinnies and Ludwig 1977). It was concluded from this 
study that one should avoid plowing into the C horizon because 
of its high salt level, but the A and B horizons should be mixed 
by plowing to facilitate water infiltration and increase availabili- 
ty of nutrients. It was also concluded that nitrogen fertilizer 
increased biomass and improved infiltration under greenhouse 
conditions. The objectives of the field research reported here 
were to extend the greenhouse experiment to a field environ- 
ment, to find palatable grass species adapted to Natrustoll soils, 
to evaluate the effects of N and Ca on seedling establishment, 
and to develop methods for establishing these species on 
Natrustolls under semiarid climatic conditions. 

Saltgrass (Distichlis stricta (Torr.) Rydb.) meadows, found 
extensively on lowland sites throughout the western United 
States, are of little value for livestock production. They are 
more moist than adjacent upland sites and have high potential 
for forage production if palatable salt and alkali tolerant grasses 
can be established (Plummer et al. 1955). The unpalatable 
saltgrass is difficult to eradicate because of its persistent 
rhizomatous growth. Mechanical treatments are usually not 
successful, but saltgrass has been successfully eradicated by 
spraying with glyphosate (McGinnies 1974). 

Methods 

Saltgrass meadows located on Natrustoll (solonetz) soils are 
characterized by high salt levels in the C horizon, an im- 
permeable B horizon, soil crusting, low fertility and extreme 
heterogeneity. These soil characteristics make establishment of 
improved forage species difficult (Ludwig 1976). Legal restric- 
tions on well drilling and lack of other suitable water prevent 
reclamation of these soils by leaching with irrigation water 

Description of Study Area 
Field studies were conducted on a saltgrass meadow located along 

Eastman Creek on the Central Plains Experimental Range, about 19 
km north of Nunn, Weld County, Colorado. The mean annual 
precipitation is 31 cm, of which 85% falls between May and 
September. Average minimum temperature is 9°C and the average 
maximum is 25°C. The frost-free period averages 133 days per year. 
Soils within the saltgrass meadow were classified as Natrustolls 
(Solonetz), and are characterized by a loamy A horizon, a columnar 
clayey B horizon and a clayey, saline C horizon. Analysis of this soil is 
as follows: 

Horizon 

Authors are former graduate research assistant, Colorado State Univ., and range 
wc’nttst. Agricultural Research Service, U.S. Department of Agriculture, respectively. 

The study involved cooperative investigations of the Agr. Res. Serv., U.S. Dep. Agr., 
Fort Collins. Colo.. and the Colorado Agr. Exp. Sta., Fort Collins. Published with the 
approval of the Director of the Colorado Agr. Exp. Sta. as Scientific Series Paper No. 
2268. 

Manuscrtpt received September 23, 1977. 

pH (of saturated soil paste) 
Conductivity (mmho/cm) 
Calcium (meq/l) 
Magnesium (meq/l) 
Potassium (meq/l) 
Sodium (meq/l) 
Bicarbonate (meq/l) 
Cloride (meq/l) 
Sulfate (meq/l) 
Nitrate (meq/l) 
Sodium adsorption ratio 

A B C 

5.9 8.3 8.8 
1.8 2.5 12.6 
9.0 4.1 6.6 
1.7 3.3 3.2 
3.9 2.4 6.1 
8.6 26.4 174.6 

12.0 12.0 11.0 
1.4 2.8 22.9 
1.5 12.5 133.0 
0.6 0.8 0.1 
3.7 13.7 78.6 
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Existing dominant species are saltgrass, alkali sacaton (Sporobofus 
airoides (Ton-.) Torr.), western wheatgrass (Agropyron smithii 
Rydb.), blue grama (Bouteloua grucilis (H.B.K.) Lag. ex Steud.), and 
threadleaf sedge (Carex Flifoliu Nutt.). A permanent water table 
underlies the area at depths varying from 1 to 4 meters. 

1975 Field Plantings 
A previously plowed plot area was sprayed with glyphosate in the 

summer of 1974 to kill the saltgrass, plowed that fall, and then disked 
and hand-raked in the spring of 1975. Field plantings of tall wheat- 
grass (Agropyron elongutum (Host) Beauv.), crested wheatgrass (A. 
deserrorum (Fisch. ex Link) Schult.), smooth brome (Bromus inermis 
Leyss.), and Russian wildrye (Efymusjunceus Fisch.) were made on 
April 2 1, 1975. These four species had shown promise in adjacent 
adaptability trials. Two seeding methods, level drilled and alternate 
furrow (alternating seeded rows in deep furrows and seeded rows on 
level beds between the furrows) (McGinnies 1972), and two levels of 
nitrogen, 0 and 1 12 kg N/ha as ammonium nitrate, were used with 
each species in a randomized complete block design with four 
replications. The furrows were constructed 15 cm wide and 10 cm 
deep with a hand-furrower. Seven rows per plot, each 6 m in length 
and spaced 30 cm apart, of each species were drilled 1.8 cm deep with 
a cone-type seeder. The seeding rate was one live seed per cm of 
seeded row. Fertilizer was broadcast. Plots were hand-weeded through 
the 1975 growing season. 

Seedling counts were made on June 11, July 24, and September 20, 
1975, on 1.5-m segments in each of four rows of each treatment, or a 
total of 6 m of row per plot. Soil moisture samples were obtained from 
level and furrow rows periodically during the growing season at depths 
of 2.5, 5, and 7.5 cm; the soil was oven-dried and soil moisture as 
percentage of dry weight of soil was determined. On September 28, 
1975, at the end of the first growing season, seedling vigor ratings and 
stand ratings were visually estimated on all plots. Seedling vigor 
ratings were made on a scale of 1 to 5, with 1 representing low vigor 
and 5 representing high vigor. Stand ratings were on a scale from 1 to 
10, with 1 representing no plants in the rows and 10 representing a solid 
row of seedlings. On June 28, 1976, during the second growing 
season, stands were again rated and above-ground biomass was 
clipped from all plots and oven-dried. 

1976 Field Plantings 
The study location used in the 1976 field plantings was in the same 

enclosure as that used for the 1975 plantings. On April 16, 1976, each 
of the same four species was drilled to a depth of 1.8 cm in each plot 

with a cone-type seeder into a row 37 m long and spaced 46 cm from 
the adjacent row. The rows were split into 6-m-long treatment 
segments. Soil treatments consisted of a control, 3,360 kg/ha straw 
mulch, 112 kg N/ha as ammonium nitrate, 112 kg N/ha as calcium 
nitrate, 176 kg Ca/ha as calcium chloride and 307 kg Cl/ha as 
potassium chloride applied as split plots with six replications. The 
calcium chloride was used as a chemically equivalent Ca comparison 
against calcium nitrate, and the potassium chloride was used as a 
chemically equivalent chloride comparison against calcium chloride. 
The straw mulch was held in place with chicken wire and the chemical 
soil amendments were broadcast. An herbicide (2,4-D amine) was 
sprayed on the plots to control weeds. 

Seedling counts were made on June 7, July 19, and September 15, 
1976, on a 3-m segment of each row in all treatments. At the end of the 
growing season, on September 15, seedling height measurements, 
seedling vigor ratings, and stand ratings were made for all plots. 

All data were evaluated by using conventional analysis of variance 
techniques. The Student-Newman-Keul multiple range test was used 
at the 1% confidence level to test all significant main treatment effects. 

Results and Discussion 

Extreme variability in establishment was observed on the plot 
area for both 1975 and 1976 seeding trials. This variability was 
noticeable not only among individual plots and replications, but 
within the plots and subplots themselves. Because of the 
extreme variations in thickness of A horizon and depth to the C 
horizon (McGinnies et al. 1976), plowing brought patches of 
the C horizon to the surface, which caused the locally thinner 
stands and reduced yields. 

Precipitation for the month of May in 1975 exceeded and in 
1976 equaled long-term average of 6 cm. In both years, 
precipitation for the period June-July-August was 11 cm while 
the long-term average was 15 cm; however, plant growing 
conditions during this 3-month period were even poorer than 
one might expect from the 4-cm precipitation deficit. 

1975 Field Plantings 
The average number of seedlings in the level plots was 

significantly greater than in the alternate-furrow plots on all 
dates (Table 1). The alternate-furrow plots had a lower stand 
rating for 1975 than did the level plots. However, in 1976, the 
level plots did not differ significantly from the alternate-furrow 

Table 1. Effect of species and method of seeding on number of seedlings per 30 cm of row at 51,94, and 152 days after planting during the 1975 growing 
season, seedling vigor rating and stand rating measured during 1975 and stand rating and herbage biomass measured during 1976. (Seeded April 21,1975.) 

