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Prescribed Burning on B.C. Rangelands: the 
State of the Art 
BRIAN M. WIKEEM AND R.M. STRANG 

Abstract 

This paper reviews research and experiences up to the present in 
the use of fire as a rangeland management tool in British Colum- 
bia. Although the climate of opinion towards burning is becoming 
increasingly more favourable, little specific information is yet 
available to allow precise use of fire for habitat modification. Some 
results from north-western United States are applicable but these 
are sometimes contradictory and, not infrequently, incomplete. A 
program of fire ecology research is outlined which will provide the 
necessary information to permit the use of fire to achieve specific 
range management objectives. 

In the last decade or so a strong reaction has developed to 
Smokey Bear’s dramatically forceful message that “Fire is Bad”, 
and so fire is now becoming acceptable as a management tool 
(Kay11 1974). This changing attitude is, perhaps, sometimes going 
too far and there is a real danger that fire will be used uncritically or 
inappropriately without a clear, prior definition of objectives. 

Burning to manage vegetation has been used all over the world 
for centuries: some of the very earliest explorers reported smoke 
over Africa 2,000 years ago (Casson 1960) and its controlled appli- 
cation there goes back many years (West 1965); it is a technique of 
long-standing in Britain (Lovat 1911); and it was a pre-historic 
practise in North America too (Lutz 1959). Now that controlled 
burning is becoming “respectable”, serious scientific interest is 
growing and one is permitted to employ “prescribed burning”, that 
is the use of tire of pre-set characteristics to achieve a specified 
change in a known plant community. This paper assesses the art of 
prescribed burning for British Columbia range types and suggests 
requirements for fire research in the Province. 

Setting 

Because of its climate, the southern interior of British Columbia 
between the Coastal Mountains and the Rockies lends itself to the 
managed use of fire more than does the wetter mountainous lit- 
toral. The vegetation of the interior valleys and plateaux has been 
well described in general eco-regional terms (Krajina 1969) and a 
number of more specific works are available (Spilsbury and Tis- 
dale 1944, Tisdale 1947, Tisdale and McLean 1957, McLean and 
Holland 1958, van Ryswyk et al. 1966, Brayshaw 1970, McLean 
1970, Lord and Green 1971, Beil 1974). Fireisaccepted(Brayshaw 
1970) as one of the many habitat factors. 

Of the 5 major associations in the interior it is likely that fire can 
be used in only 3. The 5 are: in the southernmost Latitudes and 
lowest elevations a grassland zone dominated by bluebunch wheat- 
grass (Agropyron spicatum) and big sagebrush (Artemisia 
tridentata)-a dry area with less than 30 cm of annual precipita- 
tion; immediately above the grasslands lies the slightly moister, 
open forest of ponderosa pine (Pinus ponderosa) and bunch- 
grasses; with increasing elevation and moisture, a Douglas fir 
(Pseudotsuga menziesii)l pinegrass (Calamagrostis rubescens) 
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zone which is by far the most extensive of the three; at successively 
higher elevations, sub-alpine fir (Abies lasciocarpa)/Englemann 
spruce (Picea engelmannii) and alpine zones. This paper deals only 
with the 2 lower forested zones and the grasslands. 

Sagebrush-Grasslands 
Little published information exists regarding the history and 

effects of fire on British Columbia grasslands. Tisdale and McLean 
(1957) postulate that fire has been an historic factor in this zone 
and that Indians probably used fire to improve huntingconditions 
on the grasslands. Smith (1%9) suggested that, more recently, 
ranchers have employed grassland burning to improve or produce 
range. However, the objectives of these burns and their primary 
and secondary effects are poorly documented. 

The B.C. Fish and Wildlife Branch has been most active in using 
fire as a management tool in British Columbia. In cooperation with 
the B.C. Forest Service, they have employed cool spring burning 
on several grassland ranges in the Okanagan, Chilcotin, and East 
Kootenays (Eastman 1978) (Fig. I). Their specific objectives have 
varied slightly from one region to another but, in general, these 
have been to increase forage production and quality, control unde- 
sirable plant species (notably big sagebrush), and to alter the 
botanical composition of the plant communities (Eastman 1978) 
for the benefit of California bighorn sheep (Ovis canadensis cali- 

forniana) in the Okanagan and Chilcotin and elk (Cervus canaden- 
sis), mule deer (Odocoileus hemionus hemionus), Rocky 
Mountain bighorn sheep (Ovis canadensis canadensis), and white- 
tailed deer (0. virginianus) in the East Kootenays. 

Although few quantitative data have emerged from this burning 
program since its inception in the mid 1970’s, some general obser- 
vations have been noted. Early indications suggest that favorable 
changes in the spring distribution of California bighorn resulted 
from spring burns in the Ashnola with the objective of drawing the 
sheep from the heavily grazed ridges. Bone (pers. comm.)r believes 
the sheep now spend more grazing time on the burned patches of 
the lower slope. In the Chilcotin, improvements in both forage 
quality and production are claimed, although the specific plant 
species affected are not listed, The effect on quality is reportedly 
short-lived however, while enhanced production may be due to 
decreased competition following elimination of big sagebrush. 
Basal sprouting of willows (Salk spp.), saskatoon or serviceberry 
(Amelanchier alnifolia), and even bitterbrush (Pursia tridentata). 
have been observed following fire (Eastman 1978). 

Under the aegis of Coordinated Resource Planning, the Range 
Division of B.C. Forest Service has initiated a prescribed burning 
program but they too lack the staff to monitor the fires or their 
effects in any detail (Milroy, pers. comm.)z. 

Considerably more fire research has been conducted on the 
comparable sagebrush/ bunchgrass type in the northwest United 
States. This has provided some information regarding the effects of 
fire on forage production (Pickford 1932, Blaisdell1953, Mueggler 
and Blaisdell 1958, Harniss and Murray 1973, Daubenmire 1975, 

‘Bone, J. 1979. Fish & Wildlife Br., Min. of Recreation &Conservation, Penticton. 
*Milroy, J.E. 1979. Director, Range Division, B.C. Forest Service, Victoria. 
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Uresk et al. 1976) botanical composition (Pickford 1932, Blaisdell 
1953, Harniss and Murray 1973, Daubenmire 1975, Young and 
Evans 1978) and directly, on several range plant species (Blaisdell 
1953, Pechanecet al. 1954, Moomaw 1956, Muegglerand Blaisdell 
1958, Wright and Klemmedson 1956, Young and Evans 1978) 
which are also common in British Columbia. Unfortunately these 
studies have produced few consistent results. For example, the 
reported effects of fire on the productivity of bluebunch wheat- 
grass have been variable. Uresk et al. (1976) indicated that burning 
increased productivity of bluebunch wheatgrass by 24% when 
comparing burned and unburned sites. Moomaw (1956) reported 
that bluebunch wheatgrass was only slightly affected by fire and 
postulated that the minor increases noted may have resulted from 
the release of competition from shrubby species. Similar results 
were obtained by Conrad and Poulton (1966) and they suggested 
that the primary effect of fire on this species was a reduction in 
basal area. 

On the other hand, Blaisdell (1953), Daubenmire (1975), and 
Mueggler and Blaisdell (1958) all reported an initial reduction in 
productivity of bluebunch wheatgrass in the first postburn season. 
Reductions up to 50% were observed (Daubenmire 1975) with 
recovery time varying from 3 (Blaisdell 1953) to possibly 12 (Daub- 
enmire 1975) years. Blaisdell (1953) suggested that, by the third 
year, productivity of bluebunch wheatgrass on burned sites was 
outyielding that of the unburned sites. The greatest increases were 
found on areas lightly burned, and he concluded that productivity 
varied inversely with fire intensity. 

Few studies have monitored changes in botanical composition 
carefully following fire. In fact, of the studies reviewed, only 3 
(Moomaw 1956, Wright and Klemmedson 1965, Daubenmire 
1975) provided detailed descriptions of pre- and postburn floristics 
although 2 others (Pickford 1932, Blaisdell 1953) discussed general 
vegetative changes. Only slight reductions in coverage and fre- 
quency of perennial grasses were observed by Daubenmire (1975), 
Moomaw (1956), and Young and Evans (1978) following wildfire. 
Pickford (1932), however, indicated that perennial grass cover 
declined significantly, while forbs increased following prescribed 
burning. Moomaw (1956) concluded that all shrubby species stu- 
died, including sagebrush and bitterbrush, declined after fire, as 
did phlox (Phloxlong$olia), balsamroot (BalsamhorizasagiCtata), 
and Wyeth buckwheat (Eriogonum heracleoides). Yarrow (Achil- 
lea millefolium), Lomatium macrocarpum and Calochortus 
macrocarpus were found to increase while Sisymbrium altissimum 
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and Epilobium paniculatum invaded. 
Very little research has yet been directed towards the autecologi- 

cal effe’ct of fire on rangeland plant species. Wright and Klemmed- 
son ( 1965) studied the effect of 2 burn intensities (38 and 93O C) at 3 
seasons of burning (June, July and August) on 4 grass species 
common in the sagebrush-grasslands in southern Idaho. Of these, 
only needle-and-thread (Stipa comata) and Sandberg’s bluegrass 
(Poa secunda) are common in British Columbia. 

Needle-and-thread declined with burning, especially in June and 
July, but was slightly more resistant in August. As the season 
progressed, however, size of plant became more important with 
small plants more susceptible to damage than large ones. Intensity 
of burning had little effect on needle-and-thread at any season of 
burn (Wright and Klemmedson 1965). These results are contrary to 
Blaisdell’s (1953) earlier observations in Idaho. He indicated that 
needle-and-thread was positively effected by fire, producing from 
1 I .7 kg/ ha to 30.3 kg/ ha more on burned than on unburned range. 

Sandberg’s bluegrass was not affected by fire at any intensity or 
season of burning (Wright and Klemmedson 1965). These results 
agree with those of Moomaw (1956) and Daubenmire (1975), who 
suggested that bluegrass tended to increase after burning and 
speculated that this may result from an increase in insolation 
reaching the plants after the larger overstory species have been 
burned. In general, the pattern of most perennial grasses decreas- 
ing in the first year after fire and then increasing slowly over a 
variable number of years appears well established (Blaisdell 1953, 
Mueggler and Blaisdell 1958, Harniss and Murray 1973, Dauben- 
mire 1975). 

The autecological effects of fire on other species can be inferred 
from changes in productivity, botanical composition, vigor and 
mortality. For example, consistent results have been reported on 
the impact of fire on Idaho fescue (Festuca idahoensis) and big 
sagebrush. Both species were adversely effected by burning and 
declined in all localities studied (Pickford 1932, Blaisdell 1953, 
Moomaw 1956, Mueggler and Blaisdell 1958, Conrad and Poulton 
1966, Ralphs and Busby 1979, Nimir and Payne 1978). The extent 
of damage to each species depended upon the intensity of burn, and 
effects might persist for 12 to 15 years for Idaho fescue (Blaisdell 
1953) and up to 30 years for sagebrush (Harniss and Murray 1973). 

Studies on cheatgrass (Bromus tectorum) have produced more 
variable results. Most have concluded that this species increases 
following fire (Pickford 1932, Young et al. 1976, Young and Evans 
1978). Daubenmire (1975) on the other hand, showed that annual 
species of Bromus, including cheatgrass, declined after wildfire 
and, even after 12 years, their population levels remained sup- 
pressed. These results agreeded with Moomaw’s (1956) earlier 
findings in eastern Washington. 

Ponderosa Pine Zone 
The importance of fire as an ecological factor or a management 

tool in the Ponderosa pine type has received little attention in B.C. 
Brayshaw (1970), like many others (Ahlgren and Ahlgren 1960; 
Cooper 1961; Biswell 1972; Weaver 1958, 1961a, 1974), suggested 
that fire had been prevalent, both historically and recently, in this 
type and it must be considered a natural part of the environment. 
He did not speculate on the frequency of fire but postulated that 
most would be surface fires favoring a grassy understory at the 
expense of shrubs Brayshaw (1970). Weaver (1967b) believed that 
fire may have occurred as frequently as every 8 years in the ponde- 
rosa pine type in Washington and that it was largely responsible for 
the open, parklike physiognomy there. 

The B.C. Fish and Wildlife Branch has recently initiated a 
rotational burning program in the Okanagan for enhancement of 
mule deer winter habitat. The objectives of this program include 
reducing forest cover, and, increasing forbs, shrubs and nutritive 
quality of preferred foods. Although follow-up vegetational ana- 
lyses are planned (Eastman 1978), no published data are yet 
available. 

From the extensive literature on burning in the ponderosa pine- 
/ bunchgrass type in the United States, it is apparent that few 
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studies were aimed at forage species (Heady 1975). Predomit ntly, 
silvicultural objectives have been the primary research and man- 
agement goals-thinning young stands, reducing understory fuel 
loads to prevent wildfire, and disease control. However, the poten- 
tial of prescribed fire for benefiting both forestry and forage man- 
agement objectives have been noted (Biswell 1972; Weaver 1951, 
1958). Indeed, mechanical thinning of young stands of ponderosa 
pine resulted in dramatic increases in forage biomass (McConnel 
and Smith 1965, Thompson and Gartner 1971) and an inverse 
relationship between canopy closure and herbage productivity 
seems well accepted (Pase 1958, McConnel and Smith 1965, 
Thompson and Gartner 1971, Biswell 1972). 

Weaver (1943, 1947, 1951, 1955, 1957, 1958, 1959, 1961a & b, 
1967 a & b 1974) has contributed many publications on fire in the 
ponderosa pine zone in Washington, Oregon, and Arizona. He 
contended that bluebunch wheatgrass, rough fescue (Festuca sca- 
brella), pine grass (Calamagrostis rubescens) and Stipa spp. 
increased in abundance following burning in this type. Although 
his conclusions were based upon numerous and repeated ObseNa- 
tions and photographs, noquantitativedata were collected. Unfor- 
tunately, despite the abundant literature the specific effects of fire 
on individual plant species, botanical composition, vigor and pro- 
ductivity, as well as the fire, fuel, and weather conditions which 
brought about these changes remain unknown. 

Studies by Gaines et al. (1958), Sweeney and Biswell(1961). and 
Vlamis et al. (1955) have carefully documented fire, fuel, and 
weather conditions in addition to time and length of burn for 
prescribed fires in Arizona and California Ponderosa pine. Gaines 
et al. (1958) observed a 50% reduction in grass density in the first 
postburn year but the principal species studied, mountain muhly 
(Mulhenbergia montana) and squirrel tail (Sitanion hystrix), are 
absent or infrequent in B.C. (Hubbard 1955). Sweeney and Biswell 
(1961) reported the effects of prescribed fire on removal of duff 
from the forest floor and Vlamis et al. (1955) tested pre- and 
postburn differences in soil nutrients. While these results are of 
general interest, they are of little direct value for prescribed bum- 
ing in British Columbia. 

Douglas Fir Zone 
As in the grasslands and ponderosa pine zone, the importance of 

fire as an ecological factor in the Douglas-fir zone has not received 
much attention. Tisdale and McLean (1957) suggested that fire has 
historically been, and still is, a common feature of this zone, and 
identified 3 seral communities resulting from fire for the Pseudot- 
suga/ Calamagrostis association at Kamloops. These include: the 
aspen (Pop&s tremuloides)/pinegrass, lodgepole pine (Pinus 
contorta)/pinegrass and the conifer/aspen/pinegrass associes. 
Homologues of each are present in the Okanagan (Brayshaw 1970) 
and East Kootenays (McLean and Holland 1958) but they are 
poorly represented in the Similkameen (McLean 1970, McLean et 
al. 1971). 

Forage production has been assessed under each fire associes. 
Tisdale ( 1950) showed that as tree canopy cover increased from the 
open aspen to the closed Douglas-fir types, palatable forage yields 
declined from 720 kg/ha to 180 kg/ha. While these data suggest 
that fire may increase forage production in the Douglas- 
fir/ pinegrass association, few other effects of fire have been studied 
in this type. 

Beaton (1959a & b), comparing the physical and chemical prop- 
erties of soils on burned and unburned sites at Lac le Jeune near 
Kamloops, found that total porosity and non-capillary porosity 
decreased, while percent capillary porosity increased on burned 
compared to unburned sites. Burning reduced infiltration rates on 
all sites and soil temperatures were higher on burned-over soils 
(Beaton I959a). On recently burned sites, total nitrogen, percent 
organic matter, acidity, and the carbonic acid soluable phosphorus 
in the organic horizon decreased (Beaton 1959b). 

Eastman (1978) summarized the history, use and objectives of 
burning in the Douglas-fir zone by the B.C. Fish and Wildlife 
Branch. The first prescribed fires, in Wells Grey Park (north-east 

of Kamloops) in the mid 1950’s, were generally unsuccessful. Dur- 
ing the period 1966 to 1971 spring burns were employed on 1654 ha 
to maintain early seral stages of forest for moose (Alces alces). 
Although no data were presented, Eastman concluded that availa- 
bility and forage production increased on all burned sites. With 
the objective of increasing browse availability for mule deer, pres- 
cribed burning also has been undertaken on some Douglas- 
fir/pinegrass ranges in southcentral British Columbia but no 
results from these burns are reported, yet. 

McLean (1969) compared root characteristics of fire resistant 
and non-fire resistant herbaceous plant species common in the 
Douglas-fir type in British Columbia. Species with fibrous root 
systems or possessing stolons or rhizomesthat grow above mineral 
soil were most susceptible to fire. Fibrous-rooted species with 
rhizomes that penetrate mineral soil to at least 5 cm were consi- 
dered moderately resistant. Tap-rooted species with the ability to 
regenerate from below their crowns, and rhizomatous species that 
grow between 5 and 13 cm below the mineral soil were considered 
the most resistant to fire. 

McMinn (1951) compared the floristics of burned and logged 
sites in the coastal Douglas-fir type at the University of British 
Columbia research forest. However, these results are of limited 
value for range management due to the vast ecological differences 
between the coastal and interior forests. 

Slightly more research on prescribed burning in the Douglas-fir 
zone has been undertaken in the United States. Independent stu- 
dies by Asherin ( 1974) and Lyon (1966) were aimed at rejuvenating 
browse production in seral communities of the Douglas-fir type in 
Idaho. Fire increased availability for wildlife and stimulated 
growth of maple (Acerglabrum), willows and serviceberry in both 
studies. Other species which responded favorably to burning and 
that are common in British Columbia are redstem ceanothus(Cea- 
nothus sanguineus) (Asherin 1974) sticky currant (C. velutinus), 
and snowbush (Ribes visicosissimum) (Lyon 1966). 

Asherin (1974), comparing nutrient contents of redstem ceano- 
thus on burned and unburned sites, found that, in the first post- 
burn year, burned plants had higher crude protein levels, lower fat 
and crude fibre contents, while ash remained constant. By the 
second year crude fibre contents were similar, fat contents reversed 
and crude fibre remained lower even into the third year after fire. 

Both Asherin (1974) and Lyon (1966) compared the floristics on 
burned and unburned sites. Although Asherin provided a very 
detailed list of species, many of which occur in British Columbia, 
his results only appear in an appendix without interpretation. 
Many of the shrub species, including ocean spray (Holodiscus 
discolor). mock orange (Philadelphus lewisii), chokecherry (Pm- 
nus emarginata and P. virginiana), and snowbush (Ceanothus 
spp.) occurred less frequently on burned than on unburned sites. 
Others, such as willows, snowberry (Symphoricarpus albus) and 
rose (Rosa gymnocarpa) appeared to respond to fire erratically. 
Herbaceous species that were found more frequently on burned 
sites included pinegrass, fireweed (Epilobium angustifolium) and 
Poa compressa, while aster (Aster conspicuus) occurred more 
frequently on unburned sites. Unfortunately, the fire, fuel, weather 
and topographic conditions which produced these differences were 
not recorded. 

Lyon (1966) carefully documented weather and fuel conditions, 
fire intensity, time of fire, and season of burn. Of the few plant 
species comprising the understory flora, only pinegrass and heart- 
leaf arnica (Arnica cordifolia) grow in British Columbia. Both 
species declined in the first year after burning but recovered to 
preburn levels by the second year. 

Discussion 

The definition of prescribed burning in the introduction is 
explicit. It suggests that land managers are sufficiently familiar 
with fire behavior and its characteristics that predictable results 
can be accomplished under a variety of weather and fuel condi- 
tions. At the same time, well-defined management objectives must 
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be set and met. 
Available results on the specific effects of the fire within any of 

the vegetation types considered in this review have been conflicting 
and inconclusive. This should not be surprising, however, since it is 
unlikely that fire, fuel, topography and weather conditions were 
similar from one study to another; indeed each fire is a unique 
event. In addition, data collection techniques often varied thus 
making comparisons difficult. As a result, we lack the information 
necessary to conduct prescribed burns or to predict their effects for 
most objectives offorage, habitat and range management in British 
Columbia. 

It seems clear then that the art of prescribed burning is not yet 
well developed here, indeed many of the burns presently called 
“prescribed” might bedefined as “controlled”(Vallentine 1974) not 
only in this Province, but in similar vegetation types throughout 
the northwest United States. It is equally apparent that a well- 
designed research program where fire and its effects are the focus of 
study, is necessary if fire is to reach its potential as an effective 
management tool. 

Research Required 
Since we need so many answers on the effects of fire on vegeta- 

tion in British Columbia, a research program that initiallyemphas- 
izes collection of baseline data is proposed. Areas of investigation 
needed include: the physical conditions of fuels, weather, and 
topography; the effects of fire on soils and plants, and hence 
indirectly on animal productivity; postburn interactions between 
fire and grazing on vegetation; and the economics of range bum- 
ing. Because more than one objective can sometimes be accomp- 
lished with a single burn (Wright 1974) and hence many hypotheses 
could be tested simultaneously, no priority is necessarily implied. 
However, those facts most important to grazing management- 
changes in forage quantity and quality, botanical composition, and 
animal distribution and productivity-might be investigated first. 
Advantage should be taken of operational burns to collect data 
which will complement and amplify research findings. 

(I) Physical Conditions. Fire intensity, duration and behavior 
are strongly affected by weather conditions before and during the 
burn, by topography, and by fuel conditions (Ahlgren and Ahlgren 
1960). Weather, topographic and fuel parameters, which can be 
easily measured and have high predictive value for producing fires 
with specific intensities and characteristics, must be identified and 
quantified. They include: relative humidity, temperature, wind 
speed, length and angle of slope and, most importantly, the mois- 
ture content, kind and amount of fuel. Development of a data bank 
and retrieval system would facilitate access to fire information by 
resource managers in the Province. 

(2) Fire Behavior and Characteristics. An understanding of fire 
behavior and its characteristics under different combinations of 
weather, fuel conditions, and topography is prerequisite to control 
and safe use. It is essential that resource managers are sufficiently 
skilled and knowledgeable about the fire they are producing for 
burns to be contained within the target area. This is especially 
important here in British Columbia where much of the grazing 
land occurs within or adjacent to forested lands of high timber 
value. Qualitative descriptions of every fire should accompany 
other data collection, and techniques which provide for the safe 
ignition and use of fire under local conditions need development. 

(3) Effects on Soils. There is a dearth of information on changes 
in the physical and chemical composition of soils under known fire 
conditions for any of the vegetation types used for domestic graz- 
ing in British Columbia. Knowledge of changes in soil structure, 
temperature, infiltration rates, percolation, water-holding capac- 
ity, moisture content and the subsequent effects on range plants 
still require investigation. 

The potential for erosion by wind and water often increases 
following fire as a result of the reduction in plant cover (Pechanec 
et al. 1954, Ralphs and Busby 1979). Most of the grazing land in 
British Columbia occurs on slopes where wind is a common feature 
(Tisdale 1947) and high-intensity, short-duration rain storms may 

occur during summer. These factors enhance the risk of wind and 
water erosion after ground cover has been removed. Presently, we 
know little about the secondary effects of tire on accelerated ero- 
sion under different topographic and climatic conditions. 

Daubenmire (1968) has questioned the real significance of min- 
eral release from litter by fire and the resulting benefits to plants. 
The magnitude of this mineral cycling, its effects on plant nutri- 
tion, forage quality and herbage production is of more than just 
academic interest and requires study since these parameters relate 
directly and immediately to animal management. Similarly, the 
direct effects of fire on soil chemistry and its secondary effects on 
plant growth and phenology have not been investigated under 
controlled conditions in the sagebrush-grasslands, ponderosa pine 
and Douglas-fir types in British Columbia. 

(4) Effect on Plants. It is well accepted that individual plant 
species and entire plant communities may vary in their response 
when burned at different intensities, frequencies and seasons 
(Heady 1975, West 1965). It is doubtful that any single combina- 
tion will meet all objectives of domestic grazing or wildlife habit 
modification within the 3 vegetation types considered here. How- 
ever, management objectives and the appropriate combination of 
intensity, frequency and season of burn can be aligned only when 
these variations are understood. 

Carefully designed experiments, with various treatment levels of 
fire intensity, frequency and season, are required in the sagebrush- 
bunchgrass, ponderosa pine and Douglas-fir zones. In addition to 
changes in botanical composition, the response of the most impor- 
tant plant species for management should be monitored and com- 
pared under different treatment combinations within each type. 
Vigor, vitality, mortality, productivity and nutritive content are 
useful plant parameters to monitor and compare under different 
burning regimes. As suggested earlier, it is essential that the physi- 
cal characteristics of each fire treatment be documented so that 
duplication may be possible under management conditions. One of 
the authors (Strang) began a research project to investigate the role 
of prescribed burning in management of forested rangelands near 
Kamloops in 1978 but no data have yet been reported. 

(5) Effects on Animals. Little research to date has considered 
the secondary effects of fire on animal performance and distribu- 
tion through changes in vegetation. When availability, palatabil- 
ity, species composition, forage nutrient content and productivity 
change in response to burning, corresponding changes in diet 
selection and animal productivity might be expected. If enhanced 
animal production is the objective of management, comparisons of 
diet, weight gains, birth weights, natalityand mortality foranimals 
utilizing burned and unburned ranges require study under local 
conditions before we can assess the success of any burn. 

It seems well accepted that, in general, both wild and domestic 
animals are attracted to recent burns (Daubenmire 1968, Vogl 
1974). Although preliminary observations in the Ashnola suggest 
that bighorn sheep distribution has been altered by burning, there 
is a paucity of specific information regarding the potential of using 
fire to promote animal distribution in British Columbia. More 
precisely, information on how, when, where and how often tire 
may be used to maintain desired changes in animal distribution 
and an adequate stand of forage plants is required. 

(6) Fire-Plant-Animal Interactions. Moomaw (1956) indicated 
that individual plant species in the sagebrush-grassland of 
Washington responded differently when treated with fire or graz- 
ing, or both in sequence. It is likely that this relationship also will 
hold here not only in the sagebrush-grasslands but in the ponde- 
rosa pine and Douglas-fir zones as well. This has important impli- 
cations for range management since grazing is likely to follow most 
prescribed burns. Unfortunately, very few hypotheses have been 
tested on any aspect of this important interaction. Questions still 
outstanding include: what synecological variations within a stand 
may result from grazing, fire, and both in combination; how do 
different seasons, intensities and frequencies of burn affect these 
relationships; what effects do fire and grazing in sequence have on 
plant productivity and forage quality; and how long must grazing 
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be deferred after fire to permit vegetation to recover before it can 
safely be grazed again? 

(7) Economic Factors. Although Mueggler and Blaisdell( 1958), 
and more recently Ralphs and Busby (1979) presented some data 
on fire costs for prescribed burning on sagebrush-grassland, a 
detailed economic analysis has yet to be undertaken. In view of the 
fact that grazing must usually be deferred both before and after fire 
(Heady 1973, a considerable amount of forage is not available for 
animal use.. The cost would even be higher if animal production did 
not improve following fire since animal products provide a major 
financial return. Costs are also tied to local conditions, with major 
components being labor and tire line construction (Ralphs and 
Busby 1979). Where topography is varied, as in British Columbia, 
these costs are likely to be higher than in localities with more gentle 
slopes. Economic analysis must test the financial feasibility of 
burning in British Columbia by weighing the costs and benefits, 
but the costs of not burning must also be included in the analysis. 

Conclusion 
Due to the variable nature of fire (Heady 1973, its use as a 

management technique is unlikely ever to be refined to the point 
where specific effects can be predicted. On the other hand, under- 
standing fire and its consequences is fundamental to good manage- 
ment and without this understanding, the hope of achieving 
particular goals with prescirbed burning is dubious at best. 
Indeeded, indiscriminate burning, without adequate knowledge, 
may be tantamount to the range manager jumping from the pro- 
verbial frying pan into the fire! 
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POSITION ANNOUNCEMENT 
The Department of Animal and Range Sciences, South 

Dakota State University, Brookings, South Dakota, 
announces the opening for a position as Superintend- 
ent, Antelope Range Field Station, Buffalo, South 
Dakota. 

The responsibilities of the position will be ongoing 
management of the animal and range research projects 
at the 7866-acre field station under the direction of two 
or more research scientists. Duties include feeding, 
breeding and care of research animals consistent with 
experimental procedures outlined in projects approved 
for the station. This is a working as well as supervisory 
position with typically one full time assistant and sea- 
sonal part-time help. The superintendent acts as spokes- 
man for the Animal and Range Sciences Department and 
South Dakota State University in matters relating to local 
public relations and community service, individual and 
group requests for information from local station 
research or research conducted elsewhere and local 
needs, problems or concerns that may warrant univer- 
sity involvement either on or off station. Current pro- 
jects involve a beef cattle breeding project and a sheep 
production project. 

Qualifications: The individual must have a B.S. degree 
in Animal Science (MS. preferred). Training in artificial 
insemination and experience in range livestock produc- 
tion and management are preferred. Applicants should 
have both desire and ability to work harmoniously with 
students, staff and ranchers and have an appreciation for 
research and research methods. The salary will be com- 
mensurate with training and experience. 

Applications will be accepted until March 15, 1983, 
with employment beginning as soon as possible thereaf- 
ter. Those received after that date will be considered if a 
qualified and acceptable candidate has not applied ear- 
lier. Applications should include a resume and univer- 
sity transcripts. In addition, the applicant should request 
that a minimum of three persons submit letters of 
recommendation to: Dr. lohn R. Romans, Head, Depart- 
ment of Animal and Range Sciences, South Dakota Stare 
University, Box 2770, Brookings, South Dakota, 57007- 
0392. Telephone (605)688-5765. South Dakota State Uni- 
versity is an Affirmative Action/Equal Opportunity 
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Employer (Female/Male). 

The Department of Animal and Range Sciences, South 
Dakota State University, Brookings, South Dakota, 
announces the opening for a position as Assistant in 
Range Science. 

The responsibilities of the position will be hiring and 
supervision of summer employees; developing research 
plans with project leader; planning and scheduling field 
sampling; selection of research cooperators and estab- 
lishing field studies with assistance from project leader; 
maintenance and care of field and laboratory equip- 
ment; careful and sometimes detailed measurements of 
attributes of vegetation, soil and grazing animals; data 
organization, compilation and computation; and assist- 
ing with preparation of written progress reports, annual 
reports and other publications. Preparation of oral pres- 
entations for producer groups, federal and state agency 
technical and management personnel or other audien- 
ces may be periodically required. Frequent travel in 
western South Dakota, especially in summer, can be 
expected with occasional overnight stays. University 
transportation is available. 

Qualifications: The individual must have a B.S. or M.S., 
degree in Range Science or related fields. Preference 
will be given for education, training and experience in 
range management, range science or closely related 
disciplines. Experience in data processing is desirable. 
The position should beconsidered as providing valuable 
experience for individualscontemplatingfurthergradu- 
ate study. The salary will be commensurate with training 
and experience. 

Applications will be accepted until March 15,1983, or 
until a suitableapplicant has been selected. Applications 
should include a personal data sheet and university 
transcripts. In addition, the applicant should request 
that a minimum of three persons submit letters of 
recommendation to: Dr. Robert Garrner, West River 
Agricultural Research and Extension Center, 807 San 
Francisco Street, Rapid City, South Dakota, 57707. Tele- 
phone (605)394-2236. South Dakota State University is an 
Affirmative Action/Equal Opportunity Employer 
(Female/Male). 
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Burning and 2,4,5-T Application on Mortal- 
ity and Carbohydrate Reserves in Saw- 
palmetto 
R.S. KALMBACHER, K.J. BOOTE, AND F.G. MARTIN 

Abstract 

On the flatwoods of the southeastern United States control of 
saw-palmetto (Serenoa repetrs (Bartr.) Small) is an important step 
in the improvement of native pastures. This study, conducted at the 
Ona Agricultural Research Center in south Florida, measured 
fluctuations in total available carbohydrates (TAC) in rhizomes of 
burned and unburned saw-palmetto which received a June or 
October application of 8.9 kg/ha (acid equiv.) of 2,4,5-T. Palmetto 
kill, change in palmetto cover, and grass canopy cover were evalu- 
ated. Burning reduced TAC concentration in rhizomes from 48.8% 
in March to 14.3% in July as compared to a drop from 47.2% to 
37.4% for unburned plants. Applying 2,4,5-T caused a further 
significant decline in TAC concentration. Both burning and 2,4,5- 
T resulted in lower rhizome percent dry matter indicating that 
treatment stress caused metabolism of carbohydrate which was 
replaced by water. After 1 year there was higher mortality on 
palmetto receiving 2,4,5-T in June, but after 2 years there was no 
difference in mortality between June (48%) and October sprayed 
(39%) plants. Burning was not found to have a significant effect on 
mortality of sprayed plants. Burning and 2,4,5-T decreased pal- 
metto cover, and burned plants treated with 2,4,5-T in June had 
less cover than burned plants treated in October with 2,4,5-T. 
Burning followed by 2,4,5-T application in June increased grass 
cover from 29.4% at the beginning of the study to 67.5% at the end. 

Saw-palmetto (Serenou repens (Bartr. Small)) is one of the most 
abundant shrubs on the sandy flatwoods from southern South 
Carolina to southern Mississippi and throughout all of Florida. 
The primary method of reproduction is by sprouting from partially 
buried stems or rhizomes which are capable of elongation. How- 
ever, palmettos flower in late April and produce some fruit in 
September or October. In Florida palmettos are relatively dor- 
mant in the winter and produce 80% of their annual growth during 
the rainy May to October period (Hilmon 1968). Carbohydrate 
reserves of saw palmetto are principally starch which is stored in 
the rhizomes (Hough 1968). These reserves follow seasonal cycles 
which are influenced by periods of dormancy, frond growth, and 
flowering. In rhizomes of unburned plants grown in Georgia, 
starch was highest in winter (37%) and lowest in summer (27%). 

Florida cattlemen burn range every 3 to 4 years after winter 
grazing in order to remove old forage and litter, but palmettos 
regain 80% of their crown coverage the first year after burning 
(Hilmon 1968). Burning significantly lowered plant reserves, and 
three repeated summer burnings after a winter burn lowered starch 
to 12% (Hough 1968). 

Interest in reducing palmetto cover has increased with demands 
for forage production. McCaleb et al. (1960) tested 25 chemicals 
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and reported 2,4,5-T to be among the best for killing saw palmetto. 
Recent preliminary experimentation (unpublished) conducted at 
the Ona Agricultural Research Center (ARC) supports 2,4,5-T 
(2,4,5-trichloro-phenoxyacetic acid) as being the best of 10 com- 
pounds. McCaleb et al. (1961) applied herbicides to unburned 
palmettos in September and October and reported better mortality 
(75%) with 4.48 kg acid equivalent/ha (AE/ha). Burton and 
Hughes (1961) evaluated mortality at 20 months after the applica- 
tion of 3 rates of 2,4,5-T and 2 carriers applied at 3 dates to burned 
and unburned palmettos. They reported that main effects due to 
burning and rates were not significant, and date of application was 
significant only on burned palmettos where the best treatment 
(burn on March 7 and spray August 26 with 2,4,5-T and water) 
resulted in 76% mortality. Altobellis and Hough (1968) experi- 
mented with 7 combinations of burning and spraying of 2 rates of 
2,4,5-T. Best control (61%) was obtained with 6.16 kg/ha AE 
applied in July 1963, burning 7 months later, respraying in July 
1964 followed by reburning in July 1965. The success of this 
treatment was evaluated with reference to the carbohydrate reserve 
work of Hough (1968), although there was no report of starch 
analyses in this study. 

Because burned palmettos have a weaker energy status than 
unburned plants (Hough 1968) burning may predispose plants to 
greater mortality (Burton and Hughes 1961, Altobellis and Hough 
1968) when sprayed with 2,4,5-T, which is effective in killing 
palmettos (McCaleb et al. 1960, McCaleb 1961, Grelen 1960, 
Burton and Hughes 1961, Altobellis and Hough 1968). However, 
time of application after burn still remains on a trial and error 
basis. Hough (1968) suggested that based on this carbohydrate 
reserve work, October application of herbicide would probably 
result in the best kill of winter burned palmettos. However, since 
carbohydrates in unburned palmettos are at their lowest level in 
late June and July (Hough 1968) this would be an appropriate 
time for herbicide application which would likely result in maxi- 
mum control of unburned palmettos. The objective of this study 
was to measure the total available carbohydrate and relate this to 
mortality of winter burned and unburned palmettos which were 
sprayed with 2,4,5-T in June and October. 

Materials and Methods 

Work was conducted at the University of Florida’s Ona ARC 
(27’26’N, 8 1’55’W) in south-central Florida. Averageannual rain- 
fall is about 140 cm, 75% of which falls from May to October. 
Average temperatures from May to October are maximum/mini- 
mum 31.6/ 17.8”C while the remaining months average 
25.311 I .6” C. Soil on the experimental site was a Eau Gallie fine 
sand (Arenic haplaquod), which supported a uniform stand of 
saw-palmettos that had not been burned in the past 10 years... 

The treatments were: ( 1) burn (March 1, 1977) and no burn; and 
(2) time of 2,4,5-T (propylene glycol, butyl ether esters) application 
at 8.9 kg AE/ha applied on June 30,1977, or October 20,1977, in 
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440-liter/ha spray volumes. This experiment was a split plot in 
burn (mainplot) and time of herbicide application (subplot) treat- 
ments. Main plots (10 X 6m) were arranged in 4 randomized, 
complete blocks. 

Sub-plots were sampled IS times on regular intervals between 
March 3, 1977, and February 21, 1979, and determinations were 
made for palmetto and grass canopy cover (ocular estimates), 
percent palmetto mortality, rhizome dry matter, and total availa- 
ble carbohydrate. 

Within each sub-plot a S-m2 quadrat was established and main- 
tained during the course of the experiment. An accurate count of 
palmetto crowns in the quadrats was made, and these initial counts 
were used as a basis of calculating percent mortality. A crown and 
its meristem were considered dead when the newly emerging dead 
frond could easily be pulled from the bud. At this stage the meris- 
tern at the end of the petiole was necrotic. 

From outside the S-m2 quadrat 2 living rhizomes of similar size 
were exhumed, the scales chopped away and 4,2.S-cm holes were 
drilled through the rhizome at points beginning 10 to 12 cm behind 
the meristem. A metal plate with a 2.Scm hole in the center was 
placed with its hole over the place in the rhizome to be drilled. The 
drill bit went through the hole in the plate and shavings from the 
rhizome were collected around the hole in the plate. Shavings were 
dried overnight at 100“ C for dry matter determination then 
ground to pass through a 40-mesh screen. 

The total available carbohydrates in palmetto rhizomes were 
extracted using the enzymatic procedure described by Smith 
(1969). Modifications were: (1) amylo-glucosidase and invertase 
was used in addition to takadiastase enzyme, (2) the filtrate was not 
treated after enzyme hydrolysis with lead acetate and potassium 
oxalate. Hough (1968) found that the available carbohydrates of 
palmetto rhizomes to be. mainly starch with the only sugars being 
sucrose, glucose, and fructose. Thus, the use of invertase plus 
starch-hydrolyzing enzymes eliminated the need for acid hydroly- 
sis of the extract. The extract was analyzed for reducing sugars 
using the Nelson-Somogyi calorimetric test using glucose as a 
standard (Nelson 1944, Somogyi 1952). Results were reported as 
starch equivaIent as a percent of total dry matter. 

Results and Discussion 

Total Available Carbohydrate (TAC) and Dry Matter (DM) 
Examination of main effect means (solid lines in Fig. 1) indicates 

that on every sample date from April 20,1977, (sample period 2) to 
January 20, 1978 (sample period 8), burning significantly reduced 

SAMPLE PERIOD NUMBER 

-A bum 
--orto bum, no hettticide 
--Abum, ry) herbicide 

MAMJJASONDJFMAYJJASONDJFM 

1977 1978 1979 
DATE 

Fig. 1. Average effects of burning vs not burning on the total available 
carbohydrate and dry matterpercentage in saw palmetto at 14 dates after 
a winter bum. Ona* Fla. 1977-79. 
l Signtjicant at IKO.05. 
**Signijicant at KO.01. 

TAC concentration (Fig. 1). Total available carbohydrate of 
burned palmettos dropped rapidly from 48.8% (March 3, 1977) to 
14.3% (July 20, 1977), and the values did not rise until after 
January 1978. Burned and unburned palmettos were similar in 
TAC (25.4 and 24.0%, respectively) on April 20, 1978 (sample 9), 
and they were not significantly different for the remainder of the 
experiment. Hough (1968) reported that reserves in burned pal- 
mettos required 3 to 4 years to recover in Georgia, and these data 
indicated that 50% of the TAC was returned after little more than 1 
year. In either case TAC recovery after burning was during winter. 

Because main effect means for burning are averaged over times 
of herbicide application, the graphic effects of burning on TAC 
may be misleading. Plotted with main effects are the effects of the 
burn and no burn, no herbicide treatments(Fig. I). Comparison of 
TAC from these treatments between sample period 2 and 9 shows 
the true effect of burning. 

SAMPLE PERIOD NUMBER 
2 4 6 8 IO I2 14 

50- 

MAMJJASONDJFWAMJJASONDJFY 

1977 197B 1979 

DATE 

Fig. 2. Total available carbohydrates in burned saw-palmetto with no 
herbicide, a June 1977. or October 1977appiication of2,4,5-T. Ona, Fla. 
1977-79. 
+ Signi$cant at PCO.05. 
**Significant at PCO.01. 

The effect of time of herbicide application on TAC was signifi- 
cant on 5 of 14 sample dates for burned palmettos (Fig. 2) and 8 
dates for unburned palmettos (Fig. 3). During the first 4 sample 
periods, TAC trends were very similar in rhizomes from respective 
bum and unburned plots. Burned plants dropped in TAC to levels 
of 12 to 17% around July 20, (Fig. 2) at about the same time that 
unburned plants reached low levels of 34 to 36% TAC (Fig. 3). 
After 2,4,5-T application on June 30, the TAC in burned rhizomes 
continued to drop to their lowest levels (7.8%), then started to rise 
at sample period 6, reached a high point at April 1978 (period 9), 
then dropped off rapidly (Fig. 2). Burned rhizomes with June 
2,4,5-T application followed TAC trends similar to the untreated 
plants, but did not recover after July 1978. When 2,4,5-T was 
applied in October (period 6), TAC patterns no longer resembled 
other treatments because TAC continued to decline until Sep- 
tember 1978 (period 1 I), after which TAC began to increase along 
with that of the no herbicide treatment. 

After application of 2,4,5-T in June, rhizomes from unburned 
plants continued to decline to a low TAC level of 15.9% (Fig. 3), 
and like rhizomes from burned, June-2,4,5-T treated plants, they 
increased in TAC along with the check until January 1978. This 
was several months sooner than the high point reached by burned, 
June 2,4,5-T plots (Fig. 2). When 2,4,5-T was applied in October 
(period 6), TAC patterns steadily declined for the next 11 months 
to a low level of 10.5%. Like the rhizomes from burned, October- 
2,4,5-T-treated plants, they increased in a fashion similar to the 
nonherbicided plants. 
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SAMPLE PERIOD NUMBER SAMPLE PERIOD NUMBER 
4 6 0 IO 12 14 

“lJ~burned”Pa~ett& l * l l * 
A 2,4,5-T June l no herbicide 

Y 

MAMJJASONOJFMAMJJASONOJFM 

1977 1978 1979 

DATE 
Fig. 3. Total available carbohydrates in unburned saw-palmetto with no 

herbicide, a June 1977. or October 1977application of2,4.5-T. Ona, Fla. 
1977-79. 
* Significant al KO.05. 
**Significant at KO.01. 

Burned plants had an average of 3 to 4 new fronds in June and 4 
to 5 in October. In addition to being lower in TAC, it is believed 
that new fronds had higher metabolic rates than older fronds of 
unburned plants. The younger fronds may have been able to 
absorb and translocate 2,4,5-T at a more rapid rate than older 
fronds. 

Results of the analyses of percentage dry matter in the rhizomes 
are summarized in Figure 1. A significant difference due to burn 
was found in 7 of the first 10 dates, but no effects due to burning 
were detected after January 20, 1978 (sample 8). In each case the 
effects of burning were independent of treatment, and the higher 
rhizome dry matter was found on the nonburned plots, which was 
also found by Hough (1969). Significant differences in dry matter 
were found among time of application treatments on 7 of the final 
I I dates (data not in figures). The no herbicide plots were always 
highest in dry matter, and the rhizomes from the June-applied 
treatment were lowest in 5 of the 7 instances of significance. 

Significant differences in rhizome dry matter were found when- 
ever there were significant differences in available carbohydrate. 
This close association between dry matter and carbohydrate con- 
tent would indicate that stress such as burning or herbicide applica- 
tion would cause the plant to use the starch for growth and replace 
it with water. 

Mortality and Cover 
Percent palmetto mortality was measured 8 times beginning 

August 31, 1977. This response was defined as the ratio of the 
number of dead meristems to the average number of crowns found 
for the first three sampledates. Burning had no significant effect on 
mortality, but time of herbicide application had a significant effect 
on palmetto mortality at sample dates 5 through IO(Fig. 4). On the 
first 5 dates it was found that mortality was highest with the June 
application with no difference being detected between the October 
application and the check. In April 1978 there was only 12% 
mortality in those palmettos sprayed in the previous October, but 
by June 1978 the mortality had risen to 52.5%, which was similar to 
the mortality in the June-sprayed group. At the final dates there 
was no significant difference due to the month of application. The 
mortality percentages declined for both treatments because of 
resprouting from what we believed to be dead rhizomes, 

Average mortality between August 1977 and February 1980 of 
burned and unburned palmettos with a June 2,4,5-T application 
was 56.6% and 43.9%, and mortality of burned and unburned 
plants with an October 2,4,5-T application was 22.4% and 17.8%. 

6 8 IO 12 14 
i. ” I. .* .* l * 9 0 

2,4,5-T Application 
A June 
l October 

‘“rn e-31 12-6 
IO-2 I-20- 6-23 IO-26 3-16 

1977 1978 1979 
DATE 

Fig. 4. Average mortality of burned and unburned saw-palmetto treated 
with 2,4,5-T in June or Ocrober, 1977. Ona, Florida. 1977-79. 
* SigniJicanf al KO.05. 
**Significant at KO.01. 

A pooled analysis of variance over dates was performed to test 
differences in palmetto cover due to burning and time of 2,4,5-T 
application. Palmetto cover was measured on 12 sample dates, and 
was found to be significantly reduced by burning on the first 5 
sample dates. Time of application of 2,4,5-T significantly 
decreased palmetto cover at 7 sample dates (data not in figures). 
The amount of cover from burned and unburned plants depended 
on sample date. Cover was high on unburned palmettos during the 
first sample periods, then as palmettos regrew, cover of burned 
palmettos equaled that of the unburned plants. The amount of 
palmetto cover from burned or unburned plants also depended on 
time of 2,4,5-T application (Fig. 5). Average palmetto cover on 
nonherbicide plots was 72%; 34% on Juneapllied 2,4,5-T, and 60% 
on October applied 2,4,5-T. The effect that time of application had 
on palmetto cover depended on burning. When 2,4,5-T was app- 
lied in June, the difference between burned and unburned palmetto 
cover averaged 20 percentage units, but when 2,4,5-T was applied 
in October, the difference between burned and unburned palmetto 
cover averaged only 6 percentage units. 

Grasses which made up the ground cover were as follows (great- 
est cover to least): Aristidu stricta Michx., Schizuchyrium stolo- 

PALMETTO GRASS 
COVER COVER 

l no herbicide 

% 60- 

?! 

6 
a 4o 

20 I 
NO YES 

BURNING 
No YES 

BURNING 

Fig. 5. Saw-palmetto and grass cover of burned and unburned planrs 
sprayed in June or October, 1977 with 2.4.5-T Ona. Fla. 1977-79. 
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nijkrum Nash, Panicum and Paspalum spp., Andropogon 
capillipes Nash, A. virginicus L., Sorghastrum secundum (Eli.) 
Nash, Aristida spiciformis Elk, Andropogon cabanisii Hack., and 
Panicum anceps Michx. When the cover due to those grasses was 
examined through pooled analyses over sampledates, it was found 
that date, burning and the time of herbicide application was signifi- 
cant. Average grass cover increased from 29.4%at the beginning of 
the study to 67.5% cover at the end. Burning increased the grass 
cover from 30.5% (unburned) to 42.2% (Fig. 5). All 3 times of 
application treatments had significantly different grass cover 
values with the June application highest (57.0) the October appli- 
cation intermediate (48.0) and the check lowest (28.5). There was 
little difference in grass cover between plots with burned and 
unburned palmettos receiving the October 2,4,5-T 

Conclusions 
Both burning and 2,4,5-T lowered TAC concentration and dry 

matter percentage of rhizomes of saw palmetto plants. Burning 
caused lower palmetto canopy cover and higher grass cover, and 
although there was a trend toward higher mortality if palmettos 
were burned in late February then sprayed with 2,4,5-T in June or 
October, it was not significant (X0.05). After I year the June 
application of 2,4,5-T resulted in better mortality than the October 
application; however, after 2 years there was no difference in 
mortality. 
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SRM Election Results 

The Elections Committee Chairman, Wally Gallaher, along with 
counted the ballots for new officers on Monday, December 6. 

Elected officers are: 
Second Vice President-Ed A. McKinnon 
Directors 1983-1985-Pat 0. Currie 

David A. Fischbach 

Colorado Section members 

Present Directors S. Wesley Hyatt and F.E. Busby will leave the Board in February, 1983. 
Ballots and tally sheets are retained in the Denver office for one year for review. Approximately 3% 

of the membership voted. 
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Vegetational Evaluation of Pinyon-Juniper 
Cabling in South-Central New Mexico 
PAUL RIPPEL, REX D. PIEPER, AND GORDON A. LYMBERY 

Abstract 

Vegetational comparisons were made between areas where 
pinyon-juniper vegetation had been cabled in 1954 and uncabled 
areas. Total tree density on the cabled areas was about 80% of that 
on control areas. Basal area and canopy cover of trees was substan- 
tially lower on control areas than on cabled areas. Rhus trilobata 
and Xanthocephaium sarothrae apparently were the only shrubby 
species that responded to the cabling treatment. Basal cover of 
Bouteloua gracilis, Eragrostis erosa, and Muhiknbergia pauciflora 
was significantly greater on the control areas than on the cabled 
area. 

About 27% of the land area of New Mexico is covered by 
pinyon-juniper vegetation (West et al. 1975). These woodlands 
provide forage for livestock and game, provide products such as 
fuel, Christmas trees, posts, charcoal, nuts, serve as major 
watershed areas; and provide recreational opportunities for many 
people (Hurst 1977). Some evidence indicates that pinyon and 
juniper are invading grassland vegetation (Johnsen 1962, Little 
1977, Springfield 1976). Consequently, considerable effort has 
been spent to control pinyon-juniper vegetation in the Southwest. 
In Arizona alone, over 200,000 ha have been treated for juniper 
control (Skau 1961). 

Chaining or cabling is a mechanical means of control whereby a 
large anchor chain or cable is dragged between two crawler-type 
tractors. Chaining is recommended for use on areas with mostly 
large, mature trees and few seedlings (Arnold et al. 1964, Jameson 
and Reid 1965, and New Mexico Interagency Range Committee 
1968). Many areas in New Mexico have been cabled or chained, 
but few have then been evaluated to determine the vegetational 
response to the treatment. The objective of this study was to 
compare the vegetation on areas cabled two ways in 1954 with 
comparable, uncabled areas. 