Species 

Stand measurement 

Number of seedlings 

Days after 
Planting 

51 

Method of Tall Crested Smooth Russian 
Seeding wheatgrass wheatgrass brome wildrye Mean 

- 
Level 17.9 14.4 15.5 14.8 15.7a’ 
Alt. fur. 13.0 10.8 11.0 9.7 ll.lb 

94 Level 13.0 10.7 12.7 10.9 11.8a 
Alt. fur. 9.1 7.7 8.1 8.2 8.3b 

152 Level 8.8 7.5 6.9 8.3 7.8a 
Seedling vigor rating Alt. fur. 6.5 5.4 4.7 6.3 5.7b 

152 Level 3.0 2.4 2.9 3.0 2.8a 
Alt. fur. 3.1 2.2 2.6 2.9 2.7a 

Stand rating 152 Level 7.3 6.4 6.6 7.0 6.8a 
Alt. fur. 5.8 4.1 4.8 5.4 5.0b 

Stand rating (1976) Level 4.5 6.0 4.5 6.5 5.4a 
Alt. fur. 4.3 4.7 5.3 5.2 4.9a 

Herbage biomass (Kg/ha)2 (1976) Level 
Alt. fur. 

490 840 460 540 580a 
850 1050 630 600 780a 

’ Treatment means within each counting date and stand measurement with the same letter are not significantly different at the 0.01 level. 
’ Oven dry. 
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in stand rating and herbage biomass (Table 1). Addition of 
nitrogen fertilizer had no effect on average seedling numbers at 
any date (Table 2). Nitrogen fertilizer did not significantly 
increase seedling vigor, stand rating, or herbage biomass. 

In a study on abandoned cropland of Oklahoma, Bryan and 
McMurphy (I 968) reported that fertilization did not improve the 
stand establishment of certain range grasses but did increase 
forage yield in the second year after planting. Nitrogen fertilizer 
did not produce any increase in herbage biomass in our study, 
possibly because of the dry growing season in 1976. As the 
growing season progressed, numbers of seedlings per 30 cm of 
row declined for all species. 

Species results were less consistent. In 1975, Russian wildrye 
had the highest stand rating and crested wheatgrass produced the 
greatest herbage biomass, but these differences were not statisti- 
cally significant. No significant difference in stand rating or 
herbage biomass in 1976 resulted from the addition of nitrogen 
(Table 2). 

Soil moisture data were evaluated after precipitation events 
that exceeded 1.7 cm to determine the ability of furrows to 
increase soil moisture. Only four precipitation events had 
sample data immediately before and after the events. The 
average soil moisture percentage for these four major precipi- 
tation events were as follows: 

Furrow 
bottom Level 

Before 12.2 11.3 
After 16.3 15.1 

These determinations indicated no trend toward increased soil 
moisture retention in furrows. 

Any beneficial effect of moisture accumulation in the furrows 
wu offset by soil that washed into the furrows and covered the 
seed too deeply for satisfactory emergence. Seedling counts in 

furrows were significantly lower than those on the intervening 
beds. McGinnies (1972) used the alternate-furrow system for 
control of wind erosion., and reported that planting in furrows 
resulted in poorer stands on upland sites. Results from the 1975 
planting on the saltgrass meadow were similar to the earlier 
results on the upland sites. 

Plummer et al. (1955) suggested that tall wheatgrass was a 
most desirable species to plant under saline conditions. When 
compared to the other species we planted in1975, it produced 
similar seedling numbers, seedling vigor, and stand ratings. 
However, during the 1976 growing season, tall wheatgrass 
appeared to be dying out in what we had previously thought to 
be well-established stands. Although tall wheatgrass is salt 
tolerant (McGinnies and Ludwig 1977), it apparently is not as 
drought tolerant as the other three grasses. The roots apparently 
were unable to reach permanently moist soil in 1975 and thus 
were not able to survive the drought in 1976. However, the 
stands of crested wheatgrass and Russian wildrye persisted well 
in spite of below-average precipitation. 

1976 Field Plantings 
The addition of calcium, nitrogen, and mulch have been 

reported to improve seeded stands on solonetz soils (Toogood 
and Cairns 1973; Soiseth et al. 1974). In our 1976 field 
plantings, neither chemical soil amendments nor mulch had any 
significant effect on numbers of seedlings except that calcium 
chloride reduced seedling numbers at 51 days after planting 
(Table 3). The number of seedlings of crested wheatgrass was 
significantly greater than the number of the other three species 
on the last two counting dates (Table 4). 

Seedling vigor ratings and heights were significantly better 
on the straw mulch treatment than on all other treatments 
(lable 3). Height and vigor of seedlings with the chemical 
amendments did not differ significantly and were no better than 

Table 2. Effect of species and fertilized treatments on number of seedlings per 30 cm of row at 51,94, and 152 days after planting during the 1975 growing 
season; seedling vigor rating and stand rating measured during 1975; and stand rating and herbage biomass measured during 1976. (Seeded April 21, 
1975.) 

Fertilizer 

Stand measurement 

Number of seedlings 

Tall Crested Smooth Russian 
wheatgrass wheatgrass brome wildrye 

Days after treatment 
planting (KgN/ha) - -____ 

51 0 
112 
Mean 

15.9 12.0 
15.1 13.3 
15.5a 12.7b 

94 0 11.4 9.0 
112 10.8 9.4 
Mean ll.la 9.2b 

Seedling vigor rating 

Stand rating 

Stand rating 

Herbage biomass (kg/ha)2 

152 

152 

152 

(1976) 

(1976) 

0 
112 
Mean 

0 
112 
Mean 

0 

112 

Mean 

0 
112 
Mean 

0 
112 
Mean 

7.7 6.4 6.7 7.3 
7.6 6.2 4.9 7.3 
7.7a 6.4ab 5.8b 7.3ab 

3.4 2.3 
2.8 2.2 
3.la 2.3a 

6.8 5.4 
6.3 5.1 
6.6a 5.3a 

5.2 5.1 5.6 5.9 
3.6 5.6 4.1 5.8 
4.4a 5.4a 4.9a 5.9a 

860 840 650 620 
480 1050 440 530 
670a 950a 550a 580a 

Svecies 

Mean 

13.3 
13.2 
13.3b 

11.0 
9.8 

10.4ab 

3.3 
2.2 
2.8a 

6.4 
5.0 
5.7a 

fertilizer means within each counting date and stand measurement associated with the letter and not significantly different at the 0.01 level. 

12.9 
11.6 
12.2b 

9.5 
9.7 
9.6ab 

3.1 
2.8 
3.0a 

6.4 
5.9 
6.2a 

13.5a’ 
13.3a 

10.2a 
9.9a 

7.la 
6.5a 

3.0a 
2.5a 

6.3a 
5.6a 

5.5a 
4.8a 

740a 
620a 

’ Species and 
Oven dry. 
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Table 3. Average number of seedlings for four grass species per 30 cm of Table 4. Average number of seedlings per 30 cm of row at 51,94, and 152 
row at 51,94, and 152 days after an April 1976 planting as affected by soil days after 1976 planting and average seedling vigor rating, seedling 
amendments. Average seedling vigor rating, seedling height, and stand height, and stand rating measured at the end of the growing season for four 
rating were measured at the end of the growing season. grass species. (Planted April 16, 1976.) 

Stand 
Soil amendment 

Days after 
measurement planting Control Mulch NHaNOx Ca(NOz)z CaCl KC1 

-- 
Number of seedlings 51 12.la’ 10.6ab 10.2ab 11.4ab 9.3b 11.8a 

94 6.9a 6.7a 5.6a 6.4a 5.8a 7.2a 
152 4.8a 4.3a 3.9a 4.6a 4.2a 5.2a 

Seedling vigor rating 152 2.0b 3.0a 2.lb 2.lb 1.9b 1.9b 
Seedling height (cm) 152 7.9b 12.6a 8.5b 9.2b 8.6b 8.6b 
Stand rating 152 3.8a 4.3a 3.0a 3.8a 3.4a 3.6a 

-- 

Species 

’ Means within each countmg row with the same letter are not significantly different at 
the 0.01 level. 