Description of Area 

This study was on the Fort Stanton Experimental Range in 
southern Lincoln County, New Mexico. Climatically, the area has 
cool, dry winters and warm, moist summers with cool nights 
(Pieper et al. 1971). Average annual precipitation is 34.8 cm. 
Precipitation extremes range from a low of 15.4 cm recorded in 
1945, to a high of 72.9 cm in 1857. Approximately 65% of the 
annual precipitation falls in the summer months of July through 
September. 

The average annual temperature is Il. lo C. The average maxi- 
mum temperature is 18.6’C. January is the coldest month with a 
mean minimum temperature of -6.7OC. The mean maximum 
temperature for July, the warmest month, is 28.90 C (Pieper et al. 
1971). 

Elevations on the Fort Stanton Range from 1900 to 2300 m 
(Thetford et al. 197 1). The topography is highly variable, with deep 
canyons, arroyos, mesas and rolling hills. Bottomland, mesa and 
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canyon floor plant communities are dominated by grasses and 
forbs to the exclusion of woody species. Communities with pinyon 
and juniper trees, shrubs and a grass-forb understory are the 
prevalent vegetation on hill sites (slopes and rocky ridges). Emer- 
son (1932) described the vegetation of the area as a “tension zone” 
between the grama grass and pinyon-juniper associations, com- 
menting that extensive thickets of wavy-leaf oak (Quercus undu- 
lara Torr.) exist in higher, more xeric locations. Kuchler (1964) 
characterized the area as a transition zone between the grama- 
galleta steppe and the pinyon-juniper woodland. 

The most common grass species are blue grama (Boureloua 
gracilis H.B. K. Lag ex steud.), sideoats grama (Boufeloua curri- 
pendula [Michx.] Torr.) and wolftail (Lycurusphleoides H.B.K.). 
Major forbs include wild buckwheat (Eriogonum sp. Michx.). 
bladderpod (Lesquerella fendleri [Gray] Wats.), Louisiana sage- 
wort (Arremisia ludoviciana Nutt.), sunflower (Helianthusannuus 
L.), green thread (Z%elespermafilifolium [Hook.] Gray) and in 
some years, showy goldeneye (Viguiera multiflora Nutt. Blake). 
Broom snakeweed (Xanthocephalum sarothme) is a common half- 
shrub. 

Common species in the shrub layer are wavy-leaf oak, skunk- 
bush (Thus trilobata Engelm.) and walking-stick cholla (Opuntiu 
imbricata [Haw.] DC. var. imbricara). The predominant tree spe- 
cies are single-seed juniper (Juniperus monosperma (Engelm) 
Sarg.) and pinyon pine (pinus edulis Engelm.). Alligator juniper 
(Juniperus deppeana Steud.) is also present, but in far fewer 
numbers. 

Methods 

Four sites were selected along the southern boundary of the Fort 
Stanton range where pinyon-juniper cabling had been conducted 
on U.S. Forest Service allotments adjacent to Fort Stanton in 
1954. The sites on Fort Stanton, which served as control, were 
comparable to those on Forest Service allotments with respect to 
soil, aspect and topography. 

Tree parameters estimated included basal area, aerial crown 
cover, height, and density. These estimates were made by measur- 
ing and counting every tree on 3 randomly located 18.3 mX 45.7 m 
plots in each treatment within each site. 

Basal diameter measurements were made between ground level 
and 0.3 m on the tree stem. Large trees were measured with a 
forester’s diameter tape and small trees with a sliding caliper. Tree 
trunks were assumed circular in calculating basal area (m*/ha). 

Aerial crown measurements consisted of readings on a conduit 
pipe with taped markings every 15 cm. The long and short diame- 
ters of the crown were measured to the nearest 15-cm mark. The 
circular-area formula was applied to the average radius, and final 
values were converted to percentages of crown cover. Tree heights 
were measured with the same pipe to the closest 15 cm. Density was 
estimated by counting every tree on the plots and converting the 
tally to numbers of trees per hectare. 

Shrub densities were determined on the same plotsas those used 
for trees. Aerial shrub cover data were collected by the line- 
intercept method (Canfield 1941). Ten 30.5-m lines were randomly 
located on each treatment and the total amount of live shrub 
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material intercepting a vertical plane defined by the line was mea- 
sured by species. These data included measurements for broom 
snakeweed. 

Basal cover of herbaceous species was determined by the step- 
point method (Evans and Love 1957). Six 100-point-step transects 
per treatment area were made each year. The plant species, litter, 
rock or bareground encountered by the point of a 0.6 mm wire pin 
placed in a consistent position at the toe of the boot was recorded. 
If a plant were not hit, the species of the nearest plant to the pin in a 
forward direction and within a 180 degree exclusion angle was 
recorded (Owensby 1973). 

Results 

Tree and Shrub Density 
Total tree density was significantly higher (KO.10) on the 1954 

cabled areas than on the control areas, although density of single- 
seed juniper and pinyon pine was not different between the two 
areas (Table 1). Thus the reduction in alligator juniper density by 
the cabling treatment was still apparent more than 20 years after 
the cabling. There were less than half as many alligator junipers on 
the 1954 cabled areas as on the control. 

Skunkbush was the only shrubby species that appeared to 
respond to the cabling treatment. Skunkbush density was 435 
plants per ha on the I954 cabled areas and only 262 plants per ha on 
the control (Table I). Apparently, cabling allowed skunkbush 
density to increase. Density of walkingstick cholla appeared to be 
reduced by the cabling, but the difference between treatments was 
not significant (DO. 10). There was very little difference in density 
of the other shrubby species on the 2 treatment areas. 

Tree and Shrub Cover 
Basal area and canopy cover of the trees appeared to be more 

sensitive to the cabling treatment than density. Basal area and 
canopy cover of singleseed juniper trees were nearly twice as high 
on the control areas as on the areas cabled in 1954 (Table 2). 
Pinyon pine basal area and canopy cover were also significantly 
higher on the control than on the 1954 cabled areas. These data 
suggest that trees on cabled areas were smaller and presumably 
younger. Tree height data also showed that smaller trees occurred 
on the 1954 cabled areas. Seedlings that invaded the cabled areas 
seem to require more than 20 years to reach pre-cabled sizes. 

Shrub canopy cover was also higher on the 1954 cabled areas 
than on the control areas (Table 3) and indicated some release of 
shrubs following the cabling. The only 2 species that exhibited 
statistically higher cover values on the 1954 cabled areas were 
skunkbush and broom snakeweed. The data on skunkbush sup- 
port the density data for this species. It was somewhat surprising 
that wavyleaf oak did not respond to the cabling, but there was no 

Table 2. Average basal area (m*/br) and canopy cover (k) for tree species 
on areas cabled in 1954 and control areas. 

Table 1. Average density (no./ba) for tree and sbrubby species on areas Table 3. Means and standard errors for canopy shrub cover (%) by species 
cabled in 1954 and control areas. determined by the line-intercept method. 

Basal area (m*/ha) Canopy cover (%) 

Species 

Single-seed juniper 
Alligator juniper 
Pinyon-pine 

Total 

1954 1954 
Cabling Control Cabling Control 

2.278’ 4.4P 6.0” I l.4b 
0.6 I” 1.61’ 1.3” 3.gb 
0.89” 3.07b 2.3” II.lb 
2.77” 10.8gb 9.9” 26.3b 

Means followed by different letters are significantly different (KO.10) 

significant difference (KO. 10) between the treatments for canopy 
cover of this species (Table 3). 

Herbaceous Cover 
Total grass and forb basal cover was higher (X.10) on the 

control areas than on the 1954 cabled areas (Table 4). This is 
contrary to results of some studies that indicated an increase in 
cover and production of herbaceous species following pinyon- 
juniper control (Arnold et al. 1964, Clary 1971, and Springfield 
1976). In this study, most of the response apparently came from 
shrubby species, which may have suppressed herbaceous species. 
Cover of blue grama, Chihuahua lovegrass (Eragrosris erosa 
Scribn.) and New Mexico muhly(Muhlenbergiapaulirlora Buckl.) 
were all higher (KO. IO) on the control areas than on the cabled 
areas (Table 4). Wild buckwheat (Eriogonum sp. Mich.) was the 
only forb with a basal area higher (<O. 10) on the 1954 cabled area 
than on the control, while Louisiana sagewort basal cover was 
higher on the control areas than on the cabled areas. 

Discussion 
Evaluation of a cabling treatment after more than 20 years 

indicated little benefit remained if the major objective had been to 
reduce tree and shrub density and to increase herbaceous cover. 
Tree density was about the same as on the uncabled control areas, 
although basal and aerial cover were lower than on the control 
areas. 

Skunkbush density and cover were higher on the cabled areas 
than on the control areas, but it is doubtful that this species 
contributes much to enhancement of habitat for game or livestock. 
Broom snakeweed density and cover was also higher on the cabled 
areas than on the control. The presence of broom snakeweed 
represents poor habitat conditions for most game and livestock. 

Basal cover of both grass and forbs appeared to be reduced by 
the cabling. Although it was not possible to measure herbage 
production on the cabled areas because they were being grazed at 

Treatment 

Trees 
Single-seed juniper 
Alligator juniper 
Pinyon-pine 

Total 

Shrubs 
Skunkbush 
Mountain mahogany 
Walkingstick cholla 
Algerita 
Fendler bush 

Total 

1954 Control 

265” 
22O 

242’ 
529” 

435b 
17” 
3sa 
15’ 
lr 

312” 
57b 

305a 
673b 

262” 
IP 
85” 
I? 
Id 

514 384 

‘Means followed by different letters are significantly different (KO.lO). 

14 

Species 

Wavy-leaf oak 
Broom snakeweed 
Skunkbush 
Mountain mahogany 
AlgeritaS 
Fendler bush4 
Single-seed juniper 
Pinyon pine 

Treatment 
1954 Cabling Control 

12.27f.41 ll.lM.45” 
5 06f 16a’ 
3:14*:II” 

2.74f. 13b 
I .35f.07b 

0.06f.01 0.032 
0.122 0.19zt.05 
0.03*.01 0.06f.01 
0.891t.09~ - 
0.14f.023 - 

Totals 21.9lf.72 15.5OIt.64 

1 Means in the same row followed by different letters are significantly different (KO. I). 

*No variance, inadequate number of observations. 

‘Trees that are laterally inclined by the 1954 cabling. 

4Fendero rtqicolo Gray 

~Berberis haematocarpa Wooton 
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Table 4. Average basal cover (96) by treatment and berbaceoos species. 

Treatment 

Species 1954 Cabling Control 

Grass 
Blue grama 13.21” 17.d 
Wolftail 1.71. 1.21’ 
Sideoats grama 2.29 2.2s 
Chihuahua lovegrass 0.56. l&ib 
Metcalf muhly 0.69’ 0.96’ 
New Mexico muhly 0.33’ 1.33b 

Grass Total 20.48’ 25.5sb 

Forbs 
Wild buckwheat 2.42b 0.71* 
Bladderpod 1.29 . 

Showy goldeneye 3.21’ :z 
Louisiana sagewort 0.29 1:796 
Gerard rockcressr 0.67. 0.5@ 
Sunflower 0.54’ I.17 

Forb Total 9.46’ 13.69 

IMeans in the same row followed by the ssme letter are not significantly different 
(KO.1). 
‘Arabis gerardi L. 

the time, other studies indicate that herbage production may not be 
increased appreciabily following cabling on these sites. 

These data indicate that careful evaluation should be made 
before a cabling operation is planned. Vegetational response may 
not give desired results on similar sites, and the treatment may not 
last long enough to offset initial costs. 
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Coyote Predation on Sheep, and Control by 
Av&sive Conditioning in Saskatchewan - 

D.E. JELINSKI, R.C. ROUNDS AND J.R. JOWSEY 

Abstract 

A study was conducted in 1975 and 1976 to assess domestic 
sheep (Ovid aries) losses to coyotes (Canis latrans) and evaluate the 
effectiveness of lithium chloride (LiCI) for controlling depredation 
in Saskatchewan. Nineteen seventy-five was a control year during 
which no program of aversive conditioning was in place. In 1976, 
lithium chloride was introduced as a taste aversion producing 
agent in treated baits and carcasses at 16 sites. Results were col- 
lected through personal interviews with cooperators and by means 
of mail-in questionnaires. Total lamb and sheep mortality attrib- 
uted to coyotes within the monitored flocks was 4.0% in 1975 and 
1.5% in 1976. Coyotes preyed on lambs 90% of the time in 1975and 
78% in 1976. In 1975 coyotes killed 802 lambs and 80 adult sheep in 
the monitored flocks. Within the total flock population, lamb 
losses were 3.6% and adult sheep losses were 0.4%. In 1976 coyotes 
killed 223 lambs, (2.3% of lambs) and sheep losses remained rela- 
tively stable at 78 (0.7% of adults). Lamb losses comprised 1.1% of 
the total flock population, and adult sheep losses 0.4%. During a 
period of relatively stable pricing, monetary losses were estimated 
at $41,195.34 in 1975 and $11,531.00 in 1976. The concurrence of 
lethal and other nonlethal coyote control measures, together with 
absence of coyote demographic data, precludes the unequivocal 
statement that the 66% reduction in predation was caused by LiCl 
treatment, but we suggest that LiCl was a major influence. 

The livestock industry on the North American plains has advo- 
cated reduction of coyote (Canis latrans) populations primarily 
because of predation on domestic sheep (Ovis aries). The biosocio- 
economic aspects of coyote control are complex and decisions 
concerning predator control often are based on emotion rather 
than objective information. Problems associated with objectively 
evaluating the situation are both philosophical and practical 
(McCabe and Kozicky 1972). Rounds (1980) points out that it is 
problematic to accurately assess the economic ramifications of 
wildlife presence from both positive and negative points of view. 
Equally important are ecological implications (Craighead and 
Craighead 1956). The Cain Report (Cain et al. 1972) and subse- 
quent research have met with limited success in attempting to 
address predation problems. 

Gustavson et al. (1974) hypothesized that if coyotes eat baits 
treated with an illness inducing drug (lithium chloride) they will 
associate the taste of meat with subsequent gastrointestinal dis- 
comfort and will generalize (transfer) this association to liveanim- 
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als, thus suppressing predatory attacks. They developed aversion 
in captive coyotes when intraperitoneal injections of LiCl followed 
consumption of bait. Further studies (Gustavson et al. 1976) found 
that this condition could be established using LiCl in baits or 
carcasses of selected prey. 

Gustavson et al. (1974, 1976, 1977, 1982) advocated use of LiCl 
treated baits as a method of reducing domestic sheep losses to 
coyotes and presented preliminary data on the success of LiCl as a 
taste aversion producing agent in Saskatchewan (Gustavson et al. 
1977). This paper re-assesses the technique using the Saskatchewan 
data base and examines the magnitude of sheep losses among some 
producers experiencing severe depredation in Saskatchewan. 

Five sheep management systems are operative in Canada: (I) 
range flock, (2) farm flock, (3) total confinement, (4) controlled 
environment, and (5) lamb feedlot (Agriculture Canada 1976). 
Range flocks are located in the prairie provinces and are most 
vulnerable to predators (U.S. Department of Interior 1978). Farm 
flocks are the most common sheep management operation in 
Canada (Agriculture Canada 1976), and losses to predators are 
generally lower with this type of management (Dorrance and Roy 
1976). Total confinement, controlled environment, and feedlot 
enterprises usually do not experience losses to predators but are 
labor intensive and costly (Agriculture Canada 1976). Dorrance 
and Roy (1976) however, found that when predation did occur in 
confined flocks, it was particularly severe because the situation 
allows the predator an opportunity to kill a large number of sheep. 

Methods 

Data concerning coyote depredation on domestic sheep in Sas- 
katchewan was collected through personal interviews and by mail- 
in questionnaire in 1975 and 1976. Participating producers were 
those who had contacted the Problem Wildlife Unit (Saskatche- 
wan Agriculture’s Animal Industry Branch) either directly, or 
indirectly through livestock specialists or agricultural representa- 
tives, and who were thought to be experiencing unusually severe 
depredation problems. The sample, therefore, is not random. Pro- 
ducers were asked to respond to questions concerning the number 
of sheep on hand, losses of stock, cause(s) of loss, type(s) of coyote 
control employed and past history of depredation. 

Most producers, while co-operative, kept poor or no written 
records, necessitating recall from memory. Possibility of error was 
admitted by most. Producers often attributed deaths to predation 
despite the possibility of other causes. In the case of missing sheep 
the producer was left to surmise the cause of loss. There may be a 
natural tendency to assume that the same pattern of loss prevails 
among the unobserved animals as among the observed (Wagner 
and Pattison 1973). When carcasses were available and not too 
decomposed we determined whether or not predation had 
occurred by methods outlined by Davenport et al. (1973). Necrop- 
sies were not performed. Preparation and development of baits 
were described by Gustavson et al. (1982). 
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The estimated cash loss of adult sheep and lambs was based on 
the average value per head of sheep and lambs handled by the 
Saskatchewan Sheep and Wool Marketing Commission in 1975 
and 1976. It is not practical to account for variations in dollar value 
of sheep because of health and breed. 

Privately owned and community sheep pastures comprised the 
original 22 sites selected for experimentation with LiCl as an 
aversive conditioning agent for controlling coyote predation on 
domestic sheep in 1975. Six sites were eliminated from analyses 
because either no sheep were lost to coyotes in 1975, or farmers did 
not wish to cooperate. Four of the 16 sites were community pas- 
tures grazed by several flocks belonging to participating patrons. 
All sheep in 1 pasture were considered 1 flock. Lithium chloride 
treated baits were not used in 1975 (control year), but some pro- 
ducers employed other lethal and non-lethal methods of coyote 
control. 

Results 
Flock size and structure varied from 101 to 4,543 sheep (ewes 

and rams) and lambs (Table I). Total losses of sheep and lambs to 
coyotes in 1975 was 892 or 4.0% of the 22,407 animals. Treated 
baits were used in 1976 in the same pastures, and coyotes preyed 
upon 301 of 20,574 sheep and lambs for predation rate of 1.5%. 
Overall losses, therefore, decreased 66% when LiCl was used 
(Table 1). 

Coyotes were suspected of killing 802 lambs and 80 adult sheep 
in 1975 (Table I). Lamb losses constituted 7.3% of all lambs and 
adult sheep losses accounted for 0.7% of the adult population in 
monitored flocks. In 1976 lamb losses decreased to 223 or 2.3% of 
the total lamb population. Sheep losses remained relatively stable 
at 78 or 0.7% of the total number of adult sheep. Coyotes preyed on 
lambs in 89.9% of the cases in 1975 and 74.2% in 1976. Ten kills 
were not identified as to age of animal. 

Prices per head of sheep remained relatively stable between years 
(lambs $41.27, 1975, and S41.60, 1976; sheep $24.40, 1975, and 
$28.90, 1976; Sask. Sheep and Wool Marketing Comm., pers. 
comm.). The estimated value of sheep lost in 1975 was $41,195.34 
compared to %I I,53 I .OO in 1976. Losses varied among study sites in 
both number and estimated values. 

Attitudes towards coyote control were surveyed in 1980. Pro- 
ducers were asked if they were in favor of controls on hunting, 
trapping, and predator control programs. Nineteen respondents 
indicated yes, and two answered no. Nearly all landowners, there- 

fore, do not favor extermination of coyotes. 

Discussion 
Several problems arise in assessing LiCI as a coyote damage 

control technique. First, co-operators were advised to employ 
other coyote control measures such as confinement of small lambs, 
disposal of carrion and use of traps and snares while using LiCI. 
Most producers, however, were lax in using alternative measures 
when LiCl was introduced. Nevertheless, it is impossible to attrib- 
ute changes in depredation rates to a single control measure. 
Second, one must assume that predation rates remain constant. 
Third, since loss estimates were not based on actual counts by the 
investigators, producers may over-estimate losses in hopes that a 
compensation program would be initiated if losses appeared 
severe. Fourth, it was necessary in most cases to rely on the 
producer to diagnose cause of death. It is possible that animals died 
of other causes and that coyotes fed upon carcasses as carrion. 

Rock (1976) recorded losses of sheep to coyotes between 1970 
and 1974 at a community pasture in southwestern Saskatchewan 
(Site 16, Table I). Predator losses ranged from 0.7% to 2.7% of the 
total flock among years. This pasture was used for an intensive 
coyote program relying heavily on the use of Compound 1080 
(sodium monofluoroacetate). Loss of ewes ranged between 0.2% 
and 0.5% for the neriod 1970 to 1975. the lamb losses ranged from 
1.2% to-5.9% fo; the same period.‘Necropsies were p&formed 
during 3 of the 5 years and predation losses closely approximated 
non-predation losses in most years. 

Dorrance and Roy (1976) estimated domestic sheep losses to 
predators in Alberta in 1974 by personal interviews with 5% of the 
membership of the Alberta Provincial Sheep Breeders Associa- 
tion. Producers attributed 88% of predation losses to coyote result- 
ing in a calculation of 1.4% coyote-caused ewe losses and 2.5% 
coyote-caused lamb losses. 

The percent of lambs and sheep lost to various causes in 15 
American Western States in 1974 was reviewed by Gee et al. ( 1977). 
Coyotes preyed upon an average of 2.5% of the adult sheep and 
8.1% of the lambs in monitored flocks. 

Reynolds and Gustad (1971) reported a 5.3% loss of sheep to 
coyotes for the states of Montana, Wyoming, Colorado, and 
Texas. Nielson and Curle (1970) reported 6.1% loss in Utah apd 
Early et al. (1974) estimated 3.4% for Idaho. During these years 
predator control programs relied heavily on the use of toxicants 
(Wagner 1972) until use was banned in 1972. 

Table 1. Flock structure and absolute mortality of sheep lost to coyotes in 1975-1976 on lithium chloride fiild trial sites in Saskatcbewaml 

Lambs Sheep Total 

1975 1976 1975 1976 1975 1976 

No. in No. lost No. in No. lost No. in No. lost No. in No. lost No. in No. lost No. in No. lost 
Site flock to coyotes flock to coyotes flock to coyotes flock to coyotes flock to coyotes flock to coyotes 
I 400 45 350 38 450 28 330 23 850 73 680 61 
2 130 23 125 3 126 2 103 0 256 25 228 3 
3 379 32 339 9 290 I 326 4 669 33 665 13 
4 350 30 330 I 400 I 310 0 750 31 640 I 
5 165 I5 190 0 I15 2 140 0 280 17 330 0 
6 1,250 20 1,200 25 1,200 5 I.220 10 2,450 25 2,420 35 
7 1,000 198 700 35 1,000 2 700 3 2,000 200 1,400 38 
8 250 NA 250 0 220 NA 220 0 470 IO 470 0 
9 300 60 52 0 250 0 50 0 550 60 102 0 

IO t.000 I.500 47 1,200 II I.500 9 2,200 71 3,000 56 
II 60 ;; 40 0 41 0 40 0 101 22 80 0 
12 400 60 400 15 400 IO 400 3 800 70 800 18 
13 1,212 42 806 4 1,207 5 1,079 3 2,419 47 1,885 7 
14 1,238 26 1,101 32 1,275 6 I.320 2 2,513 32 2,421 34 
I5 745 41 418 7 811 1 838 0 I.556 42 1,256 7 
16 2,027 128 I.730 7 2,516 6 2,467 21 4,543 134 4,197 28 

Total 10,906 802 9,53 I 223 11,501 80 I I.043 78 22,407 892 20,574 301 

‘1975 was control year. 
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Suspected predation losses on our sites were< 1 .O% of the total 
adult sheep pastured in both 1975 and 1976, Coyotes preyed upon 
7.4% of the pastured lambs in 1975 and 2.3% in 1976. Other studies 
clearly indicate that lambs are selected by coyotes more often than 
adult sheep (Nielson and Curle 1970, Dorrance and Roy 1976, 
Rock 1976). Our estimated losses, therefore, fall within the values 
reported on other ranges. 

Despite the possibility of producer bias and the lack of experi- 
mental controls, we believe that the 66% reduction in predation 
losses between 1975 and 1976 on our sites can be attributed in part 
to the use of LiCl. Cumulatively, 4 field evaluations in 3 widely 
separated geographic locations (including this study) resulted in a 
60% reduction in sheep losses to coyotes (Gustavson et al. 1976, 
1977, Ellins et al. 1977). 

The methods and interpretation of similar field trials have been 
criticized (Griffiths et al. 1978, Sterner and Shumake 1978, Con- 
over et al. 1979, Burns 1980). Major problems concern variation in 
ranching operations and coyote abundance, availability of alterna- 
tive prey, the fact that other control measures are used in conjunc- 
tion with LiCl, and the possibility of creating aversion to the 
chemical rather than to the prey. In combination these factors 
obscure results and make accurate interpretation difficult. Since 
we encountered these problems, the observed decrease in predation 
cannot unequivocally be attributed to the use of LiCl. We believe, 
however, that the reduction in predation represents too substantial 
a change not to suggest LiCl as a major influence. 

The ecological advantages of adversive conditioning lie in the 
fact that resident coyotes are not removed from established territo- 
ries. Territorial behavior is strong among coyotes (Camenzind 
1978), and although local populations will wander (Hibler 1977, 
Wade 1978), they return to home areas and exclude conspecifics 
from established territories. If local populations can be condi- 
tioned to avoid sheep, their continued presence should decrease 
immigration of non-conditioned coyotes. Carrying capacity is 
maintained by dispersal of young coyotes (U.S. Department of 
Interior 1978), leaving conditioned adults on ranges. 

Studies investigating factors limiting coyote populations have 
identified food as the predominant constraint (Murie 1940, Gier 
1968, Clark 1972, Wagner 1972, Nellis and Keith 1976, Weaver 
1977). Sheep are not inherently recognized as prey (Lehner 1976), 
but regular exposure to small lambs or carcasses results in learned 
killing (U.S. Department of Interior 1978). Removal of carrion, 
therefore, should be practiced in conjunction with aversive condi- 
tioning to insure best results (Todd and Keith 1976). 

Predation can cause substantial financial loss. The magnitude of 
losses to individual producers, however, is not adequately reflected 
by computing average loss figures. The producer may feel either 
that loss incurred is equivalent to total fall market value, or that it 
equals the monetary value to replace the animal. Nielson and Curle 
(1970) suggest that the loss of a lamb represents economic profit 
which equals the dollar value of the lamb at market time minus the 
average cost of production. This results in reducing the marketable 
crop which increases the average cost of raising each lamb to a 
marketable weight. They also suggest that when a ewe is killed, the 
producer losses the market value of the ewe, and, in some cases, the 
lamb also dies. Appraisal of coyote-livestock interactions is com- 
plex and requires more than a short-term study. If LiCl can reduce 
loses as substantially as our data suggest the result is considerable 
savings to the sheep producer. 

Most producers interviewed in 1980 believed that coyotes have 
appreciable value in the ecosystem. They realized the beneficial 
aspects of coyotes in controlling rodents (Gier 1968, Mathwig 
1973), their aesthetic value, and importance as a fur beater. This 
attitude was usually coupled with a statement suggesting that when 
predation “gets out of hand, coyotes should be controlled.” Most 
were receptive towards the concept of using aversive conditioning 
for coyote control and were further convinced by observing 
changes in predation within their flocks. 

We do not view aversive conditioning as either the single best 
method to reduce livestock losses to predators, or as an inferior 

method of field control. Studies clearly indicate that a combination 
of preventive measures may assure best results. Cost factors relat- 
ing to the type of husbandry practiced and severity of predation 
ultimately determines the feasibility of various methods. Livestock 
producers are interested in reducing losses as quickly and inexpen- 
sively as possible. The use of a variety of control methods will 
obviate attributing success to any single method. The advantages 
of aversive conditioning are that it is inexpensive and ecologically 
sound. Predators are not removed from the ecosystem and non- 
target species are not destroyed. 
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Mortality of Cattle on Two Types of Grazing 
Areas in Northwestern Alberta 
RONALD R. BJORGE 

Abstract 

Cattle mortality was investigated on 3 intensively managed Pro- 
vincial Grazing Reserves (PGR) and 7 heavily treed, less inten- 
sively managed woodland grazing leases (Shnonette pastures) in 
northwestern Alberta during 1976-1979 inclusive. Cattle losses 
(including dead and missing animals) on the Simonette pastures 
averaged 2.7 times greater than losses on the PGR. Calves were lost 
at a greater rate than yearlings and mature cattle on both types of 
grazing areas. Calves born on the Simonette pastures died at a rate 
nearly 5 times that of calves born prior to entering these pastures. 
Death from predation accounted for 48.4% of 33 recorded deaths 
on the Simonette pastures compared to 3.3% of 90 deaths on PGR. 
Greater losses of cattle on the Simonette pastures appeared asso- 
ciated with greater concentration of trees, less intensive supervi- 
sion, and greater numbers and species of predators. 

Unimproved native woodland pastures are commonly utilized 
for grazing cattle, particularly within the forest-farmland fringe 
areas of the western Canadian provinces. Although carrying 
capacity on unimproved woodland pastures is lower than on 
improved pastures (Wroe et al. 1979) little else is documented 
about the relative value of these areas for grazing. 

Mortality of cattle was documented on 2 different types of 
grazing areas in northwestern Alberta including 7 adjacent unim- 
proved woodland grazing leases (Simonette pastures) and 3 separ- 
ate Provincial Grazing Reserves (PGR). Management of the PGR 
was relatively intensive including removal of trees, seeding of tame 
forages, fencing, and full time supervision; management on the 
Simonette pastures was relatively unintensive. Mortality of cattle 
on both grazing regimes was determined to (a) test the hypothesis 
that cattle losses were greater on the Simonette pastures (unim- 
proved woodlands that were unintensively managed) than on the 
PGR pastures (improved pasture lands that were intensively man- 
aged) and (b) to establish baseline mortality rates for cattle on these 
grazing areas. This research was part of ongoing investigations of 
wolf-cattle relationships in Alberta (Bjorge 1980, Bjorge and Gun- 
son 1982). Rate and types of mortality occurring on the 2 grazing 
areas are summarized, and reasons for the differences are 
discussed. 

Study Areas 
The 3 PGR were located 60-160 km northwest of the Simonette 

pastures (Fig. I), which were all located adjacent to one another 
near the Simonette River. The climate of the above area is charac- 
terized by warm summers and cold winters. Mean temperature for 
July was 16.00 C and - 13.5” C for December; the frost free period is 
60-85 days. Average annual precipitation was about 440 mm 
(Atmospheric Environment Services, Environment Canada). The 
entire area is relatively flat with grey-woodedsoils(Odynsky 1968), 
but interrupted with numerous creeks and rivers. Elevation varies 
from 670-760 m, and the common tree cover is trembling aspen 
(Populus tremuloides). 

The author is a habitat biologist, Alberta Fish and Wildlife Division, 1801 Provin- 
cial Building 10328-99 St. Grande Prairie, Alberta T8V 654. 

Grazing reserves staff of Alberta Public Lands Division provided pertinent data for 
the Provincial Grazing Reserves. W. Johnson assisted with cattle counts and investi- 
gation of cattle kills on the Simonette pastures. J. Gunson reviewed drafts of this 
paper. and R. Hunter drafted the figure. Leasees with cattle on the Simonette pastures 
are thanked for their assistance. 
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Simonette Pastures 
The Simonette pastures were all fully or partially surrounded by 

Green Area (a multiple use area where no agriculture other than 
grazing is allowed, Alberta Energy and Natural Resources 1979). 
Two of these pastures bordered farmland (Yellow Area, Alberta 
Energy and Natural Resources 1979); the remaining were 5-30 km 
into the Green Area. Total area occupied by the 7 Simonette 
pastures was I52 km2 with individual leases ranging from 5-59 
km*. Trees had recently been cleared from about 285 ha on I lease. 
On the other pastures only occasional meadows and river flat were 
treeless; no pasture was free of trees on more than 10% of the area. 
Wolves (Canis lupus), black beats (Ursusamericanus), and coyotes 
(Canis latrans) were all common; grizzly bears (Ursus arctos) were 
present, but relatively scarce. The Simonette pastures were leased 
or permitted to cattlemen for l-10 year terms by Alberta Energy 
and Natural Resources. The administrating agency established 
stocking rates (which varied from approximately 2.0-5.0 
ha/AUM), inspected condition of the range as required, estab- 
lished on-off dates, and collected fees. Cattlemen checked their 
own cattle periodically. Cattle in 6 of 7 pastures were owned by 1 
cattleman. Cattle were driven to and from the cattlemen’s head- 
quarters each spring and fall, a mean distance of 24 km. Two of the 
Simonette pastures were completely fenced, while the others were 
partially fenced. 

Although governmental control of bears was available following 
documented attacks, only I bear was taken by this control during 
the 1976-1979 grazing seasons. However bears were hunted during 
hunting season and perhaps illegally, although no data pertaining 
to size of the kill were available. No governmental control of 
wolves was conducted during 1976-1979, as wolf research was 
being conducted during this period. However wolves were shot 
occasionally by big game licencees, trapped occasionally by regis- 

I 
Fig. 1. Locations within Alberta of the Simonettepastures and 3 Provin- 

cial Grazing Reserves investigated in this study. 
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tered trappers, and 6 wolves were illegally poisoned. 

Provincial Grazing Reserves 
One PGR (Kleskun Lake) was completely surrounded by farm- 

land while the others (Whitemud and Wanham) bordered both 
farmland and Green Area. The PGR varied in size from approxi- 
mately 39-75 kmz. Sixty to 90% of the trees were removed from 
each PGR and the land was seeded to tame forage. Coyotes 
appeared common on all PGR, black bears on Wanham and 
Whitemud, and wolves on Whitemud. 

PGR were administered by Alberta Public Lands Division. All 
cattle were inspected by veterinarians for signs of infectious disease 
prior to entering; sick animals were not admitted. A pasture man- 
ager and one or more riders managed the cattle, which belonged to 
approximately 40-60 patrons per PGR. Managers maintained 
records of cattle numbers entering and leaving leases and deaths 
which occurred. The Alberta government provided medicine for 
treatment of sick animals pastured on the PGR. Stocking rates 
were about .40 ha of improved pasture land/AUM, although 
pastures were not utilized to capacity during all years. All PGR 
were fenced and crossfenced. Bear and wolf control was available 
from Alberta Fish and Wildlife Division following confirmation of 
attacks. At least 7 wolves were removed from Whitemud between 
1976 and 1979. No bears were removed by Fish and Wildlife 
Division on any of the PGR. 

Methods 

Data on mortality of cattle on PGR were obtained from records 
maintained by Alberta Public Lands Division of all cattle entering, 
leaving, and found dead. This information was recorded on stand- 
ard forms by pasture managers. All cattle entering and leaving the 
Simonette pastures were counted and categorized by sex and age 
by the writer; dead cattle were examined and recorded by wolf 
study personnel and cattlemen. All cattle not located were pre- 
sumed dead since there has never been evidence of cattle theft on 
the areasstudied. Differences in mortality were tested for statistical 
significance by the Chiz test. 

Results and Discussion 
Total cattle losses (including cattle dead and missing) averaged 

2.7 times greater, during the 4-year study, on the Simonette pas- 
tures than the PGR (Table I). Average loss for all cattle during the 
study was 3.3% on the Simonette pastures and 1.3% on the PGR 
(p<O.OOS). Greater losses were evident for cows (2 years or older), 
calves (0- I2 months), and yearlings (I -2 years) on the Simonette 
pastures versus PGR (all X.005). Differences in mortality of bulls 
(2 years or older) were not significant. 

Calves were lost at a greater rate than other cattle on both types 
of grazing areas (Table I). Calf losses on the Simonette pastures 
were followed by those of yearlings, cows, and bulls, while those on 
PGR were followed by losses of bulls, yearlings, and cows. Greater 
mortality of calves over other classes appears common (Frisch 
1973, Gee 1979). 

Calves born on the Simonette pastures died at a rate nearly 5 

Table 1. Losses of cattle on remote Simonette pastures and three Provin- 
cial Grazing Reserves (PGR) in northwestern Alberta during May 
through October gruing season, 19764979.’ 

Provincial Grazing Reserves Simonette Pastures 
Cattle Dead or Cattle Dead or 

Cattle class entering missing (%) entered missing (%) 

cows 11197 .61 3135 1.33 
Calves 10313 2.02 2717 5.77 
Yearlings 5067 1.06 1691 3.31 
Bulls 459 1.74 110 .90 
All classes 27036 1.25 7653 3.34 

‘Cattle were both PGR and Simonette pastures for 19 weeks except for 1976, when 
cattle wcrc on the Simonctte pastures for 21 weeks. 

Tabk 2. Mortality factors of cattk dying of known callsea on the Provincial 
Grazing Reserves and the Siionette pastures in northwestern Alberta. 

Provincial Grazing Reserves 
Predation’ Other factors2 

Simonette Pastures 
Predation Other factors 

3(3.3)’ 87(96.3) lq48.4) 17(51.6) 

‘Includes 2 deaths from black bears and I death from wolves on Provincial Grazing 
Reserves and I3 deaths from wolves and 3 from black bears on the Simonette pastures. 
‘Includes deaths from all causes other than predation. 
‘Percent of known mortality. 

times greater (p<O.OOS) than calves born prior to entering the 
leases. Of 143 cows which entered the Simonette pastures while 
visibily pregnant or were observed on these pastures with a calf, 
only 76.2% had calves when removed in fall (23.8% mortality). On 
the same pastures, of 2 I 14 calves which entered in spring, mortality 
by time of removal in fall was 4.8%. Few details of these mortalities 
are available; however, the death rate of calves born on the 
Simonette pastures (mean of 23.8%) was much greater than that 
normally associated with birth. Frisch (1973) documented that 
4.7% of the calves in that study died within I week of birth. In this 
study 3 newborn calves were documented to die of starvation 
because they were unable to suckle and one calf died at birth; 
however, no other records are available. Although the number of 
calves born on the Simonette leases was very small compared to 
those born before entering the leases, the significantly higher mor- 
tality of the former group is noteworthy. On PGR, patrons are not 
allowed to pasture pregnant cows. 

Death frbm predation was much more common on the 
Simonette pastures than on the PGR (Table 2). Sixteen of 33 
(48.4%) deaths of known causes on the Simonette pastures were 
from predation compared to 3 of 90 (3.3%) on the PGR. Wolves 
were documented to kill more cattle (13) than bears (3) on the 
Simonette pastures whereas 2 of 3 deaths from predators on the 
PGR was due to bears. Predation by coyotes was not documented. 

Greater losses of cattle on the Simonette pastures over PGR 
appears related to 3 outstanding factors. These include much 
greater forest cover, less intensive management of the cattle and the 
range, and increased numbers and species of predators on the 
Simonette pastures compared to PGR. However other factors may 
also have contributed to differences in mortality. This study was 
not designed to determine precise reasons for differences in mortal- 
ity between the 2 grazing areas. 

Results of this study have implications for management. Agen- 

cies responsible for leasing unimproved woodland grazing areas 
such as the Simonette pastures should understand that mortality 
will likely be greater than on more intensively managed grazing 
areas. This message should be effectively relayed to livestock pro- 
ducers. Pregnant cows should not be placed on remote woodland 
pastures. 
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Effectiveness of Antelope Pass Structures in 
Restriction of Livestock 

, BRYAN D. GROSS, JERRY L. HOLECHEK, DENNIS HALLFORD, AND REX D. PIEPER 

Abstract 

A study was conducted to test the restrictive efficiency of 5 
antelope pass structures upon cattle and sheep. Cattle and sheep 
were placed under 3 stress situations, female water, female young, 
and male-female, to test fence restrictive ability of individual ante- 
lope pass structures. No single structure restricted all classes and 
types of livestock. Depending upon livestock class and type, proper 
selection and use of antelope pass structure will restrict livestock 
movement without severely restricting antelope movement. An 
81.3-cm (32 in) net-wire fence most effectively restricted sheep, but 
cattle were most effectively restricted by a 2.4-m X 1.5-m (8 ft X 5 
ft) horizontal grill. It appears that a horizontal grill within a fence 
line with certain modifications and placement constraints will 
effectively restrict sheep and cattle but permit antelope passage. 

Fencing has been a standard livestock management practice 
since cattle and sheep were first introduced on western ranges. The 
use of fences to divide rangelands into manageable areas can 
achieve important livestock management objectives. May (1968) 
summarized a number of key advantages of fencing western 
ranges. These include more uniform distribution of animals, pro- 
tection of overgrazed or treated areas, segregation of livestock 
classes or types, increased forage production and reduction in 
handling of livestock. Certain fence designs, however, have the 
important disadvantage of restricting movement of some wild 
ungulate species. 

Wildlife managers recognize fencing as a major management 
problem associated with the pronghorn antelope. Certain fences 
can restrict pronghorn movements to obtain food and/ or water, or 
to escape harsh weather (Yoakum 1978, 1980). Russell (1951) 
included net-wire fences as an important factor contributing to 
reductions in pronghorn numbers throughout the West. Newman 
(1966) found that Wyoming antelope numbers decreased substan- 
tially when animals were restricted by livestock fences. Antelope 
that were not allowed free movement over a largearea were in poor 
condition and showed signs of starvation. Other studies noted 
similar results (Mapston 1972, Russell 1951). 

A variety of structures are presently employed on western ranges 
depending upon the operation, livestock type, and class. Sheep 
operators prefer net-wire fencing; operations involving cattle may 
require use of barbed wire for restrictive purposes. Mapston (1972) 
suggested that both net-wire and certain barbed wire fences can 
cause serious problems for antelope by restricting both movement 
and feed selection, 

Bear ( 1969) found that sheep fences, I. 1 m (44 in) in height will 
restrict nearly all antelope, while net-wire structures 8 I .3 cm (32 in) 
high will restrict only fawns. On cattle ranges where barbed-wire 
fences are common, antelope were less restricted but often injured 
during passage, which resulted in permanent crippling or death 
(Spillett 1965). In all cases it appears that standard livestock fences 

Authors are graduate research assistant, assistant professor. associate professor, 
and arofessor. Deoartment of Animaland Range Sciences. New Mexico State Univer- 
sity, Las Cruces 8’8003. 

This report is Journal Article 836, Agricultural Experiment Station, New Mexico 
State University, Las Cruces. Funding for this research was provided by the Bureau of 
Land Management. 
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have some negative effect upon antelope. 
After reviewing several studies Yoakum (1978, 1980) suggested 

measures to be taken to reduce mortality from fencing. These 
included minimizing construction of net-wire fences, using barbed 
wire fences with a smooth bottom strand at least 41 cm (16 in) 
above the ground and no stays between posts, providing special 
pass structures such as lay-down panels or antelope jumps along 
heavily traveled pathways and/ or migration routes, and maintain- 
ing large areas. 

The development of a structure to solve the antelope/fence 
problem has become an important research objective but no defi- 
nite answer has been found. Spillett et al. (1967) concluded from 
field observations and experiments that maximum height for any 
vertical structure intended for antelope passage should be no 
greater than 8 I .3 cm (32 in). Kerr ( 1968) documented frequent use 
of 8 I .3-cm passes in net-wire fences and areas where woven-wire 
was replaced by barbed wire. Spillett et al. (1967) recommended 
that where vertical structures are required for livestock restriction 
only smooth wire be used to reduce injuries to antelope. 

Several studies have shown antelope passage is more frequent on 
horizontal modified cattleguards (Bear 1969, Spillett 1965, Pate 
1969, Mapston 1970). Observations of antelope utilizing cattle- 
guards as a means of passage are numerous (Mapston et al. 1970, 
Spillett and Zobell 1967, Pate 1969, Spillett 1965, Zobell 1%8a, 
1968b). These observations indicate that antelope commonly leap 
1.8-m and 2.1-m (6 and 7 ft) cattleguards when the width of the 
structure is no less than 1.8 m (6 ft). Mapston (1968) and Pate 
(1969) found that these horizontal devices worked effectively even 
to the extent of allowing passage of l-month-old fawns. Studies by 
Bear (1969) Newman (1966), and Mapston (1968) have verified 
movement of antelope in and out of pastures with net-wire perime- 
ter fences when experimental horizontal passes were present. These 
studies indicated that problems associated with antelope restric- 
tion by livestock fences can be solved by use of low vertical passes 
or, preferably, horizontal cattleguard devices. 

Since research and observation have shown that antelope can 
negotiate passage, the effectiveness of such pass structures in res- 
tricting livestock movement becomes a concern. A limited number 
of studies have dealt with this matter (Cole 1956, Spillett et al. 
1967) but results were not conclusive. Bear (1969) found that, 
although several vertical structures adequately restricted livestock, 
these structures were different than recommended for antelope 
passage. Mapston et al. (1970) concluded that a I .8-m (6 ft) horiz- 
ontal grill would serve to restrict most livestock movement without 
restricting antelope. Sheep were not always effectively restricted by 
any structure, however. The problem of developing structures 
which will restrict livestock, but not antelope, needs further investi- 
gation. The objective of this study was to test the restrictive effi- 
ciency of 5 antelope passes on sheep and cattle. 

Materials and Methods 

Four vertical panel structures (Fig. I) and one horizontal grill 
(Fig. 2) were selected for tests involving livestock. An 81.3~cm (32 
in) vertical net-wire fence was used as a control. This structure is 
commonly used as a standard livestock fence for sheep. Two 
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Fig. 1. Characteristics of experimental antelope passes. 

barbed wire fences were tested, both consisting of 4 barbed wire 
strands. The first barbed wire panel (Fig. la) has been used by 
government agencies and ranchers for restriction of cattle. This 
structure consisted of 4 wire strands spaced equally at 25%cm (10 
in) intervals from ground level. A second barbed wire structure 
(Fig. lb.) is termed a barbed wire variation. This consisted of 4 
strands separated by distances of 41 cm (16 in), I5 cm (6 in), 20 cm 
(8 in), and 31 cm (12 in), beginning at ground level. Total vertical 
heights of the 2 barbed wire structures were 1 m (40 in), and 1.1 m 
(42 in), respectively. A fourth panel (Fig. Id) used net-wire in 
conjunction with one barbed wire strand. The net-wire portion 
consisted of four smooth wire strands supported by equally spaced 
wire stays. Wire strands were placed at 15.cm (6 in) intervals, 
extending to a vertical height of 61 cm (24 in). Forty-six cm (19 in) 

Fig. 2. Characteristics of the horizontal antelope grill. (Adapated from 
Mapston and Zobell. 1970) 

above the net-wire portion a fifth smooth wire strand was placed. 
The uppermost strand was barbed and was placed 20 cm (8 in) 
above the upper smooth wire strand for a total vertical height of 1.2 
m (46 in). A final antelope pass structure was the horizontal 
antelope grill by Mapston et al. (1970) (Fig. 2). Construction of 
vertical test panels was identical in all test situations except for 
those in which the cow was separated from calf. Those tests will be 
discussed later. 

For test purposes an enclosure having a total length of 49 m (160 
ft) and a total width of 9.8 m (32 ft) was constructed of steel panels 
(Fig. 3). Five individual test paddocks, equal in size, were con- 
structed within the enclosure. This allowed for the simultaneous 
conducting of 5 independent trials. Each test paddock was equally 
sectioned into 2 subunits. These subunits were separated by indi- 
vidual test panels. The total length of a test panel within each test 
paddock was 9.8 m (32ft). A 7-foot steel support post was placed at 
the midpoint of each test panel. The structure of the enclosure 
allowed tests to be conducted independently and animals under 
stress to have maximum exposure to each test panel. 

Tests of all panels were conducted using 2 livestock types, cattle 
and sheep. Two breeds of cattle, Hereford and crossbred Brangus, 
were used although no differentiation was made when recording 
results. Breeds of sheep used were Rambouillet and Suffolk. Again 
no differentiation was made in breed response. 

Three stress situations were applied to both cattle and sheep. 
These situations included male/female stress, female/water stress, 
and female/ unweaned young stress. These three stress situations, 
are present in range livestock operations, and were therefore neces- 
sary for evaluations of test panels. Lambs used in the ewe/lamb 
trials ranged from 4 to 7 weeks of age, while calves used in the 
cow/calf trial were approximately 12 weeks of age. 

All tests involved construction of test panels between paddock 
subunits with placement of animals opposite specific stress factors. 
The cow/calf tests involved placement of an additional strand of 
barbed wire 91 cm (3 ft) from all vertical test panels on the same 
side of the test panel as the cow. This prevented calves from nursing 
through the test panel. Horizontal antelope grills were placed at 
one end of each test paddock between subunits. This simulated 
recommended placement of these structures on pasture corners in 
range situations. 

Male-female trials involved the use of chemical stimulators to 
syncronize estrus in females. Cow estrus synchronization involved 
regular injections of lutalyse (dinoprost tromethamine) while ewe 
estrus syncronization involved regular injections of estrogen and 
progesterone. 

For each pass structure the stress situation for each animal type 
was replicated 10 times. Each test involved an exposure period of 
24 hours with an additional 24-hour stress period for female/water 
trials. The standard chi-square was used for all statistical testing 
(Steel and Torrie 1960). All data are expressed as percentages of 
animals which crossed each type of restriction. 

Fig. 3. Characteristics of the experimental area. 
Individual paddock size: 9.8 X 9.8 meters 
Area of individual paaWock: 96 square meters 
Expertmental area size: 48.8 X 9.8 meters 
Area of experimental unit: 478 square meters 
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Table 1. Values represent the percent of animals crossing each panel type. 
Values with different superscripts within a row were significantly differ- 
ent (X.05) in restrictive efficiency. 

Category 

I cattle 
2 sheep 
3 adult cattle 
4 adult sheep 
5 calves 
6 lambs 
7 adults 
8 young 
9 total 

4-strand Barbed 8 I .3-cm Net 
barbed wire net- wire Antelope 
wire variation wire variation grill 

43.3 30.0 53.3 56.7 26.7 
60.0b 70.0b 30.0* 7o.ob 70.0b 
40.0”J 35.0” 80.V 70.0bg 15.0” 
40.0 55.0 45.0 65.0 65.0 
50.0 20.0 00.0 30.0 50.0 

100.Ob lOO.ob 00.0” 80.0b 80.0b 
40.0” 45.pb 62.5b.c 67.5’ 40.0” 
75.0b 60.0b 00.0” 55.0b 65.0b 
51.7 50.0 41.7 63.3 48.3 

Results 

There were no significant differences (D.05) between any ante- 
lope passes when results were summed over all livestock classes and 
types (Table I). Two individual categories, cattle and sheep, 
showed no significant differences (D.05) occurred among the 
panels for cattle, but differences were significant for sheep. The 
81.3-cm (32 in) net-wire control panel was superior to other passes 
for sheep restriction. Results from adult cattle trials show that the 
horizontal antelope grill was significantly better (K.05) than the 
81.3-cm (32 in) net-wire control and the net-wire variation. The 
81.3-cm (32 in) net-wire control was significantly better (X.05) 
than all other panels in the lamb/ ewe trials as indicated by the lamb 
category. Both the 8 I .3-cm net-wire control and the net-wire varia- 
tion were inferior to the horizontal antelope grill and the 4 strand 
barbed wire standard in the restriction of adults. Young animals 
were completely restrained by the 8 1.3-cm net-wire control. 

Discussion 
Analysis of data indicates that no single panel structure ulti- 

mately solved the problem of livestock restriction. Passes that 
proved successful in restricting cattle movement were those con- 
structed of barbed wire. Where smooth wire was included cattle 
were able to press against the fence and push down the panel. The 
81.3-cm (32 in) net-wire fence did not restrain cattle because of its 
height. Cattle stepped over the structure or pushed it down. This 
was also true for the net-wire variation even though it did contain 
one barbed wire strand. 

Sheep and calves were able to crawl through several fence types. 
All wire strand fences were inferior to the 81.3-cm (32 in) net-wire 
control panel when the trial involved smaller livestock. Barbed 
wire strands had little effect on discouraging these animals from 
crossing. Lambs in particular were able to pass beneath wire 
strands on all fences except the 81.3-cm net-wire control. 