Stand Days after Tall Crested Smooth Russian 
measurement planting wheatgrasswheatgrass brome wildrye 

Number of seedlings 51 10.3a’ 12.la 10.2a 11 .Oa 
94 6.4b 8.2a 5.5b 5.6b 

152 3.8b 5.8a 4.lb 4.2b 
Seedling vigor rating 152 1.9b 2.9a 1.9b 1.9b 
Seedling height (cm) 152 8.3b 12.0a 9.0b 7.7b 
Stand rating 152 3.8ab 5.0a 3.2b 2.6b 

I Species means within each counting date and stand measurement with the same letter are 

not significantly different at the 0.01 level. 

the control. Average stand rating was not significantly changed 
by any of the soil amendments. Crested wheatgrass had signifi- 
cantly taller and more vigorous seedlings than the other grasses, 
and had a higher stand rating than Russian wildrye and smooth 
hrome (Table 4). 

The 1976 growing season was below-average in seasonal 
prtxipitation, particularly early in the growing season. The 
combined precipitation for May and June, which were critical 
months for seedling establishment, was 3.8 cm below the 
30-year average of 11.8 cm. There was a marked decrease in 
numbers of seedlings per 30 cm of row at the end of the growing 
season in 1976 as compared to numbers in 1975: 

Seeding Date 
1975 1976 

Tall wheatgrass 7.6 3.8 
Crested wheatgrass 6.4 5.8 
Smooth brome 5.8 4.1 
Russian wildrye 7.3 4.2 

The only soil amendment that effectively increased seedling 
height and vigor was straw mulch. Mulches are noted for their 
usefulness in conserving moisture by reducing evaporation and 
lowering soil temperature in arid areas (Springfield 197 1). 
Because of its seedling vigor and seedling drought resistance, 
crested wheatgrass established more seedlings in 1976 than the 
other three species. 

the rates applied did not improve stand establishment or help 
rehabilitate sodic soils, although both Ca and N have been 
reported to be beneficial on similar soils. Furrowing produced 
poorer stands and did not significantly increase soil moisture at 
planting depth. No treatment used was completely satisfactory 
iijr the revegetation of the saline-sodic soils, although use of a 
hc;Ivy mulch was a significant help. Poor spots in seeded stands 
on halt meadow sites with Nutrustoll soils will probably be 
charxtcristic and unavoidable (Toogood and Cairns 1973), 
chpccially in years of below-average precipitation. 
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The Influence of Ammonium Nitrate on the Control of Mes- 
quite Resprouts with 2,4,5-T Ester 
JAMES D. ARNOLD AND DONALD F. BURZLAFF 

Highlight: The influence of ammonium nitrate on the phytotoxicity of 
2,4,5-T ester, nitrogen concentration, and niacin concentration of honev 
mesquite was studied. Fertilizer was applied to individual 3-year-old 
resprouts in the fall of 1973 and 2,4,5-T ester was applied to the individual 
3year-old resprouts on 3 dates in 1974. There was no conclusive evidence 
that N fertilizer affected the percentage of root-kill of mesquite when 
sprayed with 2,4,5-T ester. Ammonium nitrate had no effect on the 
nitrogen or the niacin levels in honey mesquite. 

Herbicidal control of honey mesquite (Prosopis glundulosa Torr. 
var. glundulosu) is often unsatisfactory due to erratic root-kill and the 
subsequent resprouting from basal stem buds. Much recent research 
has been an attempt to define the physiological processes in mesquite 
to understand better why erratic root-kills occur, and to predict a 
control level for a given set of conditions more accurately. 

Bonner and Bonner ( 1948) reported that niacin was necessary for 
toot growth in a variety of legumes and nonleguminous plants. 
Sosebee et al. ( 1972) indicated that niacin ( 1.6 ppm) partially over- 
came the influence of low soil temperature and increased the effective- 
ness of aerial-applied 2,4,5-T on honey mesquite. 

Improved 2,4,5-T kills of tall larkspur (Delphinium berbeyi Huth.), 
in mixtures with ammonium sulfate applied to the soil at the base of the 
plant or foliage-applied urea, have been reported by Binns et al. 
(197 1). The absorption of 2,4,5-T isooctyl ester by the leaves of sweet- 
gum (Liquidurnbur styrucifluu L.), post’ oak (Quercus stellutu 
Wangenh.), red maple (Acer rubrurn L.), and loblolly pine (Pinus 
tuedu L.) seedlings was increased by the addition of 0.1% ammonium 
nitrate fertilizer solution (Brady 1970). 

This study was undertaken to determine if (1) increased availability 
of nitrogen might stimulate niacin production and (2) the synergistic 
effect of 2,4,5-T fertilizer treatment would improve the phytotoxicity 
of the herbicide to honey mesquite. 

Experimental Procedures 

Treatments were applied to plots of 3-year-old resprouts of shredded 
trees located on the Post-Montgomery Estate Ranch 2 1 km east and 16 
km south of Tahoka, Texas. The resprouts were growing on a deep 
hardland range site of Amarillo loam. The surface soil varies from 
loam to sandy clay loam and is from 12.7 and 25.4 cm in depth. The 
subsoil absorbs water at moderate to moderately-slow rates and is hard 
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when dry. The topography ranges from 0 to 3% slope. The vegetation 
was predominantly honey mesquite and tobosagrass (Hiluriu muticu). 

The treatments consisted of all combinations of five levels of 
nitrogen fertilizer, three herbicide application dates, and two appli- 
cation rates of herbicide. Each treatment was applied to a group of ten 
trees and replicated four times. All data were analyzed by a standard 
analysis of variance and the means were separated by Duncan’s 
multiple range test. Statistical differences were denoted at the 95% 
confidence level. 

Fertilizer treatments consisted of ammonium nitrate (33.5-O-O) 
applied at 0, 135, and 270 kg N/ha. A circular treatment area of 1.54 
m2 for each tree was used in calculation of fertilizer application rates. 
The fertilizer was placed at 30 to 40-cm depths in each of six evenly 
spaced holes on the perimeter of the treatment area. Fertilizer was 
applied in the period October 19 through November I, 1973. 

Herbicide treatments consisted of no herbicide and 2,4,5-T ester 
(1.81 kg/3.78 1) applied to individual trees with a garden-type, 
compressed air sprayer applied until foliage was uniformly wet. The 
herbicide mixture consisted of 106 ml of 2,4,5-T ester dissolved in 106 
ml of diesel oil with water added to a volume of 3.78 1. Herbicide was 
applied on May 7, May 22, and August 3, 1974. May 7 was selected to 
insure that the first application would be prior to the optimum time of 
application relative to soil temperature and phenological development 
of the trees. The second date of application occurred when soil 
temperature was 27°C at a depth of 45 cm and phenological develop- 
ment was at the stage of mature leaves, fully extended spikes, and 
white flowers. These were near optimum conditions for herbicide 
application (Dahl et al. 1971). The third application date was chosen 
so that the plants were past the optimum stage of phenological 
development for herbicide application. 

Tree mortality was recorded on October 27, 1975. Those trees 
exhibiting any resprouting were considered live trees. 

To determine the nitrogen content of honey mesquite, samples were 
collected from the new growth, including leaves and twigs. The niacin 
concentration of honey mesquite was determined from samples of 
bark, including the cambium, peeled from the basal 15 to 20 cm of the 
stems. Samples were collected on May 7, May 22, August 3, October 
4, 1974, and May 28, 1975, from trees that had been fertilized. In 
addition, samples were collected at biweekly intervals in 1975 from 
untreated areas. After drying (60°C until there was no weight loss) all 
samples were ground to pass through a 40-mesh screen. A 300-mg 
sample was analyzed by a micro-Kjeldahl procedure to determine the 
nitrogen content. A l-g sample was analyzed for niacin by the 
cyanogen bromide-sulfanilic acid method (Sweeney 195 1; Horwitz 
1970; Brumley 1974; Arnold 1976). 

On the days herbicide was applied, measurement was taken of air 
temperature; relative humidity; soil temperature at depths of 15, 30, 
45, and 60 cm. The soil water content was determined from samples 
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taken at 0 to 15, 15 to 30, 30 to 45, and 45 to 60 cm. Phenological Table 2. The percentage of nitrogen (reduced-nitrogen) and niacin con- 
development of the trees was also determined at the time of herbicide centration of resprouted honey mesquite at the Post-Montgomery Ranch, 
application. Lynn County, Texas, under varying rates of ammonium nitrate fertilizer 

Results and Discussion 
applied in the dripline. 