Although sheep and calves did not jump over fence structures, as 
did adult cattle, they were capable ofjumping the horizontal grill. 
Typically, crossings were accomplished by an angular jump of 
approximately 76 cm from the guard corner where the fence inter- 
cepts the panel into the adjacent paddock subunit. This problem 
could be partially solved by the addition of wings to each end of the 
antelope guard. Crossings of the horizontal grill by lambs were also 
made by walking down a center steel support strip approximately 
15.2 cm (6 in) in width. The removal or narrowing of this support 
may alleviate this problem. 

The ability of different animal classes and animal types to cross 
panel structures complicates development of an effective antelope 
pass which will restrain livestock but allow passage of antelope. 
The ability of cattle to jump low fences and break through smooth 
strand fences coupled with the ability of sheep to jump or crawl 
through these structures increases design problems. Pass structures 
that will restrict both cattle and sheep may have a similar effect 
upon antelope. 

In all study situations, stress factors as well as exposure to 
antelope panels was much greater than would beexpected in range 

situations. This would have the effect of increasing the percentage 
of livestock crossing in all tests. Selection of a pass structure 
depends upon type and class of livestock utilizing an area. Where 
cattle are the primary livestock type, results indicate that the 
horizontal grill or the 4-strand barbed wire standard could be 
effectively used. Although both pass types may serve to restrict 
cattle, observations indicate that the horizontal grill is more readily 
utilized by antelope (Kerr 1968). The horizontal grill may serve to 
restrict cattle effectively without inhibiting antelope passage. The 
horizontal grill is recommended for all pastures where adult cattle 
are located, including areas used for breeding purposes. Calving 
pastures may require use of the 81.3-cm(32 in) net-wire fence or the 
modified horizontal grill. The 4-strand barbed wire standard or the 
net-wire variation will also restrict calf movement. 

The modified horizontal grill is recommended (for adult sheep). 
Lambing pastures may require use of the 81.3 cm net-wire fence of 
the modified horizontal grill. 

Selection of the area to place an antelope pass is extremely 
important. Pasture use, shape, size, and topography should be 
considered. Topographical features play an important role in patt- 
erns of livestock use, and thus, is important in decreasing livestock 
exposure to the pass as well as increasing antelope exposure. 
Placement of passes upon ridgetops will generally be more benefi- 
cial to antelope than placement of the structure in low areas. This 
will also decrease livestock exposure to the pass. Structures should 
be placed in pasture corners or areas away from areas frequented 
by livestock. Placement in these areas will also funnel antelope into 
these areas and thus increase antelope exposure. Placement of 
passes away from water sources, salting areas, livestock trails, and 
vehicle routes can further reduce livestock exposure to these 
structures. 
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Use of Reciprocal Averaging Ordination for 
the Study of Range Condition Gradients 
RON B. HACKER 

Abstract 

The use of a multivariate ordination procedure, Reciprocal 
Averaging, to study species responses to grazing along range con- 
dition gradients was investigated using both artificial and !ield 
data. Results suggest that the technique should be a useful aid in 
the elucidation of such responses and in the study of plant- 
environment relationships generally in grazed ecosystems. 

The assessment of range condition and the manipulation of 
grazing pressure based on trend assessment demands a clear under- 
standing of the role of individual species in the grazing-induced 
succession. Much of the relevant information currently available 
has been derived through observations made over long time peri- 
ods in grazing trials, exclosures, or the landscape generally. This is 
essentially the “dynamic” approach to the study of ecological 
succession (Austin 1977). The alternative “static”approach seeks 
to understand successional changes by study of the ecosystem at 
one point in time over a set of sites which may be considered to 
represent a series of successional stages. Both approaches have 
advantages and disadvantages. Changes in ecological condition 
often occur slowly and may be masked by short-term seasonal 
fluctuations. The dynamic approach may thus yield useful infor- 
mation only in the long term. A major difficulty with the static 
approach, as Austin (1977) notes, is the uncertainty of whether a 
true succession rather than an environmental zonation is repres- 
ented. Similar comment has been made by Daubenmire (1940). 

Nevertheless, sites may be selected in the field across which 
habitat conditions are reasonably constant and within which floris- 
tic variation is associated mainly with prior grazing history. The 
study of such gradients can reveal useful insights into the role of 
species in the grazing-induced succession (e.g. Tueller and Black- 
burn 1974). 

In the present study, the use of an ordination technique, Recip- 
rocal Averaging (RA), to study range condition gradients is inves- 
tigated on both artificial and field data. The use of RA ordination 
in this context is appealing since the mathematical model 
employed has affinities with the quantitative climax approach to 
range condition assessment (Dyksterhuis 1949) and thus conforms 
to the “psychological” model of range condition held by many 
ecologists. 

Reciprocal Averaging as an Ordination Procedure 
Reciprocal Averaging in its simplest form (Hill 1973) represents 

an extension of the “‘weighted averages” ordination of Whittaker 
(1956, 1960, 1967). In this procedure sites may be ranked along an 
environmental gradient on the basis of a score calculated as qi = (3 

xia)/Xi. where qi represents the score of site i, sj is a score assigneh 
to species j based on its optimum position for growth in relation to 
the gradient, xij is the abundance of species j in the ith site, and xi, is 
the total of all species in the ith site. 

From these “weighted averqges’, however, a new set of scores for 
species may be obtained, viz, sj = (: xij qi)/ xj and these new species 

scores may in turn be used to derive a second set of site scores and 
SO on. Hill (1973) has shown that if the derived scores are resealed 
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to a fixed range (say O-100) between successive iterations, this 
process will eventually stabilize to produce a unique one- 
dimensional ordination for both species and sites. If O/ I data are 
used, the final site scores are averages of the scores of species they 
contain while species scores are averages of the scores for sites in 
which they occur, hence Reciprocal Averaging. A similar approach 
had earlier been suggested by Goff and Cottam (1967). 

Although this procedure produces a unique set of scores for both 
sites and species (i.e., it produces simultaneous “dual ordina- 
tions”), other solutions also exist which possess the reciprocal 
averaging property and which may be ecologically informative. 
Hill (1973, 1974) and Hatheway (1971) have shown that the com- 
plete set of such solutions can be obtained by formulating RA as a 
eigenvector problem. Mathematical descriptions of this procedure 
may be found in the above papers and also in Hacker (1979, p. 
171-184). In this form RA has distinct similarities to Principal 
Component Analysis (PCA). It may be considered a variant of 
PCA distinguished from more usual forms of this procedure by the 
use of noncentered data (as opposed to the usual species-centered 
approach of PCA), double standardisation of the original sites X 
species matrix and a particular poststandardisation of eigenvectors 
to achieve the final scores. Further discussion of data centering and 
standardisation in PCA may be found in Noy-Meir (1970, 1974) 
and Noy-Meir et al. (I 975). 

Formulated in this way, RA has generally proved to be less 
sensitive to nonlinearity problems in ecological data than (unstan- 
dardised) PCA, thus producing more readily interpretable ordina- 
tions when axes are plotted in pair-wise fashion (Austin 1976, 
Fasham 1977, Gauch and Whittaker 1976, Gauch et al. 1977). As in 
PCA, axes are ordered on the basis of descending eigenvalues 
which provide a measure of the efficiency of each axis in summaris- 
ing the information content of the original data. 

Frog the eigenvector formulation of RA it may be easily shown 
that for any site i and speciesj, ordination scores on axis k may be 
represented as 

m ” 
z XijSjk z Xijqik 

qik = j=l and sjk = i=l 
m 

pz xij 
j’l 

where qik, sjk and Xjj have their usual meanings and summations are 
over then sites or m species in the sample. The term p represents the 
square root of the kth eigenvalue. 

These formulae indicate that site scores are adjusted for site 
“richness” while species scores are adjusted for total species abun- 
dance. In the present context, this model implies that information 
concerning the range condition of a site resides primarily in its 
botanical composition rather than in the total amount of vegeta- 
tion present while information regarding the response of species to 
grazing resides mainly in their distribution among sites rather than 
in their abundance. 

Such a model has affinities with the quantitative climax 
approach to range condition assessment based on departure from 
climax in terms of relative floristic composition. It is likely to be 
inadequate, as is the quantitative climax method, in situations in 
which a reduction in absolute abundance rather than change in 
composition is the primary indicator of degradation. 
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Development of the Model Data Sets 
The RA procedure was tested on a series of artificial data sets 

designed to represent a particular range site in a series of condition 
states from ungrazed or excellent condition tovery poor condition. 
Each data set consisted of 9 sites and either 10 or 15 species. 

Consistent with the classification of Smith (1940) four types of 
species response to increasing grazing pressure were incorporated 
in the models. These were (a) a progressive decrease in abundance 
with grazing pressure, (b) a temporary increase followed by a 
decrease, (c) a progressive increase in abundance with grazing 
pressure, and (d) no response. 

The models are thus based on the conventional decreaser, 
increaser, invader classification of range species (response types a, 
b, and c respectively) although species abundances are represented 
in absolute rather than relative terms. Poulton’s (1959) division of 
both increaser and invader groups into type I and type II categories 
is not specifically reflected in the models. However, Pot&on’s 
divisions have their effective counterparts in responses (b) and (c) 
above. 

Basic data for response types (a) and (c) were generated by a 
simple linear procedure; i.e., species abundance increased or 
decreased linearly across the range condition gradient. Basic data 
for response type (b) were generated on the basis of a linear rise to 
maximum abundance followed by a linear decline across the 
remainder of the gradient. The abundance of type (d) species 
remained unchanged across the gradient. Between-site heteroge- 
neity in a sampled ecosystem was simulated by superimposing a 
degree of random variation on these basic data. 

This approach was used to generate 2 series of model data sets. 
In Series 1, consisting of 8 data sets, no random variation between 
sites within a set was imposed. Each model thus represented 9 sites, 
spaced equidistant along a range condition gradient, across which 
floristic variation was associated only with the grazing effect. The 
mixture of species response types was varied between models. 

In series 2,4 of these original models were altered by the imposi- 
tion of random variation. Each cell entry in the original site X 
species matrix was allowed to increase, decrease, or remain 
unchanged, the probability of any outcome being set at 0.33. The 
magnitude of any change was determined as a random percentage 
on the range O-20%. This series of models thus represented ecosys- 
tems with between-site heterogeneity, but in which such heteroge- 
neity was small relative to the grazing effect. 

In a third series, “pristine state” models incorporating between- 
site heterogeneity were generated first and grazing responses were 
imposed subsequently. Each model contained 6 decreasers, 2 
increasers, 2 invaders, and 5 unresponsive species. Three levels of 
between-site heterogeneity were achieved by allowing each species 
to fluctuate, in the “pristine state” models, by 20, 30 or 40% of its 
maximum value. In developing the “pristine state” models, maxi- 
mum and minimum values for each species were assigned at rah- 
dom to 2 of the 9 sites; and values for all other sites were then 
calculated by reducing the maximum value by a random percen- 
tage on the range l-20, l-30 or l-40 for the 3 models developed. 
“Grazed” models were then developed from the “pristine state” 
models by imposing a fixed grazing trend based on the response 
forms described earlier but applied in percentage terms; e.g., the 
abundance of decreaser species declined linearly from lOO$Je to 20% 
of the pristine state values across the gradient. Since invader 
species are not present in the pristine state models, data for these 
were taken direct from one of the models used in series 2. This set of 
3 models thus represented ecosystems in which the effect of 
between-site heterogeneity on floristic composition became pro- 
gressively more important relative to the effect of grazing. An 
example of one of the models analysed in this series, that for 40% 
between-site heterogeneity, is given in Table 1. 

While all of the models analysed are extremely simple, and to 
some extent simplistic, they contain the basic response types that 
would be expected in ecosystems subjected to increasing degrees Of 
grazing disturbance. To this extent they form a reasonable basis for 

Tabk 1. Model data matrix for 40% betwem-site heterogeneity, series 3. 
Response types represented are (a) decrearr, (b) invader, (c) increaser, 
(d) unreqomAve. 

I 2 3 4 5 6 7 8 9 

124 162 96 126 72 71 80 44 31 a 
120 I 13 72 96 88 74 60 42 27 a 
102 I14 67 88 83 54 56 39 19 a 
55 65 38 55 41 27 32 19 14 a 

102 124 82 117 91 66 68 32 28 a 
85 78 53 58 40 51 44 26 21 
0 9 20 32 38‘ 58 60 76 78 b” 
0 24 45 60 86 85 100 140 134 b 

126 147 117 209 180 133 128 59 47 c 
59 90 70 80 102 79 72 37 28 
45 55 42 65 43 48 70 66 44 : 

106 90 69 104 81 74 115 91 95 d 
93 114 90 141 138 119 158 134 96 d 
79 17 54 IO 54 57 90 81 62 d 

170 180 120 128 184 136 200 184 166 d 

Good 
condition 

Poor 
condition 

preliminary testing of the procedure. 

Results of Reciprocal Averaging Ordination of Model Data 
Only the results for the third set of models will be illustrated in 

detail as these represent the most complex of the artificialdata sets 
examined. 

For the total of 12 data sets analysed in series 1 and 2 the first 2 
axes in all cases provided a highly efficient summarisation of the 
original data matrix with a cumulative efficiency of at least 93%. In 
all cases the site ordinations produced by plotting axis 1 scores 
against axis 2 scores represented the gradient in the form of a 
distinct “‘arch” configuration (see Hill 1973, 1974) but despite this 
distortion the rank order of sites along the first axis conformed 
exactly with their range condition ranking except in one instance. 
This model was dominated by nonlinear, increaser responses (type 
b above) and although the first axis seriation was unsatisfactory, 
the ordering of sites around the “arch” was entirely consistent with 
their range condition so that “straightening” of the two dimen- 
sional configuration (see Noy-Meir 1974) would have produced an 
entirely satisfactory arrangement.. 

Snecies ordinations tended to reflect the general arched configu- 
1 

ration of the site ordinations, but were characterized by the distinct 
clustering of species with identical grazing responses. Thus 
increaser, decreaser, invader and unresponsive species appeared as 
distinct groups in the ordination space. While the intensity of the 
clustering varied between models, depending on the particular 
mixture of response types present, groups were always clearly 
separated and defined. 

Site and species ordinations in the plane of the first 2 axes are 
presented in Figure 1 for the models analysed in series 3. In all 
cases, the data summarisation provided by these axes was highly 
efficient, cumulative efficiencies being 97.8,96.1, and 93.3% forthe 
20, 30 and 40% models, respectively. 

The site ordinations of Figure 1 indicate that in all cases sites are 
ranked correctly along the first axis in terms of their range condi- 
tion. The distortion of the gradient into a Zdimensional arch is 
also illustrated. 

Species ordinations demonstrate the distinct clustering of the 
various response types present. Increaser, decreaser, and invader 
species, while clustered, form a discontinuous arch which is co- 
ordinate with the site ordination while unresponsive species form a 
distinct group which is clearly separated from the arched configu- 
ration of the remainder. The intensity of clustering, particularly of 
unresponsive species, tends to diminish as progressively more 
between-site heterogeneity is introduced. 
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Application of Reciprocal Averaging to Field Data 
The field data analysed here were compiled from a set of 9 study 

a SITES SPECIES 

2 2 
sites located in a mulga (Acacia aneuru)-shrub community near 
Leonora (lat. 28O52’ S; long. 121°20’E) in the arid winter rainfall 
zone of Western Australia. Average annual rainfall at the Glenorn 
station homestead, about 9 km from the study sites, is 198 mm (5 1 
years of records) with a coefficient of variation of 58%. Winter 
rainfall (May-July) is the more reliable. 

The vegetation consists of a sparse overstory of mulga below 
which occur a mid-storey of shrubs and a ground storey of peren- 
nial grasses, mostly wire wandarrie grass (Erugrostis xerophilu). 
Herbs and short lived perennial grasses are abundant following 
favourable seasonal conditions. This community is located on deep 
(generally > 1 m) red loamy sands which are non-saline and of acid 
reaction. 
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Study sites were each 0.9 ha (256 m X 35 m) and were selected by 
the use of fenceline contrasts and distance from water to provide 
examples of the ecosystem in widely differing range condition 
states. 
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Although data for all layers of the vegetation have been profita- 
bly analysed by RA, only results for the upper and mid-storey 
species are presented here. Population inventories for these species 
were obtained by field annotation of large scale colour aerial 
photographs covering each study site. 

These photographs also facilitated the partition of each species 
population into a number of appropriate size classes based on 
canopy area distribution. Seedlings, assumed to have no canopy 
area, were identified as such in the field. The process of data 
collection and size class classification is detailed further in Hacker 
(1978, 1979). For all species, class I corresponds to seedlings while 
larger numbers represent groups of progressively larger individu- 
als. The number of size classes per species varied from 2 to 5. 

Axis I 

c- 
Previous studies of 6 of these sites using the Multiple Pattern 

Analysis (MPA) procedure of Noy-Meir and Anderson (1970) 
have been reported by Hacker (1978, 1979). These studies clearly 
revealed that over the range of grazing intensity examined, Wilcox 
bush (Eremophilu leucophyllu) acted as a decreaser while both low 
blue bush (Muireunu plunifoliu) and Eremophilu’ increased in 
more disturbed areas. Mulga regeneration appeared to be favoured 
by grazing disturbance while Maireana villosa appeared to act as a 
decreaser. -2-l 1 8 

On the basis of this understanding of the mulga-shrub ecosystem 
it was possible to classify all study sites into subjective range 
condition classes as detailed in Table 2. These classes were used as 
independent evidence to evaluate the ordination results. 
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Data entered in the analysis consisted of densities (plants per 
ha.) of 13 species divided into a total of 40 size classes. Data were 
entered for individual size classes rather than for species in toto in 
an attempt to elucidate the presence of any secondary gradients in 
addition to the range condition gradient. 

Fig. 1. Ordination diagrams for series 3 models (a) 20% between-site 
variation (b) 30% between-site variation (c) 40% between-sire variation. 

Species symbols: A decreaser; 0 increaser; 
0 invader; 0 unresponsive 

Since many mid- and upper-storey species probably have long 
life spans relative to the grazing history of the area (about 80 years) 
the presence of both site and grazing influences on species distribu- 
tion may be reflected in the clumping or dispersion of the compo- 
nent (age-related) size classes in the species ordination. 

from field experience or previous studies. The role of such species 
in the grazing-induced succession can be readily interpreted 
although such interpretations must be accepted with caution in the 
case of species with low overall densities (e.g., Mirbeliu) since 
sampling error may be high in such cases. 

Site and species ordinations in the plane of the first 2 axes are 
presented in Figure 2. The cumulative efficiency of the axes was 
79. I %. 

Table 2. Key species populations xnd range condition classification for 
mulgn-shrub study sites. 

The arrangement of sites on the first axis clearly reflects the 
range condition gradient as defined in Table 2. Typically, the 
gradient is distorted into an arched configuration but this has not 
detracted seriously from the first axis seriation. 

Site No. 
Eremophila Maireana Range 
leucophylla planifolia Eremophila condition 

The species ordination, which is co-ordinate with the site config- 
uration, reveals that for most species, size classes are fairly tightly 
grouped suggesting that grazing is the predominant factor affect- 
ing their distribution. For these species the ordination position of 
size class groups conforms with their response to grazing as known 

‘Positive identification of this species proved impossible due to the lack of flowering 
material throughout the course of the study. Vegetative specimens are lodged as 
voucher Specimen No. I, W.A. Herbarium Perth. 

1067 115 30 GOOd 
915 129 9 GOOd 
630 125 194 Fair-Good 

34 17 0 Very poor 
19 26 I Very poor 
18 14 6 Very poor 

796 67 145 Fair-Good 
307 486 I 1095 Fair-Poor 
646 428 875 Fair 
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Some species, however, display a marked scatter of size class 
points. This is particularly obvious for mulga, bowgada (Acacia 
h’nophylla), and mint bush (Prostanthera wilkieana). The presence 
of mint bush seedlings at comparable (low) densities on sites 1,4, 
and 9 (i.e., across the entire range condition gradient) is responsible 
for the marked separation of this size class from the adults and its 
location in a position dissociated from the general arched configu- 
ration, as would be expected for unresponsive groups. For mulga, 
the scatter of size class points reflects the lack of any grazing 
response by mature trees (class S), as would be expected, while 
regenerating mulga (classes 2, 3 and 4) is more characteristic of 
overgrazed situations as suggested by the earlier analyses. Seed- 
lings showed no marked trend across the gradient, as reflected by 
the ordination position of this size class, but were always compara- 
tively rare. 

The marked scatter of bowgada size classes suggests the possible 
existence of a secondary gradient influencing this species. Seed- 
lings occurred on only one site and at very low density SO the 
position of this group in the ordination is uninformative. The 
ordination position of class 2 individuals, however, suggests a lack 
of any grazing response while larger size classes (3 and 4) are 
located progressively towards the peak ofthe arch indicatingabun- 
dance in moderately degraded sites. These larger individuals are 
virtually unaffected by direct grazing effects due to their tall 
growth habit. Re-examination of the moderately degraded sites (8 
and 9) suggested that bowgada abundance may be influenced by 
minor soil physical and chemical differences which characterized 
these sites, or by a greater average depth to lateritic gravel in the 
soil profile. 

Discussion 

This evaluation of RA on both artificial and field data suggests 
that the technique could be a powerful tool for the study of 
grazing-vegetation systems. The ordinations produced in both 
cases have provided satisfactory rankings of sites while the simul- 
taneous species ordinations have proved readily interpretable in 
terms of grazing responses or the influence of site-specific factors 
on species distribution. 

Mathematically, the RA model is consistent with the conceptual 
framework in which many ecologists view range condition. Never- 
theless the mathematical peculiarities of the technique should be 
noted. The double standardisation employed by RA tends to give 
particular weight to rare (i.e. uncommon rather than low density) 
species which occur in floristically poor sites. The presence of such 
species can at times severely distort the ordination and it is often 
preferable to eliminate them at the outset. A degree of distortion 
caused by such rare species (mint bush and Mirbeliu) is evident in 
the ordinations of Figure 2, but in this case has not seriously 
detracted from the interpretability of the gradient. 

Curvilinear or polynomial relationships between lower and 
higher axes are characteristic of many ordinations produced by 
RA and have also been observed in ordinations derived by PCA 
(e.g., Gauch et al. 1977). Quadratic relationships between the first 
two axes are evident in the ordinations for both the model and field 
data analysed here. Such relationships distort the first axis repres- 
entation of the gradient and are compounded by nonlinear species 
responses. Recognition of such relationships is essential to an 
informed interpretation of the results. Further discussion of this 
problem may be found in Hill (1973,1974) in relation to RA while a 
considerable literature has developed on the subject of gradient 
distortion by PCA (e.g., Austin 1971; Orloci 1973,197s; Whittaker 
and Gaugh 1973, Dale 1975, 1976; Noy-Meir and Whittaker 1977). 
Such distortions do not necessarily mean that axes after the first 
are uninformative. Genuine second directions of variation may be 
identified and even quadratic axes, as revealed by the present 
study, may serve a useful purpose in clearly separating the middle 
of a gradient, and its characteristic species, from the ends. 

In applications of the technique, an independent measure of 
range condition is ideally desirable to assist with interpretation. 

Such a measure was available here, for the field data, from pre- 
vious studies of the ecosystem in which grazing responses of some 
dominant species had been identified. In other situations, such 
independent measures could take the form of soil erosion ratings, 
distance from water or prior grazing history although in many 
cases recognition of end point states (ungrazed vs very poor condi- 
tion) may suffice. 

Interpretation of ordination results in conjunction with such 
data is probably best performed by rank correlation analysis. Since 
some distortion of the gradient is inevitable, intersite distances 
along the first axis cannot be regarded as a quantitative measure of 
range condition differences. An appropriate ranking of sites, how- 
ever, is generally provided. 
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The Influence of Dietary Nitrogen Source 
and Drinking Water pH on Growth, Digesti- 
bility, and Nitrogen Metabolism in Lambs 
Fed a High Roughage Diet 
M.L. GALYEAN, D.G. MORRICAL, ROBERTA HAYES AND JOEL CATON 

Abstract 

The influence of drinking water pH and dietary nitrogen source 
on the growth and metabolism of young iambs fed a high roughage 
diet was examined in a series of trials. Two phases of a drylot 
feeding trial involved a comparison of diets in which all crude 
protein was derived from natural sources (NATURAL) or 25% of 
the crude protein equivalent was derived from urea (NPN). The 
third phase involved a comparison of NATURAL and NPN diets 
and drinking water of pH 5.5 to 6.0 or pH 9.0 to 9.5. Lambs tended 
to perform better on the NATURAL diet, largely due to increased 
feed consumption. Drinking water pH had no significant effects on 
performance. Twelve iambs were used in 3 successive metaboiism 
trials. In trial 1 (NATURAL vs. NPN), no significant differences 
were observed in dry matter, organic matter, acid detergent fiber or 
cellulose digestibility. Nitrogen retention was similar for 
NPN-fed NATURAL- or NPN-fed iambs. Trials 2 and 3 compared 
NATURAL and NPN diets with pH 5.5 to 6.0 or pH 9.0 to 9.5 
drinking water. Small but significant (X.05) increases in dry 
matter, organic matter and ceiiulose digestion were observed with 
pH 9.0 to 9.5 drinking water in trial 2, and a similar effect was 
noted in NATURAL-fed iambs in trial 3. Nitrogen retention was 
not intluenced by drinking water pH. These studies with high 
roughage diets indicate that drinking water pH would not appear 
to be a major concern in tbe management of rangeiand ruminants. 

Alkaline waters are common throughout much of the western 
United States. In New Mexico, most municipal water supplies have 
a pH of 8.0 or greater (Anonymous 1974). With regard to stock 
water, Stephenson (1973) reported pH*s of 7.4 to 8.3 in spring 
water and 7.4 to 8.2 in well water in southwest Idaho. In addition, 
Darling and Coltharp (1973) found pH varied from 7.6 to 8.3 in 
mountain streams of Utah. Yet, little is known about the effect of 
alkaline drinking water on the performance of grazing ruminants. 

The rumen has a greater buffering capacity for acid conditions 
than for alkaline (Bloomfield et al. 1966). Consumption ofalkaline 
water might temporarily elevate rumen pH above neutrality and 
increase the concentration of NHs relative to N&+. Coombe et al. 
(1960) found that NHs was readily absorbed from the rumen, 
whereas NH& was either poorly absorbed or not absorbed at all. 
Increased ruminal and perhaps post-ruminal absorption of N& 
and subsequent excretion of urea might decrease overall nitrogen 
utilization. Smith and McAllan (1973) suggested that rumen bacte- 
ria can effectively utilize high rumen ammonia levels over time as 
long as the ammonia is in the ionic (NH&) form. 

Thus, water pH may influence the utilization of nitrogen by 
grazing ruminants, particularly when rumen ammonia levels are 
transiently high, as may be the case with nonprotein nitrogen 
supplementation. This study was conducted to evaluate the effect 

Authors are associate professor and research assistant, respectively, Department of 
Animal and Range Sciences, New Mexico State University, Las Cruces; and former 
laboratory aides at the same department and institution. 
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of drinking water pH and dietary nitrogen source on the growth, 
intake, and metabolism of growing lambs. Because of the difficulty 
of controlling experimental conditions in a grazing situation, a 
high roughage diet was fed in a dry-lot in an effort to simulate the 
dietary conditions encountered by ruminants grazing range 
grasses. 

Experimental Procedure 

Drylot Feeding Trial 
Forty-eight New Mexico fine wool lambs (average initial weight 

of 19.5 kg) were used in a 64-day feeding trial. Before the trial 
began, all lambs were sheared, vaccinated’ for blackleg, malignant 
edema, and overeating disease and wormed.2 The trial was divided 
into 3 phases and lambs were held off feed and water for 12 to 14 
hours and weighed at the beginning and end of each phase. Phase 1 
of the trial was 22 days in length. The 48 lambs were randomly 
allotted to 12 covered shed pens (3.1 X 3.1 m) with 4 lambs per pen. 
Treatments consisted of 2 completely mixed, pelleted diets (Table 
I), one in which all of the dietary crude protein was derived from 
natural sources (NATURAL) and another in which approximately 
(NATURAL) 25% of the crude protein equivalent was derived 
from urea (NPN). The two dietary treatments were randomly 
assigned to the 12 pens so that each treatment was replicated with 6 
pens of 4 lambs each. Lambs were offered fresh feed daily in 
quantities sufficient to allow free choice consumption. Tap water 
(pH 7.0 to 8.0) was available to all lambs ad libirum. 

Phase 2 of the feeding trial was 14 days in length. Procedures and 
treatments were the same as described for phase 1, except that 1 
lamb was removed from each pen at the start of the phase to be 
used in a series of metabolism trials. Thus, each treatment was 
replicated with 6 pens of 3 lambs per pen. 

Phase 3 was 28 days in length. Diets were the same as described 
for phases 1 and 2; however, 3 pens per dietary treatment were 
randomly chosen to receive drinking water of either pH 5.5 to 6.0 
or pH 9.0 to 9.5. Thus, each of 4 treatments (NATURAL 6.0, NPN 
6.0, NATURAL 9.0 and NPN 9.0) was replicated with 3 pens of 3 
lambs per pen. Drinking water of pH 5.5 to 6.0 (referred to as pH 
6.0 in tables) was prepared by adding HCl to tap water in quantities 
sufficient to lower the pH to the desired range. Water of pH 9.0 to 
9.5 (referred to as pH 9.0 in tables) was prepared by adding 
granular CaOH to tap water and mixing until the pH reached the 
desired range. Fresh water supplies were mixed and stored in 120 
liter plastic containers every 2 days during the period. Water pH 
was determined with a combination electrode pH meter.3 

Pen feed intake, average daily gain, and feed efficiency were 
measured in all three phases of the trial. Pen water consumption 
was measured during period 3. Over the 64 days, 3 lambs were 

‘Bar-Vat 7. Anchor Laboratories, Inc., St. Joseph. MO. 
2Tramisol drench. Cyanamid Agr. de Puerto Rico, Manati, Puerto Rico. 
)pH Master. van waters and Rogers, Inc., Denver, COIO. 
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Table 1. Composition of experimental diets.1 

Ingredient NATURAL NPN 

Table 3. Performance of lambs in pbures 1 and 2 of the feeding trial as in- 
fluenced by dietary nitrogen source. 

Sorghum hay 28.50 29.85 
Cotton gin by-products 28.60 29.95 
Cottonseed hulls 14.24 14.27 
Sorghum grain, ground - 10.22 
Cottonseed meal 17.67 2.19 
Cane molasses 10.34 10.37 
Urea, Min 45% N - 1.9 
Salt .5 .5 
Trace mineral mix2 .I .I 
Vitamin A’ .05 .05 
Sodium sulfate - .3 
Biofos4 - .3 

‘Percentage of dry matter 
*Contained 4.40% Mn, .30 1. .2O%Co. 6.6O%Fe, 1.3O%Cu. 12.0%Zn.and 20% Mg. 
?Gupplied 30 IU of vit A per gram. 

Initial weight, kg 
Days on feed 
Average daily gain, kg 
Daily feed intake, kg1 
Kg feed/kg gain 

Initial weight, kg 
Days on feed 
Average daily gain, kg 
Daily feed intake, kg’ 
Kg feed/ kg gain 

‘Dry matter basis 

19.8 
22 

.21 
I .482 
7.44 

24.9 
I4 

.I8 
1.72 
9.63 

Phase I 
19.2 
22 

.I7 
1.373 
8.27 

Phase 2 
23.8 
14 

.20 
1.67 
9.33 

aMixture of mono-and dicalcium phosphates,min21% P. Max lS%Ca. International 
Minerals and Chemical Corp., Mundelein. 111. 

*,3Values in the same row with different superscripts differ (K.05). 
‘Standard error ot treatment means; 6 observations per mean. 

removed from the experiment for health reasons apparently unre- 
lated to treatments. Feed samples were obtained on a weekly basis 
and analyzed for dry matter, ash, crude protein, acid detergent 
fiber, and acid detergent lignin by standard procedures (AOAC 
1980). Phases 1 and 2 were analyzed as a completely randomized 
design and phase 3 was analyzed as a completely randomized 
design with a factorial arrangement of treatments. Treatment 
means were separated by the predicted difference (t test) method of 
the Statistical Analysis System (Barr et al. 1979). Pens were 
assumed to represent experimental units, and all analyses were 
done on a pen basis. Feed efficiency values shown in Tables 3 and 4 
were calculated as the average of pens on a given treatment, and as 
such, will not equal the value of average feed intake divided by 
average daily gain. This is true since the average of ratios does not 
equal the ratio of averages. 

Metabolism Trials 
At the end of phase I of the feeding trial, I lamb from each pen 

was randomly selected and moved to a metabolism crate in a 
continuously lighted, closed building. This provided 6 lambs for 
both NATURAL NPN treatments and an initial adaptation period 
to the diets of 22 days. Lambs were fitted with fecal collection bags 
and allowed to adjust to the stalls for 9 days. Feed was offered at a 
constant rate of 1000 g (as fed basis) throughout the metabolism 
trials. 

Trial 1 was a 5day total collection of feces and urine following 
the 9day adaptation period. Daily samples of feces and urine 
(acidified with HCl) were collected, weight of feces and volume of 
urine recorded, and a 10% subsample saved. Daily subsamples 
were composited over the 5day period and frozen for later 
analysis. 

Table 2. Chemical composition ($) of experimental diets used in the 
feeding trial and metabolism trials. 

Item NATURAL NPN 
Feeding trial! 

Dry matter 
Ash 
Crude protein 
Acid detergent fiber 
Acid detergent lignin 

Metabolism trials’ 
Dry matter 
Ash 
Crude protein 
Acid detergent fiber 
Acid detergent lignin 

93.8 93.9 
12.5 12.0 
17.8 21.2 
38.8 36.1 
12.2 11.2 

93.3 93.4 
12.1 12.0 
21.6 23.4 
36.5 35.9 
11.3 10.4 

‘Values are reported on a dry matter basis. 
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Item NATURAL NPN SEM4 

.Ol 

.03 

.54 

.02 

.04 

.89 

Trial 2 was a 5day collection period which began immediately 
after trial 1. Diets (NATURAL vs. NPN) were the same as in trial 
I, but 3 randomly selected lambs within a dietary treatment 
received pH 5.5 to 6.0 or pH 9.0 to 9.5 drinking water. Water was 
prepared in the same manner as described for the feeding trial. 
Fecal and urine collection methods were as described for trial I. 

Trial 3 was another 5day collection period immediately follow- 
ing trial 2 and was designed to determine if lambs might alter their 
response to variations in drinking water pH over time. Procedures 
and treatments were the same as in trial 2. 

Fecal samples from all 3 trials were dried at 55” C in a forced air 
oven for 48 hours, ground through a 2-mm screen in a Wiley mill, 
and analyzed for dry matter, ash, crude protein, and acid detergent 
fiber and lignin by standard procedures (AOAC, 1980). Urine was 
analyzed for nitrogen by the kjeldahl method and feed samples 
were analyzed as described for fecal samples. 

Digestibility and nitrogen balance data from the metabolism 
trials were analyzed as a completely randomized design. Tests for 
significant differences were accomplished as described previously 
for the feeding trial. 

Results and Discussion 

Chemical composition of the experimental diets is shown in 
Table 2. Diets were formulated to be isocaloricand isonitrogenous 
based on published feed composition figures (NRC 1975): How- 
ever, some variation was noted in chemical composition, especially 
in the case of crude protein content. The NPN diet had a higher 
crude protein content than the NATURALdiet in both thefeeding 
and metabolism trials, the difference being less in the batch of feed 
used in the metabolism trials. Diets were similar in the content of 
other constituents. 

Feeding trial results are shown in Tables 3 and 4. In phase I 
(Table 3), lambs fed the NATURAL diet gained faster and were 
more efficient than those fed the NPN diet, although differences 

Table 4. Influence of dietary nitrogen source and drinking water pH on 
performance of lPmbs in phase 3 of the feeding trial. 

Item NATURAL NPN pH 6.0 pH 9.0 SEM3 

Initial weight, kg 27.5 26.5 26.9 27.0 
Days on feed 28 28 28 28 
Average daily gain, kg .I7 .I4 .I5 .I6 .Ol 
Daily feed intake, kg4 1.92 1.82 1.85 1.89 .05 
Kg feed/ kg gain 11.30 13.92 13.06 12.17 I .02 
Water intake, liters 6.80’ 5.822 6.20 6.43 .23 
‘S2Means in a row within a main effect (NATURAL vs NPN or pH 6.0~ pH 9.0) with 
different superscripts differ (K.05). 

Standard error of treatment means; 6 observations per mean. 
4Dry matter basis. 
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Table 5. The influence of dietary nitrogen source on digestibility and Table 7. Digestibility data in metabolism trial 3 as influenced by dietary 
nitrogen balance in metabolism trial 1. nitrogen source and drinking water pH. 

Item NATURAL NPN SEM’ 

Dry matter intake, g/day 932.7 
Organic matter intake, g/day 820.1 
Nitrogen intake, g/day 32.2 
Dry matter digested, % 54.3 
Organic matter digested, % 55.4 
Acid detergent fiber digested, % 28.8 
Cellulose digested, %2 47.1 
Nitrogen digested, ‘% 71.0 
Nitrogen retained, g/day 11.3 
N retained, % of intake 35.2 
N retained. % of absorbed 49.6 

934.2 
822.4 

34.9 
51.7 
52.9 
23.8 
42.1 
71.9 
11.6 
33.1 
46.0 

1.9 
2.0 
3.4 
2.6 
1.1 
.8 

2.4 
3.3 

‘Standard error of treatment means; 6 observations per mean. 
*Cellulose was calculated from the acid detergent fiber/acid detergent lignin analysis. 

were not significant. NATURAL-fed lambs consumed more 
(x.05) feed than NPN-fed iambs, which would largely account 
for differences in gain and efficiency. Similar results have been 
observed in lambs fed 87% milo stoverdiets with either supplemen- 
tal soybean meal or urea (Bolsen et al. 1975). 

In phase 2 (Table 3), lambs fed NATURAL and NPN diets had 
similar gains, intakes, and feed efficiencies. Repp et al. (1955) 
found that lambs fed urea as 50% of the total ration nitrogen 
gained as well as those fed soybean meal based rations after21 days 
on feed. Moreover, lambs fed urea as 30% of the total ration 
nitrogen gained equal to those supplemented with soybean meal. 

The water pH X nitrogen source interaction was not significant 
in phase 3; therefore, main effect means are reported in Table 4. No 
differences were observed in gain, intake, or efficiency due to 
nitrogen source (NATURAL vs. NPN); however, NPN-fed lambs 
tended to have poorer feed efficiencies than lambs fed the NATU- 
RAL diet. Daily water intake per lamb was greater (x.05) for 
lambs fed the NATURAL diet, with a difference of about 1 liter 
between the two dietary treatments. No differences in performance 
or water intake were observed due to drinking water pH. It would 
appear that lambs can tolerate wide variations in pH of drinking 
water without adverse effects on performance. Similar results were 
reported by Johnson et al. (1959), who found no difference in 
rumen pH, cellulose digestion, and health of steers or heifers given 
drinking water of pH 9.76 versus control water of pH 8.54. 

Results of the metabolism trials are shown in tables 5 through 8. 
In trial 1 (NATURAL vs. NPN), no differences were observed in 
dry matter, oranic matter, nitrogen, acid detergent fiber or cellu- 
lose digestion (Table 5), although lambsfed the NPN diet tended to 
have lower digestibilities for all of these constituents except nitro- 
gen. Bolsen et al. (1975) observed similar digestibility responses in 
lambs fed all-natural or urea-supplemented milo stover diets. Ni- 

Table 6. Thclnfluenecof dietary nitrogen source and drinking water pH on 
digatlbility and nitrogen balance ln metabolism trial 2. 

Item NATURAL NPN 

Dry matter intake, g/day 932.1 934.2 
Organic matter intake, g/day 820.1 822.4 
Nitrogen intake, g/day 32.2 34.9 
Dry matter digested, % 53.0 52.0 
Organic matter digested, % 54.3 53.1 
Acid detergent fiber 

digested, % 23.2 19.5 
Cellulose digested, % 44.3’ 39.02 
Nitrogen digested, % 68.4’ 75.32 
Nitrogen retained, g/day 10.8’ 15.42 
N retained, % of intake 33.6 44.12 
N retained. % of absorbed 49.1 58.5 

pH 6.0 pH 9.0 SEM’ 

933.5 933.5 
821.3 821.3 

33.6 33.6 
51.3’ 53.72 
52.6 54.72 

.70 

.60 

19.6 23.1 1.3 
38.3’ 45.12 1.5 
71.1 72.6 .60 
13.5 12.7 .90 
40.0 37.7 2.6 
56.0 51.6 3.5 

‘demeans in a row within a main effect (NATURAL vs NPN or pH 6.0vspH 9.0) with 
different superscripts differ (X.05). 
‘Standard error ot treatment mean;s 6 observations per mean. 

Item 
NATURAL NATURAL 

6.0 NPN 6.0 9.0 NPN 9.0 SEM) 

Dry matter intake, g/day 932.1 934.2 932.7 934.2 
Organic matter intake, g/day 820. I 822.4 810. I 822.4 
Dry matter digested, % 50.6’ 52.5l.’ 55.2l 52.512 1.0 
Organic matter digested, % 52.1’ 54.&s 56.41 53.Yv2 I.1 
Acid detergent fiber 

digested, % 18.8’ 22.8’ 30.22 23.1’ 2.2 
Cellulose digested, % 42.2’ 41.4’ 51.22 42.9l*’ I.6 

12Means in a row with different superscripts differ (X.05) 
lStandard error of treatment means; 3 observations per mean. 

trogen retention was similar with both NATURAL and NPN diets, 
In trial 2, the water pH X nitrogen source interaction was not 

significant, and main effect means are reported in Table 6. Results 
wme similar to those of trial 1, as far as the comparison of NATU- 
RAL and NPN diets; however, NPN-fed lambs had lower (x.05) 
digestion coefficients for cellulose and retained more (X.05) ni- 
trogen per day and as a percent of intake than NATURAL-fed 
lambs. When NPN supplies all of dietary nitrogen in ruminant 
diets, nitrogen retention is usually poorer than with natural protein 
sources (Oltjen 1969). However, urea supplied only 25% of the 
crude protein equivalent in the present study. 

Drinking water with a pH of 9.0 to9.5 resulted in higher(K.05) 
digestion coefficients for dry matter, organic matter, and cellulose 
than pH 5.5 to 6.0 water (Table 6). These results are not in agree- 
ment with those of Johnson et al. (1959), who reported noeffect of 
pH 9.76 drinking water on in vitro cellulose digestion. However, 
the control water in their study had a pH of 8.54, which limits 
comparison with our study. It is not clear why alkaline drinking 
water would improve dry matter or cellulose digestion. Perhaps an 
elevation in rumen pH might improve conditions for cellulose 
digestion or the added Cat* ions in the alkaline water may have 
enchanced cellulose digestion. Hubbert et al. (1958) have shown 
that calcium may stimulate cellulose digestion by rumen microor- 
ganisms in vitro. 

Since the water pH X nitrogen source interaction was significant 
(K.05) for dry matter, organic matter, acid detergent fiber and 
cellulose digestion in metabolism trial 3, the simple effect means 
for those variables are presented in Table 7. Within pH 5.5 to 6.0 
water, digestibilities were similar for NATURAL and NPN diets. 
However, with pH 9.0 to 9.5 drinking water, lambs fed the NPN 
diet had lower (x.05) acid detergent fiber digestibilities and 
tended to have lower coefficients for dry matter, organic matter 
and cellulose digestion than did NATURAL-fed lambs. Water pH 
appeared to have a greater effect on the NATURAL-fed iambs 
than on those fed the NPN diet, with the NATURAL 6.0 lambs 
having lower (x.05) digestion coefficients for dry matter, organic 
matter, acid detergent fiber and cellulose than NATURAL 9.0 
lambs. The reason for the effect of water pH on digestion in lambs 
fed the NATURAL diet is not clear, and not in agreement with 
results of the feeding trial. However, lambs in the metabolism trials 
were limit fed and cannot be directly compared with the ad libitum 

Table 8. Nitrogen balance data in metabolism trial 3 as influenced by diet- 
ary nitrogen source and drinking water pH. 

Item NATURAL NPN vH 6.0 vH 9.0 SEM’ 

Nitrogen intake, g/day 32.2 34.9 33.6 33.6 
Nitrogen digested, % 72.1’ 76.3’ 73.3’ 75.12 .50 
Nitrogen retained, g/day 13.3 14.4 13.2 14.5 .90 
N retained, % of intake 41.3 41.2 39.2 43.4 2.7 
N retained, % of absorbed 57.1 54.0 53.5 57.1 3.4 

“Means in a row within a main effect (NATURAL YS NPN or pH 6.0~ pH 9.0) with 
different superscri ts differ (K.05). 
5tandard error o P treatment means; 6 observations per mean. 
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fed lambs of the feeding trial. 
Unlike the dry matter and fiber digestibility data of trial 3, the 

water pH X nitrogen source interaction was not significant for 
nitrogen digestion and balance data (Table 8),. Lambs fed the NPN 
diet had higher (P<.OS) nitrogen digestion coefficients and tended 
to retain more nitrogen than lambs fed the NATURAL diet. 
Drinking water pH had little effect on nitrogen metabolism, except 
that lambs with pH 9.0 to 9.5 water digested more(K.05) nitrogen 
than lambs with pH 5.5 to 6.0 water. It should be pointed out that 
nitrogen retention values were high in all 3 trials with values greater 
than IO g per day in all cases. These values seem rather high for the 
diets used in the studies; but, when one considers the fact that the 
lambs were lightweight and eating the diets in excess of 4% of body 
weight, such values are plausible. In addition, the diets were high in 
crude protein and of fairly good quality, as evidenced by dry matter 
and organic matter digestion coefficients. 

In summary, these data suggest that drinking water pH has little 
effect on the performance of sheep fed diets containing 70 to 75% 
roughage. Moreover, the metabolism trial data suggest little effect 
of drinking water pH on digestion or nitrogen metabolism, except 
that higher digestion coefficients were observed with pH 9.0 to 9.5 
water, especially in lambs fed the NATURAL diet. Water pH did 
not influence nitrogen retention. We conclude that drinking water 
pH would appear to be of minimal concern in the management of 
grazing ruminants consuming diets similar in composition to those 
used in this study. 
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An Important Lichen of Southeastern 
tana Rangelands 

JAMES G. MACCRACKEN, LYNN E. ALEXANDER, AND DANIEL W. URESK 

Abstract 

The lichen (Parmelia chlorochroa) was most abundant in sage- 
brush and grassland vegetation associations, less so in the pine, and 
absent in riparian types. It was significantly associated with drier 
sites and bare ground. Lichens appear to have value in reducing 
erosion, as indicators of intensive grazing, and in contributing to 
the nutrient quality of soils. 

Lichens (Lichenes) are often conspicuous and abundant on ran- 
gelands of the Western United States, yet have been ignored by 
most range managers and researchers when quantifying vegeta- 
tion. Some published studies have presented cover and/or fre- 
quency estimates for lichens (Bear and Hansen 1966, Robinson 
1969, Eastman and Jenkins 1970, Pendergast and Boag 1970, 
Mitchell and Smoliak 1971, Anderson et al. 19X2), but failed to 
identify them by genus or species. Bear and Hansen (1966) later 
identified the lichen they encountered on southern Colorado ran- 
gelands as Parmelia chlorochroo (R.M. Hansen, pen. comm.). 
Most published studies about lichens deal with taxonomy and 
distribution (Wetmore 1967). 

Lichens have been reported to be an important food of large 
ungulates (Bergerud 1972) and grouse (Ellison 1966) in northern 
regions. Reindeer lichens (Cladonia spp.) were considered a low 
quality food by Bergerud (1972) becausetheycontained only2-6% 
protein. Lichens have been reported in the diets of mule deer 
(Odocoileus hemionus) (Lavaas 1958, Anderson et al. 1965, Wal- 
I,,,” et a,. 1972), pronghorn (Anrilocapra americona) (Bayless 
1969), and wild h”gs(Susscrufq)(Henryand Conley 1972)insmall 
amounts. Livestock utilize temperate region lichens whenvascular 
plants are heavily grazed. These lichens may be toxic or unpalata- 
ble t” livestock because of the acids they produce (Durrell and 
Newsome 1939). 

Lichens are an algae and fungus together in a mutualistic rela- 
tionship. The fungus provides support, structure, and protection, 
while the algae produce food, and together they form a str”ct”re 
known as a thallus (Hale 1969). There are 16,000 known species of 
lichen worldwide. Reproduction generally occurs as lichen pieces 
are broken off and wind blown (Wilson and Loomis 1962). Lichens 
are also dispersed by floods and spring thaws. They can live for 
decades, possibly centuries (Hanson 1967). Lichens exist on many 
substrates including soil, rock and plant material. 

Lichens are basic soil farmers and the first step in primary 
succession. They can establish without soil and break down rock 
chemically and mechanically (Stoddart et al. 1975). Lichens also 
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accumulate wind blown soil and organic matter (Daubenmire 
1968). thus reducing erosion. They play a major role in cycling 
nutrients from the air and from rainfall (Hanson 1967, Smith 
1980). Some lichen species have the ability to fix nitrogen through 
their blue-green algae component (Smith 1980). Many lichens can 
absorb and hold water, enabling them to exist under dry condi- 
tions. Lichens begin respiration at a low moisture content and 
require high light intensity (Looman 1964). They have also proven 
useful in monitoring levels of pollution from industry and nuclear 
weapons testing (Hanson 1967). 

Gorham (1947) showed that lichens can be used successfully as 
indicator species and Looman (1964) suggested they were valuable 
in classifying vascular vegetation associations in grasslands. Loo- 
man (1964) also suggested that lichens and bryophytes could be 
valuable species in the evaluation of range management programs, 
especially in grassland types. Anderson et al. (1982) concluded the 
same for cryptogamic soil crusts made up of algae lichens, and 
mosses in the Utah deserts. 

The purpose of this paper is to present estimates of canopy 
cover, biomass, and frequency of “ccurrence for the lichen Parme- 
lia chlorochroa (Fig. I) in four vegetation associations of so”- 
theater” Montana. 

Study Area and Methods 

The study area was immediately west of the town of Alrada, 
Mont., Carter County, along the northern edge of the Black Hills. 
The area encompassed approximately 11,303 ha, with elevations 
ranging from 1036 to I I28 tn. It included Black Hills and Northern 



Great Plains vegetation types. Wetmore (1967) described this as 
the prairie-forest border zone. 

Four major vegetation associations were recognized on the 
study area. Mapping vegetation associations on the study area 
showed that the sagebrush type covered 74% of the area. The most 
abundant vascular plants in this type were big sagebrush (Artemi- 
sia tridentata), western wheatgrass (Agropyron smithii), buffalo- 
grass (Buchloe dactyloides), needleleaf sedge (Gzrex eleocharis), 
and common yarrow (Achilles millefolium). Riparian areas made 
up 14% of the study area. Major plants there were box elder (Acer 
negundo), green ash (Fraxinus pennsylvanica), snowberry (Sym- 
phoricarpos spp.), western wheatgmss, smooth brome (Bromus 
inermis), kentucky bluegrass (Poapratensis). common dandelion 
(Taraxacum officinale), and curly dock (Rumex crispus). A pine 
forest type accounted for 8% of study area, and included ponde- 
rosa pine (Pinus ponderosa), bur oak (Quercus macrocarpa), 
Rocky Mountain juniper (Juniperus scopulorum), western wheat- 
grass, blue grama (Bouteloua gracilis), buffalograss, needleleaf 
sedge, common yarrow, and starry cerastium (Cerastium arvense). 
Another lichen species (Argrestia hispida) also occurred in this 
type, but only in trace amounts. Open grassland comprised 0.2% of 
the area, consisting of western wheatgrass, needleleaf sedge, blue 
grama, prairie sandreed (Calamovilfa longifolia), and plains prick- 
lypear (Opuntiapolyacantha). The rest of the study area (4%) was 
classified as disturbed lands under the influence of bentonite min- 
ing. Plant names follow those of Scott and Wasser (1980) and 
Wetmore (1967). 