The percentage of root-kill was inadequate in all treatments (Table 
1). The treatment of 67 kg N/ha and herbicide application on May 22, 
1974, and August 3, 1974, resulted in root-kills of 19% and 33%, 
respectively. However, there was no conclusive evidence that fertiliz- 
er affected the percentage of root-kill of mesquite. These results agree 
with the results of Cronin et al. (1976). They found that nitrogen 
fertilizer did not affect the phytotoxicity of silvex (2-[2,4,5 .trichloro- 
phenoxy] propionic acid) or 2,4,5-T when applied to tall larkspur. 

Unsatisfactory root-kill percentages were obtained from the May 2, 
1974,2,4,5-T application date because soil temperature was 20°C at a 
depth of 45 cm and leaves were one-fourth extended. These conditions 

Fertilizer Reduced- 
nitrogen’ 

% 
treatment 
kg N/ha 

0 
67 

135 
200 
270 

3 a2 0.53 a2 
3a 0.50a 
3a 0.59a 
3a 0.52 a 
3a 0.48 a 

Niacin 
concentration 

pghl’ 

’ Mean represents 20 observations. 
” Means having the same lower case were not significantly different (0.05 level). 

did not meet the criteria for herbicide application to honey mesquite as 
established by Dahl et al. (197 1). Table 3. The percentage of nitrogen (reduced-nitrogen) and niacin con- 

centration of resprouted honey mesquite at the Post-Montgomery 

Table 1. The percent root-kill of resprouted honey mesquite trees treated Ranch, Lynn County, Texas, at different seasons. 

with a wetting spray of an emulsion of 2,4,5-T, oil, and water’ and vary- 
ing rates of ammonium nitrate at the Post-Montgomery Ranch, Lynn Reduced- Niacin 

County, Texas. Date of nitrogen’ concentration 
sampling % pg/ml* 

Fertilizer rate 
kg N/ha 

Herbicide 
application rate 

Root-kill* 
% 

0 
0 
0 
0 

67 
67 
67 
67 

0 Oa3 
May7,1974 8ab 
May 22,1974 6ab 
August 3,1974 11 ab 

0 3a 
May7,1974 Oa 
May 22,1974 19a 
August 3,1974 33c 

135 0 Oa 
135 May7,1974 6ab 
135 May 22,1974 3a 
135 August 3,1974 8ab 

517174 
5122174 
813174 
1014174 

5129175 
6112175 
6126175 
7118177 
7130175 
S/l 3175 
8126175 

1974 
3.8 a” 0.56 a2 
3.5 b 0.49 a 
2.9~ 0.58 a 
3.7c 0.49 a 

1975 
3.7a 0.52 abed 
2.8b 0.41 a 
2.6 cde 0.57 bed 
2.6 cd 0.54 bed 
2.5 cdef 0.60de 
2.7bc 0.70e 
2.4f 0.59 cde 

’ Means represents 20 observations. 
’ Means having the Same lower case letters were not significantly different (0.05 level). 

200 0 Oa 
200 
200 
200 

270 
270 
270 
270 

May7,1974 3a 
May 22, 1974 8ab 
August 3,1974 14ab 

0 Oa May?, 1974 6ab 
May 22,1974 3a 
August 3,1974 11 ab 

1. During the same time period in 1974, 50.42 cm of rain fell, but 
17.22 cm of this was received the last two weeks of September. In 
1975, 43.48 cm of precipitation was received from April 1 to 
November 1. 

’ 106 ml 2,4,5-T with I06 ml diesel fuel made up to a 3.78 I volume with water. 
’ Data was recorded October 27, 1975. Mean represents 40 observations. 
‘I Means with the same lower case letters were not significantly different (0.05 level). 

The honey mesquite trees that were not killed by herbicide applied 
May 7, 1974, initiated resprouts after 8 1 days. Resprouts were evident 
after 5 1 days on those plots treated with herbicide on May 22, 1974, if 
they had been fertilized with 270 kg N/ha. No resprouting was noted 
on other trees sprayed on that date until a 66-day period had elapsed. 
The trees that were not root-killed by the August 3,1974, herbicide 
application initiated regrowth within 27 days after treatment. In the 
spring of 1975 all trees had initiated growth by May 2 except those 
sprayed on August 3, 1974. These trees were delayed in initiation of 
growth until May 2 1. 

Ammonium nitrate did not affect the nitrogen or the niacin 
concentration of honey mesquite (Table 2). The nitrogen concentra- 
tion of honey mesquite decreased as the season progressed in 1974 
(Table 3). This is a normal response of N levels in plant tissue with 
advance in maturity. The niacin concentration in samples collected in 
1974 was relatively constant (Table 3). There was a slight trend for 
niacin concentration to increase with advance in season in 1975 (Table 
3). These differing results are believed to be due to a more uniform 
distribution of moisture during the 1975 growing season. In 1973, 
only 24.66 cm of precipitation was received from April 1 to November 
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Response of Foutwing Saltbush to Periods of Protection 

REX D. PIEPER AND GARY B. DONART 

Highlight: Fourwing saltbush plants produced less leader growth after 4 
years of continuous cattle browsing than after 3 years of continuous 
browsing followed by 1 year of protection. Plants in pastures used in a 
rotation grazing system produced as much leader growth as protected 
plants. 

Fourwing saltbush (Atriplex canescens) (Pursh) Nutt.) is one of the 
most valuable and widespread shrubs on western ranges. It occurs 
from North Dakota to Oregon and south to Mexico (Springfield 1970). 
In New Mexico, it occurs on desert ranges, but is especially valuable 
on grassland ranges where it represents one of the few sources of green 
feed during the period of grass dormancy. Studies in Utah (Pieper, et 
al. 1959) and New Mexico (Cordova 1974) showed that fourwing 
saltbush forage is higher in several important nutritive characteristics, 
including protein, phosphorus content, and digestibility, than many 
other shrubs. 

In New Mexico fourwing saltbush grows in scattered stands on 
many range sites where individual plants are often heavily browsed by 
domestic livestock. In many cases vigor and productive capacity of 
these plants is reduced under a system of yearlong grazing (Fig. 1). 

Fig. 1. Severely 
pusture. 

browsed four-wing saltbush plant in the continuously grazed 

Few studies have been conducted to determine defoliation effects on 
fourwing saltbush or management systems which enhance fourwing 
productivity and vigor. Studies in Utah comparing ranges grazed by 
sheep with those protected from grazing along railroad rights-of-way 
showed that individual plant cover, number of flower stalks, and 
annual twig growth was greater for protected fourwing saltbush plants 
than for grazed plants (Cook and Goebel 1962; Goebel and Cook 
1960). Nord and Stallings (1976) reported that excess clipping by 
rabbits was detrimental to fourwing saltbush plants in California. 
Buwai and Trlica (1977) found that multiple defoliations reduced 
production and vigor of fourwing saltbush in Colorado. Other studies 
(Trlica et al. 1977) showed that rate of recovery of fourwing saltbush 

Authors are professor and associate professor of range science, New Mexico State 
University. La5 Cruces 88003. 

The report is Journal Article 649. Agricultural Experiment Station, New Mexico State 
Univ.. Las Cruces 88003. 
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subjected to heavy defoliation depended on the phenological stage at 
time of defoliation. 

It was observed that fourwing saltbush plants at the Fort Stanton 
Experimental Ranch on a pasture used continuously by cattle were 
browsed very heavily (Fig. 1). Consequently, studies were initiated to 
compare leader growth of fourwing saltbush plants under different 
seasons of protection and browsing by cattle. 

Met hods 

The study area was located on the Fort Stanton Experimental Ranch 
in south-central New Mexico. The topography is-characterized by 
steep canyons and fairly level mesa tops. Vegetation of the mesas is 
dominated by blue grama (Bouteloua grucilis H.B.K. Lag.). Annual 
precipitation-just exceeds 37.5 cm with about 62% occ&ing during 
the growing season. 

A small population of fourwing saltbush plants occurring in one 
portion of a pasture grazed yearlong at a moderate stocking rate was 
selected for study. A portion of this fourwing saltbush population was 
included in a O.&ha deer and cattle proof exclosure erected prior to 
introduction of cattle into the remainder of the pasture in 1969. In 1972 
a portion of the population which had been browsed since 1969 was 
fenced to provide protection from cattle browsing. 

In 1973 five individual aerial leaders and five basal leaders were 
selected at random and measured on ten plants from each of the three 
treatments: yearlong browsing for 4 ye&s, yearlong browsing for 3 
years and protection for 1 year; and complete protection for 4 years. 

In 1976 the sampling was repeated on the same plants measured in 
1973. Other plants of comparable size were measured in October, 
1976, in a four-pasture, one-herd rotation grazing system that was 
initiated in 1969. Plants in the rotation grazing system had been 
browsed during the growing season about once in 4 years. In the other 
3 years, the plants were browsed primarily during the dormant season. 
In October, 1976, all plants in the various treatments were counted to 
determine mortality. . 

7 YEARS’ 3 YEARS ’ 
PRoTECTED 

4 YEARS 

8 YEARS ’ (Not Browsed) ’ 

Fig. 2. Average leader length of fourwing saltbush plants under difSerent 
browsing regimes in 1973. Means with different letters are significantly 
diflerent (P < 0.05). A, B, C are usedfor comparison of aerial leaders and Y 
and Z for basal leaders. 
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Fig. 3. Average leader length of fourwing saltbush plants under different 
grazing systems in 1976. Means with different letters are significantly 
different (P < 0.05). A, B, C indicate comparisons among treatments for 
aerial leaders and Y and Z for basal leaders. 

Results and Discussion 

Data collected in 1973 indicated that plants browsed continuously 
for 4 years were producing slightly more than 5 cm of aerial leader 
growth annually (Fig. 2). Plants grazed for 3 years and protected for 
one produced nearly 36 cm of leader growth, which was slightly more 
(P < 0.05) than that produced by the protected (control) plants. In 
addition, plants protected 1 year produced nearly 26 cm more basal 
leader growth than the continuously browsed plants. Protected plants 
produced no basal leaders. 

Data collected in 1976 were similar to those collected in 1973. 

Table 1. Mortality of fourwing saltbush plants under various treatments. 

Treatments 
Percent 

mortalitv 

Grazed yerlong 3 years, protected 4 years 3.3 
Grazed yearlong 7 years 24.0 
Grazed in rotation system 8 years 0 
Control (Drotected 24 yeam 0 

-1 .--I 

Plants protected from grazing or in the rotation grazing system 
produced significantly longer (P < 0.05) leaders than those plants 
under continuous browsing (Fig. 3). However, those plants which had 
been protected for 4 years after being subjected to continuous 
browsing for 3 years did not produce basal leaders. Apparently, 
fourwing saltbush basal buds are controlled by apical dominance and 
responded to terminal bud removal. 

Mortality of plants subjected to 7 years of continuous browsing was 
nearly 25% of the original stand, while mortality of protected plants in 
the exclosure or those under the rotation grazing system was zero 
(Table 1). Less than 5% of plants browsed for 3 and protected for 4 
years died. 

Apparently, fourwing saltbush plants in these grassland ranges in 
New Mexico require periodic rest from continuous utilization to 
maintain productive, vigorous stands. Cattle in the pasture where the 
fourwing saltbush plants were growing were stocked at only a 
moderate rate, yet fourwing saltbush utilization was excessive as 
shown by low leader growth and high mortality. Reducing the 
stocking rate to reduce excessive utilization of these plants would 
probably not be acceptable because other species would be poorly 
utilized. For plants occurring in moderate to low densities in grassland 
areas, rest during the growing season appears to be essential once in 
every 3 or 4 years to maintain these populations. 
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Vegetative Differences Among Active and Abandoned Towns 
of Black-tailed Prairie Dogs (Cynomys ludovicianus) 

LOIS E. KLATT AND DALE HEIN abandoned towns and lowest on the active town. Composition of vegetation 
on the four study areas did not indicate that the usual stages of secondary 
succession on short grass prairie had occurred on the abandoned prairie 
dog towns. Most changes in vegetation following abandonment of 5 years or 
less by prairie dogs were apparently relatively minor and would not benefit 
cattle grazing significantly. 

Highlight: Vegetational differences were studied among one active 
prairie dog (Cynomys ludovkianus) town and three towns which had been 
abandoned 1,2, and 5 years, respectively. Blue grama (Boutelouagracilis) 
and buffalograss (Buddoe dactyloides) were dominant on all four study 
areas. Percent cover of total vegetation, grasses, and increaser and invader 
species declined with length of abandonment. Percent cover of the only 
decreaser, western wheatgrass (Agropyron smifhii), was similar on the 

._ 
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The objective of this study was to describe differences in vegetation 
among an active prairie dog town and towns abandoned for different 
numbers of years in shortgrass prairie. Koford (1958) compared 
vegetation of an active town and adjacent rangeland in shortgrass 
prairie and found that total plant cover was approximately twice as 
great in the town as it was outside. Koford also found that total cover in 
an area of the town occupied by prairie dogs for several years was 
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greater than in a newly occupied area. Himes (1966) found that total 
cover in a town that had been abandoned for 2 years was 14%, 
compared to 35% when the town was occupied. Bonham and Lerwick 
(1976) reported that grazing by black-tailed prairie dogs favored 
increase of buffalograss, invasion of annuals, and more species 
present due to selective grazing on a few preferred species, including 
blue grama. 

Study Area and Methods 

This study was conducted 11 km north of Fort Collins, Colo., in an 
area of 35 to 40 cm mean annual precipitation. The climate supports a 
shortgrass prairie dominated by buffalograss and blue grama, with 
western wheatgrass common. 

Data were collected on four study areas. Study area A was an active 
town. Because of prairie dog eradication activities, area B had been 
abandoned for 1 year, area C for 2 years, and area D for 5 years prior to 
this study. Area B had been occupied by prairie dogs for 3 or 4 years 
before being poisoned. The other three areas had been occupied tjy 
prairie dogs for at least 36 years before areas C and D were poisoned. 

Areas A, C, and D were located on loamy plains soils, while area B 
was on loamy foothills soil (U.S. Dep. Agr. 1968). Blue grama is the 
potential dominant on loamy plains soils, and western wheatgrass is 
the potential dominant on loamy foothills soil. All four areas were 
native grasslands that were moderately grazed part of the year by 
cattle. 

Vegetation was sampled during June-August by means of a grid of 
points in a frame 0.5 m square, in a variation of the point frame method 
(Cook and Box 196 1). The square frame was crossed at top and bottom 
by eight equally spaced wires, four in each direction, resulting in a set 
of 16 points 20 cm directly above a second set of 16 points. In the field, 
the vegetation or soil directly under each vertical pair of 16 aligned 
points in the grid was recorded. When more than one layer of 
vegetation occurred under a point, the top layer was recorded; this 
occurred less than 1% of the time. 

Vegetation was sampled systematically at 3-m intervals along two 
transects that crossed the town at the area of greatest concentration of 
burrows and proceeded to the edges of the town. One transect ran 
magnetic north to south, the other east to west. Data were recorded for 
100 to 200 grids (1,600 to 3,200 points) per study area. 

Criteria of Stoddart and Smith (1975) were used, where &creaser 
refers to species that decrease under grazing pressure, increaser to 
species that increase under grazing, and invader to species not present 
in the climax vegetation but which invade following grazing. Percent 
cover for each plant species was computed as the percent of the total 
number of points for an area in which the species was recorded. 

Results 

western wheatgrass, was a decreaser (Table 1). Total number of 
species recorded differed among the four study areas because of the 
varying number of species of forbs present on different areas. Only one 
species of forb was recorded on area A. In C and D, five and three 
species of forbs were recorded, respectively. Area B, however, had 14 
species of forbs. Similarly, the total number of plant species was 
lowest in area A (1 l), highest in B (23), and low in C and D (15 species 
each). 

In each area two or three species dominated, and the remaining 
cover was distributed fairly evenly among the remaining species 
(Table 1). In each area buffalograss dominated the cover, with blue 
grama second. Forbs and shrubs were numerous, but each species 
comprised less than 2% of the total cover (Table 1). 

Total plant cover ranged from 70.7% in ara A to 58.3% in area 
(Table 1). Most of this difference appeared in the grass component, 
which ranged from 68.5% in area A to 5.9% in D. Percent cover for 
increaser and invader grasses, including the dominant buffalograss 
and blue grama, declined between areas A and D, while percent cover 
for the one decreaser, western wheatgrass, was lowest on area A and 
similar among the three abandoned towns (Table 1). 