Four areas of approximately 0.5 ha were selected for study in 
both the sagebrush and riparian areas. Two such areas were exam- 
ined in both the pine forest and grassland types. In each of the 12 
areas, percent canopy cover of P. chlorochroa and percent bare 
ground were determined following methods described by Dauben- 
mire (1959). In each area, 3 parallel line transects were systemati- 
cally established approximately 30.5 m apart. Each line transect 
was 50 m long. Estimates were taken in 50 quadrats (20 X 50 cm) 
systematically spaced at l-m intervals along each transect. Fre- 
quency of occurrence estimates were taken at the same time. 

Standing crop biomass of P. chlorochroa was determined for 
each area along two of the transect lines. Ten quadrats (20 X 50cm) 
were spaced at 5-m intervals along each line transect. All lichens 
within a quadrat were harvested, air-dried for 14 days, then oven- 
dried at 60°C for 24 hours, and weighed. Data collections were 
carried out during summers of 1979 and 1980. 

Differences in P. chlorochroa cover and biomass between years 
and vegetation types were examined using analysis of variance with 
mean values per transect. Duncan’s new multiple range test was 
used to identify which factors produced differences. P. chloroch- 
roa frequency was tested using chi-square contingency table and 
the relationship between P. chlorochroa canopy cover and bare 
ground was determined using rank correlation (Snedecor and 
Cochran 1967). Differences were considered significant at 0.05 
level. 

Results 
P. chforochroa canopy cover ranged from 0% in riparian habitat 

to 5% on sagebrush sites. Biomass reached a high of 126 kg/ ha on 
grassland sites in 1980, and percent frequency ranged from 0 on 
ripariati sites to 53 on grassland sites (Table I). Percent canopy 
cover of P. chlorochroa was greater (KO.01) in grassland and 
sagebrush than pineand riparian typesduring both years (Table I). 
There was no real differences (mO.05) between grassland versus 
sagebrush or riparian versus pine types, or years in lichen cover. 

However, lichen biomass was significantly higher (KO.01) in 
1980 than in 1979 in the grassland type (Table 1). No other vegeta- 
tion associations had significant differences (BO.05) in lichen 
biomass between years. Lichen biomass was also greater (KO.01) 
on sagebrush and grassland types than on pineand riparian associ- 
ations in 1980. There were no real differences (mO.05) in lichen 
biomass between sagebrush versus grassland or pine versus ripar- 
ian types. 

Differences in lichen canopy cover and biomass between replica- 
tions within a vegetation association were not significant (mO.05). 

Lichen occurrence was found to be significantly higher (x2 = 
103.9, KO.01) in grassland and sagebrush types for both years 
than in pine and riparian types. Lichen canopy cover was signifi- 
cantly correlated with percent bare ground (rs = 0.88, KO.01) on 
the study area (Table I). 

Discussion 

Wetmore (1967) stated that P. chlorochroa is a grassland spe- 
cies, scattered on soil in open prairies. It occurred loosely on soil 
surfaces, or slightly imbedded in soils on the study area. P. chlo- 
rochroa canopy cover, biomass, and frequency were highest on 
grassland and sagebrush vegetation associations supporting Wet- 
more’s (1967) classification of P. chlorochroa as a grassland 
species. 

Little published information on the ecology of P. chlorochroa as 
well as other lichens is available (Looman 1964, Anderson et al. 
1982). Our findings confirm Looman’s (1964), that P. chlorochroa 
favors xeric situations. 1980 was a drought year on the study area. 
P. chlorochroa biomass was higher during 1980 than 1979. Its 
absence from riparian areas also supports this conclusion. Looman 
(1964) ordinated lichen communities along a moisture gradient 
and stated that communities in which P. chlorochroa was a major 
species existed on very dry to dry grassland sites. 

P. chlorochroa abundance may be related to grazing intensity. 
Other biologists have suggested the same relationship (S. Shusa- 
han, pers. comm., Looman 1964). In Saskatchewan, Canada, Loo- 
man (1964) noted a decrease in P. chlorochroa in exclosures 
protected from grazing for a number of years. Anderson et al. 
(1982) reported that cover of lichens and mosses was 3 times 
greater on moderate-heavily grazed areas in Utah than in lightly 
grazed areas. The significant positive correlation between P. chlo- 
rochroa canopy cover and percent bare ground supports the con- 
clusion that this lichen favors areas with reduced vascular plant 
cover. Certain areas in this sagebrush type were lacking herbaceous 
growth. P. chlorochroa canopy cover and frequency of occurrence 
was highest in areas were herbaceous cover was lacking. This 
species of lichen may be indicative of areas lacking in vegetation 
because of grazing in sagebrush and grassland habitats, and 

Table 1. Mean (3~ SE) percslt canopy cover, percent frequency of occurrence, end kicilograms per hectare of Pumteliu chhorhroa end percent bare 
ground of 4 vegetation types for 2 years in southeastern Montana. 

Parmelia chlorochroa 
Cover Biomass Frequency Bare ground 

Vegetation type 1979 1980 1979 1980 1979 1980 1979 I980 

Grassland 
Pine forest 
Sagebrush 
Riparian 

YI 

2&l 5f2 * 12ti49 53fl8 52Ztl3 27f2 18f2 
If0 * * 1 If4 13*5 3f2 1 If2 13f3 
Sfl 2Z!ZO 3Ml5 92f16 5x9 4lf5 23f2 15fl 

0 0 0 0 0 0 5fi lof2 
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undoubtedly is beneficial in the recovery of such areas by contri- 
buting organic matter and nutrients to the soil and by reducing soil 
erosion. However, lichen growth is extremely slow (I mm/yr.); 
consequently, areas supporting P. chlorochroa would have a long 
history of conditions favorable to this lichen’s growth. 

Since P. chlorochroa favors areas of bare ground and grows 
rather slowly, its presence and size can be used to date erosion (see 
Looman 1964). The occurrence of mature pedesteled plants on 
bare ground sites indicates severe erosion. The presence of lichens 
on such a site with a thallus diameter of 25 mm would indicate that 
the site has been favorable to lichen growth for about 25 years and 
thus erosion can be traced back at least that far. 

Durrell and Newsome (1939) stated that P. molliuscula had been 
reported to cause livestock poisoning. This may also be true of P. 
chlorochroa, but has not been documented. An aversion by lives- 
tock would insure P. chlorochroa’s continued presence with asso- 
ciated benefits in intensively grazed areas. 
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Beef Cattle Performance on Crested 
grass plus ‘Native Range vs. Native 
Alone 

Wheat- 
Range 

R.H. HART, J.W. WAGGONER JR., D.H. CLARK, C.C. KALTENBACH, J.A. HAGER, AND M.B. MARSHALL 

Abstract 

Cattle gains and conception rates in 1974-1977 on crested 
wbeatgrass pasture in spring and fall and native range in summer 
(CW-NR system) were compared with performance on native 
range throughout the grazing season (NR system). The CW-NR 
and NR systems were stocked at 0.20 and 0.10 AU/ha, respec- 
tively. Conception rates on CW-NR and NR were 84% and 86%, 
respectively, excluding results from 1975 when there were prob- 
lems with heat detection; this difference was not significant. Cow, 
heifer, and calf gains (average of 0.30, 0.41, and 0.82 kg/day, 
respectively) and calf weaning weights (average of 196 kg) did not 
differ significantly between systems. Because of the higher carrying 
capacity of CW-NR, calf production averaged 24.8 kg/ha vs. 13.0 
kg/ha on NR. Other advantages of the CW-NR system included 
reduced labor for heat checking and for gathering cows for 
breeding. 

For years livestock producers in the Great Plains of the western 
United States have relied upon native range forage as a major feed 
source for ruminant livestock. However, rising production and 
land investment costs have forced producers to use improved 
grazing systems to increase efficiency of animal production. A 
delayed-spring-use grazing system, as defined by Heady (1969), is a 
system designed to delay the use of native range through the use of 
earlier maturing cultivated grass pastures in the spring. Delayed- 
spring-use systems increased the carrying capacity of native ranges 
in the Northern Great Plains (Lodge 1970). Combinations of 
improved pastures and native range have improved average daily 
gains, reduced the acreage required per animal unit, and/or leng- 
thened the grazing period when compared to native range alone 
(Lodge 1963, Smoliak 1968, Smoliak and Slen 1974). Frischknecht 
et al. (1953) found crested wheatgmss [Agropyron desertorum 
(Fisch.) Schult.] development to be 2-3 weeks ahead of develop- 
ment of native grasses in Utah. Rauzi( 1975)concurred, noting that 
crested wheatgrass is best used in early spring, because a sharp 
decline in nutrients occurs from May through July. These results 
agree with those reported by Springfield and Reid (1967), Smoliak 
(1968) and Currie (1970). 

The purpose of this 4-year study was to determine if a delayed- 
spring-use system, combining crested wheatgrass with native 
range, would increase animal productivity in the High Plains 
region. During the experiment the following data were collected 
and evaluated: (1) cattle weight changes; (2) breeding performance; 
(3) carrying capacity and forage production; and (4) chemical 
composition of the spring diets of grazing cattle. 

Materials and Methods 

This study was conducted on the High Plains Grasslands 
Research Station, Cheyenne, Wyo. Average annual precipitation 

Hart is research agronomist, USDA, ARS, High Plains Grasslands Research 
Station, 8408 Hildreth Road, Cheyenne, Wyo. 82009. Waggoner is animal nutrition- 
ist; Clark, Hager, and Marshall are former research assistants; and Kaltenbach is 
ammal physiologist, Division of Animal Science, University of Wyoming, Laramie 
82071. 

This study involved cooperative investigations of the USDA. ARS. and the Uniwr- 
sity of Wyoming Agricultural Experiment Station. 
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1941-77 was 37 cm, with 44sfalling April-June and 22% July-Au- 
gust. During the study annual precipitation ranged from 25 cm in 
1974 to 35 cm in 1977, with 62 and 83% respectively falling April- 
August. Average frost-free growing season is 132 days. Topo- 
graphy of the Station is rolling hills at elevations of 1890-1950 m. 

Native vegetation is short or mixed grass prairie, dominated by 
blue grama [Boutelouagrucilis (H.B. K.) Lag. ex Griffiths], western 
wheatgrass (Agropyron smithii Bydb.), sedges (Curex spp.), and 
needleandthread (Stipu comutu Trin. & Rupr.), which made up 46, 
18, 14, and 10% of the standing crop 1975-77 (Samuel and Howard 
1982). Other plant species include prairie Junegrass [Koeleriu cris- 
tutu (L.) Pers.], scarlet globemallow [Sphuerulceu coccinea 
(Pursh.) Rydb.], and fringed sagewort (Artemisiufrigidu Willd.). 
Crested wheatgrass pastures contained nearly pure stands of 
crested wheatgrass [Agropyron desertorum (Fisch.) Schult.] with 
some smooth bromegrass (Bromus inermis Leyss.) and yellow 
sweetclover (Melilotus of’j%inulis Lam.). Crested wheatgrass pas- 
tures were not fertilized. 

A herd of commercial mixed breed cattle was divided each year 
into two herds. We attempted to balance cow, yearling heifer, and 
calf weights; cow and calf ages; and breeds between the herds. 
Mean initial weights of cattle in the NR and CW-NR herds, 
respectively, were cows, 442 and 435 kg; heifers, 310 and 306 kg; 
and calves, 78 nd 81 kg. Mean cow ages in 1974, 1975, 1976, and 
1977 were 4.5, 4.4, 3.9 and 3.5 years, respectively, reflecting pro- 
gressive culling of older cows. The CW-NR herd (see Table 1 for 
numbers and stocking rates) was assigned to 17 ha of crested 
wheatgrass for 6 weeks in May and June, then moved to 192 ha of 
native range from June through November. Calves were removed 
from the pastures and weaned 16 September 1974, I1 September 
1975, 21 September 1976, and 20 September 1977. Cows and 
heifers were returned to the crested wheatgrass for about 6 weeks 
depending upon the amount of fall vegetative regrowth. The NR 
herd was assigned to 295 ha of native range for the entire May to 
December grazing period. Cattle were weighed at 14day intervals, 
after a 9-12 hour shrink without feed or water, throughout the 
grazing season. 

All cows were wintered on 5 1 ha of native range, part of which 
had been overseeded with crested wheatgrass, with hay provided as 
needed. A high-energy low protein supplement was fed at 0.9 
kg/head/day during the last third of gestation, then at 1.4 
kg/ head/day from calving until spring turnout. Minerals and salt 
were provided ad libitum at all times. 

In I974 Hereford bulls were turned into the pastures 20 May and 
remained for 65 days. In 1975-77, cows coming into heat in the first 
45 days of the breeding season, beginning about 20 May, were 
artificially inseminated. Hereford cleanup bulls were used for the 
subsequent 20 days. One technician was employed in each pasture 
to detect cows in heat and all breeding was done by one technician. 
Pregnancy diagnosis was by rectal palpation in the early fall, with 
all open cows removed from the study herds at the end of that 
grazing season. Heifer breeding performance is not included in the 
data because heifers were bred at the University Farm in Laramie, 
wyo. 
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Table 1. Summary of animal production on crested wheatgrass plus native range (CW-NR) or on native range alone (NR), 1974-1977. 

Year 

1974 

1975 

1976 

1977 

Mean 

Grazing 
season Starting 
(days) date 

238 2 May 

233 3 May 

218 5 May 

211 I8 May 

225 7 May 

System 

NR 
CW-NR 

NR 
CW-NR 

NR 
CW-NR 

NR 
CW-NR 

NR 
CW-NR 

Stocking rate Performance 

Cow-calf Yearling ADG May-Dec. Calf 
pairs heifers AUM/har cow Heifer production 

--ka- kg/ha 
I8 II .72 .20 .25 10.7 
24 I5 I.31 .I8 .39 20.4 
I8 8 .64 .I2 .22 II.1 
23 I6 1.29 .20 .26 20.2 
I8 20 .8l .37 .48 12.4 
27 22 I.51 .40 .5l 25.6 
25 II .79 .32 .40 17.9 
32 I2 1.39 .42 .49 32.8 
20 I3 .74 .25 .34 13.0 
27 I6 1.39 .30 .4l 24.8 

‘One cow-calf pair = I animal unit; one heifer = .75 animal unit 

Herbage standing crop was determined 1975-1977 by clipping 
caged exclosures after cattle were removed from the crested wheat- 
grass (CW) pastures or during the time of peak standing crop in 
August in the native range (NR) pastures. Exclosures were placed 
in new locations each year. In 1976 and 1977, samples also were 
clipped outside the exclosures to estimate utilization. Esophageal- 
fistulated cattle, kept in drylot 8 hours before each sampling, were 
used to obtain samples of grazed forage to determine crude protein 
(CP) concentration and in vitro dry matter digestibility (IVDMD) 
of cattle diets. Details of sampling were reported by Samuel and 
Howard (1982). Samples were dried in a forced-air oven at 60” C 
and ground through a Wiley mill to pass a l-mm screen. IVDMD 
was determined by the Tilley and Terry (1963) technique and CP 
concentration was determined by the Kjeldahl method (AOAC 
1965). 

although the difference was significant only in 1974 and 1977, 
indicating the high amount of available nutrients in CW during the 
spring. However, in June IVDMD values for CW were similar to 
or lower than those for NR because of the rapid maturing and 
subsequent decline in quality of CW. This agreed with the findings 
of Cook and Harris (1952), Rauzi (1975), and Hart et al. (1983), in 
which they reported rapid declines in CW nutrients associated with 
advancing maturity. During lactation and breeding, nutrient levels 
are critical for maintaining optimum animal productivity (Wilt- 
bank et al. 1962). Mean CP and IVDMD values of diets in May 
and CP values in June indicate CW pastures are superior to native 
shortgrass range as spring forage for cattle. 

Results and Discussion 

Crested wheatgrass produced over twice as much herbage as 
native range (2410 vs 1020 kg/ ha). Native range produced the same 
amount of herbage under both grazing systems. CW herbage pro- 
duction in 1975, 1976, and 1977 was 2020, 2800, and 2410 kg/ha, 
and April precipitation in the same years was 2.3,4.8, and 4.4 cm, 
respectively. The regression equation Y = 1370+ 270 P, in which Y 
= CW yield in kg/ ha and P = April precipitation in cm, accounted 
for 87% of the variation in CW yield. April + May and April 
through June precipitation accounted for only 47 and 6%, respec- 
tively, of variation in C W yield. Currie and Patterson (1966) found 
that spring precipitation, particularly April precipitation, deter- 
mined CW forage production. 

Crude protein concentration of cattle diets on CW in May 1974 
and in May and June 1975 were significantly higher (X.05) than 
those of diets on NR (Table 2). Crude protein concentations of CW 
and NR diets were similar in both 1976 and 1977. The IVDMD 
values during May were higher for CW than for NR in all years, 

In 1975 cows in the NR system had a significantly higherconcep- 
tion rate than cows in the CW-NR system (Table 3). This difference 
may have reflected a disparity in skills of the technicians detecting 
heat rather than an effect of the systems. There were no significant 
differences between systems in conception rates in 1974 when all 
cows were bull-bred, or in 1976 and 1977 when the technicians 
exchanged pastures each day. Average conception rates were 79% 
and 88% for CW-NR and NR, respectively, over the 4-year period, 
or 84% and 86% when 1975 data were omitted; neither difference 
was significant. Cows that bred successfully were heavier at the 
beginning of the breeding season than cows that remained open 
(446 vs. 425 kg). However, there was no significant difference in 
cows weights between systems. Frischknecht et al. (1953) and 
Houston and Urick (1972) showed that conception rates were 
elevated when cows were concentrated in smaller areas for heat 
detection or breeding by bulls, but this was not demonstrated in 
our study. However, labor of heat checking and collectingcowsfor 
insemination was redued under the CW-NR system. 

Table 2. Crude protein concentration and in vitro dry matter digestibility 
(IVDMD) of cattle diets (%) on crested wheatgrass (CW) and native 
range (NR) pastures in spring. 

Crude protein IVDMD 

Year Month cw NR cw NR 

1974 May 21.0 * 14.6 62 * 50 
June 14.6 13.3 50 52 

1975 May 20.1 * 16.0 53 48 
June 23.2 * 14.5 50 * 66 

1976 May 12.4 13.3 69 66 
June 12.9 12.8 - - 

1977 May 12.9 13.4 58 * 52 
June II.3 II.2 53 53 

Mean May 16.6 * 14.3 60 * 54 
June 15.5 * 13.0 51 * 57 

*Indicates pastures means are significantly different (KOS). 

Calf gains from birth to weaning in September increased signifi- 
cantly from 0.75 kg/day in 1974 to 0.90 kg/day in 1977, reflecting 
the effect of herd improvement due to culling. The higher gains 
resulted in an increase of 22% in weaning weights from 178 kg in 
1974 to 217 kg in 1977. Calf performance showed no significant 
differences between grazing systems in birth weights, averagedaily 
gains, or weaning weights. Average weaning weight over the entire 
study was 196 kg, almost identical to the maximum weaning weight 
at stocking rates below the critical stocking rate (Hart 1978) in the 

Table 3. Cow conception rates (%) on crested wheatgrass plusnative range 
(CW-NR) or on native range alone (NR). 

Year CW-NR 

1974 88 
1975 64 * 
1976 74 
1977 91 
Mean 

1974-77 79 
1975 omitted 84 

*Indicates system means are significantly different (K.OS). 

NR 

78 
94 
84 
96 

88 
86 
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Fig. 1. Seasonalpatterns of cow, calf; and heifer weights on crested wheaf- 
grass plus native range (C W-NR) or on native range alone (NR). 

study of Houston and Woodward (1966). Thus stocking rates 
might not have been high enough to detect differences in calf 
weights between systems. 

Cows on the CW-NR system averaged 7 kg lighter than those on 
the NR system at the start of the grazing season, but gained faster 
and achieved equal weight in the first few weeks on crested wheat- 
grass (Fig. I). As quality and availability of crested wheatgrass 
decreased, weights of CW-NR cows again dropped below those of 
NR cows. When the CW-NR cows were turned into range in 
mid-June, they gained faster than the NR cows, probably because 
more forage was available following deferral of grazing, and by 
July the CW-NR cows again were heavier than the NR cows. 
Clipping in late August of 1976 and 1977 estimated forage utiliza- 
tion of 18.5 and 20.6 kg/AU/day on the range pastures of the 
CW-NR and NR systems, respectively. Utilization did not differ 
significantly between systems, suggesting that forage supply had 
not differentially affected intake up to this time. However, a 
decline in weight of the CW-NR cows in September and October 
indicated the higher stocking rate on this system (0.20 vs 0.10 
AU/ha on the NR system) had reduced the forage supply below 
that necessary to maintain cow weights. By early November, just 
before the CW-NR cows were returned to the crested wheatgrass 
pasture, they averaged 17 kg lighter than the NR cows. However, 
the CW-NR cows gained weight on crested wheatgrass in 
November and December, while the NR cows lost weight on the 
range, so by mid-December the former were 4 kg heavier than the 
latter. 

Weights of heifers followed a pattern very similar to that of 
cows, except gains were larger and differences between systems 
were smaller. Heifers on CW-NR were 4 kg lighter than those on 
NR at the start of the grazing season, but weights were nearly the 
same on both systems fr6m early June until early September. In 

September and October, heifers on CW-NR gained more slowly 
than those on NR, and weighed 7 kg less by early November. The 
CW-NR heifers continued to gain after returning tocrested wheat- 
grass pasture, while the NR heifers lost weight on the range, so by 
mid-December the former were 6 kg heavier than the latter. 

Calves gained weight steadily all season long on both systems, 
with the calves on CW-NR 3 kg and 1 kg heavier than those on NR 
at the beginning of the season and at weaning, respectively. Gains 
were very nearly constant over the season; when the regressions of 
weights on dates were calculated, date accounted for .998 and .996 
of the variation in weights on CW-NR and NR, respectively. 

On a combination of crested wheatgrass and native range, it was 
possible to double the stocking rate of cattle as compared to the 
rate on native range alone, without reducing breeding performance 
or gains of cows, heifers and calves. Mean annual forage produc- 
tion on the entire CW-NR system was 145 metric tons (on 209 ha) 
vs. 168 metric tons (on 295 ha) on the NR system. Thus we carried 
34% more cattle (see Table 1) on 14% less forage; one might suspect 
suspect the N R system was understocked, but weight losses of cows 
and heifers at the end of the season suggests the stocking rate was 
not too low. We suggest that the higher quality and greater availa- 
bility of crested wheatgrass forage during spring and late fall, 
traditionally periods of feed shortage on the range, were responsi- 
ble for the large increase in carrying capacity. Because of the 
increased carrying capacity of the wheatgrass-range system, it 
produced nearly twice as much weaned calf weight per hectare as 
did native range alone. 
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Supplementation of Yearling Steers Grazing 
Fertilized and Unfertilized Northern Plains 
Rangeland 
J.F. KARN AND R.J. LORENZ 

Abstract 

Supplementation studies were conducted with yearling steers on 
a silty range site in central North Dakota, where yearly precipita- 
tion averaged 380 to 410 mm. The studies were conducted for 3 
summers on both fertilized (45 kg N/ha) and unfertilized native 
pastures. Animal performance was compared to seasonal changes 
in the chemical composition of pasture samples collected with 
esophageal-fistulated steers. Chemical composition differences 
between diet samples from the fertilized and unfertilized pastures 
were inconsistent, but generally protein was higher and acid deter- 
gent fiber lower on the fertilized pasture. Supplementation with 
barley in the early summer resulted in little benefit, but supplemen- 
tation with barley in the late summer, especially when pasture 
digestibility (in vitro) dropped to 50 to 52%, was beneficial on both 
the fertilized and unfertilized pastures. However, the response was 
not consistent between years. Barley supplementation appeared to 
be economically viable, but the feasibility of this practice will vary 
from year to year, depending on the price of barley relative to the 
price of steers. The results of protein supplementation were more 
erratic, possibly because of differences in precipitation patterns 
and hence plant growth between years. 

Native rangelands in the Northern Great Plains support good 
summer weight gains on yearling steers. Therefore, little considera- 
tion has been given to use of supplements which might produce still 
greater and more efficient gains. Rogler and Lorenz (1965) have 
shown that beef cattle carrying capacity of the Northern Great 
Plains mixed grass prairie can be approximately doubled with 
appropriate nitrogen fertilization. However, fertilization was 
shown to favor the growth of cool-season midgrasses, particularly 
western wheatgrass (Agropyron smithii), with an associated reduc- 
tion in the stand of blue grama (Boutelouagracilis), a warm-season 
shortgrass (Lorenz and Rogler 1972). This shift in species composi- 
tion alters the seasonal growth pattern and may affect the nutri- 
tional value of the grazing animal’s diet. 

There is limited information available on the chemical composi- 
tion of native forages in the Northern Great Plains, especially with 
respect to changes during the grazing season. Information availa- 
ble on the value of supplementing yearling steers grazing native 
forage is also limited. However, Raleigh (1970) reported positive 
results from a supplementation scheme developed for use in east- 
ern Oregon. Both crude protein (CP) and energy were supple- 
mented as required to complement the diet of yearling steers 
grazing crested wheatgrass (Agropyron desertorum). A beneficial 
effect from energy supplementation of steers grazing spring native 
range in eastern Colorado has been reported by Denham (1977). 
These results suggested that CP and/or energy supplementation 
might also be beneficial to grazing steers in the Northern Plains. 
Thus the objectives of this study were: (I) to determine the chemi- 
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cal composition of esophageal fistula diet collections taken from 
fertilized and unfertilized native range throughout the grazing 
season, and (2) to study the effect of CP and energy supplementa- 
tion on the performance of yearling steers grazing these 
rangelands. 

Materials and Methods 

Summer supplementation studies were undertaken in 1977, 
1978, and 1979 on a Northern Great Plains silty range site in the 
380-410 mm rainfall area of central North Dakota. Predominate 
forage species were western wheatgrass (Agropyron smithii). 
prairie junegrass (Koeleria cristata), blue gmma (Boutelouagraci- 
lis), needleandthread (Stipa comata), green needlegrass (Stipa vir- 
id&), and upland sedges (Carex spp.). Big bluestem (Andropogon 
gerardii) was present in low areas and along intermittent water- 
ways. The experimental site had been previously separated into 2 
pastures. The smaller of these (14.2 hectares) had been fertilized 
annually for 20 years with 45 kg nitrogen per hectare (45-N). This 
practice was continued during these studies. The other pasture 
contained 28.4 hectares and had not been fertilized (O-N). The same 
number of steers were grazed on each pasture based on results of 
work by Rogler and Lorenz (1965), which demonstrated that a 
hectare of fertilized rangeland would support twice as many steers 
as a hectare of unfertilized rangeland. 

Five esophageal-fistulated steers were used to collect weekly diet 
samples from each pasture in 1977 and 1978. The 1977 study was 
conducted from mid-May until mid-September and the 1978 study 
from mid-May until mid-October. In 1979 diet samples were col- 
lected every second week from mid-May to mid-October using 6 
esophageal-fistulated steers. Diet samples were collected from 
both pastures the same day by using the same steers. To avoid a 
possible pasture bias, samples were collected one week from the 
45-N pasture first and the next week from the O-N pasture first, 
Obioha et al. (1970), reported slight but significant differences in 
nitrogen level between morning and evening forage samples col- 
lected via esophageal fistula. The difference was attributed to 
differences in grazing selectivity due to hunger. In our study sam- 
ples were collected from pastures in the morning, with samples 
collected from the second pasture immediately following the first. 
Esophageal-fistulated steers were maintained on an adjacent O-N 
native pasture and were not supplemented. They were kept off feed 
the night before sampling to facilitate diet collections. 

Diet samples collected by individual steers were dried to a con- 
stant weight at SO“ C in shallow pans in a forced draft oven then 
ground throught a l-mm screen in a Wiley mill. Chemical analysis 
included Kjeldahl nitrogen, in vitro digestible organic matter (Til- 
ley and Terry 1963, Moore and Mott 1974), neutral detergent fiber 
(Van Soest and Wine 1967), acid detergent fiber (ADF) and lignin 
(Van Soest and Wine 1968). In 1978 and 1979 diet samples from 
individual steers were processed the same as in 1977. Kjeldahl 
nitrogen was measured on each sample, but the other chemical 
analyses were performed on a composite sample for each pasture 
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Table 1. Chemical comypition of forage samples collected via esopbagel fiitulated steers during tbe summer grazing season from native range receiving 
45-N and O-N (1977). 

Month 

IVDOM 
% 

Pasture 
45-N O-N 

CP NDF ADF 
% of D.M. 

Lignin 
% of D.M. % of D.M. % of D.M. 

Pasture Pasture Pasture Pasture 
Mean 45-N O-N Mean 45-N O-N Mean 45-N O-N Mean 45-N O-N Mean 

May’ 66.2 62.4 64.3 19.1 12.8 16.0 56.6 66.6 61.6 33.5 46.8 37.2 7.6 6.5 7.0 
June 59.7 57.4 58.6 13.4 10.5 12.0 69.4 JO.6 70.0 39.1 44.3 41.7 6.4 8.2 7.3 
July 56.6 53.6 55.1 12.7 8.8 10.8 10.6 JO.6 70.6 41.5 44.6 43.0 7.2 7.7 7.4 
August 58.2 52.5 55.4 12.2 7.9 10.0 67.3 66.4 66.8 42.2 46.6 44.4 7.4 9.1 8.2 
September 60.3 55.9 58.1 16.2 12.6 14.4 64.5 66. I 65.3 39.1 46.8 43.0 6.8 9.6 8.2 
mean 60.2” 56.4’ 58.3 14.7” 10.5b 12.6 65.7” 68.lb 66.9 39. I” 44.6b 41.9 7.1’ 8.2b 7.6 
‘Pasture means with the same heading and different superscripts differ significantly (K.05). 
*Each value isan average of20samples(4dates by5steers)except September, whichcontains only3samplingdatesand May whichcontains 19samplesfor the45-N pastureand 
I8 for the O-N pasture. 
‘Contains June 2 sampling date. 

for each sampling date. Data wereanalyzed by collection period by 
using either an arithmetic mean of data from individual diet sam- 
ples or data from the chemical analysis of a composite sample. 

equipment to facilitate supplementation when the study was 
initiated. 

1977 Study 
Twenty yearling Hereford steers weighing approximately265 kg 

were randomly assigned to either the 45-N or O-N pasture. Five 
steers on each pasture were then randomly assigned to one of the 
following treatments: (I) no supplement, or (2) .9 kg dry rolled 
barley containing 2.7 Meal DE and 119 gm CP. Steers were cor- 
ralled each morning before 1000 hours CDT and those that 
received supplement were individually fed. Refused supplement 
was weighed and subtracted from the amount offered. The experi- 
ment was started June 1 and terminated July 22 because of a severe 
drought and consequent lack of forage, which forced removal of 
the steers from the pasture. All steers had continual access to a 
50-50 mixture of salt and dicalcium phosphate. 

Weight gains for each pasture, each period, and each year were 
analyzed separately, then the two years of ES data and the two 
years of LS data were analyzed as randomized complete blocks. 
Treatment differences were determined by Duncan’s multiple 
range test and were considered statistically significant at the 5% 
level of probability. 

Results 

1977 Study 
Forage Chemical Composition 

Initial and final steer weights represented an average of 2 weigh- 
ings each, 24 hours apart. Intermediate weights were taken approx- 
imately every 2 weeks. All weights were taken following an 
overnight stand without feed or water. 

1978 Study 
This study was initiated June 2 and continued a full 152day 

grazing season, but was divided into two periods. Feeding and 
weighing procedures were the same as in 1977. In the early summer 
(ES) period 30 yearling Hereford steers weighing 267 kg were 
randomly assigned to either the 45-N or O-N pasture, then 5 steers 
on each pasture were randomly assigned to each of the following 
treatments: (1) no supplement, (2) .68 kg dry rolled barley (2.0 
Meal DE and 87 gm CP) or (3) .68 kg brewers grains (1.8 Meal DE 
and 179 gm CP). Steers offered brewers grains consumed this 
supplement very poorly, thus their data were not included in the ES 
results. The ES period was terminated after 45 days and the late 
summer (LS) period continued the last 107 days of the grazing 
season. Treatments I and 2 were continued, but treatment 3 was 
changed to .45 kg soybean meal and .23 kg rolled barley (2. I Meal 
DE and 247 gm CP). Steers averaged 322 kg when the LS period 
began. 

Steer differences in diet selection on the 45-N pasture were 
reflected by standard errors in the CP content of weekly diet 
sample means, which ranged from 17.5f.93 to Il.*. 13. Standard 
errors were comparable on the O-N pasture. Crude protein and in 
vitro digestible organic matter (IVDOM) were higher (K.05) and 
neutral detergent fiber (NDF), ADF, and lignin lower (K.05) for 
the 45-N compared to the O-N pasture (Table I). Although NDF 
was lower (X.05) on the 45-N pasture, monthly averages shown 
in Table 1 indicate that differences were primarily in the May 
samples. There was a difference (K.05) in CPand IVDOM values 
between periods, with a general decline through August followed 
by an increase in September. Neutral detergent fiber and ADF 
values were also different (K.05) between periods, showing a 
gradual seasonal increase followed by a decrease in NDF in August 
and ADF in September. Lignin was not different (D.05) between 
sampling periods. The greatest decline in CP and IVDOM 
occurred between May and June when the paucity of forage pre- 
cluded grazing. The increase in CP and IVDOM in late summer 
was a reflection of unusually heavy rainfall (Table 2), resulting in 
new forage growth which was selected by the fistulated steers. The 
September decline in NDF, ADF, and lignin in 45-N pasture diet 
samples was also indicative of higher forage quality. However, 
NDF, ADF, and lignin in diet samples from the O-N pasture 
changed little in September. 

Animal Performance 

1979 Study 
Results of the supplementation study (Table 3) show that steers 

Thirty yearling Hereford steers, weighing 308 kg, were 
implanted with 30 mg diethylstilbestrol and individually supple- 
mented as in 1977 and 1978. Supplementation treatments were: (I) 
no supplement, (2) .68 kg dry rolled barley (2.0 Meal DE and 87 gm 
CP), and (3) .68 kg brewers grains containing I .8 Meal DEand 179 
gm CP. The study was not initiated until July 19 because the 
greatest benefit to supplementation in 1978 appeared to be in the 
LS and fall period. Steers were removed from the 45-N pasture 
September 21 and from the O-N pasture October 19. 

Table 2. Growing season precipitation (mm). 

Poor acceptance of the feeding procedure by steers had been a 
problem in 1977 and 1978. Thus, during the early part of the 
summer of 1979, steers were trained to use the individual feeding 

Month 1977 1978 I979 

May 37 107 I9 
June 57 72 34 
July 42 44 167 
August 47 I3 41 
September 244 53 21 
October 32 9 4 

Mean 
1915-1979 

55 
86 
60 
41 
38 
22 
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Table 3. Effect of supplementation on daily gains (kg) of yearling steers during early and late summer periods.* 

Early Summer Late Summer 

1971 1978 Mean 1978 1979 

Supplement 45-N O-N 45-N O-N ES 45-N O-N 45-N O-N 

No Supp. .89”’ I.1 I” 1.22” l.l48 1.09” .20” .47” .84’ .6ca 
Barley’ I .08” l.32b I .24= 1.19* I.26 .31b .54’ .94’ .82b 
CP supp.4 - - - - - .36b .52” .89” .78b 

‘Days on supplement; 1977 = 51, 1978 ES = 45. 1978 LS = 107, 1979 45-N = 63, 1979 O-N = 91. 
*Means in a column with the same superscript are not different (p>.O5). 
‘1977, 2.67 Meal DE and 104 gm CP, 1978 and 1979, 1.95 Meal DE and 87 gm CP. values based on actual consumption. 
‘1978 LS (soy-barley), 2.06 Meal DE and 242 gm CP, 1979 (brewers grains), 1.69 Meal DE and 168 gm CP, values based on actual consumption. 

Mean 
LS 

.54” 

.65b 
kAb 

fed barley on the 45-N pasture tended to gain better (1.08 kg/da) 
than unsupplemented steers (.89 kg/da), but the difference was not 
statistically significant. Steers supplemented with barley on the 
O-N pasture did, however, gain more (X.05) than controls (1.32 vs 
I. 1 I kg/ da). The response of steers to supplemental energy in this 
experiment may have been due to a shortage of forage, rather than 
to a decline in forage quality. The experimental design called for 
both energy and CP supplementation during the late summer and 
and fall, but drought induced lack of forage caused the study to be 
terminated following the early summer period. 

1978 Study 
Forage Chemical Composition 

Chemical composition of diet samples from the 45-N and O-N 
pastures are shown in Table 4. Crude protein and NDF were higher 
(K.05) for the 45-N pasture while lignin was higher (K.05) for 
the O-N pasture. The presence of mature western wheatgrass begin- 
ning in late June probably accounted for the high NDF for the 
45-N pasture. Acid detergent fiber and IVDOM tended to be 
higher for the O-N pasture, but differences were not significant. 

Crude protein and IVDOM decreased (K.05) throughout the 
season while NDF, ADF, and lignin increased (X.05) as the 
season progressed. The greatest change in NDF and IVDOM, 
however, had occurred by June and July, respectively. Crude 
protein and ADF changed more gradually throughout the season. 
Although lignin differed (X.05) between sampling times, there 
was not a consistent seasonal trend for the 45-N pasture. 

Animal Performance 
Steers supplemented with barley during the ES period gained 

little better (m.05) than unsupplemented steers on either pasture 
(Table 3). However, in the LS period, steers that received either 
barley or a CP supplement on the 45-N pasture had greater (K.05) 
weight gains than unsupplemented steers (Table 3). The efficiency 

of supplement utilization was calculated by dividing the amount of 
supplement consumed by the difference in gain between supple- 
mented and unsupplemented steers. Efficiencies were 5.9 and 4.4 
kg feed/ kg gain, respectively, for the barley and CP supplemented 
steers. Steers fed either barley or the CP supplement on the O-N 
pasture tended to gain more than unsupplemented steers, but 
differences were not significant. 

Average cumulative weight gains of steers on the 45-N and O-N 
pastures for both the ES and LS periods were combined by weigh- 
ing period and plotted with combined diet CP and IVDOM values 
(Fig. 1). Diet CP dropped below the NRC requirement (National 
Researcti Council 1976) for 350 kg steers to gain .9 kg per day by 
August 3. There was little response to supplemental CP at this 
time, but animal gains were only about .3 kg/day regardless of 
treatment. Protein supplementation appeared beneficial beginning 
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Fig. 1. Cumulative weight gains, forage CP and IVDOM, 1978. 

Table 4. Chemical composition of forage samples collected via esophageal fistulated steers during the summer grazing season from native range receiving 
45-N and O-N (1978)J 

Month 

IVDOM* CP’ 
% % of D.M. 

NDP ADF2 Ligninz 
%ofD.M. % of D.M. %of D.M 

Pasture 
45-N O-N 

Pasture 
Mean 45-N O-N 

Pasture 
Mean 45-N O-N 

-Pasture 
Mean 45-N O-N 

,_ ~~ _ 
Pasture 

Mean 45-N O-N Mean 

May4 71.1 70.5 70.8 16.4 14.1 15.2 50.4 59.1 54.8 33.1 36.9 35.3 8.0 6.7 7.4 
June 60.6 58.0 59.3 10.9 8.9 9.9 70.8 66.5 68.6 42.0 41.5 41.8 7.0 6.1 6.8 
July 47.3 53.8 50.6 10.2 10.0 IO.1 70.9 67.2 69.0 44.2 45.1 45.0 8.2 9.2 8.7 
August 50.0 50.3 50.2 9.4 8.7 9.0 70.4 66.0 68.2 45.9 47.1 46.5 8.4 10.0 9.2 
September 48.1 41.3 41.1 6.9 7.2 7.0 73.1 64.7 69.2 48.8 48.6 48.7 8.0 10.8 9.4 
October 45.7 48.7 47.2 7.8 5.5 6.6 73.1 70.7 71.9 50.3 51.6 51.0 9.2 9.3 9.2 
mean 53.8’ 54.8” 54.3 10.3. 9.lb 9.7 68.2’ 65.7b 67.0 44.r 45.7 44.7 8.1” 8.8b 8.4 
lPasture meam with the same heading and different superscripts are different (X.05). 
2Values represent an average of 4 composite samples for all months except May which had only 3. 
Walues represent an average of 20 individual samples (4dates and 5 steers) except for May which contained only 3 sampling dates and July when the 45-N pasture contained only 
I9 samples. 
‘For convenience, a June 1 date was included in the May average, an August 3 I date was included in the September average, and a September 28 date was included in the October 

avcragc. 
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Table 5. Chemical composition of forage samples collected via esophageal f&dated steers during the summer grazing season from native range receiving 
45-N and O-N (1979).’ 

IVDOMZ CP’ NDF2 ADF2 Lignin2 
% % of D.M. % of D.M. % of D.M. % of D.M. 

Pasture Pasture Pasture Pasture Pasture 
Month 45-N O-N Mean 45-N O-N Mean 45-N O-N Mean 45-N O-N Mean 45-N O-N Mean 

May 62.1 60.1 61.1 17.0 10.5 13.8 53.4 66.7 60.0 34.4 43.5 39.0 5.9 60 
June 64.9 59.6 62.2 Il.9 12.0 15.0 58.0 69.5 63.8 35.0 44.9 40.0 7.1 :A 7’6 
July 60.4 51.0 55.7 14.3 12.4 13.4 70.8 67.3 69.0 40.3 46.9 43.6 IO:8 8:8 
August 54.3 52.7 53.5 I I.5 8.7 IO.1 69.7 68.6 69.2 42.6 45.7 44.2 

E 

717 
7.9 7.7 

September 51.4 52.5 52.0 9.9 6.9 8.4 71.7 69.8 70.8 45.5 49.8 47.6 8.4 8.0 
October 50.2 50.6 50.4 8.8 6.1 7.4 71.4 71.5 71.4 47.3 50.6 49.0 7.8 9.2 8.5 
Mean 57.2’ 54.4b 55.8 13.2 9.4b II.3 65.8L 68.Y 61.4 40.8’ 46.9b 43.8 7.1’ 8.4b 7.8 

1 Pasture means with the same heading and different superscripts are different (K.05). 
‘Values represent an average of 2 composite samples for all months except May. which had 1, and July, which had 3. 
Walues for June. September, and October represent an average of 12 individual samples (2 datesand 6stcers). May, July, and August values represent an average of 6.18, and I I 
samples, respectively. 

about August 23 when CP in the forage dropped below the NRC 
maintenance requirement (8.5%). The response to both CP and 
barley supplementation was increasingly evident through mid- 
October. 

Forage IVDOM declined quickly from almost 73% in mid-May 
to 50% by mid-July. During mid-summer, animal performance 
appeared to be related to forage IVDOM, but in the fall animal 
performance increased while IVDOM continued todecline. Barley 
supplementation was effective in the fall when forage IVDOM was 
low. 
1979 Study 
Forage Chemical Composition 

Crude protein and IVDOM were higher (K.05) and ADF and 
lignin lower (K.05) for the 45-N pasture compared to the O-N 
pasture (Table 5). However, there was not a significant difference 
in NDF between the pastures. Crude protein and IVDOM 
decreased (X.05) and ADF increased (K.05) as the season pro- 
gressed. Lignin and NDF tended to increase as the season 
advanced, but seasonal differences were not significant. 

Animal Performance 
In the 1979 study (Table 3), which was shortened because of 

drought induced lack of forage, weight gains show that steers 
supplemented with either barley or the CP supplement on the 45-N 
pasture tended to gain more than unsupplemented steers, but 
differences were not significant. However, weight gains of steers 
that received either barley or the CP supplement on the O-N pasture 
were greater (K-05) than gains of unsupplemented steers. The 
efficiency of gain for the additional weight on the O-N pasture 
attributable to supplementation was 4. I and 5.3 kg feed/ kg gain, 
respectively, for the barley and CP supplemented steers. 

Weight gain of steers grazing the 45-N and O-N pastures were 
plotted with diet CP and IVDOM in Figures 2 and 3, respectively. 
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Weight gain for the entire grazing season is shown for comparison 
with forage chemical composition, even though the supplementa- 
tion study involved only the last part of the season. 

Crude protein for the 45-N pasture did not drop below the NRC 
requirement for .9 kg/day gain until about the time this portion of 
the study was terminated, which explains why a significant 
response to CP supplementation was not obtained. Weight gain 
increased at a near linear rate while IVDOM declined from 66 to 
less than 52% by August 29. Little change in IVDOM was mea- 
sured during the remainder of the season. 

The relationship between weight gain, diet CP, and IVDOM for 
the O-N pasture (Fig. 3) shows that a response to both CP and 
energy supplementation began about mid-August when CP was 
just over 9% but rapidly declining. Weight gain increased at a near 
linear rate until October 4, while IVDOM quickly declined to near 
52% by July 3 I. Supplementation of either energy or CP appeared 
to be beneficial on both the 45-N and O-N pasture when IVDOM 
declined to about 52% but the response began much earlier in the 
season and resulted in a much greater difference on the O-N pas- 
ture. It cannot be determined from these data whether the benefi- 
cial effect of supplementation was caused by CP, energy, or by a 
combination of the two. 

Discussion 

In 1977, NDF was higher for the O-N pasture, and in 1978, it was 
higher for the 45-N pasture. Crude protein was higher and lignin 
lower for the 45-N pasture in all 3 years. In 1977 and 1979, IVDOM 
was higher and ADF lower (K.05) for the 45-N pasture. Differen- 
ces between the 45-N and O-N pastures in 1977 and 1979 were 
caused in part by the dilution effect of old plant growth in the O-N 
pasture. 

Rainfall pattern during the growing season was found to be the 

0 * SARLEV 
.=CP SUPP 
e=NO SUPP 

. . FOSAQE C P 
52 

* 
.20 4: .55 

.t5 : 

* 

0 . 54 

5 

g 

.12 ” .50 _ P 

;p.s 5 5 .45 

.4 ‘42 

4 

Fig. 2. Cumulative weight gains, forage CP and IVDOM on the 45-N Fig. 3. Cumulative weight gains, forage CP and IVDOM on the O-N 
pasture, 1979. pasture, 1979. 
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major factor influencing chemical composition of 6 native grasses 
of the High Plains of Texas (Willard and Schuster 1973). Erratic 
precipitation patterns are a major factor in determining whether a 
forage species remains actively growing vegetatively, goes into 
dormancy, or matures reproductively. Precipitation in the North- 
ern Great Plains is also often erratic, as indicated by the precipita- 
tion data presented in Table 2. 

There was a seasonal decline (K.05) in IVDOM all 3 years; 
however, in 1978, most of the decline had occurred by July; in the 
other 2 years the change was more gradual. Crude protein 
decreased and ADF increased (x.05) with advance in season in 
all 3 years. There was a seasonal increase (K.05) in NDF the first 2 
years, but lignin only increased (x.05) during the season in 1978. 
Similar chemical composition changes in selected native grass 
species have been reported by Burzlaff (197 I) and Cogswell and 
Kamstra (1976); however, all species did not change at the same 
rate. McClung et al., 1976, also reported a seasonal decrease in CP 
in esophageal fistula diet samples taken from the Texas High 
Plains. 

Steer gains in 1978 (Fig. I) dropped dramatically when IVDOM 
declined to around 50-52%. A similar response was not measured 
in 1979 suggesting that mid-summer steer gains may have been 
more closely related to environmental conditions than pasture 
quality. 

The erratic results with CP supplementation indicate that steers 
were not consistantly selecting a diet deficient in CPduring the late 
summer-early fall period as might be expected. The data indicate 
that supplementation with barley would be beneficial more often 
than with a supplement higher in CP. However, either barley or a 
CP supplement must be used to complement dietary forage, and 
the data demonstrate that dietary forage quality does not necessar- 
ily follow a classic plant maturity curve. Year differences in animal 
response to supplementation are the result of differences in the 
quality of forage available to the grazing animal as influenced by 
precipitation amount and pattern. 

When 1977 and 1978 ES steer gains were analyzed together 
(Table 3). no significant benefit was obtained from early summer 
supplementation. However, Denham (1977) did obtain increased 
gains over a 32-day spring supplementation period with .45 kg 
concentrate. When the 1978 and 1979 LS data were analyzed 
together, a response (p< .05) was obtained from either barley or 
CP supplementation for both the 45-N and O-N pastures in late 
summer. A 30day response to fall supplementation was also 
reported by Denham (1977), but as in our study it was not clear 
whether the response was due to CP, energy, or both. When the 
two years data were combined, we show that 6.3 and 6.9 kg 
barley/ kg gain and 5.8 and 10.6 kg CP supplement/ kg gain were 
required to produce the additional weight on the 45-N and O-N 

pastures, respectively. The economics of barley supplementation is 
illustrated by the following example. If barley were priced at 13.3~ 
per kg ($2.90 per bu), the daily cost of supplemental barley per steer 
would be 9e (13.3~ X .68 kg barley). Average daily weight gain per 
steer attributed to barley over the 2 years was . I1 kg (Table 3). If 
yearling steers were selling for $ I .32 per kg (60~ lb), the value of the 
gain would be 14.5a (%1.32/kg X . I I kg), thus supplemental barley 
would have a net value of 5.5e (14.50 - 9.0~) per steer per day or 
$4.95 per steer over a 90day grazing period. The market value of 
barley and steers will of course determine whether barley supple- 
mentation is a viable alternative to the producer. 
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Quality of Forage and Cattle Diets on the 
Wyoming High Plains 
R.H. HART, O.M. ABDALLA, D.H. CLARK, M.B. MARSHALL, M.H. HAMID, J.A. HAGER, AND J.W. WAGGONER, JR. 

Abstract 

Diets of cattle grazing crested wheatgrass [Agropyron deserro- 
rum (Fisch.) Schult.] or native range pastures and major forage 
species in these diets were analysed for crude protein (CP), acid and 
neutral detergent fiber (ADF and NDF), lignin, and in vitro dry 
matter disappearance (IVDMD) 1975-1978. Objectives were to 
determine (1) rate of change in forage quality, (2) effect of weather 
on rate of change, and (3) degree of selection for diet quality by 
cattle. CP of 6 forage species declined .03-.23 percentage points/ 
day, while IVDMD declined .06-.90 points/day. CP and IVDMD 
of western wheatgrass (Agropyron smithii Rydb.), blue grama 
[Bocrteloua grucifis (H.B.K.) Lag. ex Steud.], and scarlet globemal- 
low [Spaherulcea coccinea (Pursh.) Rydb.] were high in spring, 
while ADF, NDF, and lignin were low, but quality of grasses 
decreased much faster than that of the forb. Quality of needleand- 
thread (Stipu comata Trin. & Rupr.) was lower than that of the 
other two grasses in spring, but CP declined more slowly then, 
while IVDMD declined at the same rates as that of blue grama and 
western wheatgmss. Quality of sedges (Cruex spp.) was similar to 
that of western wheatgmss and blue grama in spring, but CP 
decreased faster while fiber components increased slower than 
those of grasses. CP of western wheatgrass and blue grama was 
increased by abundant spring rainfall, while that of blue grama 
increased after heavy summer mins. As the season progressed, 
cattle on range selected diets higher in crude protein and lower in 
cellulose than expected on the basis of botanical composition of 
the diet and composition of individual species. Quality of forage 
consumed increased markedly in mid-July when immature blue 
grama replaced needleandthread in the diet. Quality of crested 
wheatgmss declined faster than that of range grasses, although it 
was higher early in the spring. Diets of cattle on crested wheatgmss 
pasture in early spring were lower in quality than clipped crested 
wheatgmss, because of consumption of standing dead material, 
but diets were higher in quality than clipped grass in late spring. 

Performance of grazing animals, including weight gain, repro- 
ductive success and other parameters, isdetermined by both intrin- 
sic and extrinsic factors. Chief among extrinsic factors are forage 
intake and forage quality, and forage intake is partially dependent 
upon forage quality. Therefore, information on forage and diet 
quality is essential to any prediction or modeling of livestock 
production on pasture or range. 

Forage quality may be expressed as digestible nutrient concen- 
tration (dry matter, specific nutrients, or energy) and/ or concen- 
tration of components which limit digestibility (fiber, lignin, and 
silica). It is well known that quality decreases with advancing 
maturity of forage species; nutrient concentration and digestibility 
decrease and concentration of digestion-limiting components 
increases. What is needed are (I) reliable estimates of the rate at 
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which these changes occur in forages and diets; (2) information as 
to the degree which diet selection by the grazing animal can com- 
pensate for the decline in forage quality; and (3) understanding of 
the extent to which variations in rainfall and temperature can 
change forage quality. 

Forage and cattle diets from crested wheatgrass [Agropyron 
desertorum (Fisch.) Schult.] and native range pastures were 
sampled at the High Plains Grasslands Research Station, 
Cheyenne, Wyo., from 1975 through 1978. Samuel and Howard 
(1982) determined and published the botanical composition of 
cattle diets on range from samples which werecollected 19751977. 
This paper will present information on chemical composition and 
in vitro digestibility of these same diet samples, and of forage 
samples collected at the same time from the same pastures. Such 
information should prove helpful in explaining seasonal patterns 
of livestock gains, in helping range managers to develop grazing 
systems to maximize use of forages when quality is high, and in 
modeling the plant-animal interactions in range and pasture 
ecosystems. 

Materials and Methods 

The pastures and sampling procedures have been described by 
Samuel and Howard (1982). Esophageal-fistulated cattle collected 
diet samples from a crested wheatgrass pasture stocked with cow- 
calf pairs and heifers at 0.5 I AUM/ ha in May and June, and two 
native mixed-grass range pastures stocked at 0.12 and 0.23 
AUM/ha June through November. In 1975, samples were col- 
lected biweekly, with collections in the morning of the first day and 
late afternoon of the following day. Animals were fasted overnight 
or for several hours before collection, respectively. From 1976 
through 1978, diet samples were collected in the morning and 
afternoon in alternate weeks, two days per week. Two to 4 animals 
were collected in each pasture at each collection date. Following 
collection, samples were lightly squeezed by hand and oven-dried 
at 600 C for 48 hours. 

At the same time diet samples were collected, samples of major 
forage species in the diet were clipped and collected. Only current 
year’s growth was clipped to l-2 cm from the ground, but no 
attempt was made to collect only green forage or to collect the same 
plant parts being selected by the cattle. These samples also were 
oven-dried at 60’ C for 48 hours. 

Dried forage and diet samples were ground to pass through a 
I-mm screen and were stored in plastic bags to await analysis. 
Crude protein was determined by the Kjeldahl method as described 
by AOAC (1960). The Goering and Van Soest (1970) procedure 
was used to determine neutral detergent fiber, acid detergent fiber, 
and lignin. In vitro dry matter dissappearance (IVDMD) was 
determined using the modified Tilley and Terry (1963) method. 
Species and diets analyzed and components analyzed for differed 
somewhat among years, as shown in Table 1. 

Analysis of variance for unbalanced designs was used to evaluate 
differences between pastures and times of sampling; variance 
among fistulated animals within pastures was used as an error 
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Table 1. Dates on whkh cattle dkts and forage were sampled, characterization of mealg used t0 calculate regressions, and pammeters measured. 

Year 

1975 

1976 

1977 

1978 

Sampler 

Marshall 

Hamid 

Abdalla 

Hager 
Abdalla 

Clark 

Clark 

Sampling dates Means 
Crested wheatgrass Native range calculated Parameters measured’ 

30 May-14 June 30 May-5 September Biweekly CP, NDF. ADF, lignin & IVDMD of Agsm, Bog, 
Carex & Agde. 

30 May-14 June 30 May-5 September Biweekly CP, ADF, lignin & lVDMD of Agsm, Bogr, Carex, & 
NR diets. 

I9 May-17 June 8 June-9 September Biweekly CP, NDF, ADF, lignin & IVDMD of Agsm, Bogr, 
Carex, Spco & NR diets; CP & IVDMD of Agde. 

19 May-IO June 19 May-17 September Monthly IVDMD of Agsm, Bogr, Carex, Spco & Agde. 
I-16 June I June-16 September Biweekly CP, ADF, lignin & IVDMD of Agsm, Bogr. Stco, 

Spco, Agde, NR diets & CW diets. 

I-16 June I June-16 September Monthly CP, NDF, ADF, lignin & IVDMD of Agde, NR diets 
& CW diets. 

7 June-14 September Monthly CP, NDF, ADF, lignin & IVDMD of Agsm, Bogr, 
stco & spco. 

ICP= crude protein; NDF = neutral detergent fiber; ADF= acid detergent fiber; Agde=crested wheatgrass; Agsm= western wheatgrass; Bogr= blue grarna:Carex= sedges; 
Stco = ntedleandthread; Spco = scarlet globemallow. 

term. Seasonal trends in digestiblity and chemical composition 
were calculated by regression analysis, which divided the variance 
into that due to date, years and/or samplers, and residual. 

Results and Discussion 

Sampling Time and Pasture Differences in Diet Samples 
No consistent differences were found between morning and 

afternoon diet samples or between samples from the 2 range pas- 
tures. In 1975 lignin and acid detergent fiber concentrations of 
cattle diets sampled in the morning from range were higher than 
those of diets sampled in the afternoon, but the reverse was true in 
1977. In 1976 acid detergent fiber was significantly higher in after- 
noon than in morning samples from range. In 1977, lignin was 
higher in morning diet samples from the crested wheatgrass pas- 
ture than in afternoon samples. No differences were noted between 
morning and afternoon samples in 1978. 

Samples from the heavily stocked range pasture had a higher 
concentration of acid detergent fiber in July of 1976 than did 
samples from the lightly stocked pasture. However, in 1977 acid 
detergent fiber was lower in samples from the heavily-stocked 
pasture early in the season, but did not differ between pastures 
later, while neutral detergent fiber was lower throughout the sea- 
son in samples from the heavily stocked pasture. None of the 
components differed significantly between pastures in 1975 or 
1978. We concluded that both stocking rates were low enough to 
allow a high degree of diet selection by the cattle during the grazing 
season, so that no differences between stocking rates were 
apparent. 

needleandthread (Sri@ comata Trin. & Rupr.), scarlet globemal- 
low [Spahaerulcea coccinea (Pursh.) Rydb.], or cattle diets (Fig. I). 
In May, crude protein of needleandthread was about 6 percentage 
points lower than that of the other 4 species, which were ail about 
the same. Western wheatgrass and blue grama were similar in CP 
concentration throughout the season, but CP of sedges was about 
2.5 percentage points lower than that of these grasses by the end of 
September. CP content of needleandthread and scarlet globemal- 
low were about 3 and more than 6 percentage points higher, 
respectively, than CP of western wheatgrass and bluegrama by the 
end of September. CP concentration of cattle diets was somewhat 
lower than that expected from the botanical composition of the 
diet (Samuel and Howard 1982) and CP concentration of the 
individual species early in the season, but was higher than expected 
by the end of the season. This reflects ingestion in the spring of 
significant amounts of standing dead material from the previous 
season, and selection for plant parts higher than average in CP 
concentration later in the year. An increase of about I .6 percentage 
points in CP concentration of the diet was noted in mid-July. 
Samuel and Howard (1982) reported that at about this time need- 
leandthread decreased sharply in cattle diets, to be replaced by blue 
grama which had a mean CP concentration over 2 percentage 
points higher. This change in protein concentration of the diet 
occurred over about 2 weeks and at slightly different times each 
year, so is represented by the dotted section of the time line of 
Figure I, rather than by an abrupt change in the line. 

Neutral detergent fiber concentration of western wheatgrass 
increased somewhat faster than that of blue grama, sedges, or 

Because differences between pastures and times of sampling 
were seldom significant and not consistent, the linear regressions of 
forage and diet composition on date were calculated from the 
biweekly or monthly means over pastures, times of sampling, and 
animals as reported in the authors’ theses. 

Rates of Seasonal Change in Forage and Diet Quality 1 
Crude protein (CP), acid detergent fiber (ADF), and lignin 

concentrations and in vitro dry matter disappearance (IVDMD) of 
5 forage species and of cattle diets from native range were deter- 
mined for at least 2 and as many as 4 years of the study. Neutral 
detergent fiber (NDF) concentration of diets and all but one of the 
forage species was determined for 2 or 3 years (Table 1). In all 
species and diets, CP and IVDMD declined significantly with 
advance of season and maturity while all fiber components 
increased, although the increase was not always significant (Table 
2). In all cases, the data fit a linear regression model better than or 
as well as a logarithmic, hyperbolic, or polynomial model. 

Crude protein concentration of western wheatgrass (Agropyron 
smithii Rydb.), blue grama [Bouteloua grads (H.B.K.) Lag ex 
Steud.], and sedges (Corex spp.) declined more rapidly than that of 

0’ n 
I 

15 May 20 Jul 30 sep 
Fig. 1. Crtldeproiein concentration in majbrforage species andcattle diets 

on native range. 
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Table 2. !Seasonal changes in quafity of range and pasture forage and cattle diets (CP = crude protein, NDF = neutral detergent fiber, ADF = acid deter- 
gent fiber, IVDMD = in vitro dry matter disappearance). 

Forage species or diet Component 
Years 

sampled 

Least squares estimates of: 

Concentration 
I5 May (5 Jun Change ca. 

for Bogr) Change/day 20 Jul 
Sample’ 

dates 

r2 

Samplers 
& years n 

Western wheatgrass 

(Agsm) 

Blue grama 
(Bogr) 

Sedge spp. 
(Carex) 

Needleandthread 
(Stw) 

’ Scarlet glohemallow 
(Spco) 

Diet on native range 
(N R diet) 

Crested wheatgrass 
(Agde) 

Diet on crested 
wheatgrass 
pasture 
(CW diet) 

CP 4 
NDF 3 
ADF 4 
Lignin 4 
IVDMD 4 
CP 4 
NDF 3 
ADF 4 
Lignin 4 
IVDMD 4 
CP 2 
NDF 2 
ADF 2 
Lignin 2 
IVDMD 2 
CP 2 
ADF 2 
Lignin 2 
IVDMD 2 
CP 3 
NDF 2 
ADF 3 
Lignin 3 
IVDMD 3 
CP 4 
NDF 2 
ADF 4 
Lignin 4 
IVDMD 4 
CP 3 
NDF 2 
ADF 2 ! 
Lignin 2 
IVDMD 3 
CP I 
ADF I 
Lignin I 
IVDMD .I 

18.5 
58.4 
27.1 

3.9 
77.2 
16.0 
64.7 
33.0 

5.4 
64.0 
18.7 
59.6 
34.2 

6.6 
68.3 
11.2 
30.6 

4.5 
64.4 
17.8 
38. I 
28.0 

4.7 
66.9 
14.9 
62.0 
33.2 

5.0 
74. I 
20.2 
40.8 
20.6 

0.8 
84.7 
16.0 
28.6 

2.9 
73.2 

-.098 .63** 
.099 .62** 
.I3 c .55** 
.028 .40** 

-.26 .52** 
-.095 .41** 

.027 .30* 

.059 .36+’ 

.0036 .Ol 
-.I6 .24** 
-.I2 .75*+ 

.0076 .04 

.033 .22* 

.OOl2 .Ol 
-.I4 .13* 
-.026 .42* 

.I0 .71** 
.026 .39** 

-.22 .59** 
-.056 .59** 

0.39 .48 
.050 .39* 
.016 .16** * 

-.060 .to* 
-.062 1.6 .6l** 

.I5 -3.4 .63** 
.098 -1.2 .48** 
.029 -2.3 .I7 

-.25 2.5 .27+’ 
-.23 .l8** 

.35 .24 

.46 .64* 

.I9 .54 
-.90 .67*+ 
-.I4 .82* 

.23 .68** 
,090 .46 

-.65 .74 

.02 

.I2 

.19* 

.41** 

.34** 

.06 

.24 

.I3 

.47 

.52** 

.03 

.02 

.40* 

.27 

.56** 

.07 

.01 

.27* 

.21** 

.15* 

.OO 
.I8 
.80** 
.43** 
.02 
.oo 
.44** 
.oo 
.67+* 
.79** 
.72* 
.34 
.35 
.24 
.I6 
.32** 
.45 
.I0 

38 
I5 
32 
24 
45 
29 
I2 
26 
I9 
36 
I9 
II 
I9 
II 
25 
13 
I3 
I3 
I3 
21 

15” 
I3 
24 
26 
I4 
25 
I8 
22 
IO 
7 
7 
7 

I2 
5 
5 
5 
5 

I*’ ** Indicate regression is significant at the 5% and 1% level of probability. respectively. 

scarlet globemallow (Fig. 2). However, NDF concentration of cell contents than do the grasses or sedges. Sedges had essentially 
both grasses and the sedges was about 20 percentage points higher the same NDF concentration all season. 
than that of scarlet globemallow all year long. Thus globemallow Acid detergent fiber concentration of western wheatgrass 
contains about 20 percentage points more of the easily digestible increased faster than that of other species (Fig. 3), but ADF of all 

,_/L ^s:; 

45 

‘-‘-‘S=- 

A HI*,,,I,_INI_IIII_I,,,_,..~...,~.._,”,.”,...~ Carex 

k 
a 
iJp 

---- -0-- ---- ---- spco 
.--- ---- 

25 

15 May 15 May 
Fig. 2. Neutral detergent fiber concentration in major forage species on Fig. 3. Acid detergent fiber content in major forage species andcattlediets 

native range. on native range. 

46 JOURNAL OF RANGE MANAGEMENT 36(l), January 1963 



species increased significantly. ADF concentration of sedges 
increased more slowly than that of other species, while ADF of 
scarlet globemallow was lower than that of grasses and sedges for 
most of the season. These patterns parallel the patterns of NDF 
concentration. However, ADF increased more rapidly than NDF 
in all species, indicating an increase in cellulose and a decrease in 
hemicelluloses, pentosans, and other more digestible “fiber”frac- 
tions as plants matured. ADF of cattle diets was somewhat higher 
than expected all season long, and decreased about 1.2 percentage 
points in mid-July, again reflecting the change in diet from need- 
leandthread to blue grama. ADF of diets, unlike that of individual 
species, did not increase as fast as NDF (Table 2). This may 
indicate cattle were selecting plant parts lower in cellulose. 

Lignin concentration of blue grama and sedges changed little 
during the grazing season, while that of the other species increased 
(Fig. 4). Lignin concentration of scarlet globemallow increased 
more slowly than that of western wheatgrass or needleandthread. 
Lignin concentration of the diet was slightly higher than expected 
in spring, but about at expected levels for the rest of the season. A 
decrease of 2.3 percentage points occurred in mid-July, a decrease 
so marked that lignin concentrations of the diet at the end of July 
was nearly the same as that in mid-May. 

9r 

15 May 20 Jul 30 sep 

Fig. 4. Lignin concentration in major forage species and cattle diets on 
native range. 

80 - 

0 

-\ 
- Stco 

30 ’ 
4: 

15 May 20 Jul 30 Sep 

Fig. 5. In vitro dry matter disappearance from major forage species and 
cat& diets on native range. 

In vitro dry matter disappearance from all species and cattle 
diets decreased significantly as the season progressed (Fig. 5). 
IVDMD of western wheatgrass and needleandthread decreased 
more rapidly than that of sedges or blue grama, while IVDMD of 
scarlet globemallow decreased more slowly than that of any other 
species. IVDMD of western wheatgrass was about 10 percentage 
points higher than that of the other species in mid-May, but by the 
end of September was about 4, 7, and 16 percentage points lower 
than that of blue grama, sedges, and scarlet globemallow, respec- 
tively. The greater decline in quality of western wheatgrass reflects 
the earlier maturity of this cool-season grass, with no regrowth 
following summer rains. IVDMD of needleandthread was lower 
than that of other species all season, and was 7 percentage points 
lower even than that of western wheatgrass by the end of Sep- 
tember. IVDMD of diet was about as expected all through the 
season, and showed an increase of about 2.5 percentage points in 
mid-July. 

Crude protein concentration of crested wheatgrass and diets on 
crested wheatgrass pasture decreased as the season advanced, 
while fiber components increased (Fig. 6). Quality of crested 
wheatgrass declined much more rapidly than quality of the range 
forage species (Table 2) because of the more rapid maturing of 
crested wheatgmss. Because 1977 was the only year in which 
enough diet samples were analyzed to provide a reliable estimate of 
diet quality, all comparisons between diet and crested wheatgrass 
quality were made from 1977 data. However, with the exception of 
CP concentration which was somewhat lower in 1977, composition 
of crested wheatgrass in 1977 did not differ markedly from the 2-or 
3-year averages. Crude protein concentration of cattle diets was 
higher than that of crested wheatgrass from mid-May until the end 
of June, and the difference increased as the season advanced. ADF 
and lignin of the diet were originally higher than that of crested 
wheatgrass, probably because of ingestion by the cattle of standing 
dead material, but diet and forage fiber concentrations wereabout 
the same by early June and diets were lower in ADF and lignin by 
the end of June. JVDMD was lower in diets than in forage in May 
and early June, but was slightly higher in the diet by the end of 
June. All this indicates some selection by the cattle for higher 
quality forage than the average of forage available by the end of the 
season. 

Variation among Years and Samplers 
Variation among years was confounded with variation among 

samplers. Abdalla and Clark sampled for 2 years each, but sampled 
in only I common year, and Clark reported results monthly while 
Abdalla reported biweekly. Marshall, Hamid, and Hager sampled 
I year each, and only Marshall and Hamid sampled in the same 
Samplers and years could be thought of as a very incomplete 
factorial design, so incomplete that no satisfactory analysis to 
separate year and sampler effects was possible. Combined sampler 
and year effects were sometimes very large, accounting for as much 
as 80% of the total variation in lignin concentration of scarlet 
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Fig. 6. Crude protein. aciddetergentfiber. andlignin concentration of and 
in vitro dry matter disappearance from crested wheatgrass and cattle 
diets on crested wheatgrass pasture. 
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Fig. 7. Variation within seasons, between samplers in the same season, and 
between seasons by the same sampler, in crude protein concentration of 
and in vitro dry matter disappearance from western wheatgrass. 

globemallow, for example (Table 2). Samplers and years 
accounted for a significant fraction of the variation in IVDMD of 
range diets and all range species, and for a significant fraction of 
the variation in ADF and lignin in 4 and 3, respectively, of the 6 
species and 2 diets studied. Significant sampler-year effects on CP 
were noted only in scarlet globemallow and crested wheatgrass. 

Although sampler and year effects could not be separated statis- 
tically, some useful conclusions can be drawn from inspection of 
the data. Determinations of IVDMD of the same species collected 
in the same year but performed by different samplers varied widely. 
For example, when Marshall and Hamid determined IVDMD of 
western wheatgrass collected in 1975, differences between their 
results were greater than differences in IVDMD between 1976 and 
1977 samples as determined by Abdalla (Fig. 7). However, crude 
protein determinations agreed very well between different 
samplers in the year. Therefore, we decided to examine crude 
protein concentrations of western wheatgrass, blue grama, and 
native range diets in 1975 through 1977 to see if any effects of 
precipitation and temperature were apparent. No data from 1978 
were used because means were reported monthly, at intervals too 
long to detect short-term fluctuations in CP concentration. CP of 
both western wheatgrass (Fig. 7, mean of MHH 75 and MBM 75) 
and blue grama (Fig. 8) was higher in the spring of 1975 than in the 
spring of 1976 or 1977, reflecting greater spring rainfall in 1975 
(Fig. 9). CP concentration of western wheatgrass was slightly 
higher in 1976 than in 1977 (Fig. 7), but more importantly suffi- 

50 
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Fig. 8. Variation within and among years in crude protein content of b/ue 
grama (Bogr) and cattle diets. 

cient growth for sampling and grazing was available 2 weeks earlier 
in 1976 than in 1977, when the first rain in excess of 10 mm did not 
occur until 7 June, as opposed to 27 May and 21 May in 1975 and 
1976, respectively. However, CP concentration of both grasses 
declined much more rapidly in 1975 than in 1976 or 1977, because 
very little rain fell after 15 July in 1975. Vavra and Phillips (1980) 
reported sharp declines in CP and IVDMD of range forage in a 
drouth year in Oregon. CP concentration of blue grama increased 
noticeably in early August of 1976 and 1977, reflecting renewed 
growth after heavy rains on 30 July and 24 July respectively. 
Western wheatgrass, which had completed its growth cycle by that 
time, did not respond to these rains. No effects of temperature on 
forage quality were detected in this study. 

CP concentration of diet (Fig. 8) fluctuated less than that of 
western wheatgrass and blue grama, the 2 major species in the diet, 
presumably because the.cattle selected more dead material in the 
spring and the more proteinaceous plant parts and plant species 
later in the season. Although mean CP concentrations of forage 
and diet gave some evidence of selection (Fig. I), the evidence from 
yearly patterns of CP concentration was much stronger. CP con- 
centration of cattle diets increased as much as that of blue grama 
following the late July rains of 1976 and 1977, indicating the cattle 
were consuming large amounts of the new growth of blue grama 
and perhaps that of the other minor species in the diet as well. 

Conclusions 
Quality of western wheatgrass, blue grama, and scarlet globe- 

mallow was high in spring, but quality of these grasses decreased 
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Fig. 9. Seasonal precipitation pattern, 1975-77. at High Plains Grasslands 
Research Station, Cheyenne, Wyoming. 

much more rapidly than that of globemallow. This isa characteris- 
tic difference between grasses and forbs. Quality of needleand- 
thread was somewhat lower than that of the other grasses and 
decreased about as rapidly. Crested wheatgrass began growth and 
reached maturity earlier than any other grass in the study, and was 
very high in quality in early spring, but decreased in quality much 
more rapidly than any other species. Crude protein of sedges was 
about the same as that of grasses in the spring, but decreased more 
rapidly, while the various fiber components were as high as or 
higher than those of grasses initially, but increased less with 
advancing season. There was some indication that as the season 
progressed cattle selected plant parts higher than average in crude 
protein and lower than average in cellulose concentration. How- 
ever, this selection did not prevent diet quality from declining as 
the season progressed. Quality of blue grama, western wheatgrass, 
and cattle diets on range, as indicated by crude protein content, 
increased after heavy rains. 
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Herbage Production and Quality of Grasses 
with Livestock and Wildlife Value in Texas 
W.D. PITMAN AND E.C. HOLT 

Abstract 

Large economic returns to management of grazing lands for 
wildlife are often realized throughout Texas. Management of per- 
ennial pastures for livestock grazing and seed for game bird feed is 
restricted by the limited number of forage species with desirable 
seed production characteristics. Selected grasses with the desired 
seed production potential were evaluated for herbage yield and 
quality under intensive management. Green sprangletop (Leptoch- 
loa dubia (H.B.K.) Nees), plains bristlegrass (Setaria macrosta- 
chya H.B.K.), and 2 selections of kleingrass (Panicurn coloratum 
L.), Kleingrass 75 and Kleingrass 75-25, were harvested at 2,4, and 
8-wk frequencies at a 5-cm stubble height throughout the 1978 and 
1979 growing seaons. In vitro digestible organic matter (IVDOM) 
and percent leaf were determined at each harvest date. Herbage 
yields were progressively greater with less frequent harvests. How- 
ever, optimum yields of highly digestible, leafy herbage were 
obtained at the 4-wk harvest frequency. Kleingrass 75 herbage 
yield (2-yr average of 10,042 kg/ha at the 4-wk frequency) was 
highest followed closely by Kleingrass 75-25. Green sprangletop 
yield was limited by lack of persistence. Herbage yield of plains 
bristlegrass was low, but its tolerance of frequent defoliation and 
limited moisture indicate potential value in harsh environments. 
IVDOM of green sprangletop (2-yr average of 63.8% at the 4-wk 
harvest frequency) surpassed Kleingrass 75-25 (62.1%) and Klein- 
grass 75 (60.7%). Both kleingrassselections produced high yields of 
quality herbage. 

Extensive areas in Texas have been planted to introduced 
grasses which either produce very little to no seed or produce seed 
which is not acceptable as feed for birds. Management of grazing 
land for wildlife and game birds in addition to livestock is currently 
of tremendous economic importance. Of the extensively planted 
introduced grasses in Texas, only kleingrass (Pa&urn colorutum 
L.) appears to have potential to provide both forage for livestock 
and seed acceptable to game birds. From the numerous native 
grasses, green sprangletop (Leptochloa dubiu (H.B.K.) Nees) and 
plains bristlegrass (Seruriu mocrostuchyu H.B.K.) were selected as 
species with potential to provide desirable seed for game bird feed. 

In a feeding study with caged bobwhite quail (Colinus virginiu- 
nus), Hendler (1979) found that quail would consume kleingrass, 
green sprangletop, and plains bristlegrass seed with kleingrass seed 
eaten more readily than seed of the other 2 grasses. In field plant- 
ings Hendler obtained higher seed yields in these 3 grasses with 
periods of deferred forage utilization than with frequent 
harvesting. 

Kleingrass has been widely planted in pure stands throughout 
South and Central Texas and as a component of mixed range 
seedings in West Texas. Forage yields of kleingrass vary with 
management and climatic conditions across the area of itsproduc- 
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tion. Five-year average yields of kleingrass forage under different 
management practices ranged from 3500 kg/ ha to 6700 kg/ ha at 
College Station, Texas (Holt and Evers 1976). At Weslaco, Texas, 
3-year average annual forage production of kleingrass ranged from 
9700 kg/ ha under dryland conditions to 18000 kg/ha under irriga- 
tion (Woodward 1980). At Beeville, Texas, three-year average 
kleingrass production varied from 3000 kg/ ha with no applied 
fertilizer to 6300 kg/ ha with 67 kg/ ha nitrogen fertilization (Con- 
rad 1976). Under grazing in the Texas Coastal Bend, McCawley 
and Dahl(l980) reported kleingrass yields of 11,570 kg/ ha with 
beef production of 280 kg/ ha. Kleingrass seed production is diff- 
cult to determine due to seed shattering and indeterminate flower- 
ing. Seed harvests have yielded from 125 to 225 kg/ ha at College 
Station, Texas (Holt and Evers 1976). 

Green sprangletop produces excellent quality forage. However, 
it is not persistent under grazing, often performing as a short-lived 
perennial under moderate to heavy grazing. Green sprangletop has 
been used in mixed range seedings to provide forage in the initial 
years after reseeding while other grasses in the mixture are becom- 
ing established. Gould (1975) pointed out that this grass is wides- 
pread and highly palatable but is seldom abundant. Plains 
bristlegrass is an important native forage species throughout much 
of its area of distribution. It is more persistent under grazing than 
green sprangletop. Since both of these grasses are commonly found 
as components of mixed plant communities, limited information is 
available on their potential forage production in pure stands. 

This study was conducted to determine the herbage production 
and digestibility of green sprangletop, plains bristlegrass, and 2 
selections of kleingrass at different harvest frequencies. The result- 
ing herbage yield and quality data are needed in combination with 
seed production data for development of utilization systems for the 
dual use of grassland for livestock production and game bird 
habitat. 

Materials and Methods 

Green sprangletop, plains bristlegrass (Soil Conservation Ser- 
vice, PMT 4022), and 2 selections of kleingrass (Kleingrass 75 and 
Kleingrass 75-25, the latter being a selection for improved forage 
quality) were established as pure stands in field plots in the early 
spring of 1978. Seedlings were transplanted to the field in a ran- 
domized block design with 4 replications. Treatments consisted of 
3 harvest frequencies and 4 grasses in a factorial arrangement. 
Each of the 48 experimental units (4 replications X 4 grasses X 3 
harvest frequencies) consisted of a plot of 4 rows 4.5 m long on 
50-cm row spacings. Each row contained I5 equally spaced plants. 
The plantings were in a Norwood clay loam soil (fine, loamy, 
mixed, thermic, Typic Udifluvents) in the Brazos River Bottom of 
Burleson County, Texas. 

Herbage was harvested from the 2 center rows in each plot over a 
24-wk period during the 1978 and 1979 growing seasons. All plant 
growth was cut back to the 5-cm harvest stubble height on May 15, 
1978, and on April 16, 1979. Herbage was harvested on the pres- 
cribed schedule through October 30, 1978, and October 1, 1979. 
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Tabk 1. Maan barhap ykkds (kg/ha) during the 1978 and 1979 growing masons. 

Kleingrass 75 Kleingrass 75-25 Green sprangletop 

1978 1979 1978 1979 1978 1979 

Hcrbage yield 
2 wk harvest 4807 alC2 3333 aC 3997 aC 2110 bC 3946 aC 1629 bB 
4 wk harvest II464 aB 8620 aB 10636 aB 8120 aB 86 I4 bB 5597 bA 
8 wk harvest 17857 aA I2484 aA 16336 aA lll58aA 15002 aA 6752 bA 

Leaf yield 
2 wk harvest 2912 aC 2085 aB 2394 aB 1305 bB 2658 aA 991 bB 
4 wk harvest 5141 aA 4244 aA 4623 abA 3993 aA 4103 bA 2891 bA 
8 wk harvest 41 I8 aA 3968 aA 4233 aA 3353 aA 4206 aA 2212 bA 

Stem yield 
2 wk harvest 1895 aC 1248 aC 1603 abC 805 abC 1288 bC 638 bC 
4 wk harvest 6323 aB 4376 aB 6013 abB 4127 aB 4511 CB 2706 bB 
8 wk harvest 13739 a A 8516 aA 12103 abA 7805 aA 107% bA 4540 bA 

lMcans within each year in each line followed by the same lower case letter arc not significantly different at the .05 level. 
*Means for each paramctcr in a column followed by the same upper case letter are not significantly different at the .OS level. 

Plains bristlegrass 

1978 1979 

2561 bB 2478 abB 
6753 bA 7092 abA 
7910 bA 7554 bA 

I I89 bB 1400 bB 
1755 CA 2904 bA 
1362 bAB 1998 bB 

1372 abC 1078 bC 
4998 bcB 4188 aB 
6548 CA 5556 bA 

Harvest frequencies were 2,4, and 8 wk with total yields each year 
consisting of 12 harvests at the 2-wk frequency, 6 harvests at the 
4-wk frequency, and 3 harvests at the 8-wk frequency. A complete 
fertilizer was applied to all plots at the rate of 200 kg/ ha of N, P&s 
and KsO per year in 3 equal applications each year at the beginning 
of each 8-wk harvest period. 

during the 1979 growing season. In contrast to the other grasses in 
this study, stands of green sprangletop were greatly reduced by the 
end of the 1979 growing season, especially at the 2-wk harvest 
frequency. 

Separate samples were taken for forage quality and yield deter- 
minations. Samples for forage quality analysis were taken from the 
same 4 plants in each plot at each harvest date. This plant material 
was immediately separated into leaf blades and stems (including 
leaf sheaths and inflorescences when present). After drying, the 
separate fractions were weighed for determination of percent leaf. 
In vitro digestible organic matter (IVDOM) was determined on 
both leaf and stem fractions by the Tilley and Terry (1963) tech- 
nique as modified by Goering and Van Soest (1970). Herbage yield, 
percent leaf, whole plant IVDOM, leaf IVDOM, and stem 
IVDOM were subjected to analysis of variance with significantly 
different means separated by Duncan’s multiple range test. 

Plains bristlegrass produced the lowest herbage yields at all ages 
in 1978 (Table I). However, herbage production of plains bristle- 
grass was essentially the same in 1979 as in 1978; while production 
of the other grasses decreased greatly (Table I). In 1979, herbage 
yield of plains bristlegrass was significantly less than that of the 
kleingrass selections only at the 8-wk harvest frequency (Table I). 
This apparent tolerance of plains bristlegrass to frequent defolia- 
tion and moisture limitations is in agreement with itsclassification 
as an “increaser” plant on many rangeland sites in the eastern 
portion of its region of natural occurrence. 

Herbage Quality 

Results and Discussion 
Herbage Yield 

Herbage production increased as harvest frequency decreased 
for both kleingrass selections in 1978 and 1979 (Table 1). Similar 
increases in green sprangletop herbage production were obtained 
with less frequent harvest in 1978 (Table I). Increases in herbage 
yield of green sprangletop in 1979 and plains bristlegrass in both 
years from the 4-wk to 8-wk harvest frequencies were compara- 
tively small. Although total herbage yield was consistently greater 
at the 8-wk harvest frequency, leaf yield was as great or greater at 
the 6wk harvest frequency (Table 1) for all grasses. The increased 
yields obtained from 2-wk to 4-wk harvest frequencies were due to 
increase in both leaf and stem production. Increased yields from 
4-wk to 8-wk haNeSt frequencies can be attributed to increased 
stem production (Table 1) with leaf senescence reducing leaf yields 
at the 8-wk harvest frequency in some cases. 

Whole plant IVDOM was generally highest for herbage at the 
2-wk harvest frequency and lowest at the 8-wk frequency (Table 2). 
There were no significant differences in IVDOM of whole plants 
between 2-wk and 4-wk harvests during 1978. The differences in 
whole plant IVDOM between 2-wk and 4-wk harvest frequencies 
were less than the differences obtained between 4-wk and 8-wk 
harvest frequencies for all grasses. IVDOM of the separate leaf and 
stem fractions generally followed similar trends to those of whole 
plants with changes in harvest frequency. Decreased IVDOM from 
4-wk old to 8-wk old stems was especially distinct (Table 2). Large 
decreases in percent leaf were obtained with increases in age of 
forage for all 4 grasses in both years (Table 2). 

Kleingrass 75 was consistently the leading herbage producer. 
However, Kleingrass 75-25 yielded significantly less than Klein- 
grass 75 only at the 2-wk harvest frequency in 1979. From the total 
yields (Table I). yields at the individual harvest dates (data not 
shown), and visual observation of plants in the field, it appears that 
the production potential of Kleingrass 75-25 is not different from 
that of Kleingrass 75, but plant vigor under adverse conditions of 
severe defoliation and low moisture may be less for Kleingrass 
75-25 than for Kleingrass 75. 

Green sprangletop generally had the highest IVDOM for whole 
plant, leaf, and stem materials (Table 2). Other differences in 
IVDOM among the four grasses were not consistent, but overall 
Kleingrass 75-25, Kleingrass 75, and plains bristlegrass followed 
green sprangletop in order of decreasing IVDOM. Plains bristle- 
grass was lower in percent leaf than the other 3 grasses. Green 
sprangletop consistently had the highest numerical leaf percentage 
value, but the differences among grasses generally were not statisti- 
cally significant. 

Summary and Conclusions 

Green sprangletop produced significantly less herbage than 
Kleingrass 75 in all cases except the 2-wk and 8-wk harvests in 1978 
(Table 1). Vigor of green sprangletop was greatly reduced during 
the extremely dry summer of 1978 and continued to decrease 

The primary objective of grazing management for domestic 
livestock is the sustained production of adequate quantities of high 
quality forage. The pressure exerted on these 4 grasses with the 
2-wk harvest frequency to a 5-cm stubble height was too severe to 
reach acceptable forage production levels. Extending the growth 
period between harvests from 2 wk to 4 wk resulted in substantial 
increases in herbage production. Forage IVDOM was decreased 
but not excessively. A further extension of the growth period 
between harvests to 8 wk resulted in still greater herbage yields. 
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Table 2. Means’ (%) of forage quality values for herbnge harvested during the 1978 and 1979 growing seasons (at three harvest frequencies). 

Kleingrass 75 Kleingrass 75-25 Green sprangletop Plains bristlegrass 
I978 1979 1978 1979 1978 1979 1978 1979 

Whole plant IVDOM* 
2 wk harvest 64.2 b’A4 
4 wk harvest 62.7 bA 
8 wk harvest 45.6 cB 

Leaf IVDOM 
2 wk harvest 65.4 bA 
4 wk harvest 67.2 aA 
8 wk harvest 60.2 aB 

Stem IVDOM 
2 wk harvest 62.5 aA 
4 wk harvest 59.1 bA 
8 wk harvest 41.3 bB 

Percent leaf 
2 wk harvest 60.2 bA 
4 wk harvest 44.9 aB 
8 wk harvest 23.0 bC 

62.8 bA 
59.6 bB 

52.5 bC 

66.8 aA 
66.1 aA 

52.4 aB 

66.7 aA 
61.4 aB 

55.7 aC 

59.0 CA 
59.4 CA 

45.1 cB 

63.9 bA 
57.3 cB 

50.8 bC 

63.8 bA 
58.6 bcB 
50.1 bC 

64.9 abA 
64.5 abA 
49.0 bB 

64.7 bcA 
61.9 aB 
58.3 aC 

66.6 abB 
69.8 aA 
63.8 aC 

63.5 CA 
63.4 aA 
61.0 aA 

68.0 aA 
68.3 aA 
61.5 aB 

67.0 aA 
63.2 aB 
62.3 aB 

60.6 CA 
61.2 bA 
53.0 bB 

65.5 abB 
61.6 aB 
58.8 aB 

62.4 bA 
55.4 bB 
46.1 bC 

62.3 aA 
60.5 bA 
43.8 bB 

61.9 bA 
56.0 bB 
48.7 bC 

64.1 aA 
64.3 aA 
49.0 aB 

66.0 aA 
59.4 aB 
52.5 aC 

57.5 bA 
58.8 bA 
43.4 bB 

62.0 bA 
54.4 bB 
47.9 bC 

62.7 aA 
51.7 aB 
33.0 aC 

62.7 aA 
49.2 aB 
31.9 aC 

59.2 bA 
43.2 aB 
25.9 abC 

61.7 aA 
48.9 aB 
30.1 abC 

67.3 aA 
47.9 aB 
28.0 aC 

46.1 CA 
26.0 bB 
17.1 cc 

56.0 aA 
40.6 bB 
26.3 bC 

‘These are weighted means calculated by multiplying percent IVDOM and percent leaf, respectively, of each harvest by the yield for that harvest, totaling the products,and di- 
viding this total by the total yield for the year. 
ZWhole plant IVDOM was calculated from percent leaf and IVDOM of the separate leaf and stem fractions. 
‘Means within each year in each line followed by the same lower case letter are not significantly different at the .05 level. 
4Means for each parameter in a column followed by the same upper case letter are not significantly different at the .05 level. 

However, this increased yield was primarily stem material with low 
IVDOM levels. Reduced consumption of this low quality, stemmy 
grass would likely further limit animal performance. Optimum 
performance of grazing livestock on these grasses would be 
expected at grazing pressures similar to the 4-wk harvest frequency 
in this study. 

In addition to immediate considerations for livestock produc- 
tion, the long-term maintenance of plant stands must be consi- 
dered. The reduced yields of the two kleingrass selections from 
1978 to 1979 may have been due to climatic conditions. However, 
reduced plant vigor due to excessive defoliation may have been 
involved especially at the most frequent defoliation level. Actual 
stand deterioration occurred in green sprangletop with greater 
stand loss under the most frequent defoliation. Management of 
green sprangletop for forage production could not be achieved 
over extended periods at defoliation levels similar to those used in 
this study. Either plant selection for longevity or a less intensive 
management system is necessary for sustained forage production 
from green sprangletop. Forage production of plains bristlegrass 
was low the first year. However, there was little decrease in plains 
bristlegrass yield in the second year even at the most frequent 
defoliation level. This suggests a tolerance of heavy utilization. 

Both maintenance of plant vigor and increased seed production 
could be achieved with less frequent plant defoliation. At the 8-wk 
harvest frequency, normal plant ontogeny was permitted resulting 
in mature plants of all 4 grasses which were observed to have large 
amounts of seed. At the 4-wk and 2-wk harvest frequencies pro- 
gressively less seed was produced since plants had less opportunity 
to develop beyond the vegetative stage. Management of warm- 
season perennial grasses for game bird feed may require less defoli- 
ation than is needed to maintain high quality forage. Some 
reduction in livestock production must be sacrificed for produc- 
tion of good seed crops. As mentioned in the introduction, Hendler 
(1979) reported excellent seed yields of these same species in sys- 
tems involving periods of spring, summer, and fall deferment from 

grazing. Rotation systems would allow both intensive grazing 
management for production of high quality forage and areas of 
deferred grazing for seed production. 

The kleingrass selections exhibited superior forage production 
potential among these grasses. Grazing studies are needed to deter- 
mine whether the slight advantage in forage production shown by 
Kleingrass 75 will be offset by the higher digestibility obtained with 
Kleingrass 75-25 at the 4-wk and 8-wk harvest frequencies. The 
excellent digestibility of green sprangletop forage indicates that 
selection for forage production and plant persistence could have 
potential. Plains bristlegrass did not exhibit the desired yield 
potential under the conditions of this study. However, under 
extremely dry conditions, plains bristlegrass has potential to per- 
sist under more severe defoliation than the other grasses evaluated 
in this study. 
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Agronomic and Acetylene Reduction Eval- 
uation of Three Annual Medics 
MARK A. SMITH AND ARDEN A. BALTENSPERGER 

Abstract 

Little research has been reported on nitrogen fixation of annual 
medics such as black medic (Medicago Iupuhita), barrel medic (IV. 
truncatula) var. Jemalong, and California burclover(lW.polymor- 
pha). A greenhouse study was initiated with these 3 medic species 
to estimate their nitrogen fixation potentials. Considerable varia- 
tions existed for all indices used to evaluate nitrogen fixation. 
Barrel medic, var. Jemalong, produced moderate acetylene reduc- 
tion rates and had the highest top growth weights. This variety also 
maintained the greatest plant vigor throughout the observation 
period. High top growth weight, root fresh weight, nodule count, 
and root score were all associated with high acetylene reduction 
rates. Plant vigor and color scores were less associated with acety- 
lene reduction rates. Assuming acetylene reduction is a true mea- 
sure of nitrogen fixation, this experiment indicates the annual 
medics fix significant amounts of nitrogen. 

Plant productivity under range and field crop situations are 
often limited by a lack of nitrogen. Marginal returns have prohi- 
bited the extensive use of nitrogen fertilizers in range programs. It 
has been shown that a legume grass mixture can increase the total 
yield of plant material, increase the protein percent, and produce 
higher daily live weight gains than a purer grass pasture (Anthony 
and Harris 1976, Kaiser and Cmarik 1976, Van Keuren and Heine- 
mann 1958). 

Annual species of Me&ago have been used as pasture plants 
and as a means of increasing soil fertility and pasture productivity 
(Crawford 1970). Within the genus Medicago 30 annual species 
have been identified (Heyn 1963). Their seed germinate in the 
autumn, plants grow during the fall, winter, and early spring, and 
mature early in the summer. The annual medics originated from 
areas around the Mediterranean basin, and some are now found 
worldwide. 

Black medic can be found growing from Canada to the Gulf of 
Mexico (Piper 1942). it grows wild in New Mexico and Arizona 
and has been found growing up to 8,000 ft. elevation. Black medic’s 
ability to colonizediverse habitatsand climateshas beenattributed 
to several factors. It has been reported to have extensive genetic 
variability within populations with wide ecological amplitudes for 
germination of seeds and rapid plant growth (Sidu 1972). Asso- 
ciated with rapid plant growth is thecontinuousproduction of seed 
throughout the growing period. 

Barrel medic and strand medic (M. littoralis) are now being 
grown in southern Australia. Their use is primarily to increase 
pasture productivity and soil fertility(Crawford 1970). In southern 
New Mexico both species have exhibited good spring forage and 
seed yields (Smith 1981). 

Use of winter growing reseeding annual medics could eliminate 
expensive reseeding costs, give earlier spring grazing, and add 
nitrogen and humus to the soil. 
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Until the early 60’s, little work was done by plant breeders in 
producing plant species for increased nitrogen fixation. Work with 
medics since the 40’s has been focused upon their use as a pasture, 
hay, and green-manure crop (Blastes and Stokes 1946). Most work 
on nitrogen fixation has been with alfalfa and soybeans. Little 
research has been done on the ability of medics to fix atmospheric 
nitrogen. 

In 1981 Johnson and Rumbaugh reported that black medic was 
profusely nodulated and did fix atmospheric nitrogen under range 
conditions. 

The use of the acetylene reduction technique has been used to 
estimate the amount of nitrogen being fixed at a given time by a 
plant. Many workers have used nodule mass, nodule number, and 
nodule size as indicators of nitrogen fixation rates (Duhigg 1977, 
Wilson 1957). Nodulation, however, does not always indicate 
effective nitrogen fixation (Duhigg et al. 1978). 

Nodule color has also been used as an index of nitrogen-fixation. 
Hardy et al. (1973) found that pink color was associated with active 
nitrogen-fixation. White, green, and brown nodules were 
ineffective. 

Seetin and Barnes (1977) found morphological traits associated 
with acetylene reduction values to be many fibrous roots, many 
nodules, and high top and root weights. 

The objectives of this study were to evaluate the acetylene- 
reduction potentials and determine the agronomic characteristics 
of several selected medics under greenhouse conditions. 

Materials and Methods 

Three annual species of the genus Medicago, black medic, Cali- 
fornia burclover, and barrel medic, were grown and evaluated for 
N-fixation potential. Acetylene reduction rates, plant vigor scores, 
color scores, fresh and air dry top weights, fresh root weights, 
nodule count, and root scores were used as indices of N-fixation as 
outlined by Seetin and Barnes (1977) and Duhigg et al. (1977). 

Seed of 3 accessions of black medic, 1 of California burclover 
and 1 variety of barrel medic var. Jamalong were planted in pots 
containing 5 kg of mason sand. Before planting, all seeds were 
inoculated with a commerical inoculum, Rizobium meliloti. Plants 
were watered on alternate days with 250 ml of N-free Bryan’s 
Modified Crone’s Nutrient Stock Solution. Approximately 3 
weeks after emergence, plants were thinned to 1 plant per pot, and 
grown for 12 weeks. Plants were maintained in the greenhouse 
during winter months (replications 1 and 2), and in a shadehouse 
during summer months (replications 3 and 4). 

During the 12-week period, plant vigor was scored visually on a 
scale of l-9, with 1 indicating low vigor and 9 high vigor. Plant 
color was also scored visually, with 1 indicating yellow color and 9 
green. 

Following the 12-week growth period, plants were brought into 
the lab and carefully removed from the sand. Nodules were 
counted. Root scores were visually estimated by a scale of l-5, with 
1 having a small root system, and 5 having a large root system. 

Top growth was removed 8 mm above the crown, and its weight 
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Table 1. Mean, range, standard deviation, and coeffkient of variation for 
seedling vigor, plant vigor and color scores on five seed accessions of 
‘medies”-greenhouse 1978-79. 

Entry No. I 
Black medic 
Mont. 

Entry No. 2 
Black medic 
N.M. 

Entry No. 3 
Black medic 
Calif. 

Entry No. 4 
Barrel medic 
Var. Jemalong 

Entry No. 5 
Burclover 
Calf. 

Plant Plant 
Seedling vigor vigor 

vigor score- score- Color 
score 4 wks 9 wks score 

Mean 4.79 4.37 4.85 5.57 
S I .45 2.06 1.72 1.95 

Range 1.0-7.0 1.0-9.0 1.0-9.0 1.0-9.0 
C.V. 30.29 47.09 35.35 34.95 

Mean 4.03 4.20 5.36 6.08 
S I.51 2.42 2.09 2.1 I 

Range 1.0-7.0 1.0-9.0 1.0-9.0 1.0-9.0 
C.V. 37.46 57.64 39.01 34.74 

Mean 5.07 4.92 5.29 5.99 
S I .68 1.97 2.0 I 1.75 

Range 1.0-7.0 1.0-9.0 1.0-9.0 1.0-9.0 
C.V. 33.07 39.97 37.93 29.20 

Mean 6.62 6.08 6.96 7.07 
S 1.62 1.80 1.55 1.54 

Range 1.0-9.0 2.0-9.0 2.0-9.0 2.0-9.0 
C.V. 24.41 29.57 22.26 21.73 

Mean 5.87 2.92 3.54 3.08 
S 1.64 1.34 2.18 1.79 

Range 1.0-8.0 1.0-6.0 1.0-8.0 1.0-7.0 
C.V. 27.94 45.73 61.48 58.12 

was recorded as fresh top growth. The tops were then dried in a 
forced air oven for 72 hours and weighed again. 

Immediately after top growth removal, roots were weighed and 
acetylene reduction values were determined by methods outlined 
by Hardy et al. (1973). Procedures were followed as outlined by 
Duhigg et al. ( 1978). A total of 100 plants from each accession were 
evaluated in 4 replications for acetylene reduction rates, and ana- 
lyzed as a randomized complete block design. 

Results and Disccusion 

Considerable variation existed for all indices used to evaluate 
nitrogen fixation. Significant differences were found in all indices 
except seedling vigor, at the 0.05 and/or 0.01% levels. 

Table 3. Mean, range, standard deviation, and coefilcient of variation of 
acetylene reduction rates for five seed accessions of ‘medks”(%fe&ago, 
fuputirUI, M. tf’tmCatukr, and M. polymorpha) grown in a N-free growth 
medium-greenhouse 1978-79. 

Number Acetylene reduction (moles/ plant/ hour) 
Entry of plants Mean s Range C.V. 
I. Black medic 

Mont. 89 2.21 2.21 0.0-I 1.2 93 
2. Black medic 

NMSU 89 3.18 2.79 0.0-14.8 87 
3. Black medic 

Calif. 87 3.80 3.15 0.0-15.1 83 
4. Barrel medic var. 

Jemalong 96 2.76 2.52 0.0-12.3 91 
5. California 

burclover Calif. 63 0.21 0.5 I 0.0-3.8 24 

Barrel medic var. Jemalong exhibited the highest mean plant 
vigor and color scores of all 5 accessions (Table 1). This species 
showed good early vigor and maintained good vigor throughout 
the 12-week evaluation period. It was observed that plants that had 
good color at the ninth week had higher top growth weights. 

California burclover had high seedling vigor scores but declined 
in plant vigor through the 1Zweek period. It also showed poor 
plant color at 9 weeks. 

The three entries of black medic were similar in plant vigor and 
color scores. Entry three showed a trend to higher earlier vigor but 
entry two exhibited a trend to higher vigor and color scores at the 
ninth week. 

Top growth of seedling alfalfa grown in nil-nitrogen sand cul- 
tures had been shown to be highly predictive of nitrogen fixation 
(Hoffman 1978, Seetin 1976, Seetin and Burns 1977). This relation- 
ship held true with the annual medics (Table 2). With the 5 seed 
accessions, plants that were high in individual top growth weights 
tended to be higher in acetylene reduction (Tables 2 and 3). Barrel 
medic top growth, which ranged from no measurable weight to 6.7 
g, oven dried, had a high mean dry weight of 1.48 g. The weight of 3 
entries of black medic ranged from no measurable top growth 
weight to 3.0 (Table 2). Although the 3 accessions of black medic 
were smaller in top weights than barrel medic, acetylene reduction 
values were high with entries two and three. California burclover 
was consistently low in top growth weights and low in acetylene 
reduction. 

Table 2. Mean, range, standard deviation and coefficient of variation for fresh top growth weight, air dry top growth weight, fresh root growth weight, 
nodule count, and root score for five seed accessions of “medics”-greenhouse 1978-79. 

Top fresh weight Top dry weight Root fresh weight Nodule count Root score 

Entry No. I Mean 2fO5 Of63 7:57 26.92 3.36 
Black medic S I .66 0.63 6.88 10.06 I.11 
Mont. Range 0.1-8.7 0.0-2.8 0.5-44. I 3.0-47.0 I .o-5.0 

C.V. 80.80 100.95 90.85 38.26 33.05 

Entry No. 2 Mean 2.99 0.90 8.73 31.29 3.47 
Black medic S 2.89 0.73 6.84 13.02 1.23 
N.M. Range 0.1-I I.8 0.0-2.98 0.5-32.0 5.0-50.0 I .o-5.0 

Entry No. 3 Mean 2.83 0.85 12.83 32.18 3.98 
Black medic S 1.76 0.62 10.54 12.31 I .03 
Calif. Range 0.3-7.0 0.0-3.0 I .9-44.7 5.0-75.0 I .o-5.0 

C.V. 61.77 73.19 82.19 38.24 26.00 

Entry No. 4 Mean 4.83 I .48 II.52 31.50 4.22 
Barrel medic S 2.77 I.01 7.60 IO.10 0.94 
Var. Jemalong Range 0.3-l 1.7 0.0-6.7 0.9-44.6 2.0-53.0 I .o-5.0 

C.V. 57.29 68.29 65.99 32.06 22.34 

Entry No. 5 Mean 0.62 0.23 1.86 10.52 1.70 
Burclover S 0.81 0.83 2.13 8.22 0.85 
Calif. Range 0.1-4. I 0.0-2.4 0.1-11.6 0.0-35.0 I .o-3.0 

C.V. 130.88 362.48 114.64 78.1 I 50.3 I 
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Table 4. Pearson’s correlation coefficients of 10 attributes of annual medics grown in tbe greenhouse-1979. 