Percent cover of forbs showed the same trend among areas as did 
number of species of forbs (Table 1). Percent cover of forbs was lowest 
in area A, low in C and D, but higher in B. Within the forb component 
of vegetation, both annual and perennial invaders and perennial forbs 
showed the same trends among areas as did total forbs. 

Discussion 
Composition of vegetation on the four study areas did not indicate 

that the stages of secondary succession described by Costello (1944) 
for this region had occurred on the abandoned prairie dog towns. 
Russian thistle (Salsolu k&i), which dominated the first stage 
succession described by Costello, occurred only in area C as a minor 
species. Slimflower scurfpea (Psoruleu tenuifloru), scarlet globe- 
mallow (Sphuerulceu coccineu), silky sophora (Sophoru sericeu), and 
red threeawn (Aristidu longisetu), which were mentioned by Costello 
in the second stage of succession, appeared in area B (abandoned 
year). Also, according to Costello, annual plants were important early 
in succession and perennial plants became important in later stages. In 
our study, the percent cover of annual forbs, perennial forbs, and 
grasses all declined between area A (active) and D (abandoned 
years). 

It appeared, then, that prairie dog activities on these study areas did 
not cause the rangeland to revert to an appreciably earlier stage of 
succession. The dominant species on all four study areas agreed for the 
most part with those listed by Tileston (196 1) for prairie dog towns on 
shortgrass prairie. 

Most of the species recorded were increasers or invaders; only one, Percent cover for the decreaser, western wheatgrass, was slightly 
higher on the abandoned towns than on the active town. However, 

Table 1. Vegetation on one active (A) and three abandoned (B = 1 year, peicent cover declined for the increasers and invaders from area A 
C = 2 years, D = 5 years) prairie dog towns, Larimer County, Colo. area B. These data indicated that, in terms used for rangeland grazed 

by cattle, range condition improved slightly following eradication 
Percent cover prairie dogs. 

Area 
Koford (1958), among others, found that the’mounds of bare soil 

Species * Status2 A B C D 
around prairie dog burrows were invaded by forbs following abandon- 
ment. This could explain the highest percent cover and most species 

Agropyron smithii 1 2.3 5.1 6.9 6.7 for forbs occurring on area B, while these were lowest on area A. Fish 
Muhlengergia torreyi 3 5.5 0.2 9.0 0.7 ( 1966) reported a similar response to cessation of cattle grazing; forbs 
Oryzopsis hyrnenoides 
Aristida longiseta 2” 

0.6 
2.8 0.4 0.2 0.3 

i&unediaiely increased greatly. Results of our study indicated that 

Bouteloua gracilis 2 20.7 22.8 9.8 22.2 
removal of prairie dogs affected range similarly to removal of cattle 

Buchloe dactyloides 2 (3 on B) 37.2 32.4 31.9 25.0 
this respect. 

Perennial grasses (subtotal) 
In contrast to this study and others on shortgrass prairie, Smith 

68.5 60.8 57.7 55.2 
Annual grasses (2 spp.) 

;3x 
O.l- 0.5 

(1967) found that on tallgrass prairie percent cover was higher on 

Forbs (14 spp.) O.l- 2.2 0.6 0.4 
adjacent range than on active prairie dog towns. It should be noted that 

Shrubs/half-shrubs (6 spp.) 2: 3: x 2.1 2.7 1.9 2.0 
percent cover is not strictly analogous to production (Bjugstad and 

Total vegetation (27 spp.) 
Whitman 1970). 

70.7 65.5 60.3 58.3 Since data were taken from four different towns rather than from the 
’ Species with >0.5% cover are listed individually; complete data and list of all 27 species 

recorded is available upon request from authors. 
same town over 5 years, variables other than length of time since 

’ Status: I = decreaser, 2 = increaser, 3 = invader, x = undetermined (Stoddart and 
abandonment could have influenced the results. For example, due 

Smith 1975). differences in soils, the potential dominant on area B was western 
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wheatgrass, while the potential dominant on the other three towns was 
blue grama. Thus, one would expect to find more western wheatgrass 
on area B. However, this was not the case. Apparently, grazing 
influence of prairie dogs was more important than soil type in 
determining percent cover of western wheatgrass. 

In summary, following abandonment of prairie dog towns in short- 
grass prairie in northeast Colorado, results of this study indicated 
decreases in total vegetative cover and in percent cover of all grasses 
combined, which includes the dominant plant species. Only western 
wheatgrass increased slightly. Most changes were relatively minor 
except for markedly more species of forbs in the area abandoned by 
prairie dogs for I year compared to the other areas. Results of this 
study indicated that eradication of prairie dogs would not significantly 
improve shortgrass prairie for cattle during the first few years 
following abandonment of the towns. 
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A Low-Cost Portable Deer Enclosure 

W. WILLMS, R. TUCKER, AND L. STROESSER 

Highlight: Polyethylene fishing net was used as fence material to con- 
struct low-cost portable deer enclosures to pen tame and semitame mule 
deer (Odocoileus hemionus hetnionus) for diet observations. Three workers 
could disassemble and set up a 225 mz pen at a new location in approximate- 
ly 1.5 hours. 

Research using tame deer may be hampered by a lack of adequate 
holding facilities. Deer-proof fences are expensive and their con- 
struction is time consuming. An alternative to wire and board fences is 
fishing net, which is a relatively inexpensive material. Fences made of 
fishing net were tested and successfully used to contain tame and 
semitame deer in a torage selection study conducted near Kamloops, 
British Columbia. 

The fishing net was 12-cm mesh, 550 m long by 25 mesh deep, with 
double selvage top and bottom and weighed 120 kg. To facilitate 
handling, polypropylene rope 6 mm diam. was woven along the top 
and bottom webbing. To erect the fence, steel posts were driven at 
each comer of the plot. To the posts, 2.5-m long dried fir samplings (5 
cm diam.) were wired and guy wires attached. The ends of the top and 
bottom ropes were tied to a comer post, stretched tight, and tied to the 
next comer post. The webbing was then distributed evenly along the 
distance by sliding it along the two ropes (Fig. 1). When the right 
amount of webbing was evenly spaced, pre-cut 2-m long samplings 
were placed upright every 4 m to support the top rope and hold the 
bottom rope down. Notches cut in the ends of the saplings fit over the 
ropes. The middle post along each side of the pen was supported by 
another steel post for greater rigidity. 

It is important that the right amount of webbing be used for the 
height desired. If too little webbing was used, the top and bottom ropes 
were pulled together too tightly, and if too much was used, the 
webbing sagged. The right amount was found through trial and error. 
It was found that the original folded length of 550 m when erected 
yielded about 350 m for a 2-m high fence. Higher fences could be 
made but the length would be reduced. 

Netting for one fence, 15 m x I5 m, with rope and wooden supports 
is easily carried by two people and may be managed by one person. 
Another benefit of the webbing is that when animals jump into it there 

The authors are graduate student, Department of Plant Science, University of Alberta, 
Edmonton; range technician. Research Statmn, Agriculture Canada, Kamloops. British 
Columbia. 

Manuscrtpt received November 5, 1977. 
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Fig. 1. Fishing net deer enclosure erected on a sagebrush site. 

Fig. 2. Rocks and logs could be laid on the bottom rope to hold it close to 
ground. 

317 



A Low-Cost Portable Deer Enclosure 

Research using tame deer may be hampered by a lack of adequate 
holding facilities. Deer-proof fences we expensive and their con- 
struction is time consuming. An alternative to wire and board fences is 
fishing net, which is a relatively inexpensive material. Fences made of 
fishing net were tested and successfully used to contain tame and 
semitame deer in a torage selection study conducted near Kamlwps, 
British Columbia. 

The fishing net was 1 Z-cm mesh, 550 m long by 25 mesh deep, with 
double selvage top and bottom and weighed 120 kg. To facilitate 
handling, polypropylene rope 6 mm diam. was woven along the top 
and bottom webbing. To erect the fence, steel posts were driven at 
each corner of the plot. To the posts, 2.5-m long dried fir samplings (5 
cm diam.) were wired and guy wires attached. The ends of the top and 
bottom ropes were tied to a comer post, stretched tight, and tied to the 
next comer post. The webbing was then distributed evenly along the 
distance by sliding it along the two ropes (Fig. I). When the right 
amount of webbing was evenly spaced, precut 2-m long samplings 
were placed upright every 4 m to suppon the top rope and hold the 
bottom rope down. Notches cut in the ends of the saplings fit over the 
mnes. The middle DOS alonr each side of the pa was supported by 
another steel post ior great& rigidity. 

It is imwxtant that the right amount of webbing be used for the 
height de&d. If too little webbing was used, the top and bottom roper 
were pulled together too tightly, and if too much was used, the 
webbing sagged. The right amount was found through trial and error. 
It was found that the original folded length of 550 m when erected 
yielded about 350 m for a 2-m high fence. Higher fences could be 
made but the length would be reduced. 

Netting for one fence, 15 m x IS m, with rope and wooden supports 
is easily canied by two people and may be managed by one person. 
Another benefit of the webbing is that when animals jump into it there 



is enough give in the rope and webbing to minimize injury. As well, 
when the webbing is properly stretched, there is less problem of 
entanglement of hooves and antlers than was experienced with 
page-wire. On one occasion, an adult male deer entangled his antlers 
in the mesh. No injuries were sustained during his struggle and a 
minimum of damage was done to the netting. 

There are some precautions that should be noted when using fishing 
net for fencing. No loose ends should be left where animals can get 
entangled in them, and all sources of alarm to the animals should be 

avoided. We found that occasionally logs had to be laid on the bottom 
of the fence to discourage deer from lifting the bottom rope and 
escaping (Fig. 2). One individual became adept at that after being in a 
pen with a loose bottom rope and was continually a problem 
afterwards. Also, males during rut should be watched closely so that 
assistance could be given in case of entanglement in the mesh. 

The cost of the webbing and rope was approximately $1.50 per m, at 
1976 prices, for a 2-m high fence. This cost, coupled with the ease of 
handling makes the fishing net an excellent fence material. 

Viewpoint 

Range Men Helped Create SRM 
Lest an erroneous impression be created about the Charter members 

of SRM some clarification is needed of two statements in Box’s other- 
wise good Presidential Address published in the March 1978 issue of 
JRM, pages 84-86. 

The second sentence of the first paragraph states “In the beginning 
our Society was a small collection of dedicated people trained in 
forestry, animal science, agronomy, and ecology . , . .” Where were 
the men trained in range? They were there! The facts are that probably 
one-quarter or more of the Charter members had degrees with majors 
in range management. 

Several universities, including Box’s own Utah State University, 
had been awarding such degrees since the late 1920’s and early 30’s. 
Some of the other universities were Wyoming, Idaho, Washington 
State, California, Arizona, and Colorado State. By 1946 and 1947, 

when the need for a society was being explored, there were a 
substantial number of these graduates. These men were also insistent 
that a separate society be formed because among other reasons they 
could not qualify for membership in the three other societies that were 
trying to make a home for range men. 

Then on page 86, second column, the first sentence states: “We 
have given birth to a new profession and raised it through adoles- 
cence . ’ ’ Not so! Professionally trained range men, wildlife biologists, 
ranchers, other professionally trained men as well as the foresters, 
agronomists, animal scientists, and ecologists created the Society. In 
turn the Society solidified the profession of range management, gave it 
more dignity, and made it more productive.-Joseph F. Pechanec, 
Ogden, Utah 
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is enough give in the rope and webbing to minimize injury. As well, 
when the webbing is properly stretched, there is less problem of 
entanglement of hooves and antlers than was experienced with 
page-wire. On one occasion, an adult male deer entangled his antlers 
in the mesh. No injuries were sustained during his struggle and a 
minimum of damage was done to the netting. 

There are some precautions that should be noted when using fishing 
net for fencing. No loose ends should be left where animals can get 
entangled in them, and all sources of alarm to the animals should be 

avoided. We found that occasionally logs had to be laid on the bottom 
of the fence to discourage deer from lifting the bottom rope and 
escaping (Fig. 2). One individual became adept at that after being in a 
pen with a loose bottom rope and was continually a problem 
afterwards. Also, males during rut should be watched closely so that 
assistance could be given in case of entanglement in the mesh. 

The cost of the webbing and rope was approximately $1.50 per m, at 
1976 prices, for a 2-m high fence. This cost, coupled with the ease of 
handling makes the fishing net an excellent fence material. 

Viewpoint 

Range Men Helped Create SRM 
Lest an erroneous impression be created about the Charter members 

of SRM some clarification is needed of two statements in Box’s other- 
wise good Presidential Address published in the March 1978 issue of 
JRM, pages 84-86. 

The second sentence of the first paragraph states “In the beginning 
our Society was a small collection of dedicated people trained in 
forestry, animal science, agronomy, and ecology . , . .” Where were 
the men trained in range? They were there! The facts are that probably 
one-quarter or more of the Charter members had degrees with majors 
in range management. 

Several universities, including Box’s own Utah State University, 
had been awarding such degrees since the late 1920’s and early 30’s. 
Some of the other universities were Wyoming, Idaho, Washington 
State, California, Arizona, and Colorado State. By 1946 and 1947, 

when the need for a society was being explored, there were a 
substantial number of these graduates. These men were also insistent 
that a separate society be formed because among other reasons they 
could not qualify for membership in the three other societies that were 
trying to make a home for range men. 

Then on page 86, second column, the first sentence states: “We 
have given birth to a new profession and raised it through adoles- 
cence . ’ ’ Not so! Professionally trained range men, wildlife biologists, 
ranchers, other professionally trained men as well as the foresters, 
agronomists, animal scientists, and ecologists created the Society. In 
turn the Society solidified the profession of range management, gave it 
more dignity, and made it more productive.-Joseph F. Pechanec, 
Ogden, Utah 
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Wild Mammals of New England. By Alfred J. Godin. Johns 
Hopkins University Press, Baltimore, Md. 1977. 304 p., 
illus., $25.00. 
With the growth of public interest in nongame wildlife and the need 

for better knowledge of small mammals, this book is a most timely and 
welcome contribution. Its technical detail and readable style will 
appeal to both professional biologists and lovers of natural history. 
The author has brought together a wealth of information on the biology 
and behavior of mammals from a wide review of literature and his 
extensive studies of museum specimens. 

This book is especially useful as a reference covering a region of the 
country for which there is no comprehensive up-to-date state or 
regional book of mammals. The detailed description and comparisons 
of each kind make identification of New England mammals more 
certain than is possible by use of field guides and reference works of 
nationwide coverage. 

Since New England has little rangeland, this book may not be of 
special interest to range managers. However, the well-documented 
ecological and life history information on many widely distributed 
species makes it a useful reference for mammals in the eastern United 
States. 

Although low contrast and small size detract from the clarity of 
some of the sketches of skulls and teeth, the book is well illustrated 
with the author’s life-like pencil drawings of mammals. 

A short introduction on the characteristics, morphology, adapta- 
tions, and classification of mammals is followed by a series of useful 
keys to the orders of mammals and all the species occurring in New 
England. Several photographs and a concise description of the 
geography show the principal kinds of habitat for the 100 species of 
mammals in New England. The text that follows is organized in 
conventional fashion with a section on each mammalian order. A final 
chapter treats the species recently extirpated from the region (timber 
wolf, wolverine, mountain lion, walrus, American elk, and caribou). 

There are good characterizations of each order and family. Each 
species account includes a brief synonymy, small distribution map, 
and sections covering description, distribution, ecology, behavior, 
and specimens examined. Resource managers will find the descrip- 
tions and listings of distributional records helpful in preparing local 
wildlife inventories. Though many specimens were examined, this 
was not a taxonomic study, and the author followed the nomenclature 
used by Hall and Kelson (1959) and Rice and Scheffer (1968). 
Subspecies found in New England are named, but the ranges of each 
are not shown on the maps. 

A great deal of space has been given to descriptions of courtship, 
copulation, parturition, and growth of young. The usefulness of the 
book might have been enhanced by deleting some of this detail and 
including more drawings of skulls and dentition. Information on food 
habits emphasizes the diversity of kinds of food reported, without 
pointing out the primary food adaptations of some mammals. For 
instance, it is not mentioned that the red squirrel depends primarily on 
conifer seeds, and that it stores the entire ripe, but unopened cones in 
damp middens of cone scales. Also, the eastern woodrat eats vastly 
more shrub and forb leaves than the other plant parts reported. Nor is it 
mentioned that all species of voles (Microtus) subsist mainly on grass 
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and forb leaves, high in fiber and low in protein, for which they are 
adapted by high-crowned teeth and an enlarged caecum for bacterial 
fermentation, much as in the horse. 

The book is attractively printed and durably bound. It contains few 
typographical errors but one rather distracting flaw, the habitual use of 
“square acres ” for measures of home range. Other errors seem to be 
few and minor. 