Seedling vigor 
Plant vigor I 
Plant vigor 2 
Color 
Top fresh weight 
Top dry weight 
Root fresh weight 
Nodule count 
Root score 

Plant 
vigor 1 

0.082 

Plant 
vigor 2 

0.175** 
0.635** 

Color 

0.004 
0.638** 
0.653** 

Top fresh 
weight 

0.192** 
0.575** 
0.698** 
0.638** 

Top dry 
weight 

0.154** 
0.463** 
0.555** 
0.504** 
0.813** 

Root fresh 
weight 

0.099* 
0.367** 
0.493** 
0.424** 
0.697** 
0.540** 

Nodule 
count 

0.033 
0.446** 
0.594** 
0.579** 
0.651** 
0.532** 
0.667** 

Root 
score 

0.114* 
0.444** 
0.593** 
0.616** 
0.699** 
o&07** 
0.724** 
0.730,’ 

Acetylene 
reduction 

0.014 
0.340** 
0.437.’ 
0.393** 
0.663** 
0.516** 
0.693** 
0.660** 
0.584** 

*’ **Significant at the 0.05 and 0.01% levels. respectively. 

Seetin and Barnes (1977) found that root fresh weight was the 
best predictor of top growth. Within seed accessions, plants having 
high root weights were higher in fresh top growth weights (Table 
2). Barrel medic had a high mean root weight of I I .52 g and a high 
mean top growth weight of 4.83 g. It was observed that within the 
black medic accessions, plants with high root weights tended to 
have high top weights. California burclover root weights were low 
which was expected because of low top growth. 

Nodule count and root score were used as a final index to 
nitrogen fixation (Table 2). Nodule counts were similar between 
entries of black medic and barrel medic, however, California bur- 
clover had lower nodule counts. 

Barrel medic maintained the highest vigor scores, color scores, 
and top weights had an intermediate mean acetylene reduction 
value of 2.76 micromoles (Table 3). Being a true annual, barrel 
medic may have used more of its nitrogen production to complete 
its growth cycle, resulting in higher vigor and lower acetylene 
reduction values. 

Within the black medic accessions entry 3 had the highest mean 
acetylene reduction value of 2.80 micromoles. Entries one and two 
were 2.21 and 3.18 micromoles per plant per hour respectively. 

California burclover which had declined in overall plant vigor at 
4 weeks had the lowest mean acetylene reduction value of 0.21 
micromoles. Brown and white nodules were observed at 4 and 12 
weeks and may account for the low nodulation and low acetylene 
reduction value on this entry. 

Top fresh weight and top dry weight were highly correlated with 
acetylene reduction and root fresh weights (Table 4). These data 
indicate that a rough estimate of acetylene reduction potential can 
be obtained from fresh and dry weight values for medic seedlings, 
when grown under nil-nitrogen conditions. 

Root fresh weights and nodule counts were highly correlated 
with acetylene reduction. Although these indices may be used for 
estimating nitrogen fixation, possible death of the plant may result 
during observation and transplanting and therefore present prob- 
lems in a breeding program. Plant vigorand color scores had lower 
correlation values with acetylene reduction rates and, therefore, 
appear to be of little predictive value. 

This study indicates that two species of annual medics, black 
medic and barrel medic (var. Jemalong), fix significant amounts of 
nitrogen under greenhouse conditions as estimated by the acety- 
lene reduction process. Further study is needed to determine the 
variability within and among these annual medic accessions. 
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Infiltration Rates of Various Vegetative 
Communities within the Blue Mountains of 
Oregon 
RONALD E. GAITHER AND JOHN C. BUCKHOUSE 

Abstract 

Mean infiltration rates differed among several natural vegeta- 
tion communities with ponderosa pine (Pinusponderosa) exhibit- 
ing the lowest mean infiltration rate of 6.0 cm/hr and larch (Larix 
occidentalis) demonstrating the highest at 8.8 cm/hr. A trend 
toward increasing infiitration rates corresponded to increasingly 
mesic sites. Alpine, Douglas fir (Psuedotsuga me&e@), mountain 
meadow, and larch types demonstrated the greatest vegetative 
cover, occupied the most mesic sites, and exhibited the highest 
infiltration rates. Infiltration differences within vegetative com- 
munities,based upon changes in condition and productivity were 
also noted. The forested sites were more dependent upon condition 
class than productivity class, with higher infiltration rates being 
exhibited on pole sites than on timbered sites, apparently in 
response to higher plant densities associated with the pole thickets. 
Nonforested sites were responsive to both productivity and condi- 
tion class with higher infiltration rates being exhibited on these 
sites with the more productive or better condition classifications. 

Water is a primary factor limiting production on many western 
rangelands. Many of these areas are subject to low annual precipi- 
tation and high potential evaporational losses. Activities which 
disturb the soil surface or vegetative composition and cover have 
the potential for reducing soil water intake, thereby reducing pro- 
ductivity which in some instances may be minimal at best. A prime 
concern of land managers is to maintain or enhance those factors 
within managerial capabilities which affect soil water intakeand to 
identify those areas most susceptible to disturbance. Blackburn 
and Skau (1974) studied infiltration rates and sediment production 
fo 29 plant communities and soils in central and eastern Nevada. 
The highest infiltration rates occurred on sites with weli- 
aggregated surface soils free of vesicular porosity. Williams et al. 
(1972) used multiple regression analysis to determine relationships 
between vegetative and soil factors and infiltration rates and ero- 
sion from 550 infiltrometer plots at chained pinyon-juniper sites in 
Utah. Factors found to be most important in predicting infiltration 
rates were: (1) total porosity in the O-8 cm layer of soil, (2) percent 
bare soil surface, (3) soil texture in the O-8 cm layer of soil, and (4) 
crown cover. 

Raindrop impact on bare soil tends to rapidly close the natural 
channels of percolation by degrading soil structure. Studies at the 
Manti County watershed in Utah showed that runoff varied inver- 
sely with the total amount of ground cover (Orr 1957). Vegetative 
cover tends to reduce the energy of rainfall by reducing velocity 
and by breaking the large drops into a fine spray which can then 
enter the soil without damage to the soil surface. Gifford (1972) 
reported that the ability to predict infiltration rates, using cover 
characteristics alone varies with time, both within a given storm 
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event and on a seasonal basis. He further stated that measured 
cover characteristics may helpexplain hydrologic behavior of a site 
at one time, yet be of little value at another time. 

The objective of this study was to determine and compare infil- 
tration rates within and among 10 different ecosystems found in 
the Oregon Range Evaluation Project Work Area. 

Description of Area 

The Oregon Range Evaluation Project is located in northeastern 
Oregon between 44’ and 45’ north latitudeand 1180 and 120° west 
longitude. The area has a climatic range from semiarid to cold, 
subhumid. Average winter temperature is 2.1° C and mean 
summer temperature is 19.2’ C. Precipitation occurs primarily 
during the winter and spring months, generally in the form of 
snow. Although the summer months are relatively dry, significant 
amounts of precipitation may fall in response to intense convec- 
tional storms. Annual precipitation varies between 25 cm at lower 
elevations to 100 cm at the higher elevations. 

The area is located in the John Day Drainage Basin which 
represents a borderland between the Columbia Plateau Province 
to the north and the Basin and Range Province to the south. The 
topography is generally hilly or mountainous and the major 
streams are deeply entrenched. Three physiogmphic divisions are 
considered to be important in the study area. They are: (1) alluvial 
fans and flood plains comprised of soils varying from deep, well- 
drained loams to poorly drained alkali, silty, clay loams; (2) middle 
elevation uplands comprised of moderately deep, clayey soils; 
those over basalt or tuff are silty, strong soils while those over ash 
or loess are silty clay loams and deep, ashy, clay loams; (3) high 
elevation uplands support mixed coniferous vegetation types and 
are derived from volcanic ash and basalt-andesite (Geist and 
Ehmer undated). 

Methods 

The basic ecological land unit for research purposes within the 
Evaluation Area is defined as the “Resource Unit.” Resource units 
were derived in the Forest-Range Environmental Study (FRES 
1972) by categorizing the forest and range land into ecosystems; 
each ecosystem in turn was further refined into I of 4 productivity 
levels (I-IV) and one of several condition classes (Excellent, Good, 
Fair, Poor for nonforested sites, and Timber or Pole for forested 
sites) (USDA 1972). The IO ecosystems found within the Evalua- 
tion Area are: (1) Douglas fir (Pseudotsugu menziesii). (2) Ponde- 
rosa pine (Pinus ponderosa), (3) Spruce-Fir (Picea 
englemannii-Abies concolor), (4) Larch (Larix occidentalis), (8) 
Mountain Grassland, (9) Meadow, and (IO) Alpine. 

These ecosystems were refined into resource units by determin- 
ing wood or forage volume as a measure of productivity and 
species composition relative to climax as a measure of condition. 

A Rocky Mountain infiltrometer was used to determine infiltra- 
tion rates of soils of the resource units. This sprinkler-type infil- 
trometer is particularly well adapted to testing comparative 
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conditions associated with natural rainfall (Dortignac 195 I). The tion classes taken together could not be established. Taken separ- 
infiltrometer was calibrated to produce a storm even of approxi- ately, multiple comparison tests indicated a significant difference 
mately 10 cm/hr over a 2%minute storm length. This particular in mean infiltration rates based on condition class but not produc- 
kind of simulated storm was chosen because it approximated a tivity class. This difference was manifested as a decrease in mean 
75-year, convectional storm at this location. infiltration rate as condition class changed from Pole to Timber. 

Sites were identified and quantified into resource units by a U.S. 
Forest Service vegetation team prior to infiltration measurements. 
Verification of site classification and specific vegetation cover, 
litter, and pavement estimates were completed by ocular recon- 
naissance immediately prior to infiltration trials by the authors. 

Ponderosa Pine 

Eighteen observations were made within each resource unit. 
Plots consisted of 6 randomly selected clusters comprised of 3 
subplots per cluster. Cluster sampling provided practical and eco- 
nomical advantages (Steel and Torrie 1960). Duncan multiple 
comparison tests were made in order to determine differences in 
infiltration rates among the different resource units. 

Three different locations were sampled within the ponderosa 
pine ecosystem; however, they were all of the same resource unit 
classification (productivity class IV and Pole condition class). This 
resource unit reflected the lowest mean infiltration rate of any 
sampled. The mean value was 6.0 cm/hr. 

Spruce-Fir 

Results and Discussion 

The spruce-fir resource units, as a whole, reflected relatively low 
mean infiltration rates. Values ranged from 3.6-9.0 cm/ hr with an 
overall mean of 6.3 cm/hr. Significant differences between these 
resource units existed. Mean infiltration rates decreased as condi- 
tion class changed from Pole to Timber. 

Mean infiltration values were established for 40 resource units 
representing each ofthe 10ecosystemsfound within the Evaluation 
Work Area. Twenty-eight of the 40 were distinct resource units. 

Larch 

Douglas Fir 
Resource units within the Douglas fir ecosystem had relatively 

high mean infiltration rates (Figure 1). Mean infiltration rates 
ranged from 6.6-9.7 cm/hr with an overall mean of 8.2 cm/hr 
(Table I). There were statistical differences (K.05) among these 
resource units, although a trend based on productivity and condi- 

Resource units within the larch ecosystem as an average, 
reflected the highest infiltration rates of all study sites. Mean 
infiltration rate ranged from 7.7- 12.1 cm/ hr with an overall mean 
of 8.8 cm/hr. There was a significant difference between the two 
resource units sampled. As with the Douglas fir and spruce-fir 
resource units, mean infiltration rates decreased as condition class 
changed from Pole to Timber. 

Lodgepole Pine 
Two locations were sampled within the lodgepole pine ecosys- 

Table 1. Mean inlltration rates (cm/hr) for resource units (RU) within 10 
natural ecosystems located in Oregon’s Blue Mountains. 

Ecosystems: 

PP - ponderosa pine 
SF - spruce-fir 
J - juniper 
LP - lodgepole pine 
S - sagebrush 

G - grassland 
A - alpine 
DF - Douglas fir 
M - meadow 
L - larch RU 

20-IV-P2 
20-111-T 
20-IV-T 
20-W-P 

21-W-P 

23-N-T 
23-N-P 

25-111-T 
25-111-P 

26-IV-P 

29-lV-G 
29-11-P 
29-M-G 
29-11-F 

3%IV-P 
35-111-P 
35-l-F 

36-IV-F 
36-W-P 
36-111-P 
36-111-F 
36-111-G 

37-111-P 
37-l-P 
37-111-F 
37-11-F 

44-111-P 
44-111-F 

Mean’ 
6.6 a 
7.8 ab 
9.3 b 
9.7 b 

6.0 

3.6 a 
9.0 b 

7.7 a 
12.1 b 

7.0 

6.1 a 
6.6 ab 
7.3 ab 
8.0 b 

4.2 a 
7.3 b 
7.5 b 

4.9 a 
6.2 ab 
7.2 b 
7.6 b 
9.5 c 

2.6 a 
8.0 b 
8.1 b 

11.6 c 

6.1 a 
IO.0 b 

Douglas fir 

cd 

bed 8. Ponderosa pine 

Fir-Spruce 

Larch 

Lodgepole pine 

Sagebrush 

8.0 

al 
c 7. abc abt 

ab 

6.6 

I 6” 
Or 6: 

Mean infiltration rates of the 10 FRES 

Juniper 

Grassland 

Meadow 

Alpine 

‘Different case letters indicate significant differencefi.05. 
ZTwodigit number indicates ecosystem; Roman numerals indicate productivity class; 
letter indicates condition class (P = pole, T = timber. E = excellent, G = good, F= fair. 
P = poor). 

Figure 1. 
ecosystems (different case letters indicate statis- 
tical difference Pc.10). 
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tern. Both were of the same resource unit classification. This 
resource unit reflected a moderate infiltration rate as compared to 
other resource units. The mean value was 7.0 cm/ hr. 

Sagebrush 
Sagebrush resource units also reflected moderate infiltration 

rates. Values ranged from 6.1-8.0 cm/ hr with an overall mean of 
7.0 cm/ hr. Although significant differences existed between 
resource units associated with condition class and productivity 
class interactions, there were no significant differences evident 
when these classes were considered independently. 

Juniper 
Resource units within the juniper ecosystem reflected relatively 

low mean infiltration rates. Values ranged from 4.2-7.2 cm/ hr with 
an overall mean of 6.6 cm/hr. Significant differences existed 
between resource units. Data indicated that mean infiltration rates 
were better correlated with productivity class than condition class. 
A significant difference was noted between productivity class I and 
111 versus productivity class IV. There was no difference between 
productivity classes I and III. Mean infiltration rates decreased as 
productivity decreased from I and III to IV. A significant differ- 
ence did not exist between condition classes Poor and Fair. 

Mountain Grassland 
Grassland resource units were found to have moderate infiltra- 

tion rates as compared to resource units of other ecosystems. Mean 
infiltratipn rates ranged from 4.9-9.5 cm/ hr with an overall mean 
of 7.2 cm/ hr. Significant differences existed among resource units. 
Data indicated that mean infiltration rates were influenced by both 
productivity class and condition class. There was a significant 
difference between productivity classes III and IV and condition 
classes Poor and Fair versus condition class Good. A difference 
was not shown between condition classes Poor and Fair. Mean 
infiltration rates increased as productivity increased from IV to III 
and as condition class changed from Poor and/ or Fair to Good. 

Meadow 
Meadow resource units were found to have some of the highest 

infiltration values in the study area. Mean infiltration rates ranged 
from 2.6-l 1.6 cm/ hr with an overall mean of 8.4 cm/hr. A signifi- 
cant difference was found among productivity classes, although a 
sequential trend could not be established. Data indicated that 
mean infiltration rates were dependent upon interactions between 
condition class and productivity class. In general, as productivity 
increased and condition class changed from Poor to Fair, mean 
infiltration rates increased. 

Alpine 
Resource units of the alpine ecosystem reflected moderately high 

mean infiltration rates. Values ranged from 6. I- 10.0 cm/ hr with an 
overall mean of 8.0 cm/hr. There was a significant difference 
between these resource units. As in other ecosystems, mean infii- 

tration rates increased as condition class changed from Poor to 
Fair. 

Management Implications 
Data indicated that condition class was generally more closely 

related to infiltration than was productivity class in the forested 
units. Mean infiltration rates decreased as condition class changed 
from Pole to Timber. We speculate that this is due to density (not 
biomass) relationships. Apparently as the density of vegetation 
decreased (fewer stems per hectare in mature forests than in pole 
thickets), a hydrologic reflection in terms of infiltration was 
manifested. 

In nonforested sites, both productivity and condition classesand 
their interactions were important. A significant decrease in mean 
infiltration rates of almost 4 cm/hr was noted between alpine 
resource units as conditions went from Fair to Poor. Infiltration 
rates were more dependent upon productivity class than condition 
class within the juniper resource units. Mean infiltration rates 
decreased as productivity decreased from productivity classes 
and III to IV. Mean infiltration rates were shown to be directly 
correlated with both productivity class and condition class within 
the grassland meadow resource units. This influence was particu- 
larly noticeable when comparing grassland ecosystems of low pro- 
ductivity and Poor condition class to areas of higher productivity 
and Good condition. 

Clearly, the effects of vegetative cover, litter, and pavement are 
important within these areas. This study illustrates the need for 
maintaining or enhancing adequate ground cover in order to 
ensure optimal infiltration rates. 
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Influence of Heteromyid Rodents on Oryxop- 
sis hymenoides Germination 

J. KENT MCADOO, CAROL C. EVANS, BRUCE A. ROUNDY, JAMES A. YOUNG, AND RAYMOND A. EVANS 

Abstract 

Seeds (caryopses) of Oryzopsis hymenoides were a preferred 
food by species of heteromyid rodents on sandy desert rangelands. 
The rodents were selective in the type of Oryzopsis hymenoides 
seeds they put in their cheek pouches, rejecting empty seeds and 
polymorphic forms with reduced germination. The rodents cached 
some of these highly germinable seeds and emergence of seedlings 
from these caches was apparently the primary means of stand 
renewal of Oryzopsis hymenoides in these plant communities. 
Captivity studies with heteromyid rodents showed that germina- 
tion of roughly 50% of the seeds in the caches was greatly enhanced 
by the rodent’s removal of the indurate lemma, palea, and pericarp 
that induced dormancy. An estimated 0.02% of the Oryzopsis 
hymenoides seeds produced on a favorable moisture year germi- 
nated from rodent caches and emerged as seedlings. 

The germination of seeds of Oryzopsis hymenoides has been 
investigated by numerous scientists for at least 50 years (McDo- 
nald and Khan 1977). This long-term investment in research 
underscores both the economic importance of this perennial grass 
in western North America and the difficulty in enhancing germina- 
tion of seeds of the species. Robertson (1977) discussed the impor- 
tance of Oryzopsis hymenoides on western rangelands. 

Oryzopsis hymenoides seeds will usually germinate if the lemma 
and palea are removed and the pericarp is broken (Huntamer 1934, 
Stoddart and Wilkinson 1938, Fendall 1964). Some collections of 
seeds also have dormant embryos that require cool-moist stratifi- 
cation before they will germinate (Clark and Bass 1970). When 
Oryzopsis hymenoides is seeded on western rangelands the seeds 
often have been treated with concentrated sulphuric acid to remove 
the lemma and palea (Plummer and Frischknecht 1952). However, 
this enhancement technique is difficult because the acid treatment 
is deleterious, resulting in microbial decomposition of the embryo 
and endosperm. 

Throughout the long history of research on germination of 
Oryzopsis hymenoides no hypothesis has been substantiated on 
how seeds of this species germinate in nature. The search for a 
model for natural regeneration has been complicated by the failure 
until very recently of plant breeders, despite extensive collections 
and testings, to find accessions of this species that are not inher- 
ently dormant (Zemetra 1979). Schemes of microbial decomposi- 
tion of the lemma and palea, or more realistically, abrasion of the 
covering structures by saltation of the seeds over sandy-textured 
soil surfaces, have been proposed. However, Oryzopsis hyme- 
noides seeds recovered from desert seedbeds with evidence of sand 
abrasion have been shown to be less germinable than entire seeds 
(Young et al. 1983). 

Authors are wildlife scientist and graduate student. Renewable Resources Center, 
University of Nevada, and range scientists, respectively, USDA, Agricultural 
Research Service, Rena. Nevada. 

This study is a contribution from USDA. Agricultural Research Service and the 
Agricultural Experiment Station, University of Nevada. Journal Series Number 5 10. 

Manuscript received April 13, 1981. 

The germination enhancement of various seeds by heteromyid 
rodents has been reported in the literature (Reynolds 1950, 
LaTourrette et al. 197 I). The seeds of many herbaceous species in 
western rangelands are collected by those rodents and cached. The 
caches are in topoedaphic situations that favor germination 
(Harper et al. 1965). Many of the resulting seedlings are then 
grazed by the rodents. This scheme of collecting and caching seeds 
and grazing cotyledons or coleoptiles of the resulting seedlings has 
been shown to be necessary for adequate carotene, dietary water 
and vitamin levels in rodent diets for reproduction (Beatley 1969, 
LaTourrette et al. 1971, Bradley and Mauer 1971). 

The purpose of our research was to determine the relationship 
between the seed collecting and caching activities of heteromyid 
rodents and Oryzopsis hymenoides seed germination. 

Methods 

The study was located in Desert Queen Valley, in the northern 
Carson Desert, 80 km northeast of Reno, Nev. The valley was an 
embayment of pluvial Lake Lahontan, but the lake sediments are 
buried in sands that eroded from the delta of the Truckee River and 
are trapped in the valley in the lee of the Hot Springs Mountain 
Range (Morrison 1964). The sands support excellent stands of 
Oryzopsis hymenoides interspersed among Sarcobatus baileyi 
shrubs growing on small dunes. During certain years the sands are 
covered with Oenothera deltoides in the spring. The valley floor is 
about 1230 m in elevation and receives about I 1 cm of precipitation 
annually, which occurs primarily as snow during the cold winter 
months. Within the last decade, the Carson Desert has been 
invaded by the alien forb Salsola paulsenii (Young and Evans 
1979). In infrequent years with abundant summer thunderstorms, 
Salsola paulsenii is the dominant herbaceous vegetation. During 
years with above-average spring precipitation, the alien annual 
grass, Bromus tectorum is relatively abundant around the margins 
of the valley. 

Beginning in January, 1977, rodents were trapped in order to 
examine cheek pouches for seeds. Snap-traps were baited with a 
rolled oats-peanut butter mixture and set in lines of 25 stations 
each, with one rat trap and one mouse trap per station. The stations 
were spaced 10 m apart. Rodents were trapped for 3 consecutive 
nights once each month of the year except May, September, and 
October from 1977 through 1978. The animals were frozen until 
cheek pouches were examined for seed content, using seeds col- 
lected in the area for comparison and identification. Although 
cheek pouch examinations do not indicate if and where the con- 
tents of the pouches were eaten (Reichmond 1975). they do reveal 
which seeds were taken by the rodents. 

The Oryzopsis hymenoides seeds that were recovered from 
rodent pouches from January through May, 1977, were catego- 
rized for seed type and incubated at 20°C in dark germinators. 
Each seed was maintained in an individual petri dish on germina- 
tion paper and kept moist with tap water. After 2 weeks incubation 
the number of seeds that germinated was recorded. If the seed had 
not germinated, the lemma and palea were removed by dissection 
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and the pericarp pricked. After this treatment the seeds were 
returned to petri dishes and incubated for another week. If at the 
end of this additional week the seeds had not germinated, an 
aqueous solution of 50 ppm of gibberellin (GAa) was added to the 
germination substrate and the seeds returned for an additional 
week’s incubation. 

The type and germination of the seeds recovered from the 
rodents were compared to type and germination of Oryzopsis 
hymenoides seeds produced at the Desert Queen site in 1976 and 
with seeds recovered from the soil at this site during the same time 
period (Young et al. 1983). 

In April, 1978, we randomly located 150 plots each 1 m* in area 
in Oryzopsis hymenoides communities in Desert Queen Valley. 
The number of rodent caches with seedlings emerging per cache 
were recorded. The sand from around and below 14 caches that 
had Oryzopsis hymenoides seedlings emerging was carefully exca- 
vated, dried, screened, and the number of seedlings recorded. 

To determine if Oryzopsis hymenoides clumps were composed 
of single or multiple plants, we dug up 100 clumps, separated the 
crowns, and, on the basis of the presence of seminal roots, esti- 
mated the number of plants per clump. 

A few rodents were live-trapped with Sherman traps and kept in 
captivity for studies of seed preference, manipulation, and caching. 
All captivity trials were conducted with Dipodomys deserti and D. 
merriami. During captivity studies, rodents were kept individually 
in rectangular 38-liter glass terrariums with 7 cm of sand on the 
bottomssand mesh wire tops. We put the rodents on a maintenance 
diet of rolled oats and sunflower seeds between research trial. For 
seed preference trials, 4 rodents (1 male and 1 female of each 
species) were given 10 g rations of seeds of Oryzopsis hymenoides 
and Sulsolu paulsenii in petri dishes nightly for 1 I nights. The 
weight of the seeds utilized during each 24-hour period was deter- 
mined. This study was repeated twice with different individual 
rodents using Oryzopsis hymenoides only. During these same 
trials, the number of Oryzopsis hymenoides seeds which had been 
cached and those with their lemma, palea, and pericarp removed 
were determined. This was done by daily sifting the sands of each 
terrarium with a series of fine wire screens. Germination tests were 
conducted on the seeds recovered in comparison to seeds from the 
same seedlot that were not manipulated by rodents. Tests were 
conducted at 15,20,25 and 30“ C for 4 weeks. Seedling emergence 
tests were conducted in the greenhouse using rodent manipulated 
and control seeds planted in sand from the Desert Queen site. 

Results and Discussion 

Rodent Trapping 
Of the nearly 1,000 rodents trapped during the year, 850 were 

heteromyids (seed-eating rodents with external fur-lined cheek 
pouches). Two species of Dipodomys. one of Microdipodops and 
one of Perognathus were recorded in the area (Table 1). Dipodo- 
mys merriumi was by far the most abundant species. 

Examination of cheek pouches of rodents trapped in this study 
showed that the seeds used by ail species of heteromyids were 
predominantly those of Sulsolu puulsenii, the alien forb. Other 
studies have reported that seeds of alien weeds and other annuals 
constituted the majority of heteromyid cheek pouch contents 
(Shaw 1934, Reymonds 1958, LaTourrette et al. 1971). However, 
during July, when Oryzopsis hymenoides seeds were mature and 

Table 1. Number and monthly average of heteromyid rodents trapped in 
Desert Queen Valley, Nev. in 1977. 

Species Number caught Monthly average 

Dipodomys merriami 488 54.2 
Dipodomys deserti 159 17.6 
Microdipodops pallidus I I9 13.2 
Perognathus longimembris 84 9.3 

Total 850 94.3 
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Fig. 1. Monthly use of seeds of Salsola paulsenii and Oryzopsis hyme- 
noides by 4 species ofheteromyid rodents (Perognathus longimembris, 
Microdipodops pallidus, Dipodomys merriamLand D. deserti)in Deserr 
Queen Valley, Nev., during 1977. 

dehisced, no Salsolapaulsenii seeds were recorded in pouches,and 
Oryzopsis hymenoides seeds dominated (Fig. 1). Use of Bromus 
tectorum and miscellaneous forb seeds was never of major impor- 
tance. Analyses of food habits for each of the 3 most abundant 
rodent species (taken individually) showed the same increase in the 
use of Oryzopsis hymenoides seeds in July for each species with a 
‘corresponding decrease in Sulsolu puufsenii seed utilization. We 
concluded that Oryzopsis hymenoides seeds were preferred when 
available. This conclusion is strengthened by the fact that though 
trapping intensity was the same in June, July, and August, signifi- 
cantly (EO.05) fewer heteromyids were caught in July. According 
to Fitch (1954), rodents are not as attracted to artificial bait in traps 
when preferred natural food sources are available. 

Seeds Recovered from Rodents 
We compared the type and germination characteristics of Ory- 

zopsis hymenoides seeds recovered from rodents with a random 
sample of seeds harvested at the site during the previous season, 
and with seeds recovered from the surface 15 cm of the soil. This 
comparison revealed that rodents were selective in the type of 
Oryzopsis hymenoides seeds they carry in their pouches (Table 2). 
Only 34% of the Oryzopsis hymenoides seeds harvested were found 
to be germinable, compared to 38% of the seeds recovered from the 
soil and 94% of the seeds recovered from the rodent pouches. We 

Table 2. Comparison of seed types and germination parameters of Oryzop 
sis hymenoi&s seeds collected at maturity, recovered from the surface 15 
cm of soil, or removed from pouches of rodents trapped at the Desert 
Queen location. 

Type of recovery 
Random Recovery Recovery 

sample of from surface from 
Seed types and harvested 15 cm heteromyid 
germination parameters seed of soil rodents 

Germination (no enhancement) 4 0 2 
Germinable 

(with enhancement) 34 38 94 
Apparently germinable 

but dormant 34 34 4 

Empty 28 28 0 
Seed types 

Big black 28 41 90 
Small black 37 38 8 
Brown 34 21 I 
Naked I 0 I 
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use germinable to mean the seeds aredormant but willgerminate if 
given enhancement treatments. This in contrast to weds that ger- 
minate without treatment or seeds that fail to germinate after 
treatment and are classified as dormant. Germinability was deter- 
mined through the enhancement techniques of removal of the 
lemma and palea by dissection and addition of 50 ppm of GAx to 
the substrate. 

The seeds collected by rodents were only Z%germinable before 
the enhancement process. Despite the enhancement process, 34% 
of the harvested seeds and 34% of the seeds recovered from the soil 
were nongerminable after treatments. In comparison, only 4% of 
the Oryzopsis hymenoides seeds collected by the rodents were 
nongerminable. Most importantly, 28% of the freshly harvested 
seeds or those recovered from the soil were empty while none ofthe 
seeds picked up by rodents were empty. Reynolds and Glendening 
(1949) reported that Dipodomysmerriamiin theSouthwestappar- 
ently test Prosapsis seeds for soundness by gnawing. 

Orysopzis hymenoides seeds are highly polymorphic and the 
rodents are selective in the type of seeds they pick up. The seeds 
recovered from the rodent pouches were 90% big blacks, which 
constituted only 28% of the current year’s production and 41% of 
the seed reserves in the soil (Table 2). The big black seeds are the 
largest form of Oryzopsis hymenoides seeds. Because they are very 
plump, these seeds are nearly round in outline. The contrasting 
form is small black seeds that are longer than wide and much 
smaller than big blacks. Another major form of these seeds is the 
brown seeds which include several shapes and shades ofcolor. The 
rodents picked up very few brown seeds, which constituted 34% of 
the seeds produced. Rodentsarenotedforbeingselectiveahoutthe 
types of seeds they pick up, discriminating by size (Brown and 
Lieberman 1973) or nutritive value (Lockard and Lockard 1971). 
In our study, the rodents were discriminating between polymor- 
phic forms of the same species. 

Seed Caches in the Field 
In April, 1978, we found 1.37 rodent caches per m2 in Desert 

Queen Valley (Data not shown). About one-third of these caches 
contained emerging Oryzopsis hymenoides seedlings. Most of the 
caches had been partially excavated by rodents. The mean number 
of seedlings per cache was 1.4 with a range of I to I7 seedlings per 
cache. 

The average cache contained 250seeds of Oryzopsishymenoides 
buried at a mean depth of 5.5 cm in the sand. This is near the 
optimum depth for seedling establishment (Kinsinger 1963, James 
1968). Nearly half of these cached seeds were naked, with their 
lemma, palea and pericarp removed. 

We estimated that 3.43 X IOh Oryzopsis hymenoides seeds were 
cached per hectare or about 8% of the seed production of this 
species at this site in a favorable moisture year (Young et al. 1983). 

Oryzopsis hymenoides plants appear to he the typical cespitose 
perennial grass growing as a solitary bunch. When we dug these 
bunches at the Desert Queen Valley site, the average number of 
plants per bunch was 1.2 with a range of 1 to 2 I plants per clump. 
The apparently single plants could be easily separated into compo- 
nents which, based on the occurrence of seminal roots, were often 
individual plants. There was no clear relation between the size of 
the bunch and the number of plants. Large bunches often had 
nunerous dead plants mixed with a few living plants. 

Captivity Studies 
When given free choice between IO g rations ofSalsolapau/ensii 

and Oryzopsis hymenaides seeds, Dipodomys merriami and D. 
deserti consumed or cached all of the Oryzopsis hymenoides seeds 
and left about 30% of the Salsolo paulsenii seeds. 

The rodent species consumed an average of 75% and cached 25% 
of IO g rations of Oryzopsis hymenoides seeds when these seeds 
were fed alone (Table 3). Of the seeds that were cached, anaverage 
of 6490 were entire and 36% had their lemma and palea removed. 
The ratio of naked to entire seeds was in the range recorded for 
seeds recovered from field caches. 

The rodents removed the embryo and endosperm by spreading 
the lemma and palea without breaking them apart at the calus end 
of the caryopsis [Fig. 2a and 2b). When the sandy soilsat the study 
site were screened for recovery of seeds 49.4X IO6 per hectare of 
these separated lemma and paleas were recovered (Young et al. 
1983). 

Oryzopsis hymenoides seeds that the rodents hulled were 
markedly more germinable than untreated seeds from the same 
seedlot--averaging 31% germination. Heteromyid rodents have 
been known to physically enhance the germination of other range- 
land species by breaking seed coats (Reynolds and Glendening 
1949). Seeds that were manipulated by rodents, but cached with the 
lemma and palea entire, did not have enhanced germination. 
Emergence of seedlings during greenhouse trials in sandy soil also 
was enhanced by rodents removing the lemma and palea. 

Model of Fate of Seeds 
From the data available it is possible to illustrate a model of the 

fate of Oryzopsis hymenoides seeds produced at the Desert Queen 
site (Fig. 3). Note that 2890 of the original seed production con- 
sisted of empty seeds, and the rodents apparently do not pick up 
and cache empty seeds. If we subtract the empty seeds then the fate 
of the 12% of seeds produced is accounted for in our estimates. 

The rodents play a selective role at several levels in the scheme. 
They only pick up filled seeds. The type of seeds recovered from the 
cheek pouches ofthe rodents differinproportionfromthosenoted 
from seed production. The rodentscollected more big blacks which 

Table 3. Fate oforyropsis hymenoidesseeds fed to heteromrid rodents in 
eqtivity studies. The rodents were fed 10 g of ssd (abOut 5,500 seeds), 
and after 24 hours the sand in the bottom aftheiresges was sereenfd and 
the seeds recovered. 

Fate of seeds 

Consumed 
Cached 
Entire seeds cached 
Seeds with lemma and palea 

remnved cached 

Trial #I Trial lf2 Average 

90 % % 
74 76 75 
26 24 25 
56 73 64 

44 26 36 



Fig. 3. Simple model of the fate of Oryzopsis hymenoides seedsproduced 
in a desert community and preyed on by heteromyid rodents. Actual 
germination based on incubation at 20° C. Germinable seeds are those 
which will germinate after lemma and palea are removed. Seed reserves 
based on studies by Young et al. (1983). consumptive loss estimate based 
on captiviry studies. 

characteristically have high germinability (will germinate with 
enhancement) but low initial germination (will germinate without 
enhancement), but discriminate against small blacks (high germi- 
nation, low germinability) and especially discriminate against 
browns (low germination and low germinability). 

The activity of the rodent increases the germinability of the seeds 
that are cached and about one half of the seeds have their lemma 
and palea removed, insuring roughly 33% actual germination. 
These seeds are placed in a very favorable microenvironment for 
germination. One of the largest influences of the rodent popula- 
tions is that 35% of the filled seed production is consumed. 

The rodents also influence the fate of Oryzopsis hymenoides 
when they return to prey on the young plants emerging from the 
seed caches. The most remarkable feature of this scheme is that 
0.02% of the estimated seeds produced in a good year become 
emerged seedlings. Our observation has shown that the chances of 
seedlings becoming established plants are extremely small. 

We have noted that seedlings emerging in the field from caches 
often originated from seeds with intact lemmasand paleas. Consid- 
ering the maximum number of seedlings found per cache was 17 
with an average number of seeds per cache at 250, the 7% seedling 
emergence is within the germination level of untreated seeds. We 
may find a high percentage of seedlings from seeds with lemmas 
and paleas entire because the naked seeds in the caches germinate 
first and these seedlings are readily consumed by the rodents in 
early spring in an attempt to balance their diets. 

Managers of desert Oryzopsis hymenoides ranges or individuals 
interested in rehabilitating disturbed environments with Oryzopsis 
hymenoides should be cognizant of the important interacting role 
that heteromyid rodents play in the ecology of this species. 
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Differential Grazing Use of Herbicide- 
Treated Areas by Cattle 
C.J. SCIFRES, J.R. SCIFRES, AND M.M. KOTHMANN 

Abstract 

Cows allowed free access to randomly placed plots of Bell 
rhodesgrass, kleingrass, and weeping lovegrass appeared to prefer 
to graze plots treated with 2.2 or 4.4 kg/ha (a.i.) of 20% tebuthiu- 
ron pellets compared to untreated plots, regardless of grass species. 
The apparent preference was observed during the summer and fall 
following herbicide application in the spring but was not detected 
the growing season 1 year after herbicide application. The cows 
also appeared to prefer herbicide-treated (2,4-D or piclomm sprays 
at 1 kg/ha, tebuthiuron pellets at 0.5, 1 or 2 kg/ha [a.i.D little 
bluestem-brownseed paspalum native stands to untreated plots. 
Moreover, cows usually grazed on plots treated with 1 or 2 kg/ha 
of tebuthiuron more than on those plots treated with 2,4-D or 
picloram sprays. Since all plots were mowed prior to the grazing 
trials, apparent gmzing preferences were not attributable to differ- 
ences in stage of grass maturity or to control of broadleaves by the 
herbicides. 

Since the advent of phenoxy herbicides in the early 1940’s, a wide 
array of sophisticated herbicides have been developed. Research 
has emphasized efficacy testing of selective herbicides for woody 
plant control, mode of herbicide action on the target species, and 
residual characteristics of herbicides in the environment. However, 
the responses of nontarget plant species and behavioral responses 
of animals grazing herbicide-treated ecosystems have received rela- 
tively little attention. 

Herbicides such as 2,4-D [2+dichlorophenoxy) acetic acid] and 
picloram (4amino-3,5,6-trichloropicolinic acid) affect a multitude 
of physiological processes (Ashton and Crafts 1973). Herbicide 
2,4-D affects respiration, food reserves, and cell division (Mullison 
1979) and may form complexes with proteins or amino acids. 
Because of the number of physiological processes involved, “the 
primary mode of action (of 2,4-D) has not been clearly established” 
(Mullison 1979). Although grasses usually resist phytotoxiceffects 
of such herbicides, seedling growth may be inhibited in the pres- 
ence of hormone-type herbicides applied at dosages commonly 
used in field applications (Scifres and Halifax 1972a, 1972b). 

Tebuthiuron [N45_E 1, Idimethylethyl]- I ,3,4-thiadiazol-2-yl)- 
N,N’dimethylurea] was recently registered by the U.S. Environ- 
mental Protection Agency for woody plant control on rangeland. 
The selectivity of tebuthiuron is largely dose related, and damage 
to grasses may result when the application rate exceeds 2 kg/ ha of 
active ingredient (a.i.) (Scifres 1980). However, aerial applications 
of pelleted tebuthiuron (20% pellets) at 2 kg/ ha (a.i.) have effec- 
tively controlled a broad spectrum of woody species on the south 
Texas Plains (Scifres et al. 1979) and in east-central Texas (Scifres 
et al. 1981a). By the second growing season after tebuthiuron 
application at 2.2 kg/ha, the botanical composition of forage 
stands may be improved significantly for livestock grazing (Scifres 
and Mutz 1978, Scifres et al. 1981bl. 
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Although the exact mechanisms have not been clarified, applica- 
tions of atrazine [2-chloro-4-(ethylamino)_(isopropylamino)-r- 
triazine] may increase nitrogen metabolism in some grasses (Kay 
1971) resulting in increased crude protein contents (Baker et al. 
1980). Tebuthiuron, like atrazine, is a photosynthetic inhibitor 
(Mullison 1979); and tebuthiuron applications have increased 
crude protein contents of several grass species in greenhouse exper- 
iments (Biondini and Pettit 1979). These physiological effects on 
vegetation suggest that the behavior of grazinganimalsmay also be 
altered in response to changes in plant community structure and 
chemical composition of forage. 

Therefore, this study was designed to evaluate the hypothesis 
that herbicide application directly alters grazing use of forages by 
cattle. Characteristics of grazing activity evaluated to test the 
hypothesis were (I) relative amounts of forage removed from 
herbicide-treated compared to untreated areas, and (2) the amount 
of time the cattle spent grazing on the treated areas relative to 
amount of available forage. 

Materials and Methods 

Seeded Plots 
A grass seeding established in early March 1974 on the Texas 

A&M University Range Research Area was used for the first 
experiment. The 0.6-ha, enclosed nursery contained 8 by 31-m 
plots originally seeded with 3.3 kg/ ha pure live seed (PLS) of Bell 
rhodesgrass (Chloris guyunu), “Selection 75” kleingrass (Punicum 
colorutum), and Ermelo weeping lovegrass (Erugrostis curvulu). 
Plantings of each species were replicated 3 times in a randomized 
complete block design. 

On March 14, 1978, the area containing the nursery was burned 
with a backfire to remove all standing growth. On April 21, 1978, 
when the grass regrowth was 15 to 20 cm tall, 20% tebuthiuron 
pellets at 0, 2.2, or 4.4 kg/ ha active ingredient (a.i.) were applied 
with a hand-operated spreader to randomly assigned 4 by 4-m 
subplots. A metal rod, 1 m long and with I5 cm of the tip color 
coded to assure identification from a distance, was driven into the 
center of each subplot. Subplots were separated by a l-m strip of 
untreated vegetation. Cumulative area of subplots in the enclosure 
was 0.044 ha, approximately 7% of the total area available to the 
grazing animals. The remainder of the enclosure supported a uni- 
form stand of common bermudagrass (Cynodon ductylon). 

Grazing trials during the spring (May 28 to June 2), summer 
(July 18 to July 22), and fall (October I6 to October 20) of 1978 
were conducted with 4, 360-kg cows. Three weeks prior to the 
summer and fall grazing periods, the nursery was mowed to a 
15-cm stubble height to minimize confounding stage of vegetative 
maturity with effects of herbicide treatment ongrazingcharacteris- 
tics. A final grazing trial was conducted during the period July 
9-12, 1979, after shredding the study area in mid-March 1979. 

Prior to initiation of grazing, standing crop was estimated in 4, 
0.25-m2 areas within I m from the center stake in the subplots. One 
of the 4, 0.25-m* areas was then randomly selected for actual 
harvest. Standing herbage was clipped to a 2.5-cm stubble height, 
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separated into grasses and forbs, oven dried at 60” Cfor48 hr,and 
weighed. Weight estimates were adjusted to actual weights based 
on a regression equation, and the average values were used as a 
measure of forage available on each plot. Harvested areas were 
excluded from sampling during subsequent evaluations. Within 3 
days after each grazing trial, the forage estimation procedure was 
repeated. Differences between pregrazing and postgrazing stand- 
ing crops were considered valid relative estimates of forage disap- 
pearance during each grazing trial. 

During each grazing trial, cattle were allowed to graze for I to 2 
hr (average of all periods was 1.6 hr) each morning beginning at 6 
a.m. and again each evening beginning at 7 p.m. except for the fail 
period when grazing was initiated at 7 a.m. and 6 p.m. Two to 4 
observers recorded each cow’s activities during each grazing 
period. A grazing event was initiated whena cow entered a subplot, 
and the length of each event was timed with a stopwatch. Between 
grazing periods, the cows were confined to an area immediately 
adjacent to the study enclosure. The cows were not fed between 
grazing periods but had access to water and shade. 

Native Stands 
A second experiment was established in 1979 in a 0.6-ha enclo- 

sure immediately adjacent to the 1978 study area. The study area 
was dominated by little bluestem (Schizuchryium scopurium) and 
brownseed paspalum (Paspalumplicatulum). At the timeof herbi- 
cide application on April 5, 1979, winter annuals (primarily Bro- 
mus spp.) were abundant. Most abundant forbs were western 
ironweed (Vernonia baldwini) and perennial ragweed (Ambrosia 
psilostachya). 

Herbicides were applied to IO- by 12-m plots separated by 
I-m-wide untreated areas and replicated 6 times in a latin square 
design. Treatments, the isopropyl ester of 2,4-D and the potassium 
salt of picloram as aqueous sprays applied at I kg/ ha (a.i.), the 20% 
pellets of tebuthiuron applied at 0.5, 1 or 2 kg/ha (a.i.), and 
untreated plots occupied about 76% of the total area available for 
grazing. 

Grazing trials were conducted during the periods, June 25-29, 
July 30-August 2, and October 30-November 1 in 1979and during 
July 8-1 I in 1980. The study area was shredded to a 1%cm stubble 
height in early March of each year. 

Three of the cows used were the same as in the 1978 experiment 
but 3 of the 4 observers had not participated in the previous 
experiment. Each of the observers watched each of the different 
cows during 2 grazing periods, once during a morning period and 
once during an afternoon period, during each trial. A color coded 
rod was driven in the center of each plot. The observers were not 
made aware of treatments associated with the coding, and the 
colors were randomly redesignated to treatments after each graz- 
ing period. 

The day before each trial commenced, 5,0. I-m2 areas equidis- 
tantly spaced on a diagonal across each plot were clipped to a 
2.5-cm stubble height. The day after termination of each grazing 
trial, a second set of sampling areas immediately adjacent to the 
pre-grazing set were harvested. Standing crop was sorted into 
grasses and forbs, oven-dried for 48 hr at 600 C, and weighed. 

Statistical Analyses and Hypothesis Testing 
Analysis of variance was used to evaluate the influence of herbi- 

cide treatment on initial standing crops and percentage disappear- 
ance at the end of each grazing trial. Analysis of variance was also 
used to isolate variation among cows, treatments, grazing periods 
(morning or afternoon) and appropriate interactions within each 
grazing trial relative to durations of grazing and numbers of visits 
to each plot. Mean separation was performed by Tukey’s w- 
procedure (p1.05) (Steel and Torrie 1960). 

The hypothesis, that herbicide treatment did not affect grazing 
preference and the cows grazed randomly using all plots equally, 
was tested bY chi-square analyses. Grazing preference for her6icide 
treated plots was evaluated by the frequency of grazing visits based 
on an expected value (average number of grazing visits/ untreated 
plot each hour) for each grazing trial. 
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Chi-square was also used to test the hypothesis that herbicide 
treatment would not influence amount of time (minutes/ hour of 
each g&zing trial) spent grazing any given plot. The premise was 
that time spent grazing any given plot within theexperiment would 
be proportional to the amount of grass available. Chi-square 

values were calculated as x2= Zywhere 0 = average time cows 

were observed grazing a given treatment, and E= averagetime the 
cows would be expected to graze that treatments based on grass 
available. Within each period, E was calculated from CD, l SC, 
SC,-’ 
where: 
GD, = mean grazing duration on the untreated plots, 
SCt = mean grass standing crop of the plots treated with herbicide, 
and 
SC, = mean grass standing crop of untreated plots. 

A significant x2 value was interpreted to mean that cattlegrazed 
the herbicide-treated plots longer than would be expected based on 
available forage. 

Results and Discussion 

General Considerations 
F-ratios from analyses of variance indicated that variation 

attributable to differences among cows or between grazing periods 
(morning vs. afternoon), regardless of experiment or year of study 
were not significant (p1.05). Also, the interactions, cow X period, 
cow X treatment, and cow X period X treatment were not signifi- 
cant. Therefore, data were averaged across cows and periods to 
simplify presentation. In the first experiment, variation attributa- 
ble to grass species and grass species X herbicide treatment interac- 
tions usually accounted for the greatest proportion of the sums of 
squares. Herbicide treatments were usually the greatest contribu- 
tors to the sum of squares in the second experiment. 

The primary non-grass species present in the first experiment 
was yellow passionflower (PassiJlora lutea L. var. glabriflora 
Fern.) Yellow passionflower was highly preferred by the cows and 
had been selectively removed by the end of the second grazing 
period of the first trial. Forb stands were highly variable and 
contributed less than 10% to standing crop in the second experi- 
ment. Therefore, only the data collected on grass standing crop are 
reported. 

Table 1. Standing crop (kg/ha) of grasses immediately prior to grazing 
trials during various periods following tebutbiuron application on April 
27, 1978, near College Station, Tex. 

Tebutbiuron 
rate 

(kg/ ha) 

Grazing period’ 
1978 

1979 May 29- 
June 2 July 18-22 Oct. 16-20 July 9-13 

0 
2.2 
4.4 

0 
2.2 
4.4 

202 
4:4 

Bell rhodesgrass 

132 e 464 bc 640 cd 
652 de 493 bc 326 ab 
312 ab 350 ab 190 a 

Kleingrass 

598 d 678 d 508 cd 
527 cd 368 bc 345 bc 
187 ab 132 a 71 a 

Weeping lovegrass 

670 def 675 def 714 ef 
455 bed 529 cde 493 bed 
214 ab 418 bc I71 a 

1,413 g 
973 f 
640 cd 

1,747 g 
I.426 f 
1.106 e 

I.373 g 
733 ef 
867 f 

‘Means followed by the same letter and withina speciesare not significantly different 
(FQ.05) according to Tukey’s w-procedure. 
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Seeded Plots 
Treatment Influences on Forage Standing Crop 

Rainfall during the period from herbicide application to the first 
grazing trial totaled 7 cm, adequate to dissolve the herbicide. By 
the first grazing trial, approximately 1 month after tebuthiuron 
application, mean standing crops were reduced by 4.4kg/ha of the 
herbicide, regardless of grass species (Table 1). 

Cumulative rainfall from the time of herbicide application to 
initiation of the second grazing period in July 1978 was 16.5 cm. 
Neither rate of tebuthiuron had reduced the standing crop of Bell 
rhodesgrass by the mid-summer grazing trial (Table 1). However, 
both herbicide rates had reduced the standing crop of kleingrass; 
and 4.4 kg/ha of tebuthiuron had reduced the standing crop of 
weeping lovegrass, compared to untreated standing crops. At the 
time of the grazing trial in July, grasses treated with the higher 
herbicide rate were noticeably shorter than the untreated plants, 
stands were obviously thinned, and the plants were uniformly 
chlorotic. These symptoms were more apparent with kleingrass 
than with Bell rhodesgrass or weeping lovegrass. 

Cumulative rainfall on the study area from time of application of 
the herbicide in April to initiation of the grazing trial in October 
was 37 cm. The standing crop of kleingrass had been severely 
reduced by October where 4.4 kg/ ha of tebuthiuron were applied 
the previous April (Table 1). Average standing crops of grasses 
were reduced by 48% at the time of the fall grazing trial where 2.2 
kg/ ha of tebuthiuron were applied. 

At the time of the grazing trial on July9-13,1979, thestudyarea 
had received a total of 139cm of rainfall since herbicideapplication 
in 1978. Grass standing crop had not recovered from the applica- 
tions of tebuthiuron the previous spring (Table 1). 

Disappearance of grass standing crop varied with time of graz- 
ing, grass species, and herbicide treatment (Table 2). During the 
first grazing trial after treatment, mean percentage disappearance 
where 2.2 kg/ ha of tebuthiuron were applied was no different than 
where no herbicide was applied, regardless of grass species. How- 
ever, percentage disappearance of all species was significantly 
increased where 4.4 kg/ ha of tebuthiuron were applied compared 
to disappearance of untreated standing crop. 