The raccoon skull (p. 2), illustrating the dentition of a carnivore, 
should have four premolars and two molars above and below, none of 
which is specialized for shearing flesh, but generalized for an 
omnivorous diet. The whales and dolphins oscillate their flukes (tails) 
in the vertical plane (p. 3). On p. 22, the shrew family is characterized 
as having “a high metabolic rate and must feed almost continuously” 
although conflicting information is cited later for the smoky shrew and 
the short-tailed shrew. Although longevity is correctly defined in the 
glossary as “maximum age . . . ” the term is variously used in the text 
for average or known life spans (p. 113 for deer mouse, p. 123 for 
meadow vole). 

Godin cites (p. 143) conflicting reports by several authors as to the 
presence or absence of external cheek pouches in jumping mice. The 
dispute concerned internal cheek pouches. Jumping mice have neither 
external nor internal cheek pouches. 

Such minor errors do not significantly detract from this very useful, 
excellent, and handsomely done book on northeastern mammals. It 
will remain a valuable reference for many years to come.--Robert B. 
Finley, Jr., Fort Collins, Colorado. 

Effects of Poisonous Plants on Livestock. Edited by Richard 
F. Keeler, Kent R. Van Kampen, and Lynn F. James. 
Academic Press, New York. 1978. 600 p. $29.50/X19.15, 
cloth. 
This outstanding reference book is the proceedings of the United 

States-Australian Symposium on Poisonous Plants held at Utah State 
University in Logan, Utah, on June 19-24, 1977. It consists of a total 
of 56 papers by 77 U.S. and Australian authors. Most are review 
papers, but some emphasize the results of specific experiments. All 
papers include lists of references, and a comprehensive subject index 
is included at the end of the book. 

As the name of the book implies, papers deal with the effects of 
plants poisonous to range livestock rather than with the ecology and 
control of the poisonous plants. As explained in the preface emphasis 
was given to gross and microscopic effects of poisonous plants on 
animals, identification of toxins, and biochemical mechanisms of 
action. The section headings (including numbers of papers in each) 
further reveal emphasis given in the book: 

General Topics (9) 
Simple Phytotoxins (4) 
Plant Hepatotoxins (7) 
Plant Cardio-Pulmonary Toxins (8) 
Plant Neurotoxins (8) 
Plant Teratogens and Toxins Affecting Reproduction (7) 
Other Toxicities (11) 
Most papers consider to some extent the practical solutions of 

managing livestock to prevent or reduce poisoning. Four papers in 
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particular will be of immediate value in practical management of 
rangelands and livestock to reduce livestock poisoning: “Overview of 
Poisonous Plant Problems in the United States,” by Lynn F. James; 
“Impact of Poisonous Plants on Western U.S. Grazing Systems and 
Livestock Operations,” by Don D. Dwyer; “Poisonous Plant Man- 
agement Problems and Control Measures on U.S. Rangelands, ” by 
Joseph L. Schuster; and “Effect of Land Use on Plant Poisoning of 
Livestock in Australia,” by Selwyn L. Everist. This book is a must for 
all agricultural libraries, research units working in any phase of 
poisonous plants, and range scientists dealing with poisonous plants. 
It should be added to everyone’s list of primary range science reference 
books.-I&n F. Vallentine, Provo, Utah 

SYMPOSIA AND REPORTS 

Environmental Quality-The Eighth Annual Report of the 
Council on Environmental Quality. 1977. Superintendent of Docu- 
ments, U.S. Govt. Printing Office, Washington, D.C. 20409. 445 p. 

This is an updated compendium of acts, activities, appendices, tables 
and statistics relating to the subject matter of environmental quality. It 
is presented under two broad chapters entitled, 1. EVENTS and 
2. CONDITIONS AND TRENDS. Under these topics, specific activi- 
ties relating to pollution, air, water, energy, natural resources, human 
settlements, global environment, and the National Environmental 
Policy Act (NEPA) are covered in detail. In many instances, these 
broad subjects are further divided, evaluated, and discussed in greater 
detail. This report presents a good reference source and updating for 
information relating to environmental quality. 

The Reclamation of Disturbed Arid Lands. 1978. Edited by 
Robert A. Wright. University of New Mexico Press, Albuquerque. 
196 p. $4.95, paper. Publication of a symposium focused on current 
and recent research on the reclamation of lands disturbed primarily by 
mining activity in the arid United States. Part 1 provides an overview 
of reclamation on mined lands. Part 2 is concerned with reclamation 
research at Argonne National Laboratory. Part 3 is an assemblage of 
specific projects concerned with reclamation research at a number of 
arid land sites. 

320 JOURNAL OF RANGE MANAGEMENT31 (4), July 1978 




	TABLE OF CONTENTS
	ARTICLES
	Forest Grazing in the South
	Influence of Prescribed Burning on Infiltration and Sediment Production in the Pinyon-Juniper Woodland, Nevada
	Drought Tolerance of Seminal Lateral Root Apices in Crested Wheatgrass and Russian Wildrye
	Effects of Spring Burning on a Mountain Range
	Effects of Summer Weather Modification (Irrigation) in Festuca Idahoensis-Agropyron spicatum Grasslands
	Evaluation of Herbicides for Roadside Weed Control in New Mexico
	Runoff Water Quality from Varying Land Uses in Southeastern Arizona
	Soil Water Use and Recharge in a Fertilized Mixed Prairie Plant Community
	Population Dynamics After Wildfires in Sage brush Grasslands
	Herbage Yield and Quality of Threadleaf Sedge
	Effects of Gully Plugs and Contour Furrows on the Soil Moisture Regime in the Cisco Basin, Utah
	Response of Birds, Small Mammals, and Vegetation to Burning Sacaton Grasslands in Southeastern Arizona
	The Estimation of Winter Forage and Its Use by Moose on Clearcuts in Northcentral Newfoundland
	Carbon-l 4 Translocation in Three Warm-Season Grasses as Affected by Stage of Development
	Revegetation Trials on a Saltgrass Meadow

	TECHNICAL NOTES
	The Influence of Ammonium Nitrate on the Control of Mesquite Resprouts with 2,4,5-T Ester
	Response of Foutwing Saltbush to Periods of Protection
	Vegetative Differences Among Active and Abandoned Towns of Black-tailed Prairie Dogs (Cynomys ludovicianus)
	A Low-Cost Portable Deer Enclosure

	VIEWPOINT
	Range Men Helped Create SRM

	BOOK REVIEW
	Wild Mammals of New England. By Alfred J. Godin.
	Effects of Poisonous Plants on Livestock. Edited by Richard F. Keller
	SYMPOSIA AND REPORTS
	Environmental Quality-The Eighth Annual Report of the Council on Environmental Quality. 1977. U.S. Govt. Printing Office,
	The Reclamation of Disturbed Arid Lands. 1978. Edited by Robert A. Wright.



	AUTHORS
	ARNOLD, JAMES D.
	BLACK, A.L.
	BLACKBURN, W.H.
	BOCK, CARL E.
	BOCK, JANE H.
	BRAMMER, R.L.
	BURZLAFF, DONALD F.
	COLLINS, D.
	COLTHARP, GEORGE B.
	DONART, GARY B.
	ECKERT, JR., R.E.
	EVANS, RAYMOND A.
	FICK, WALTER H.
	FINLEY, JR., ROBERT B.
	FOSTER, MICHAEL A.
	GIFFORD, GERALD F.
	GRELEN, HAROLD E.
	HANCOCK, VALDON B.
	HASSANYAR, AMIR S.
	HEIN, DALE
	KLATT, LOIS E.
	LOHMILLER, R.G.
	LUDWIG, JIM R.
	MCDONALD, R.L.
	McGINNIES, WILLIAM J.
	MORTON, L.D.
	MOSER, LOWELL E.
	NIMIR, MUTASIM BASHIR
	PARKER, G.R.
	PAYNE, GENE F.
	PECHANEC, JOSEPH F.
	PIEPER, REX D.
	QUIMBY, JR., P. C.
	RENARD, K.G.
	ROUNDY, BRUCE A.
	SCHREIBER, H.A.
	STROESSER, L.
	STUBBENDIECK, J.
	TUCKER, R.
	VALLENTINE, JOHN F.
	WEAVER, T.
	WIGHT, J. ROSS
	WILLMS, W.
	WILSON, A.M.
	YOUNG, JAMES A.