During the grazing trial in July 1978, percentage disappearance 
was significantly greater from tebuthiuron-treated Bell rhodes- 
grass plots than from untreated plots (Table 2). However percen- 
tage disappearance of kleingrass and weeping lovegrass standing 
crops was increased only where 4.4 kg/ ha of the herbicide had been 
applied. Percentage disappearance of standing crops in the fall was 

Table 2. Percentage disappearance of standing crops of grasses 
immediately following grazing trials during various periods following 
tebuthiuron application on April 27, 1978, near College Station, Tex. 

Grazing period* .-- 
Tebuthiuron 1978 

rate May 29- I979 

(kg/ ha) July IS-22 Oct. 16-20 July 9-13 July 9-13 

0 
2.2 
4.4 

0 33 ab 
2.2 39 b 
4.4 56 cd 

0 21 cd 
2.2 33 de 
4.4 36 e 

45 cde 
40 bc 
66 fg 

Bell rhodesgrass 
22 a 30 ab 
42 cd 49 def 
60 efg 84 h 

Kleingrass 
28 a 41 b 
25 a 32 ab 
62 de 68 e 

Weeping lovegrass 
8 ab 14 bc 

17 bc 31 de 
42 e 76 f 

56 ef 
56 ef 
72 h 

56 cd 
68 e 
54 c 

Oa 
9 ab 

86 f 

IMeans followed by the same letter within a species are not significantly different 
(PS.05) according to Tukey’s w-procedure. 

During the fall trial, durations of grazing use were again uniform 
across treatments (Table 3) but there was a tendency for increased 
frequencies of grazing visits to herbicide-treated plotscompared to 
untreated areas (Table 4). Only with kleingrass was there a ten- 
dency for decreased durations of grazing on the plots treated with 
tebuthiuron (Table 3). Thus, durations ofgrazing on the herbicide- 
treated plots were longer than expected if grazing use had been 
proportional to forage availability. This use accounted for the 
disproportionate forage disappearance among treatments, regard- 
less of species (Table 2). 
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Table 3. Mean grazing durations (minutes/hour of grazing/cow) at various 
times after tebuthiuron application on April 27,1978 near College Sta- 
tion, Texas. 

Grazing period’ 
Tebuthiuron 1978 

rate May 29- 1979 

(kg/ ha) June 2 July 18-22 Oct. 16-20 July 9-13 

Bell rhodesgrass 
0 3.6 b 1.9 ab 4.8 a 3.9 bc 

2.2 3.8 b 2.6 ab 4.6 a 3.0 bc 
4.4 1.4 a 1.8 ab 4.7 a 3.1 bc 

X2 0.12 0.27 9.43* I .04 

Kleingrass 
0 3.7 b 2.2 ab 6.3 a 3.7 bc 

2.2 2.5 ab 3.4 b 4.3 a 4.3 bc 
4.4 1.6 ab 2.3 ab 4.3 a 4.0 bc 

x2 0.34 12.26’ 13.273 I .72 

Weeping lovegrass 
0 I.8 ab 1.7 ab 4.1 a 0.1 a 

2.2 1.6 ab 2.6 ab 3.5 a 2.0 ab 
4.4 1.1 a 1.3 a 3.6 a 4.8 c 

X2 -0.60 1.27 7.15 427.683 

‘Means within a column followed by the same letters are not significantly different 
(K.05) according to Tukey’s w-procedure. 
*Chi-square significant (pI.05). 
‘Chi-square significant (PLO I). 

greater where tebuthiuron had been applied the previous April 
than from untreated stands, except where 2.2 kg/ha of the herbi- 
cide were applied to kleingrass. Moreover, the percentage disap- 
pearance of standing crops from plots treated with 4.4 kg/ ha was 
greater than from those treated with 2.2 kg/ha of the herbicide. 

During the summer of 1979, after application of the tebuthiuron 
in the spring of 1978, forage disappearance was increased com- 
pared to that from untreated stands where 4.4 kg/ ha of tebuthiu- 
ron had been applied to Bell rhodesgrass (Table 2). There was also 
increased percentage disappearance of kleingrass where 2.2 kg/ ha 
were applied. 

Influence of Treatment on Grazing Patterns 
The average time (minutes grazing/hour of trial/cow) spent 

grazing treatments during the period, May 255June 2,1978 (Table 
3), appeared to be roughly proportional to availability of forages 
(Table 1). Thus, chi-square analysis did not indicate deviation of 
observed grazing durations from those expected (Table 3) even 
though a greater proportion of the standing forage disappeared 
where the higher herbicide rate was applied (Table 2). The fre- 
quency of grazing visits also tended to decrease as herbicide treat- 
ment reduced available forage (Table 4). 

During the summer grazing trial of 1978, there were no signifi- 
cant differences among mean grazing durations attributable to 
herbicide treatment within a grass species (Table 3), and no differ- 
ences in frequencies of grazing visits (Table 4), regardless of grass 
species or tebuthiuron rate. This uniform grazing use accounted 
for increased percentage disappearance where standing crop had 
been reduced by the herbicide treatment (Table 2). Durations of 
grazing use of kleingrass on herbicide-treated plots were longer 
than expected (K.01) based on forage standing crop (Table 3). 



Table 4. Frequencies of grazing visits (visits/cow/hour) during grazing 
trials at various times after application of tebuthiuron on April 27,1978, 
to 3 grass species near College Station, Tex. 

Grazing period’ 

Tebuthiuron 
rate 

I978 1979 
Mav 29- 

(kg/ ha) June 2 July 18-22 Oct. 16-20 July 9-13 

Bell rhodesgrass 
0 10.0 b 3.5 a 5.0 ab 3.0 ab 

2.2 9.3 ab 4.5 a 4.0 ab 4.1 ab 
4.4 4.0 a 3.5 a 8.7 ab 5.1 bc 

X2 3.65 0.28 2.94 I .87 

Kleingrass 

0 7.3 ab 3.7 a 6.7 ab 4.7 abc 
2.2 7.0 ab 4.9 a 8.0 ab 5.2 bc 
4.4 5.7 ab 2.7 a 9.3 b 6.9 c 

x2 0.36 0.66 I .26 I .08 

Weeping lovegrass 
0 7.7 ab 3.3 a 3.3 a 2.3 a 

2.2 4.7 ab 4.7 a 6.0 ab 3.7 ab 
4.4 6.0 ab 3.3 a 6.3 ab 4.9 bc 

x2 1.38 0.59 4.94 3.79 

‘Means within a column followed by the same letter are not significantly different 
(pI.05) according to Tukey’s w-procedure. No chi-square values were significant 
(P5.05). 

There were no differences among mean grazing durations attrib- 
utable to herbicide treatment of Bell rhodesgrass or kleingrass 
during the grazing trial conducted in July of 1979 (Table 3). 
However, the frequencies of grazing visits (Table 4) and mean 
grazing durations (Table 3) were significantly increased where 4.4 
kg/ ha of tebuthiuron wereapplied to weeping lovegrass,compared 
to untreated stands. This increased grazing use apparently 
accounted for the high percentage of forage which disappeared 
where the higher rate of the herbicide was applied (Table 2). 

Native Stands 
Treatment Influences on Forage Availability 

As with the artificially seeded grass stands, potential differences 
in forage standing crops attributable to weed control or to herbi- 
cide damage were minimized by the mowings applied prior to the 
grazing trials. The mowings were judged as being necessary to 
minimize confounding of the grazing responses with stage of vege- 
tation development induced by herbicide treatment. 

By June 25 after herbicide application on April 5,1979,43 cm of 
rainfall has been received on the study area of which 26 cm 
occurred in May. Standing crops of grass at that time were gener- 
ally unaffected by treatment (Table 5). However, percentage forage 
disappearance at the end of the first grazing trial was greater where 
tebuthiuron was applied at I or 2 kg/ha, compared to other 
treatments. 

Although 23 cm of rainfall had been received since the last 

grazing trial, grass standing crop was uniformly lower during the 
grazing trial conducted July 2CAugust 2 than during the June 
1979 &al (Table 5). However, mean standing crops on plots 
treated with the picloram sprays or with the higher rates oftebuthi- 
uron pellets were greater than on untreated plots. Percentage 
forage disappearance was increased only where I or 2 kg/ha of 
tebuthiuron had been applied compared to that from untreated 
plots. 

At the time of the grazing trial in July 1980, standing crops of 
grass tended to be greater on plots treated with herbicides than on 
those not treated, but were significantly increased only where 
picloram at 1 kg/ha or tebuthiuron at 2 kg/ha had been applied 
(Table 5). There were not differences in percentage forage disap- 
pearance among treatments the year after herbicide applications. 

Influence of Treatment on Grazing Patterns 
Mean durations of grazing were increased on all plots treated 

with tebuthiuron, regardless of application rate, during the June 
1979 grazing trial (Table 6). Mean frequencies of grazing visits 
were increased on all herbicide-treated areas except those receiving 
2,4-D sprays (Table 7). This increased activity on the herbicide- 
treated plots was greater than expected (S.01) based on differen- 
ces in herbage standing crops. Patterns of grazing during the 
July-August 1979 trial were generally similar to those discussed for 
the grazing trial conducted in late June. 

By the fall 1979, there was a trend toward increased durations of 
grazing on herbicide-treated plots, but there were no significant 
differences among treatments (Table 6). However, plots treated 
with I or 2 kg/ ha of tebuthiuron were visited more frequently than 
those not treated with herbicide (Table 7). Thus, the trend toward 
increased grazing activity was adequate to account for increased 
disappearance of forage from plots treated with 2 kg/ ha oftebuthi- 
uron (Table 5). By July, 15 months after herbicide application, 
there were no differences in grazing activities attributable to herbi- 
cide treatment (Tables 6 and 7) accounting for relatively uniform 
forage disappearance (Table 5). 

Conclusions 

Applications oftebuthiuronat 2.2 or 4.4 kg/ ha reduced standing 
crops of Bell rhodesgrass, kleingrass, and weeping lovegrass the 
year of application. Moreover, the higher application rate (4.4 
kg/ ha) suppressed standing crops of Bell rhodesgrass and klein- 
grass into the second growing season. However, by midsummer 
and fall after herbicide applications in the spring, the cows spent 
more time grazing on plots treated with tebuthiuron than on 
untreated plots. 

Applications of tebuthiuron at 1 or 2 kg/ ha did not reducegrass 
production of native stands dominated by little bluestem and 
brownseed paspalum. As with the first experiment, cattle spent 
more time than expected grazing on the tebuthiuron-treated plots. 
Although cattle usually spent more of their time grazing on plots 

Table 5. Grass standing crop (SC) prior to grazing and percentage disappearance (D) of grass grazed at various times after application of several herbicides 
M April 5, 1979 near College Station, Texas. 

Grazing period’ 

1979 1980 

June 24-29 July 20-Aug 2 Ott 30-Nov I July 8-I I 

Rate 
Herbicide (kg/ ha) Formulation (kita) (& (kEa) (g) (kI$a) (i) (k.f/ICha) (g 

None 0 -- 1,547 ab 45 a 508 a 42 a 754 a 30 a 816a 35a 
2,4-D I Spray 1,989b 49a 639 ab 54 ab 1,212 ab 36 ab 1,506 ab 43 a 
Picloram I Spray 1,323 ab 46 a 858 b 56 ab 1,440b 37ab 1,585 b 45 a 
Tebuthiuron 0.5 Pellets (20%) ,I,428 ab 44 a 721 ab 59 ab 877ab 31 a 1,429 ab 28 a 
Tebuthiuron I Pellets (20%) 1,238 ab 68 b 782 b 68 b 1,042 ab 47 ab 1,512 ab 44 a 
Tebuthiuron 2 Pellets (20%) 1,135 a 69 b 773 b 72 b 1,344b 52b 1,691 b 41 a 

‘Means within a column followed by the same letter are not significantly different (I5.05) according to Tukey’s w-procedure. 
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Table 6. Average grazing duration (minutes/hour of grazing/cow) on herbicide-treated areas during grazing periods at various times following treatment 
rangeland on April 5, 1979, near College Station, Tex. 

Herbicide Formulation 
Rate 

(kg/ ha) June 25-29 

Grazing times (minutes)r 
1979 

July 30-Aug 2 Ott 30-Nov I 
1980 

July 8 -I I 

None 
2,4-D 
Picloram 
Tebuthiuron 
Tebuthiuron 
Tebuthiuron 

- 0 5.9 ab 5.6 a 9.1 a-d 1.4 abc 
SPmY I 9.8 a-e 10.3 a-f Il.8 b-f 9.8 a-e 

SPraY I II.7 b-f Il.4 a-f Il.7 b-g II.8 b-f 
Pellets (20%) 0.5 12.1 c-f 16.0 fg 14.5 d-g 10.8 a-f 
Pellets (20%) I 13.4 c-f 16.2 fg 13.5 def 10.8 a-f 
Pellets 120%) 2 19.6 a 15.8 efg 12.8 c-f 12.0 b-f 

x= 88.05** 39.10** 4.63 3.26 

‘Means followed by the same letter are not significantly different according to Tukey’s *w- procedure at (E.05). 
**Significant chi-square value. P5.01. 

Tabk 7. Frequencies of cow grazing events (visits/cow/hour) at various times after l ppgcation of hetbicides to range on April 6,1979, near College Sta- 
tion, Tex. 

Frequency by grazing period’ 

Herbicide 

None 
2.4-D 
Picloram 
Tebuthiuron 
Tebuthiuron 
Tebuthiuron 

Rate (kg/ ha 

[a.i.]) Formulation 

0 
I %w 
I Spray 

0.5 Pellets (20%) 
I Pellets (20%) 
2 Pellets (20%) 

1979 1980 
June 25-29 July 30-Aug 2 Ott 30-Nov 1 July 8-l I 

10.8 a Il.7 ab 12.4 abc 15.2 a 
15.4 ad 16.4 ad 15.9 ad 15.4 a 
17.4 bed 15.7 ad 17.5 bed 15.8 a 
17.5 bed 19.8 d 16.2 ad 17.5 a 
17.3 ad 16.4 a-d 19.1 d 18.4 a 
21.6 d 19.7 d 18.9 d 17.7 a 

X’ 24.86** 16.23** 11.06 I .46 

‘Means followed by the same letter are not significantly different according to Tukey’s w-procedure (p1.05). 
* Significant chi-square value. pI.05. 
**Significant chi-square value. pI.01, 

treated with 2,4-D or picloram than on untreated plots, the time 
spent on tebuthiuron-treated areas was often greater than that 
spent grazing plots treated with the other herbicides. 

Since the influence of stage of grass plant maturity and impacts 
of weed control were reduced as much as possible by mowing, 
results of these experiments indicate a preference by the cattle for 
areas treated with tebuthiuron. Thus, the hypothesis that herbicide 
treatment has no effect on the grazing preferences of cows was 
rejected. However, this preference was generally demonstrated 
only during the first growing season after application of the 
herbicides. 

The management implications of this study indicate that treat- 
ment of portions of a pasture with the herbicide tebuthiuron may 
cause major shifts in utilization patterns by cattle. Forage on the 
treated area may be over-utilized in comparison to forage on 
treated areas. When plans call for treating a portion of a pasture, 
the manager should probably consider (1) fencing the treated area 
so it can be grazed independently of the untreated, (2) using 
stocking rates to prevent over-utilization of the treated area, or (3) 
deferring grazing during the first growing season. 
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Effects of Single and Sequential Defoliations 
on the Carbohydrate Reserves of Four Range 
Species 
JOHN W. MENKE AND M.J. TRLICA 

Abstract 

Four range species, fourwing saltbush (Atriplex canescens), 
antelope bitterbrush (Purshia tridentata), scarlet globemallow 
(Sphaeralcea coccinea), and blue grama (Bouteloua gracilis) were 
defoliated heavily (removing 90% of the foliage) at 1 of 5 phenolog- 
ical stages. In addition, other plants were clipped from 1 to 6 times 
at 3 phenological stages over a 2-year period. Total nonstructural 
carbohydrate (TNC) reserves of fourwing saltbusb and antelope 
bitterbrush were most sensitive to a single defoliation at the seed- 
shatter phenological stage. Blue grama was affected most at the 
rapid growth stage, whereas scarlet globemallow was not signifi- 
cantly affected by any of the single defoliations. A single defolia- 
tion proved adequate for determination of the most sensitive 
season for defoliation. Antelope bitterbrush was affected more by 
6 successive intense defoliations than were the other 3 species: 
scarlet globemallow < blue grama < fourwing saltbush. TNC 
reserve cycles were severely dampened in antelope bitterbrush, and 
less so in fourwlng saltbush. 

A number of early studies on rangeland plants of the arid and 
semiarid western USA established that carbohydrate reserves were 
related to the intensity, frequency, or season of defoliation (Samp- 
son and McCarty 1930, Graber 1931, Bukey and Weaver 1939, 
Hanson and Stoddart 1940, McCarty and Price 1942, and Mcll- 
vanie 1942). Albertson et al. (1953) found that root weights of 2 
shortgrass prairie range plants, including blue grama, were 
depressed by clipping close to the ground. Crider (1955) demon- 
strated that harvesting half or more of the foliage from a grass 
plant caused root growth to stop for 6 to I8 days, and removing 
90% of the foliage stopped root growth for I7 days. 

Blaisdell and Pechanec (1949) found that herbage removal is 
most injurious after the date when substantial regrowth is impossi- 
ble and before maturity. De Bano (1957) showed that season of 
clipping affected the vigor of desert range plants more than did 
intensity of clipping. We initiated this study to provide information 
on the effect of season of defoliation on 4 range species, and 
document the timing and magnitude of the departure of the total 
nonstructural carbohydrate (TNC) cycle of heavily defoliated 
plants from those of control plants. 

Study Areas 

The study was carried out from 1970 through 1972at 2locations 
in northern Colorado. One location was the Central Plains Experi- 
mental Range (CPER) administered by the Agricultural Research 
Service, U.S. Department of Agriculture, about 50 km northeast of 
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Fort Collins. The second location, about 6 km west of Maybell, 
Colo., was on land administered by the Bureau of Land Manage- 
ment, U.S. Department of Interior. The CPER location is typical 
of the shortgrass type of the Central Great Plains region. The 
Maybell location, in the intermountain sandhills region of western 
Colorado, is a shrubland locally dominated by antelope bitter- 
brush (Purshia tridentata), although big sagebrush (Artemsia tri- 
dentata) is the dominant shrub in many of the lowland drainages. 
The climate and soils of the 2 study areas have been described 
(Trlica et al. 1977). 

Methods and Procedures 

Three 0.4-ha exclosures were constructed at each study location 
in the summer of 1970. Plants within exclosures were either defol- 
iated at a 90% intensity of foliage removal at I of 5 phenological 
stages, or were given I to 6 sequential defoliationat 3 phenological 
stages over a 2-year period. Fourwing saltbush (Atriplex canes- 
tens), scarlet globemallow (Sphaeralcea coccinea), and blue grama 
(Eouteloua gracilis) were studied at the CPER location, whereas, 
antelope bitterbrush was studied at the Maybell location. 

Three plants each of fourwing saltbush and antelope bitterbrush 
within each exclosure were clipped under each treatment. Blue 
grama and scarlet globemallow within 2, I .O-m2 plots were clipped 
in each exclosure. Plants clipped once at one of the 5 phenological 
stages from the fall of I970 through the late summer of 197 I were 
evaluated for TNC reserves in the fall of 197 I. This single defolia- 
tion experiment was repeated in 1971-72. Under the single defolia- 
tion treatments, fourwing saltbush, scarlet globemallow, and blue 
grama were clipped during the phenological stages of quiescence 
(November 5-20), early growth (April 15-20) rapid growth (June 
I-IO), near-maturity (August l-15) and seed shatter (late seed 
shatter for scarlet globemallow (September I-15). Antelope bitter- 
brush plants were clipped during quiescence (November 5-20), 
early growth (April l5-20), fruit development (June I-IO), seed 
shatter (August l-15), and fall regrowth (September I-15). 

In the sequential defoliation experiment plants were clipped 
from the fall of 1970 through the fate summer of 1972. Unlike the 
single defoliation experiment, plants were clipped at quiescence, 
rapid growth, and seed shatter over both years for fourwing salt- 
bush; quiescence, fruit developing, and fall regrowth for antelope 
bitterbrush; quiescence, rapid growth, and late seed shatter for 
scarlet globemallow; and quiescence, rapid growth, and regrowth 
or seed-shatter stages for blue grama. Some plants were evaluated 
for TNC reserves at the time of each defoliation so that cumulative 
effects of clippings could be determined. Additional plants that 
had undergone all 6 defoliations were evaluated for TNC reserves 
in the fall of 1972, making a total of 7 evaluations. 

Plants were excavated by digging around their perimeter to a 
depth of 30 cm. Plants and soil were then removed together, and 
the soil was carefully removed by hand-shaking and washing with 
cold water. TNC levels were determined in both tap roots and live 
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Fk. 1. Average total nonstructural carbohydrates (TNC) in tap roots of 
control and successively defoliated fourwing saltbush plants. 

basal stems (0.5 to I.0 cm diameter) of fourwing saltbush and 
antelope bitterbrush. For scarlet globemallow and blue grama, 
roots and crowns were used to determine TNC levels. Rhizomes 
were included with the root samples of scarlet globemallow. Total 
nonstructural carbohydrates were extracted from a 0.5-g plant 
sample with 0.2N sulfuric acid (Smith et al. 1964), and TNC levels 
were determined on a glucose equivalent basis (Heinze and Mur- 
neek 1940). 

All data were analyzed by standard analysis of variance tech- 
niques (Steel and Torrie 1960). Duncan’s multiple range test was 
used to separate means @<0.05 and 0.10). 

Results and Discussion 

Fourwing Saltbush 
Tap root and basal stem TNC levels of fourwing saltbush were 

affected very little by a single clipping, except at the seed shatter 
stage. Only the 42 mg/ g basal stem TNC level in the fall of 1972 was 
depressed @<O.lO) below the 52 mg/g in control plants. Plants 
defoliated at seed shatter and control plants had 41 and 54 mg/ g in 
basal stems, respectively, the first year, and tap root TNC levels 
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Fig. 2. Average total nonstructural carbohydrates (TNC) in basalstems of 
control and successively defoliated fourwing saltbush plants. 
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DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 

Fig. 3. Average total nonstructural carbohydrates (TNC) in fail 1971 and 
1972for tap rootsand basalstems of controlantelope bitterbrushphnts 
and plants defoliated once at 5 different phenologicalstages. Tap root or 
basal stem TNC levels labeled with the same letter are not significantly 
different (p<.OJ). 

were also lower but not significantly lower. 
Tap root TNC levels of sequentially defoliated fourwing salt- 

bush plants were not depressed below those of control plants until 
after the third clipping (Fig. I), whereafter their reserve status 
remained significantly lower than unclipped plants. The first seed 
shatter clipping caused the initial divergence of the tap root TNC 
cycle. 

Basal stem TNC levels were depressed earlierthan tap root TNC 
levels, and clipping at the seed shatter stage, again, caused the 
greatest divergence between clipped and control plant TNC cycles 
(Fig. 2). After the third clipping the basal stem TNC cycle for 
clipped plants remained somewhat dampened. In the fall, after 6 
clippings, basal stem reserve levels were 44% lower in clipped than 
in control plants. The more concentrated tap root reserves were 
depressed 28% at the fall analysis after 6 clippings. Trlica and Cook 
( 197 I) reported that TNC reserves of 2 desert Atriplex species in 
Utah were also reduced most when plants were clipped late in the 
growing season. 

Antelope Bitterbrush 
Levels of TNC in tap roots of antelope bitterbrush were most 

depressed (pCO.05) by a single clipping at early growth, seed 
shatter or fall regrowth stages (Fig. 3). Only the seed shatter 
clipping resulted in depressed TNC reserves below those of control 
plants both years, and then only for tap roots. No significant 
differences were detected for basal stems. 

Tap root TNC cycles of control and defoliated plants diverged 
most after each fall regrowth clipping in the sequential defoliation 
experiment (Fig. 4). Recovery was less complete after the second 
year of 3 clippings when fall analysis showed clipped plants had 
TNC levels 23% lower than control plants. It appeared that the 
late-season clipping severely reduced root storage but theantelope 
bitterbrush was adapted to intense defoliation. Analysis of the 
basal stem response, however, showed that the whole-plant car- 
bohydrate balance was not being maintained as well as was indi- 
cated by the tap root TNC status alone. 

Basal stem TNC levels were severely depressed by 6 sequential 
defoliations (Fig. 5). The greatest divergence between control and 
defoliated plants occurred after each defoliation at the fruit devel- 
oping stage, and thereafter during the normal storage portion of 
the annual TNC cycle (Menke and Trlica 1981). Using fall TNC 
status as a criterion, basal stem TNC levels were 2 1% lower than in 
control plants after 3 clippings and 53% lower after 6 clippings. 
Little if any basal stem TNC storage was detected after the fifth 
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Fig. 4. Average total nonstructural carbohydrates (TNC) in tap roots of 
control and successively defoliated antelope bitterbrush plants. 

defoliation, and the TNC cycle was severely dampened. 
Many decadent bitterbrush plants with a high percentage of 

dead stems and abundant crown sprouting were observed at the 
Maybe11 location, an area that had been grazed heavily by sheep 
over the past decade. It appeared that root reserves may not be 
readily mobilized to maintain aboveground stem reserves, Basal 
stem reserves appeared to be approaching a critical level after 
several severe defoliations, whereas tap root reserves were not 
affected severely. Given that antelope bitterbrush has low seedling 
survival in sandy soil, its adaptation for stand maintenance in the 
Maybe11 area appears to be fostered by a sacrifice of older woody 
top growth followed by crown sprouting below stiff dead stems, 
making new growth relatively unavailable to large grazing animals. 

Scarlet Globemallow 
No significant differences in TNC reserve levels were observed 

among control scarlet globemallow plants and plants clipped once 
at 1 of 5 phenological stages. Scarlet globemallow has relatively 
little shoot exposed in comparison with its extensive root and 
rhizome system, which might partially explain its high tolerance to 
intense defoliation. Trlica et al. (1977) showed that any depression 
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Fig. 6. Average total nonstructural carbohydrates (TNC) in crowns of 
control and successively defoliated scarlet globemallow plants. 

in TNC reserve storage for this species was recovered after as little 
as 14 months of rest. 

Root TNC reserve levels remained unaffected throughout the 6 
sequential defoliations, and crown TNC reserve levels of defoliated 
plants were significantly lower @<0.05) than in control plants only 
after all 6 defoliations (Fig. 6). Both root and crown TNC concen- 
trations cycled between about 60 and 160 mg/g, which is a very 
high level of reserve storage. A number of investigators have 
associated survival under unfavorable environmental conditions 
with a capacity to store carbohydrates (Hanson and Stoddart 1940, 
McCarty and Price 1942, Wilson 1944, Smith 1964, Mooney and 
Billings 1965). 

Blue Grama 
When root and crown TNC reserve levels were each averaged 

over the 2 years of the single defoliation study, there were no 
significant @>O. 10) differences between control bluegrama plants 
and plants defoliated once at 1 of the 5 phenological stages (Fig. 7). 
In the relatively wet year of 1972, however, plants clipped at rapid 
growth or seed shatter had lower (p<O. 10) crown TNC levels than 
control plants. Fall herbage yields for plants clipped at rapid 
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BLUE GRAMA (1970-1972) 
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Fig. 8. Average total nonsrructural carbohydrates (TNC) in roots of con- 
trol and successively defoliated blue grama plants. 

growth in 1972 were the highest of all the single clipping treatments 
(Menke 1973), and the only one with the same herbage yield as 
control plants wO.05). It appeared that, when adequate moisture 
was available, clipping during rapid growth stimulated regrowth, 
reducing TNC reserves. 

Neither root nor crown TNC levels of blue grama were signifi- 
cantly affected until after 4 clippings (Fig. 8 and 9). After 6 clip- 
pings, however, both the TNC levels in roots and crowns were 
lower @<0.05) than those of control plants. 

Kinsinger and Hopkins (1961) reported that intense clipping of 
blue grama had significant effects only after the second year of 
clipping. Albertson et al. (1953) found little effect on basal cover of 
blue grama except under close clipping. They found that crowns 
died in the centers and that tillers were more slender and sparse 
than in control plants. Results were similar in this study, where 
most of the regrowth after clipping was from the margins of the 
crowns. Blue grama is known to be highly adapted to heavy grazing 
with low meristematic growing points (Branson 1953), rapid TNC 
replenishment (Menke and Trlica 1981), and ability to produce 
tillers rapidly and take advantage of short periods of adequate soil 
moisture (Albertson et al. 1953). 

Summary and Conclusions 

Fourwing saltbush, antelope bitterbrush, scarlet globemallow, 
and blue grama were heavily defoliated once to remove 90% of the 
foliage during each of 5 phenological stages. Single defoliation 
effects on TNC reserve levels were evaluated in the fall each year, 
while the experiment was performed twice. The same 4 species were 
subjected to 1 to 6 successive clippings to remove 90% of the foliage 
at various phenological stages during 1970, 1971, and 1972. 
Cumulative effects on TNC reserve levels were evaluated at the 
time of each clipping, and in the fall of 1972 after 6 intense clipping 
treatments. 

Fourwing saltbush and antelope bitterbrush were most sensitive 
to single defoliations during the seed shatter phenological stage, 
although this stage occurred much earlier for antelope bitterbrush 
than fourwing saltbush. In the sequential defoliation experiment 
both species were again most affected by clipping mid- to late in the 
growing season, fourwing saltbush being affected most when 
clipped at the seed shatter stage and antelope bitterbrush at the fall 
regrowth stage. Scarlet globemallow was found to be very tolerant 
of both single and 6 successive intense defoliations. Crown TNC 
reserves of scarlet globemallow were slightly depressed in the fall of 
1972 after 6 defoliations, but crown TNC storage is minor in 
comparison with the magnitude of storage in roots and rhizomes. 

BLUE GRAMA (1970-1972) 

CONTROL---.--- 

DEFDLIATEDV 

60- 

QUIESCENCE G!%” _ QUlESCENCE 
- REGROWTH 

G!&%l SEED 
SmR 

! 
CLI;PIN64 NUMBER 

2 ,,,,,,,,,, 3 ,,,,, ( 6 

NDJFMAMJ JASONDJFMAMJJASON 
MONTHS 

Fig. 9. Average total nonstructural carbohydrates (TNC) in crowns of 
control and successively defoliated blue grama plants. 

The single defoliation experimental approach seemed to be ade- 
quate for determining the most sensitive season of defoliation if 
one existed. 

All 3 species studied at the CPER shortgrass prairie site were 
affected less by 6 successive intense defoliations than was antelope 
bitterbrush. Scarlet globemallow was affected least, followed by 
blue grama, then fourwing saltbush and antelope bitterbrush. The 
combination of very high concentrations of TNC reserves and 
large TNC storage in an extensive root and rhizome system 
appeared to be the reason that scarlet globemallow was so tolerant 
of heavy defoliation pressure. 

Basal stem TNC reserves were 44% lower in heavily defoliated 
fourwing saltbush plants than in control plants, and tap root TNC 
reserves were 28% lower than in control plants after 6 successive 
clippings. Since symptoms of a dampened TNC cycle developed 
early, it is not desirable to use this species at this intensity and 
frequency. 

Aboveground TNC reserve storage in basal stems of antelope 
bitterbrush was severely depressed by 6 successive defoliations. 
Basal stem TNC reserves were 53% lower after the repeated defoli- 
ations than in control plants, and the TNC cycle was severely 
dampened. Continuous use at this intensity and frequency would 
probably kill many plants. The apparent lesser depression of tap 
root reserves than of basal stem reserves, and the high incidence of 
stem death and root crown sprouting at the Maybe11 location 
indicated a possible mechanism of antelope bitterbrush survival 
under heavy defoliation. 
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Cytokinins Effect on Protein and Chloro- 
phyll Content of Big Bluestem Leaves 
GENE TOWNE AND CLENTON OWENSBY 

Abstract 

Four concentrations of the synthetic cytokinin benzyladenine 
(BA) were applied to ungrazed tallgrass prairie near Manhattan, 
Kans., in 1979 on 4 biweekly dates beginning in mid-June. Changes 
in chlorophyll and crude protein content of big bluestem (Andre- 
pogon gerardi Vitman) leaves from the different treatments were 
monitored weekly from August until early October. BA did not 
significantly delay chlorophyll breakdown in big bluestem, but 
leaves sprayed with 5 ppm BA contained higher mean chlorophyll 
contents throughout the sampling period than leaves from other 
treatments. Big bluestem receiving 5,20, and 40 ppm BA applied in 
July had significantly more crude protein than untreated leaves, 
but 10 ppm BA had no effect on leaf protein content. Applying BA 
in mid-June was ineffective in maintaining. high crude protein 
levels, regardless of concentration. BA did not alter protein or total 
nonstructural carbohydrate content in big bluestem rhizomes, 
indicating that it had no deleterious effect on internal nutrient 
reserve cycles. Applying 5 ppm BA in either mid- or late-July 
significantly increased herbage yields the next year in comparison 
with yields of untreated plots. 

Forage quality of range plants rapidly decreases with increasing 
maturity. In tallgrass prairie, protein content falls below the sub- 
sistence level required for cattle about mid-July (Rao et al. 1973). 
At that time, organelles are being broken down and constituent 
materials exported from senescing leaves to other parts of the 
plant. Delaying translocation of metabolites from leaves could 
provide higher forage quality to grazing animals when nutritive 
values normally are declining. 

Richmond and Lang (1957) initially reported that exogenous 
cytokinins could delay senescence onset in detached leaves. 
Although plant senescence is a complex syndrome of biochemical 
and physiological changes, the antisenescent effect of cytokinins 
has generally been attributed, in whole or in part, to retarding 
chlorophyll loss, inhibiting protein degradation, preventing efflu- 
ent carbohydrate translocation, and mobilizing metabolites. Most 
researchers who confirmed cytokinin-induced senescence deferral 
used excised leaves in the dark. The physiological response of 
cytokinins in vivo, however, are often less conspicuous and dra- 
matic than in vitro, so the antisenescent role of cytokinins generally 
has been relegated to tissue cultures and post-harvest preservation 
of horticultural products. 

The potential for manipulating plant development was demon- 
strated by Fletcher (1969) when he discovered that exogenous 
cytokinins could retard senescence in intact bean (Phaseofus vulgu- 
ris) leaves. Since then, other in vivo greenhouse studies have con- 
firmed that phenomenon, but there is little diversity in plant species 
examined. We suspected that field applications of a synthetic 
cytokinin could delay senescence onset in perennial grasses. 

The senescent leaf becomes a major source of nitrogen following 
protein hydrolysis and and redistribution throughout the plant. In 
annuals, nutrients remobilized from senescing leaves are transro- 
cated acropetally for seed development. Dalling et al. (1976) 
reported that 80% of the nitrogen in wheat (Triticum aestivum) 
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grain originated from senescing leaves. But in perennial grasses, N 
and other metabolites are mobilized to storage organs for recycling 
(Weinmann 1942). McKendrick et al. (1975) reported that 18% of 
the total annual N requirement for growth in big bluestem (Andro- 
pogon gerardi Vitman) and indiangrass [Sorghastrum nutans (L.) 
Nash] came from an internal nitrogen reserve. Thus, manipulating 
senescence with exogenous cytokinins could alter internal nutrient 
cycling to the extent that it lowered overwintering survival and 
herbage production the next growing season. 

Study Site and Methods 
The study area is on Kansas State University pastures in the 

northern Flint Hills near Manhattan. Average annual precipita- 
tion is 85 cm. Rainfall during the 1979 May-September growing 
season was 39 cm, 30% below the 50-year average. Moisture in the 
1980 growing season was 50% below average, and temperatures 
exceeded 38 ’ C on 35 days. 

Soil at the study site is a Benfield-Florence complex in the Udic 
Argiustolls subgroup of the Mollisols. That loamy upland range 
site has well-drained, moderately deep, silty clay loams and cherty 
silt loams overlying a heavy silty clay loam subsoil. 

Botanical census for the study area conducted in 1979 by the 
modified step-point technique (Owensby 1973) indicated typical 
vegetation for native tallgrass prairie, with big bluestem and indi- 
angrass comprising over 50% of the total vegetation. The area has 
been burned annually in late-spring, and in 1978 the study site was 
fenced to exclude livestock. 

Benzyladenine (BA) was dissolved in 25 mL of 95% ethanol, 
heated, and mixed with distilled water. That cytokinin stock solu- 
tion was diluted into 10 L aliquots of 5, IO, 20, and 40 ppm BA, 
each containing 10 ml (O.l’%) Tween-20 surfactant. All mixtures 
were formulated I day before being applied. 

The site was partitioned into 4.3 m X 6.4 m plots separated by 0.6 
m alleys that were intermittently mowed throughout the growing 
season. Entire plots received approximately 3 L of one of the 4 
concentrations of BA via pressurized handsprayer at biweekly 
intervals from mid-June until late-July 1979. Each treatment was 
replicated 3 times, and there were 6 untreated (control) plots in the 
completely randomized design. 

Beginning the first week of August, and every week thereafter 
until October, big bluestem culms within 15 cm on either side of a 
line through the width of each plot were clipped 2 cm above ground 
level. Each week the line was systematically moved in the plot to 
prevent sampling any previously clipped plants. 

One-third of the big bluestem harvested from each plot was 
placed into a plastic bag, cooled in an ice chest, and stored in a 
freezer for chlorophyll analysis. The remaining portion of the 
sample was dried in a forced-air dryer (600 C), ground through a 
l-mm mesh screen, and stored in sealed containers for nitrogen 
analysis. At least 10 big bluestem rhizomes from each plot were 
collected in December 1979, along previously unclipped transects. 
After cold-water washing, rhizomes were oven-dried for 5 days at 
60” C, ground in a Wiley mill (l-mm mesh screen), and stored in 
sealed bottles for nitrogen and total nonstructural carbohydrate 
(TNC) analyses. 

Chlorophyll from the frozen leaf samples was extracted with 
acetone and measured spectrophotometrically (Arnon 1949). 
Micro-kjeldahl nitrogen (N) was determined calorimetrically for 
all leaf and rhizome samples, and crude protein estimated by N X 
6.25. TNC concentration was measured for rhizome samples by 
enzyme extraction and copperiodometric titration (Smith 1969). 
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Weekly clipping of big bluestem plants within each plot pre- 
cluded measuring herbage yields for 1979. But after the 1980 
growing season, we determined total herbage production from 
each treatment by clipping all species from 3 0.406-mz quadrats to 
ground level in every plot. Herbage was oven-dried and reported as 
kilograms dry matter per hectare. 

Data were analyzed by analysis of variance, and probability of 
differences among treatment means was reported as i. Linear 
contrasts on cytokinin concentration and date of application also 
were calculated. Cytokinin concentration and date-of-application 
interaction means were separated by probability levels without 
regard to F-ratios from the analysis of variance. 

Results and Discussion 
Chlorophyll Content 

As expected, chlorophyll content in untreated big bluestem 
leaves progressively declined each week (Fig. 1). There was no 
difference, however, in chlorophyll content between BA-treated 
and untreated leaves (& = 0.16). Although not statistically signifi- 
cant, leaves treated with 5 ppm BA had the highest mean chloro- 
phyll content of any treatment throughout the sampling period. 

Contrary to our findings, other studies on intact plants have 
shown that exogenous cytokinins effectively retard chlorophyll 
degradation. In bean plants, BA applied at any developmental 
stage delayed chlorophyll loss (Fletcher 1969). Naito et al. (1978) 
observed that BA increased leaf chlorophyll content when applied 
to intact bean plants at early or middle phenological stages, and 
delayed chlorophyll breakdown when applied in late stages. 
Crude Protein Content 

Crude protein content was generally higher in big bluestem 
leaves receiving exogenous cytokinin, but the difference depended 
on concentration and application date. Leaves treated with any BA 
concentration except IO ppm had significantly more protein than 
leaves of untreated plants (Fig. 2). Big bluestem treated with 5 ppm 
BA had higher crude protein levels than plants receiving other 
cytokinin treatments (& < 0.01). 

Averaged over all sampling weeks, big bluestem treated with BA 
any time in July had higher protein content (& < 0.05) than 
untreated plants. The ineffectiveness of mid-June treatments sug- 
gests that young nonsenescing leaves have an adequate endogen- 
ous cytokinin content. As plants mature and approach theonset of 
senescence, exogenous BA may evoke its antisenescent effect by 
substituting for deficient internal cytokinins. Richmond et al. 
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trations on crude protein content of big bluestem leaves. Means with the 
same letter within each block do not dijfer significantly (DO. 10). 

(1971) also reported that cytokinins were most effective on bean 
plants if applied in the summer when endogenous levels were 
suboptimum. 

Crude protein contents of BA-treated and untreated plants did 
not differ the first week in August. But thereafter plants treated 
with 5 ppm BA any time in July had more protein than untreated 
plants (Fig. 3). The transitory rise in protein content from 10 
August to 17 August, corresponded with a week of cool tempera- 
tures and abundant rainfall. Crude protein also increased during 
the week of 24 August to 30 August, but that was unrelated to 
favorable climatic conditions. In that week, big bluestem treated 
with 5 ppm BA any time in July had significantly higher (&< 0.10) 
protein levels than untreated plants. That increase coincided with 
the time big bluestem normally translocates metabolites to its 
rhizomes (McKendrick et al. 1975). Thus, leaves receiving 5 ppm 
BA could have been temporarily redirecting nutrients by acting as 
a stronger sink. Engelbrecht and Mothes (1961) observed that 
labelled amino acids applied to tobacco (Nicotiana tobacum) 
leaves accumulated in the root tips, by cytokinin added to the leaf 
prevented this mobilization. 

The ability of BA to maintain high protein content in big blue- 
stem leaves but not to retard chlorophyll loss appears contradic- 
tory. Morita (1980) observed that 85-95% of the nitrogen released 
from senescent rice (Oryza sativa) leaves originated from chloro- 
plasts. The primary constituent of chloroplast nitrogen is the Cal- 
vin cycle enzyme ribulose bisphosphate carboxylase 
(RuBPCase)(Peterson and Huffaker 1975). Chlorophyll break- 
down in big bluestem leaves suggests that BA did not inhibit 
proteolytic enzymes from hydrolyzing RuBPCase. However, BA 
apparently deferred the nitrogenous degradation products from 
being translocated out of the leaf. Fletcher et al. (1970) maintain 
that the ability of cytokinins to prevent effluent translocation of 
amino acids and sugars out of leaves is responsible for its antisenes- 
cent effect. 
Rhizome Crude Protein and TNC Content 

Crude protein and TNC contents of rhizomes from big bluestem 
receiving any BA application did not differ from contents of 
untreated plants. That indicates that BA did not alter nitrogen and 
carbohydrate reserve cycles. 
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Fig. 3. Changes in crude protein content in untreated big bluesrem leaves 
compared with changes in leaves treated wirh 5 ppm BA applied at 
indicated intervals. Asterisk above a given harvest date indicates a signif- 
icant increase above untreated leaves (X0.10). 

Protein degradation and remobilization from the senescent leaf 
provides an important source of N for internal recycling. Rains et 
al. (1975) reported that replenishment of nitrogen reserves in big 
bluestem rhizomes begins in mid-August, coinciding with new root 
growth. Thus, delaying protein translocation from big bluestem 
leaves without affecting N reserves, suggests that the rhizome could 
be compensating for this loss with soil nitrogen uptake from new 
roots. Alternatively, big bluestem rhizomes may have imported 
nitrogenous compounds from the leaves after the October sam- 
pling date. McKendrick et al. (1975) reported that nitrogen and 
TNC from big bluestem shoots continued to accumulate in rhi- 
zomes after frost, reaching a maximum in December. 

Herbage Yield 
Applying 5 ppm BA in either mid- or late-July significantly 

increased (& < 0.02) total herbage yields the next year over 
untreated plots (Fig. 4). Since plants were not segregated by species 
after clipping, we do not know if the increased yield was primarily 
from big bluestem or from other species. Other cytokinin concen- 
trations and application dates had noeffect on herbage production 
compared to untreated plots. 

Biswas and Choudhuri (1977) found that 100 ppm BA applied at 
any developmental stage in rice increased growth and dry matter 
accumulation. Apparently in big bluestem the response to exogen- 
ous cytokinin application has a carryover effect into the next year. 
That indicates that synthetic cytokinin can be cycled through the 
plant-storage organs and reactivated with the resurgence of 
growth. 
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Growth Performance Comparisons among 
18 Accessions of Fourwing Saltbush [Atri- 
pZex canescens] at Two Sites in Central Utah 
E. DURANT MCARTHUR, RICHARD STEVENS, AND A. CLYDE BLAUER 

Abstract 

Growth characteristics of 17 accessions and 1 selection of four- 
wing saltbush (Atriplex cunescens [Pursh] Nutt.) at 2 sites in 
Snnpete Valley, central Utah, were scored on B-year-old mature 
plants. There was no difference in survival at the 2 sites, but plants 
at the Snow Field Station near Ephraim grew taller, were more 
vigorous, and exhibited more reproductive capacity than those at 
the Peacock Plot near Manti. The plants at Peacock Plot had a 
more upright growth habit, were more uniform, and exhibited less 
insect and disease damage than the Snow Field Station plants. A 
composite quality index (QI) revealed highly significant site and 
accession differences but little site X accession interaction. The 
individual traits (height, growth habit, uniformity, vigor, repro- 
duction, and insect and disease damage resistance) all showed 
significant site effects and site X accession interaction. An acces- 
sion and its selection from Rincon Blanco, Rio Arriha County, 
New Mexico, performed well at both sites. Also performing well at 
both sites were a local accession from Excel1 Canyon, Sanpete 
County, Utah, and the gigas accession from the Little Sahara Sand 
Dunes, Juab County, Utah. In general, accessions from elevations 
higher than the test sites performed best. Accessions with high QI’s 
are recommended for revegetation plantings of sites comparable to 
the 2 study sites. The Rincon Blanc0 material has good growth 
characteristics and may also be broadly adapted. 

Fourwing saltbush (Atriplex canescens [Pursh] Nutt.) is widely 
used in land rehabilitation plantings because it establishes well, 
grows rapidly, is broadly adapted, is excellent wildlife and live- 
stock forage, and grows well with other plants (Plummer et al. 
1966, Blauer et al. 1976, Van Epps and McKell 1977, McArthur et 
al. 1978a, Goodin 1979). The species shows considerable interac- 
cessional variation in several characteristics (Table I). Within- 
accessional variation is also documented (Crofts 1977, Gerard 
1978, McArthur et al. 1978b, Welch and Monsen 1981). In this 
note, we report performance characteristics of 18 accessions’ 
including 1 selection at 2 contrasting sites in Sanpete County, 
central Utah. These accessions were originally from 5 states at 
elevations ranging from 1,420 to 2,400 m and latitudes from 36-41’ 
N (Table 2). The selection was included inasmuch assomeprelimi- 
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Experiment Station, Ogden, Utah 84401,stationedat theShrubSciences Laboratory, 
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nary tests indicated its superior performance (McArthur et al. 
1978b). 

Sites 

The 2 sites are located 15 km apart, west of the monoclinal 
western front of the Wasatch Plateau in Sanpete County, Utah. 
Both sites are at 1,700 m elevation. The Snow Field Station site, 
northeast of Ephraim, has a deep limestone-derived clay soil with a 
pH of 8.6. The Peacock Plot site, south of Manti, is located on a 
small alluvial fan derived from shale and limestone. It has a loamy 
soil with mixed pebbles and stones and a pH of 7.9 Both sites 
originally supported basin big sagebrush-bluebunch wheatgrass 
vegetation types that were later converted to agricultural use. The 
Snow Field Station received an average of 23.8 cm precipitation 
during the study period (1980); the Peacock Plot site received 30.4 
cm. Long-term average precipitation is 27.1 cm for the Snow Field 
Station and 31. I cm for Peacock Plot. Approximately half the 
precipitation at both sites comes in the winter (November 12-April 
30), mostly as snow (McArthur and Welch 1982). 

Methods 

Plants were established by seeding 1 S-m row blocks 0.7 m apart, 
in fall 1974. The rows were irrigated in 1975 to aid in establishment 

Table 1. Characteristics of fourwing saltbush which show variability 
between sites or accessions. 

Characteristic 

Soil salinity 

References 

Northington and Goodin 1975; 
Welch 1978; Richardson and McKell 
1980. 

Ash content 

Crude protein 

Welch 1978. 

Gamrath 1972; Welch 1978; 
Welch and Monsen 1981. 

Stem rooting Van Epps and McKell 1978; 
Richardson et al. 1979. 

Palatability 

Winter hardiness 

Seed production, fill, and 
germination 

Van Epps 1975a; Van Epps, data on file 
at Snow Field Station 

Van Epps 1975b; Kay et al. 1977. 

Plummer et al. 1966; Springfield 1970; 
Gamrath 1972; Stutz et al. 1975; 
Gerard 1978. 

Sex expression Stutz et al. 1975; McArthur 1977; 
McArthur and Freeman, in press. 

Chromosome number Stutz et al. 1975; Stutz and Sanderson 
1979. 

Growth rate and form Plummer et al. 1966; Stutz et al. 1975. 
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but have not been irrigated since. The accessional performances 3 per plot) were picked by random means for each site. The 
(Table 2) were scored in 1980. Percent survival was determined by characteristics selected included some of those used in an earlier 
giving each plot a score of 100 if at least 3 or more plants survived, study (McArthuret al. 1978b): maximum height (cm), which corre- 
67 if 2 survived, 33 if I survived, and 0 if there were no survivors. In lates well with other biomass characteristics (McArthur et al. 
a 1.5-m row, 3 plants easily occupy all the space. Thenall row plots 1978b); growth habit (prostrate = 1; decumbent = 2; diffuse = 3; 
(range = 2-19) at each site were averaged to give the survival value erect = 4); uniformity (sparse, uneven foliage = I; dense, even 
for each accession. The survival value of Table 2 is the mean for foliage = 9); vigor ( 1 = nearly dead; 9 = high); reproduction (0 = 
both sites. For all other characteristics, 5 plants (but no more than no seed or pollen produced; (9 = heavy seed or pollen production); 

Table 2. Summary of performance of 18 accessions of Ahipkx conescens at 2 central Utah sites. 

Accession’ 

Performance trait 
Insect and Quality index2 

Growth Uni- Repro- disease Signifi- 
Survival Height form formity Vigor duction resistance Mean Ranks cance 

Rincon Blanc0 selection (U 103~) 

Rincon Blanco, Rio Arriba Co., 
New Mexico (U92) 2400 m 36O30’ 

Jericho, Juab Co., Utah 
(U88) 1600 m 39040 

Excel1 Canyon, Sanpete Co., Utah 
(U36) 1830 m 39” 20 

Keams Canyon, Navajo Co., Arizona 
(U72) 1920 m 350 50’ 

Mayfield, Sanpete Co., Utah 
(U81) 1740 m 39”06 

Manila, Dagget Co., Utah (USI) 
2080 m 41°00 

Cougar Spar, Beaver Co, Utah 
(U 143) 2230 m 38O 10 

Black Mountain, Sevier Co., Utah 
(U43) 1900 m 38050 

Tuba City, Coconino Co., Arizona 
(U54) 1520 m 36O 08 

Kingston, Piute Co., Utah (U85) 
1940 m 38” 10’ 

Lund, Iron Co., Utah (U41) 
1550 m 38002 

Kanab, Kane Co., Utah (U86) 
1520 m 37002 

Delta, Delta Co., Colorado 
(U74) 1520 m 38”40’ 

Panaca, Lincoln Co., Nevada (U77) 
1420 m 3740’ 

Milford, Beaver Co., Utah (U 158) 
1520 m 38“20 

American Fork, Utah Co., Utah 
(U121) 1520 m W24 

Desert Exp. Sta., Millard Co., Utah 
(U 132) 1620 m 38’37 

Site means: 
Snow Field Station 
PeacockPlot 

Significan@: 
Site 
Accession 
Interaction 

85 

(cm) 
133 

135 

3.6 6.7 6.9 5.9 8.0 

3.8 6.6 6.5 5.4 7.9 

84 132 3.9 5.0 5.5 4. I 8.0 

72 117 3.3 6.9 6.9 5.1 6.4 

96 114 3.2 6.3 6.4. 5.0 7.9 

92 109 3.7 6.3 6.0 4.0 8.0 

92 I14 3.6 6.3 6.2 3.4 7.5 

92 86 3.3 6.8 6.5 7.0 8.2 

67 106 3.2 6.6 6.3 4.6 8.0 

92 112 3.6 6.1 5.6 3.5 6.8 

92 IOI 3.7 5.8 6.1 4.3 8.0 

80 103 3.3 6.8 5.7 4.6 7.9 

100 108 3.9 5.3 5.5 3.8 7.9 

72 98 3.6 6.8 5.9 3.7 7.8 

84 92 3.6 6.1 5.5 4.1 8.0 

84 90 3.5 6.6 5.1 3.8 7.8 

75 95 3.2 5.7 5.1 3.6 8.1 

100 69 6.0 4.6 4.6 7.5 

83 128 
85 85 

5.9 6.3 5.8 7.5 
6.6 5.5 3.1 8.0 

NS 
- 
- 

** 
** 

* 

3.4 

3.3 
3.7 

** 
** 
** 

** ** ** ** ** 
NS NS NS * ** 

* * ** * NS 

82.2 f 4.7 1.2 

81.6 f 4.8 3,l 

75.4 f 7.5 2,8 

75.4 f 3.9 9.3 

73.8 f 2.6 II,4 

72.6 f 5.8 16,5 

70.7 f 5.3 6,12 

70.6 * 2.7 I3,6 

70.4 f 4.2 15,7 

69.5 f 4.0 IO,10 

69.0 f 4.7 7.13 

69.0 f 4.7 12.9 

68.9 f 5.8 4,16 

67.6 f 4.9 8,16 

65.3 f 6.8 5,18 

63.6 f 3.2 17.11 

62.0 f 5.6 13.15 

55.3 * 3.3 18.14 

77.8 
62.8 - 

a 

ab 

abc 

abc 

abc 

abc 

abc 

abc 

abc 

abed 

abed 

abed 

abed 

bed 

cd 

cd 

cd 

cd 

1 Accession numbers of the U series refer 10 the order the seed accessions were lotted at the Great Basin Experimental Area, Ephraim, Utah. Elevation and latitude(N) of original 
collection sites are given. 
ZThe mean Ql are followed by standard errors of the mean. Ranks of Ql are given first for the Snow Field Station and then for the Peacock Plot. Letters in significant column 
indicate significant rank differencesp<0.05 among accessions when letters are not shared by the Duncan mean comparison test (Steele and Torrie 19aO). 
INS = not significant; * = signifiant at p < 0.05; ** = significant at p < 0.01. Survival compared by paired r-test and all other performance traits by ANOVAR. 
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and insect and disease damage (I = heavy damage; 9 = no dam- 
age). We also did a quality index (Ql) for each plant scored by using 

height in cm 
the formula: Ql = --150 

X 40+ growth habit score -x 10 

+ uniformity score 
. 4 . 

9 
x 1o I vlgorrore x ,5 ! qmhyve score 

x 15+ 
insect and disease damage score 

~--- X IO. A plant with con- 
9 

sistently good scores could approach a Ql of 100. Plants taller than 
150 cm could exceed a QI of 100. The data were analyzed by using 
ANOVAR (Brigham Young University Computer Center) to per- 
form completely crossed analysis of variance for all characteristics 
except percent survival. A paired r-test was used to compare survi- 
val between sites (Woolf 1968). Accessional means were compared 
by the Duncan multiple range test (Steele and Torrie 1960). 

Results and Discussion 

Our data (Table 2) reveal theaccessions performed differently at 
the 2 sites. Every trait except percent survival showed a highly 
significant @<O.Ol) difference between the Snow Field Station 
and Peacock Plot sites. There was no difference in survival rates 
between sites. Height, vigor, reproduction, and QI were all better 
at the Snow Field Station; growth habit, uniformity, and resistance 
to insect and disease damage performances were superior at Pea- 
cock Plot. Not all the variation, however, can be accounted for by 
site or accession factors. Site X accession interactions account for a 
significant part of the variation. There were significant accession X 
site interactions for height, growth habit, uniformity, vigor, repro- 
duction, and insect and disease damage (Table 2). We interpret 
these interactions to mean that the accessions perform differently 
at the two sites. The Snow Field Station is a good place to grow 
several kinds of shrubs. An earlier study showed severalsagebrush 
accessions had superior growth rates there, in comparison to 
another experimental garden and the natural accessional sites 
(McArthur and Welch 1982). In the present experiment, fourwing 
saltbush grew faster and larger at Snow Field Station than at 
Peacock Plot. The Peacock Plot plants had a more upright and 
uniform growth habit that may be attributable to site conditions. 
The larger plants at the Snow Field Station exaggerate the pres- 
ence of canopy gaps and lateral branches. Like height, vigor and 
reproduction were best at the Snow Field Station and indicate 
better overall plant growth conditions there. The larger, more 
vigorous plants at Snow Field Station may have been more inviting 
targets for insect and disease pests. In general, insect densities are 
higher at the Snow Field Station than Peacock Plot. Nevertheless, 
the case-bearing moth (Coleophora atriplicivora) has been found 
at both places. Symptoms of vascular tissue fungal diseases (Verti- 
cilfium sp., Rhizoctonia sp.) are present at both sites (Nelson, D.L., 
data on file, Shrub Sciences Laboratory). 

The Ql that incorporates all traits except survival proved to be 
particularly interesting. With this index, both site and accession 
components were highly significant, but their interaction was 
minimal. The selection U 103~ and its parent accession (U92) from 
Rincon Blanco, Rio Arriba County, N. Mex., had the highest Ql’s 
because of their consistently high performance traits (Table 2). 
Both performed well at both study sites. Selection UlO3p ranked I 
and 2, and accession U92 ranked 3 and 1 at the Snow Field Station 
and Peacock Plot, respectively (Table 2). Two other accessions 
also maintained relatively high QI ranks at both sites: US8 from 
Little Sahara Sand Dunes near Jericho, Juab County, Utah; and 
U36 from Excel1 Canyon west of Ephraim, Sanpete County, Utah. 
The sand dune accession is thegigas diploid studied by Stutz et al. 
(1975). It grows much larger in some situations than at our sites. 
Still, it was one ofthe larger accessions in our study. The overall QI 
was reduced because its uniformity, vigor, and reproduction 
characteristics were relatively low. The high rankings of the Excel1 
Canyon and Mayfield (U81) accessions support Van Epps’( 1975b) 
recommendation that nearby seed sources are generally good for 

vegetative rehabilitation efforts. In our study, however, some 
accessions from distant places, particularly from higherelevations, 
did well. The 8 best performing accessions, omitting the selection. 
had a mean original collection site elevation of 1,962 m, whereas 
the lowest 9 had an elevational mean of 1,570 m (Table 2). Some 
fourwing saltbush accessions have broader areas of adaptation 
than others. The Rincon Blanc0 accession and its selection are 
apparently among these. We recommend these materials be tested 
more widely. 

Some accessions had considerable individual plant variation. 
For example, the sand dune accession (U88) had QI ranges from 
45-106 and the Manila accession (U15l)from 54105. Thelowest 
QI was a 20, on the Panaca accession (U7), growing at Peacock 
Plot. Three of the 180 plants sampled had QIs greater than 100: 2 
from Snow Field Station and I from Peacock Plot. The large 
variation reflects the outcrossing, principally dioecious, flowering 
habit of fourwing saltbush. Despite the species inherent variation, 
some accessions maintained Ql rank consistencies between sites. 
There are significant differences among the accessional means 
(Table 2). In general, we recommend accessions with higher QI 
values for areas with environmental conditions similar to Sanpete 
Valley. 
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Quantity and Germinability of Oryzopsis 
hymenoides Seed in Lahontan Sands 
JAMES A, YOUNG, RAYMOND A. EVANS, AND BRUCE A. ROUNDY 

Abstract 

The location, quantity, and germinability of seed (caryopses) 
reserves of Oryzopsis hymenoides (R. & S.) Ricker in the soil were 
investigated at 4 locations in the Carson Desert of western Nevada. 
Numerous germinable seeds were recovered from the surface 15 cm 
of Lahontan sands. There was no clear relation between the 
number of seeds and depth of burial. On sites with pronounced 
dunes more seeds were found in the dune sands than in the 
interspaces. Seeds were recovered with and without evidence of 
sand abrasion of the indurate lemma and paleas. Seeds without 
wear marks were much more highly germinable (80%) than the 
more numerous seeds with wear marks (6%). The germhmble seed 
reserve consisted of seeds that germinated without pretreatment 
when incubated at 20°C; a much larger portion that required 
dissection to remove the indurate lemma and palea; and a fnction 
with embryo dormancy that had to be overcome with gibberellin 
enrichment of the germination substrate. Large numbers of 
opened, empty lemma and paler were found in the sands. Rodent 
enhancement of the germination of Oryzopsis hymenoides seeds 
appears to be a more valid hypothesis than mechanical abrasion 
from saltation. 

Oryzopsis hymenoides (R. & S.) Ricker is the predominant 
herbaceous species in many plant communities at lower elevations 
of pluvial lake basins of the Great Basin. This perennial bunchgrass 
reaches its greatest abundance on sandy soils or on active dune 
areas. In the northern Carson Desert large areas of relatively pure 
stands of Oryzopsis hymenoides grow on Lahontan sands (Billings 
1945, 1949). This geologic formation is derived from sand-textured 
sediments that were dumped by rivers into the pluvial Lake 
Lahontan during the Pleistocene and since have been transported 
by winds across what is now a desert landscape (Morrison 1964). 

Oryzopsis hymenoides seeds (caryopses) are highly 
polymorphic, but all forms are generally dormant (Huntamer 
1934). The nature of the dormancy has been attributed to the 
persistent lemma and palea and pericarp that inhibit oxygen 
transfer to the embryo (Huntamer 1934, Fendall 1964, Clark and 
Bass 1970, Shaw 1976, and McDonald and Khan 1977). The 
lemma and palea have to be removed and the pericarp pricked in 
order for the seeds to germinate (Plummerand Frischknecht 1952). 

Considering the nature of thedormancy, 3 hypotheses have been 
offered to explain how dormancy is broken in the natural 
environment. The first hypothesis postulates that temperature 
fluctuations and microbial degradation cause the lemma and palea 
to split and allow germination (Stoddart and Wilkinson 1938). The 
second hypothesis takes into account the affinity of this grass for 
sandy soils and suggests that the relatively small and dense seeds of 
this species move along the surface of the sands by saltation until 
the lemma and palea are broken by the abrasive action of the sand 
grains (e.g. Robertson 1977). The third hypothesis, as recently 
proposed by McAdoo et al. (1983), is that the collecting, mampu- 
lating, and caching of seeds by rodents enhances the natural estab- 
lishment of Oryzopsis hymenoides. 

Authors are range scientists, USDA. ARS, Renewable Resources, University of 
Nevada. Rena. 920 Valley Road. This study is a contribution from the USDA. ARS 
and the Agriculture Experiment Station, University of Nevada, Reno. Journal Series 
No. 507. 
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One of the few completed studies of natural seedling 
establishment of Oryzopsis hymenoides determined that 85% of 
successful Oryzopsis hymenoides seedlings emerged from depths 
of 3 to 7 cm in Lahontan sands (Kinsinger 1962). Considering the 
relatively small size of the seeds (5 mm diameter), emergence from 
greater than 5 cm is surprising (Young et al. 1969). 

Our purposes were to estimate the quantity and location of 
Oryzopsis hymenoides seeds in Lahontan sands and to study the 
germinability of recovered seeds todetermine the natural means by 
which the inherent dormancy of the seeds is overcome. 

Materials and Methods 

Field studies were conducted in the northern Carson Desert 
about 80 to 100 km northeast to east of Reno, Nev., (latitude 390 
45’ N, longitude I 190 0’ W). Billings (1945) described the general 
vegetation, soils, and climate of the Carson Desert. We chose 4 
sites with similar potential plant communities growing on 
Lahontan sands (Table 1). The sites differed in the density of 
Oryzopsis hymenoides plants. Frenchman’s Station (military 
bombing range) was in near pristine condition with no grazing; 
Desert Queen Valley was occasionally grazed by cattle; Summit 
was moderately grazed; and Eagle Valley was severely grazed. 
Based on the closest stations with long-term weather records 
(Lovelock and Fallon, Nev.) and the gaugesthat we maintained on 
the sites, annual precipitation is estimated at greater than 100 mm, 
but consistently less than 120 mm. 

The Lahontan sands (Typic tropopsaments) have a decided 
microtopography with dunes and interspaces. The dunes rise less 
than 0.5 m above the interspaces. We stratified our sampling based 
on this microtopography. At each location, in September 1977, we 
selected a relatively uniform area and laid out 4,50 by 50-m blocks 
in a randomized design. In each block, open-bottom metal boxes 
32 by 32 cm were driven into the sands to a depth of 15 cm. The 
inside surfaces of each box were divided into segments by 
horizontal lines every 2.5 cm to facilitate sampling. The sand was 
carefully removed in 2.5-cm deep increments and placed in bags for 
transportation to the laboratory. A box was randomly located in 
an interspace and dune in each replication for a total of 8 samples 
at each location on each sampling date. The samples were spread 
on paper on greenhouse benches to air dry and screened through a 
0.99-mm screen to recover all Oryzopsis hymenoides seeds and 
seed parts. 

The 15-cm maximum sampling depth was based on the soil 
depth in the most shallow interspace soils. The Lahontan sands 
range from 15 to 100 cm deep, but are deeper on dunes. The texture 
is rather uniformly 94 to 96% sand with 4 to 6% silt and clay. The 
pH in the soil profile ranges from 8.0 to 8.9. Because of the low silt 
and clay contents and the nearly complete lack of soil structure, 
seeds were easily recovered by screening. 

The recovered seed material was divided into classes as follows: 
(a) entire seeds, (b) seeds with wear marks or holes in the lemma 
and palea, and (c) empty lemma and paleas. The entire seeds and 
with wear areas were squeezed between thumb and forefinger to see 
if they were empty. Empty lemmas and paleas disintegrated while 
filled seeds were too hard to crush. Seeds that passed this test were 
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Table 1. Characteristics of experimental sites.’ 

Site 
Elevation 

(m) 

Microtopography Density 
Dune height Dune extent Oryzopsis hymenoides Shrubs 

(cm) (To of landscape) (plants per m*) (plants per IO m*) 

Desert Queen 
Summit 
Eagle Valley 
Frenchman 

I.200 5 
I.340 8 
1,200 5 
1,300 1 

50 1.7 b 0.2 b 
60 1.9 b 0.6 a 
50 0.7 c 0.5 a 
IO 2.8 a 0.2 b 

‘Density means followed by the same letter are not significantly different at the 0.01 level of probability as determined by Duncan’s multiple range test. 

classed as potentially germinable and tested for germination. 
Germination tests were conducted in dark germinators at 200 C. 

Previous laboratory experiments had established 2oOC as an 
optimum incubation temperature in dark germinators 
(unpublished research USDA/AR& Reno, Nev.). Seeds were 
placed on germination paper in closed petri dishes and kept moist 
with tap water. After 2 weeks’ incubation, the germinated seeds 
were counted and removed. Seeds that had not germinated during 
this 2-week period were dissected to remove the lemma and palea 
and the pericarp was pricked if it was not damaged in the 
dissection. Dissected embryos and endosperms were returned to 
petri dishes and then incubated for another week, after which 
germinated seedlings were counted. The remaining ungerminated 
seeds were incubated for another week with 50 ppm of an aqueous 
solution of gibberellin (G&) added to the germination substrate. 

Seed production at the Desert Queen site was excellent during 
the summer of 1978. To obtain an estimate of Oryzopsis 
hymenoides seed production, we bagged individual plants and 
clipped them at optimum seed maturity and counted the seeds. 

Using the same procedures as in the original sampling, we 
recovered samples at the Desert Queen in August and November 
1978 and April 1979. 

Results 

Analysis of variance revealed significant (P=O.Ol) differences in 
the number of Oryzopsis hymenoides seeds, type of seeds, and seed 
parts recovered from Lahontan sands, and the location,depth, and 
microtopography from which they were recovered. 

Seeds without Apparent Wear Marks 
Among seeds without wear marks, there was no consistent 

relation between numbers of apparently and actually germinable 
seeds, and the depth in the soil from which they were recovered 

(Table 2). Apparently germinable seeds were those that were firm 
and appeared filled. Actually germinable seeds were ones that 
germinated when incubated, dissected, or treated with gibberellin. 
Except at the Frenchman location, the samples dug from dunes 
were always higher in apparently and actually germinating seeds 
than samples recovered from the interspaces. Frenchman was the 
location with the least microtopographical differences between 
dunes and interspaces (Table 1). 

Frenchman had the greatest number of seeds from interspaces 
(Table 2). No seeds were found in the interspaces at Eagle Valley. 
Recovery from interspaces at Frenchman (1.8 X 106 germinable 
seeds per hectare) was half of the maximum for the dunes at 
Summit and did not differ statistically from recovery from the 
dunes at Frenchman. 

When seed numbers are combined from the dunes and 
interspace and corrected for the variable portion of dunes and 
interspaces among sites, Summit produced 2.3 X 106, Frenchman 
1.8 X 106, Desert Queen 1.7 X 106 and Eagle Valley 0.2 X IO6 
germinable Oryzopsis hymenoides seeds per hectare. 

Germination Characteristics-Seeds with No Apparent 
Wear 

Of the seeds that we judged to be apparently germinable, 80% 
subsequently germinated (Fig. 1). Over all locations and 
microtopographies, 28% of the seeds that germinated did so after 2 
weeks at 2oOC without any pretreatment. An additional 46% 
germinated when the lemma and palea were removed by dissection. 
The remaining 26% germinated when 50 ppm gibberellin was 
added to the substrate. 

At individual locations and microtopographies, the percentage 
of seeds that germinated without pretreatment varied from a high 
of 37% for the dune sands at Summit to zero at Eagle Valley (Fig. 
1). The percentage of recovered seeds that germinated after the 

Table 2. Number of apparently and actually germinable Orywpsis hymenoides seeds per 2,560 cm3 of Lahontan Sand by 2.&m increments in the soil at 
4 locations. These seeds exhtiited no wear marks or holes in their lemma and paleas. 

No. of Seeds 
Desert Queen Summit Eagle Valley Frenchman 

Microtopography Depth (cm) Apparent Actual Apparent Actual Apparent Actual Apparent Actual 

Dune o-2.5 2 I 7 6 I 0 6 5 
2.5-5.0 2 I 5 4 I 0 9 8 
5.0-7.5 I I 5 3 1 1 I 0 
7.5-10.0 3 2 3 2 1 I 2 I 

10.0-12.5 8 7 26 20 3 2 I 0 
12.5-15.0 16 6 3 3 2 I 0 I 

32 b 28 u 49 a 38 9e 5Y 19 I5 w 

Interspace O-2.5 2 2 I 1 0 0 7 5 
2.5-5.0 2 2 2 2 0 0 2 2 
5.0-7.5 I I I 0 0 0 2 2 
7.5-10.0 I 0 1 0 0 0 7 5 

10.0-1.25 1 I 0 0 0 0 6 4 

12.5-15.0 I 1 0 0 0 0 2 2 
8e 7X 5f 3Y Og oz G-c 20 v 

1 Means followed by the same letter ( a through f for apparent and 5 through z for actual) are not significantly differnt at the 0.01 level of probabilityasdetermincd by Duncan’s 
multiple range test. AU sum compared by treatment, totals compared horizontally. 
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DESERT QUEEN SUMMIT EUiLE *LLEY FRENCHMhNS 

Fig. 1. Number of germinable Oryzopsis hymenoides seeds without wear 
marks per 15,000 cm3 of Lahonran sand(0. I m2 surface by 15 cm deep)ar 
4 locarions. Germinarion treatments are addirive: first conrrol 
incubation, followed by dissection, and then the addition of 50 ppm 
gibberellin. 

embryo was dissected from the lemma and palea varied from 33% 
for the dune sands at Frenchman’s to 62% for the interspace sands 
at Desert Queen. 

The seeds that failed to germinate after the lemma and palea 
were removed, but did germinate with the addition of gibberellin to 
the substrate, provided an estimated percentage of the seed 
population in the soil with embryo dormancy. Indirectly, this 
provides a partial estimate of the age of the seeds in the soil because 
the embryo dormancy that is overcome by gibberellin enrichment 
also responds to cool-moist stratification (Clark and Bass 1970). 

MSERT GUEEN suYMrr 2ASLE ULLEY FRENCHMANS 

Fig. 2. Number ofgerminable Oryzopsis hymeoidesseeds with wear marks 
per 15,000 cm3 of Lahonran sand (0.1 m2 surface by 15 cm deep) at 4 
locations. Germination treatments are additive;first control incubation, 
followed by dissection, and then the addition of gibberellin. 

Oryzopsis hymenoides seeds that lay in the soil for one or more 
winters should have their stratification requirements satisfied 
unless the seedbed was dry for the entire winter. The percentage of 
seeds that required gibberellin enrichment for germination was 
highest for Summit interspace samples (66%) and lowest for Desert 
Queen interspace samples (13%). 

Seeds with Apparent Wear Marks 
For most locations and microtopographies, the number of seeds 

of Oryzopsis hymenoides with wear marks on lemma and palea 
markedly exceeded the number without (Table 3). In comparison 
to seeds without wear marks, worn seeds wereespeciallynumerous 
in Eagle Valley. 

In comparison to the 80% germination for seeds recovered 
without wear marks, only 6% of worn seeds germinated (Fig. 2). 
When the germinable worn seed recovery rates were converted to a 
per unit area basis and adjusted for the variable amounts of dunes 
and interspace among sites, Desert Queen produced 0.6 X 106, 
Summit I. I X 106, Eagle Valley 0.7X 106and Frenchman0.9X 106 
seeds per hectare. Except at Eagle Valley, all yields were 
considerably lower than yields for unworn seeds. 

Table 3. Number of apparently germinnbk and actually germinable seeds of Oryzopsis hymemids with wear marks on the lemma and palea per 2,560 cm3 

of hbontan Sand by 2.5-cm increments in the soil at 4 locations.1 

No. of Seeds 

Desert Queen Summit Eagle Valley Frenchman 

Microtopography Depth (cm) Apparent Actual Apparent Actual Apparent Actual Apparent Actual 

Dune O-2.5 7 1 23 2 21 1 34 33 
2.5-5.0 7 1 20 2 12 I 7 1 
5.0-7.5 3 0 68 I 3 0 4 0 
75 10.0 

: 
2 38 2 13 I 

z 
2 

10.0-12.5 I 24 3 6 1 1 
12.5-15.0 9 3 26 2 56 3 3 1 

38 e 8 YZ 199 a 12 xy III c 7 YZ 61 d 8 Y= 

Interspace O-2.5 I3 I 9 2 9 4 32 6 
2.5-5.0 5 I IO 3 2 0 6 I 
5.0-7.5 5 I 3 I 3 I 38 3 
7.5- 10.0 2 0 6 I 3 I 34 2 

10.0~12.5 4 1 3 1 2 0 30 3 
12.5-15.0 2 0 3 1 3 I 15 2 

- - 
31 e 42 34 e 9 YZ 22 f 7 YZ 155 b I7 x 

‘Mans followed by the Same letter (a through f for aPpa~ll1 and x through z for acutal) are not significantlydifferentat the0.91 level ofprobabilityas determined by ~uncan’s 
multiple range test. All sum compared by treatment. totals compared horizontally. 
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Tabk 4. Numbers of emtpy lemmas and paleas of Oryzopsis hymenoides per 2,!560 cm3 of Lahontan Sand by 2.5em increments in the soil at 4 
bCdiOIlS.’ 

Microtopography 

Dune 

Interspace 

Depth (cm) 

o-2.5 
2.5-5.0 
5.0-7.5 
7.5-10.0 

lO.O- 12.5 
12.5-15.0 

O-2.5 
2.5-5.0 
5.0-7.5 
7.5-10.0 

10.0-12.5 
12.5-15.0 

Desert Queen 

35 
33 
52 
53 
22 
36 

231 d 

23 
23 
58 
64 
79 
I6 

263 c 

No. of lemmas and paleas 

Summit Eagle Valley 

77 32 
72 21 

III 52 
74 19 
97 30 

162 13 

593 a 173 e 

30 15 
27 5 
IO 3 
8 2 
3 6 
3 5 

81 f 36 g 

Frenchman 

83 
36 

9 
I8 
14 
I5 

I75 e 

84 
I8 
93 

I31 
133 
26 

485 b 

1 Means followed by the same letter are not significantly different at the 0.01 level of probabilityas determined by Duncan’s multiple range test. The sumsare compared together 
and the totals horizontally. 

Germination Characteristics-Seeds with Wear Marks 
Among all locations and microtopographies, only 4% of the 

germinable seeds recovered with wear marks germinated with no 
pretreatment. This compares to 28% for seeds without wear marks. 
Germination was enhanced 61% by dissection of the lemma and 
palea and an additional 35% by the addition of gibberellin. The 
enhancement of worn seed germination by dissection or addition 
of gibberellin was relatively constant among locations and 
microtopographies in comparison to that observed for seeds 
without wear marks (Fig. 2). 

Number of Empty Lemmas and Palers Recovered 
Recoveries were much greater of disjointed or spread lemmas 

and paleas than of apparently germinable seeds of Oryzopsis 
hyrnenoides (Table 4). When the microtopographies were 
combined on a proportionate basis, lemmas and paleas (one of 

Fig. 3. Average number of empty lemmas ondpoleos ondgerminoble seeds 
of Oryzopsis hymenoides recoveredper 15.000 cm3 of Luhonton sand or 
the Desert Queen site in August ond November 1978 and April 1979. 
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each per seed) were recovered at the rates of 12.4 X IO6 at Desert 
Queen, 19.4 X 106 at Summit, 5.3 X lObat Eagle Valley, and 10.4X 
106 at Frenchman. 

The recovered lemmas and paleas ranged from shiny, indurate 
specimens that looked fresh to dull ones that could be crushed 
between the thumb and forefinger. The lemma and palea are not 
easily removed from the seeds. Dissection is difficult unless the 
seeds are soaked, and even then, considerable skill and force are 
necessary to part the lemma and palea. Many of the lemmas and 
paleas recovered from the soil were still attached at the callus base, 
but were spread open with the embryo and endosperm missing. 

Seed Production 
Total Oryzopsis hymenoides seed production at Desert Queen in 

1978 was estimated at 40.9 X 106 seeds per hectare (Table 5). Long- 
term observation has shown that specific Oryzopsis hymenoides 
stands in the Carson Desert may not produce seed in dry years. 
During seasons such as 1978, however, seed production far exceeds 
the total germinable reserves in the soil. 
Fate of Oryzopsis hymenoides Seeds Produced in 1978 at Desert 
Queen 

As we followed Oryzopsis hymenoides seed reserves in the soil 
after the excellent seed production of 1978 a trend became 
apparent for empty lemmas and paleas to increase and germinable 
seeds to decrease (Fig. 3). 

We made careful observations during the winter and spring 1979 
to detect Oryzopsis hymenoides seedling establishment. Very few 
seedlings were found, except those growing from obvious rodent 
caches. We detected 0.5 rodent caches per m2 with at least I 
Oryzopsis hymenoides seedling emerging. 

Discussion 

The distribution of Oryzopsis hymenoides seeds in the surface I5 
cm of the soil is in sharp contrast to results for other grass species in 
nonaeolian soils in the same general environment (Young and 
Evans 1975). In Artemisia / bunchgrass communities, the reserve of 
germinable seeds is located immediately above and below the soil 

Table 5. Oryzopsis hymenokfes seed production at the Desert Queen site. 
1978. 

Seed type 

Brown 
Black 

Total 

Production per hectare 

Number X lo6 Weight kg 

26.6 22.7 
14.3 41.1 
40.9 63.8 
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surface. Possibly the constant movement of the Lahontan sands 
influenced distribution of Oryzopsis hymenoides seeds. Rodent 
burial may also be a major factor in dispersal. There are numerous 
references to the diversity of seed-consuming rodents in sandy 
desert areas (Reynolds 1950, 1958; Brown 1973) and to their seed- 
caching activities (Shaw 1934, Beatley 1969, LaTourette et al. 1979, 
Lockard and Lockard 1971). 

Brown, J.H. 1973, Species diversity of seed-eating desert rodents in sand 
dune habitats. ECOIOQV 54~775-787. 

Clark, D.C., and L.N. &s. 1970. Germination experiments with seeds of 
Indian ricegrass, Oryzopsishvmenoides IRoem. & Schult.) Ricker. Proc. 

The abundance of germinable seeds in the sands was markedly 
depressed on sites that had been severely overgrazed by domestic 
livestock but not on sites that had beenonlymoderatelygrazed. On 
the overgrazed site, the high number of seeds with wear marks 
might be attributed to accelerated wind erosion associated with 
poor vegetation. Even on the severely grazed site, however, a 
reserve of germinable Oryzopsis hymenoides existed in the soil. In 
similarly degraded Artemisial bunchgrass communities the reserve 
of germinable perennial grass seeds may be nondetectable (Young 
and Evans 1975). 

Assoc. Official Seed &al. t&226-239. . 
Fendall, R.K. 1964. An investigation into the site and cause of seed 

dormancy in Sripa viridulu and Oryzopsis hymenoides. Diss. Absts. 
26:3569-3570. 

Huntamer, M.Z. 1934. Dormancy and delayed germination of Oryzopsis 
hymenoides. MS thesis. State College of Washington. Pullman, Wash. 

Kinsinger, F.E. 1962. The relationship between depth of planting and 
maximum foliage height of seedlings of Indian ricegrass. J. Range 
Manage. 15: 10-13. 

Lockard, R.B., and J.S. Lockard. 1971. Seed preference and buried seed 
retrieval of Dipodomys deserti. J. Mammolbgy 53:219-221. 

LaTourette. J.E.. J.A. Young. and R.A. Evans. 1971. Seed disoersal in _, a 
relation to rodent activities in seral sagebrush communities. J. Ranee 
Manage. 24:118-120. 

We saw no evidence of the microbial breakdown of the indurate 
lemma and palea covering of germinable seeds recovered from the 
soil. We saw considerable evidence of mechanical abrasion of this 
covering, apparently from saltation. However, this wear appeared 
more closely associated with loss of viability than enhancement of 
germination. Embryo dormancy apparently is a factor in the 
germinability of Oryzopsis hymenoides seed reserves in the soil, 
but not to the extent of the dormancy caused by indurate lemma 
and palea. 

McAdoo, J.K., C.C. Hewitt, B.A. Roundy, J.A. Young, and R.A. Evans. 
1983. Influenceof Hereromyid rodents on Indian ricegrass germination. 
J. Range Manage. 36:61-64. 

POSITION ANNOUNCEMENT 

McDonald, M.B., Jr., and A.A. Kahn. 1977. Factors determining 
germination of Indian ricegrass seeds. Agron. J. 69:558-563. 

Morrison, R.B. 1964. Lake Lahontan. Geology of the southern Carson 
Desert, Nevada. U.S. Geol. Surv. Prof. Paper 401. 

Plummer, A.D., and N.C. Frischknecht. 1952. Increasing stands of Indian 
ricegrass. Agron. J. 44:285-289. 

The numerous opened lemmas and paleas found in the sands and 
the abundant rodent caches with germinated Oryzopsis hyme- 
noides seedlings attested to the role of rodents in enhancing the 
germination of dormant seeds of this species as indicated by McA- 
doo et al. (1983). 

Reynolds, H.G. 1950. Relation of Merriam kangaroo rats to range 
vegetation in southern Arizona. Ecology 3 1:456-463. 

Reynolds, H.G. 1958. The ecology of Merriam kangaroo rat (Dipodomys 
merriami) on the grazing lands of southern Arizona. Ecological 
Monogr. 28: I I I-127. 

Robertson, J.H. 1977. The autecologyof Oryzopsishymenoides. Mentzelia 
1:18-21 and 25-27. 
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The Department of Animal and Range Sciences, South 
Dakota State University, Brookings, South Dakota, 
announces the opening for a position as an Assistant 
Professor of Range Science. 

The responsibilities of the position will include 
research, teaching and a limited amount of extension. 
The staff member is encouraged to develop personal 
research interests within the goals and priorities of the 
overall range research program. Teaching and advising 
both undergraduate and graduate students are impor- 
tant phases of this position. 

Qualifications: The individual must have a Ph.D. 
degree in Range Science or equivalent in education and 
experience. Preference will be given for skills in quanti- 
tative methods. Applicants should have both desire and 

ability to work harmoniously with students, staff, 
ranchers and agency personnel. The salary will be com- 
mensurate with training and experience. 

Applications will be accepted until March 15, 1983. 
Those received after that date will be considered if a 
qualified and acceptable candidate has not applied ear- 
lier. Applications should include a personal data sheet, 
transcripts and a list of publications. In addition, the 
applicant should request that a minimum of three per- 
sons submit letters of recommendation to: Dr. lohn R. 
Romans, Department of Animal and Range Sciences, 
South Dakota State University, Box 2770, Brookings, 
South Dakota, 57007-0392. Telephone (605)688-5765. 
South Dakota State University is an Affirmative Acti- 
on/Equal Opportunity Employer (Female/Male). 
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Improvement of Eastern Nebraska Tall- 
grass Range Using Atrazine or Glyphosate 
S.S. WALLER AND D.K. SCHMIDT 

Abstract 

Two herbicide treatments were initiated in southeastern 
Nebraska on a Wymore silty clay loam (clayey range site) during 
the spring of 1979, to change species composition of overgrazed, 
native range from cool- to warm-season grasses. Treatments con- 
sisted of late spring applications of atrazine [2-chloro-4- 
(ethylamino)&(isopropylamino)-s-triazione] at 2.24 kg/ha, and 
glyphosrte [N-(phosphonomethyl)lycine] at 1.12 kg/ha. Both 
herbicide treatments significantly (P<.O5) reduced smooth brome 
(Bromus inermis Leyss.) and Kentucky bluegrass (Poa pratensis 
L.) production and relative species composition while increasing 
big bluestem (Andropogongerardii Vitman) in 1979 and the effects 
were maintained during the second growing season. Warm-season 
herbage yield, primarily big bluestem, was greater following herbi- 
cide treatments (5345 kg/ha) compared to control (1610 kg/ha). 
Herbage yields of cool-season grasses from herbicide treated plots 
were reduced. However, total herbage yield was higher on herbi- 
cide treated plots during the first and second year after treatment. 
Total, warm-season and cool-season herbage yields for both years 
were not different between atrazine and glyphosate treated plots. 
Both herbicide treatments have potential for rapid recovery of 
overgrazed, native tallgrass prairies in eastern Nebraska when 
sufficient warm-season tallgrass remnants are present. 

The eastern one-third of Nebraska was described as the True 
Prairie (Weaver 1954) and the native plant community was a 
tallgrass bluestem prairie, composed of warm-season vegetation. 
Currently, much of the area is incropland. Remaining native range 
occurs as small scattered tracts of land which are generally unsuit- 
ed for cultivation due to rocky or shallow soils or erosion hazards. 
Over I million acres of native range are located in this area (Bose 
1977). 

Over 60% of the native pasture in eastern Nebraska is in low 
range condition (Bose 1977). The availability of high producing 
cool-season species for hay and pasture and accessibility of crop 
residues encourage high stocking rates, often above the available 
summer forage supply. This imbalance in seasonal forage supply 
often contributes to range deterioration. 

High stocking rates and season-long grazing characteristic of 
this area contributed to a shift in species composition from the 
warm-season native community, to cool-season species, primarily 
Kentucky bluegrass (Poaprurensis L.) and smooth brome (Bromus 
inermis Leyss.). Although forage is readily available in the spring, 
fall and winter with improved cool-season species and crop 
residues, a void of high quality summer forage exists which could 
be minimized by shifting species composition ofthe native pastures 
to native warm-season dominants. 

Atrazine [Z-chloro-4-(ethylamino)-6-(isopropylamino)-s- 
triazine], a soil active herbicide, has been reported to be phytotoxic 

Authors are associate professor and graduate research assistant, Department of 
Agronomy, University of Nebraska-Lincoln, Lincoln 685834915. D. Schmidt’s pres- 
ent address is 1709 Cherokee Strip, Blue Springs, Missouri 64015. 

This paper is published as Journal article #6775 of the Nebraska Agricultural 
Experiment Station. 

Mention of product names in this paper dots not constitute a recommendation by 
the Nebraska Agricultural Experiment Station. 

Manuscript received February 26, 1982. 
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to cool-season species (Houston 1977). Atrazine applications have 
been successful in controlling annual brome SpCCiCS @rO?Ws 8pp.j 

On western rangelands (Chamberlain et al. 1974, Morrow et al. 
1977). Other range uses of atrazine have included weed suppression 
for establishment of perennial range grasses (Eckert -and Evans 
1967, Moomaw and Martin 1978) and weed control In existing 

pure stands of perennial grasses for seed production (McCarty et 
al. 1967, Peters and Lowance 1975). 

Atrazine application increased the quantity and quality of tall- 
grass forage from a tallgrass prairie in north central Oklahoma 
(Baker and Powell 1978). On a shortgrass range in northeastern 
Colorado, applications of 2 kg/ha for 3 consecutive years com- 
pletely controlled annual species, reduced the frequency of occur- 
rence of cool-season species, and increased the drought survival of 
warm-season perennial grasses and 2 warm-season perennial forbs 
(Houston 1977). 

Glyphosate [N-(phosphonomethyl)glycine], a nonselective post- 
emergent herbicide, has been used since its release in Europe for 
sward suppression in cool-season pasture renovation (Oswald 
1976). However, its use in the United Statesand surroundingareas 
is fairly recent. Glyphosate was used in renovation of an over- 
grazed, predominantly cool-season grass pasture in Nebraska 
(Martin and Moomaw 1974). Applications(2.24 kg/ ha) were made 
in the late spring and 6 warm-season grasses were seeded into the 
sod. Control of Kentucky bluegrass and Japanese brome (Bromus 
juponicus Thunb.) was excellent. Since native warm-season grasses 
were dormant at the time of spraying, they were not affected by 
glyphosate. However, the cool-season grasses were actively grow- 
ing and effective control was obtained. 

Research was initiated to evaluate the potential of atrazine and 
glyphosate to promote rapid recovery of warm-season native 
grasses through suppression of cool-season species on overgrazed, 
native pastures in Eastern Nebraska. it wasassumed that adequate 
populations of warm-season grass remnants remained. Improve- 
ment in range condition through proper grazing management is 
well documented, but the response requires extended periods of 
time. Reducing time required to increase range condition was 
sought with herbicide treatments. 

Study Area 

Experimental Procedure 

Research was conducted in southeastern Nebraska in Gage 
County, 7.2 km south of Virginia, Neb. The site has been grazed 
annually since 1961. Prior to that time, it was used asa native hay 
meadow. The research area was located on a clayey range site 
(WYIYtOR Silty Clay loam-fine, montmorillonitic, mesic Aquic 
Argiudoll) (Beesley et al. 1964). 

A continental climate dominates the area. Average annual pre- 
cipitation ranges from 63 to 89 cm with approximately 80% occur- 
ring in the growing season of April to September (Beesley et al. 
1964). Mean average temperature ranges from 5 to !2O C. Average 
freeze-free period is 170 days, with an average first freeze on 
October 13 and an average last freeze on April 26. The average 
grazing period in Gage County is from May I to October 31. 
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Climax vegetation is Tallgrass Prairie dominated by switchgrass 
(Panicum virgatum L.), big bluestem (Andropogon gerardii Vit- 
man), indiangrass [Sorghastrum nutans (L.) Nash], and little 
bluestem [Schizach.vrium scoparium (Michx.) Nash]. The plant 
community prior to treatment was dominated by smooth brome, 
annual brome species, Kentucky bluegrass, tall dropseed [Sporo- 
bolus asper (Michx.) Kunth.], and broadleaf weed forbs such as 
western ironweed (Vernonia baldwini Torr.) and goldenrod (Soli- 
dago spp.). 

Methods 
A single application of atrazine (AAtrex 4L)3 at 2.24 kg/ha or 

glyphosate (Roundup) at I. 12 kg/ ha was made on April 21, 1979. 
Herbicides were applied using a water solution ( 189 1 /ha). Plots 
(8.2 m X 13.7 m) were arranged in a randomized complete block 
and replicated 4 times. Plots were protected from grazing during 
the study. No further herbicide application was made during the 
study; however, standing vegetation was removed prior to growth 
initiation in 1980 to facilitate sampling procedures. 

Relative species composition was obtained in April, 1979, prior 
to treatment, and August, 1979, and in May and September, 1980. 
A modified belt transect (I m X I cm) was used to determine 
relative species composition (Conard 1953). Relative species com- 
position was determined by counting the basal culms of each 
species that occurred in the belt transect. Multivariateanalysis was 
used to evaluate treatment by date interaction (K.05) for relative 
species composition (Stroup and Stubbendieck 1983). 

Herbage yield was determined for each plot monthly in 1979, 
beginning in May to September and 4 times in 1980, beginning in 
June. Four, randomly located quadrats (.3 m X .6 m) were hand 
clipped by species at ground level and material was separated into 
living plant material by species, standing dead vegetation and 
litter. Samples were oven-dried for 48 hours in a forced air oven at 
68” C and weighed. 

Yields from each harvest date within years were subjected to 
analysis of variance. Preplanned, orthogonal contrasts were used 
to further delineate the treatment response (K.05) (Steel and 
Torrie 1960). Total herbage yield consisted of all above-ground 
green vegetation. Warm-season herbage yield was the sum of the 
individual yields of big bluestem, little bluestem, switchgrass, indi- 
angrass, sideoats grama [Bouteloua curfipendula (Michx.) Torr.], 
tall dropseed, and prairie dropseed [Sporobolus hererolepis (A. 
Gray) A. Gray]. Cool-season herbage yield consisted of all cool- 
season species: Kentucky bluegrass, smooth brome, annual 
bromes, Wilcox’s dichanthelium [Dichanrhelium oligosanthes 
(Schult.) Gould var. wilcoxianum (Vasey) Gould and Clark], 
Scribner’s dichanthelium [Dichanthekum oligosanthes (Schult.) 
Gould var. scribnerianum (Nash) Gould], and porcupinegrass 
(Stipa spartea Trin.). 

Results and Discussion 

Precipitation from September 1978 through March 1979 was 
approximately 16 cm above normal (31 cm), which resulted in a 
moisture storage surplus at the initiation of the research project in 
April, 1979. Precipitation during the first growing season after 
application appeared to be adequate or above normal. During the 
period of April to July, 1980, a 15-cm deficit in monthly precipita- 
tion was recorded. Thus, at the time when the warm-season grasses 
were actively growing, a potentially droughty condition occurred. 

Relative Species Composition 
Kentucky bluegrass and smooth brome constituted the largest 

percentage of the vegetation prior to treatment (April, 1979) (Fig. 
1,2). Both species remained dominant on the control plots during 
the 2 years of the experiment. Kentucky bluegrass and smooth 
brome made up 39 and 46% respectively, of the total vegetation on 
the control plots in April and August, 1979, and 41 and 35% in May 
and September, 1980. 

Applications of atrazine and glyphosate reduced the relative 
species composition of Kentucky bluegrass by 96 and 98% at the 
end of 1979 (Fig. I). Relative species composition remained stable 
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April August 

1979 

g Atrazine 

n Glyphosate 

i Control 

May September 

1980 

Fig. 1. The elfect of arrazine and glyphosare on relative species composi- 
tion (%) rrends for Kentucky bluegrass. The standard error of the mean 
(calculated from all observations across treatments) is 1.8. 1.7, 2.1 and 
2.4 for April, August, 1979, and May, September, 1980, respectively. 

on control plots at 21 and 28% in April and August, 1979. 
Throughout 1980, Kentucky bluegrass on atmzine and glyphosate 
treated plots approximated the level determined for both treat- 
ments in August, 1979. During the second growing season, Ken- 
tucky bluegrass remained stable on the control plots (May, 23% 
and September, 21%). The apparent decrease in Kentucky blue- 
grass on the control plots from August 1979 (28%) to September 
1980 (21%) indicated that a grazing rest for 2 years resulted in a 
small reduction of Kentucky bluegrass. However, both herbicide 
treatments, applied once in 1979, appeared to be effective in 
reducing Kentucky bluegrass and maintaining the supressesion for 
2 growing seasons. The difference in Kentucky bluegrass suppres- 
sion between the 2 herbicide treatments was minimal. 

Late spring applications of atrazine or glyphosate were also 
effective in reducing smooth brome (Fig. 2). Smooth brome on the 
control, atrazine, and glyphosate treated plots was approximately 
equal in April 1979 (18, 17, and 17%, respectively). By August 
1979, both atrazine and glyphosate had reduced smooth brome by 
91 and 79%, as compared to the control. The late season decline of 
smooth brome in 1980 on both herbicide plots appeared to be an 
interaction of weather, seasonality and competition with warm- 
season species. Both herbicide treatments were equally effective in 
reducing and maintaining the lower levels of smooth brome. 
Results indicated that the 2 year grazing rest on control plots was 
not effective in reducing the relative species composition of smooth 
brome. 

Smooth brome appeared to be more resistant than Kentucky 
bluegrass to either herbicide treatment (Fig. 1,2). Increases in 
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Table 1. Independent orthogonal contrasts comparing the effect of atra- 
zine (Atr) versus glyphosate (Gly) and the average effect of Atr and Gly 
treatments (Herb) versus control (Con) on herbage yields (kg/ha) of 
total, warm-season and cool-season grasses. 

April August May September 

1979 1980 

Fig. 2. The effect of arrazine and glyphosate on relative species cornposi- 
tion (%) trends for smooth brome. The standard error of the mean 
(calculared from all observarions across treatments) is 3.2. 2.1. 1.6 and 
I.2 for April, August. 1979 and May, September, 1980, respecrively. 

i Atrazine 

n Glyphosate 

Control 

application rates of both herbicides may be required to obtain 
larger decreases in smooth brome due to its apparent resistance. 
Although complete reductions of smooth brome and Kentucky 
bluegrass were not obtained with a single spring application of 
herbicide, it appeared that suppression of both was adequate to 
allow recovery of warm-season grasses. 

Elimination or suppression of the cool-season grasses by selec- 
tive herbicide treatment resulted in a.corresponding increase in the 
native, warm-season, tall grass species, apparently due to reduc- 
tions in competition (Fig. 1). Both atrazine and glyphosate 
increased warm-season grass species including big bluestem, indi- 
angrass, switchgrass, and little bluegrass. The response of warm- 
season grasses to the 2 herbicide treatments was most evident by an 
increase in big bluestem. Percentages of big bluestem in August 
1979 were 71 and 69% greater on atrazine and glyphosate treated 
plots than on control plots. Relative species composition of big 
bluestem exhibited a seasonal trend in 1980 due to sampling date; 
however, on both atrazine and glyphosate treatments it remained 
more than twice as large as on control plots. 

The increase in big bluestem on control plots indicated that big 
bluestem responded to the 2-year grazing rest. However, the 
increase was minimal and was well below first-year levels on both 
herbicide treated plots. 

There was a shift in the relative proportion of big bluestem, 
Kentucky bluegrass, and smooth brome during 1979 (Stroup and 
Stubbendieck 1983). However, during 1980 there was no signifi- 
cant change in the relative proportions indicating that the shift in 
species composition was rapid and stabilized quickly. 

40 
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30 
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Herbage Yields 
Total, Warm- and Cool-Season 

April August May 

The herbage yield in May 1979 on the control plots was larger 
than for the average of the herbicide treatments (Table 1). Warm- 

Fig. 3. The effect of atrazine and glyphosate on relative species composi- 
tion (?++) for big bluestem. The standard error of the mean (calculated 

season herbage yields were not significantly different in May 1979. from all observations across treatments) is .04,3.5, 3.9 and 3.3 for April, 
However, cool-season herbage yields were greater for control plots August. 1979 and May, September, 1980. respectively. 

Orthogonal contrasts 
May 1979 Sept. 1979 Sept. 1980 

Species/ treatment 

Herb 
“S 

con 

Atr Herb 
VS 

Con 

Atr Herb 

C”,“n 

Atr 

Total 
Atr 
ClY 
Herb 
Con 

Warm-season 
Atr 
GlY 
Herb 
Con 

Cool-season 
Atr 
GlY 
Herb 
Con 

646 
1410* 

232 
258 

210 
785* 

710 
582 

237 
227 

264 
157 

6106 4234 
6147 4079 

6126*’ 4154* 
3557 3269 

5226 3685 
5464 3192 

5345* 3438: 
1610 1858 

9 74 
I54 56 

82 65 
1097* 863* 

‘*indicates significantly greater yield (K.05) within a paired comparison 
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Table 2. Independent orthogonal contrasts comparing the effect of 
atrazine (Atr) versus glyphosate (Gly) and the average effect of Atr and 
Gly treatments (Herb) versus control (Con) on hcrbage yields (kg/ha) of 
big bluestem, smooth brome and Kentucky bluegrass. 

Species/ 
treatment 

May 1979 . Sept. 1979 Sept. 1980 
Herb Atr Herb Atr Herb Atr 

CZl cov: cov: 

Big bluestem 
Atr 
GlY 
Herb 103 
Con 92 

Smooth brome 
Atr 
GlY 
Herb 167 
Con 4192 

Kentucky bluegrass 
Atr 
GlY 
Herb 34 
Con 220; 

Ill 3216 1782*’ 
95 2640 1344 

2928* 1563* 
490 655 

215 
119 

9 
7602 

47 
21 

319* 

2 17 
0 1 

9 
132* 

l*indicateH significantly greater yield (X.05) within a paired comparison, 

than for herbicide treated plots. Total, warm- and cool-season 
herbage yields on atrazine plots were notdifferent from glyphosate 
plots. 

Total herbage yield in September 1979 for herbicide treatment 
was larger than for control plots (Table 1). Total herbage yield was 
not different between atrazine and glyphosate treatments. Warm- 
season herbage yield for herbicide treatments was greater than for 
control plots while cool-season yields were reduced. Cool-season 
and warm-season herbage yields on atrazine plots were not differ- 
ent from yields on glyphosate plots. These effects were maintained 
during the 1980 growing season. 

The higher total and warm-season herbage yields in 1979 on 
both herbicide treatments as compared to September 1980 
appeared to be an interaction between maturity and the environ- 
mental conditions during the 1980 growing season. The increase in 
warm-season herbage yield on the control during the study indi- 
cated that a grazing rest was beneficial. However, warm-season 
herbage yield on atrazine and glyphosate plots was 69 and 71% 
larger, respectively, than on control plots by September, 1979, 
emphasizing the difference in response time to these treatments. 

Yield by Species 
Herbage yields of big bluestem constituted the majority of the 

warm-season herbage yield throughout the experiment. Herbage 
yield of big bluestem on herbicide treated plots was not different 
from that on control plots in May, 1979 (Table 2). Smooth brome 
and Kentucky bluegrass herbage yield on herbicide treated plots 
was lower than on control plots. Herbage yields of .big bluestem, 
smooth brome, and Kentucky bluegrass from atrazine-treated 
plots were not different from those on glyphosate plots. 

Herbage yield of big bluestem on herbicide treatments waslarger 
than on control plots in September, 1979 (Table 2). Big bluestem 
herbage yield on atrazine and glyphosate treatments was 85 and 
81% larger, respectively, than on control plots. Herbage yield of 
big bluestem from glyphosate treatments was not different from 
atrazine treatments. However, herbage yield of big bluestem for 

atrazine treatments was larger than glyphosate treatments in Sep- 
tember, 1980, with both exceeding the control. Possibly, the atra- 
zine treatment enhanced the drought resistance of big bluestem. 
The effect of atrazine on drought resistance has been previously 
reported (Hyder et al. 1976). Smooth brome and Kentucky blue- 
grass herbage yields from herbicide treatments were less than from 
control plots and this was maintained during 1980. Recovery of 
warm-season remnants in this study supported observations made 
in 2 different years on 2 different sites in eastern Nebraska where 
herbicides were used to suppress cool-season vegetation (Samson 
and Moser 1982). 

Summary 
A single, late spring application of atrazine or glyphosate suc- 

cessfully stimulated a rapid recovery of warm-season grass rem- 
nants on overgrazed, native pasture in eastern Nebraska. 
Suppression of the cool-season, introduced dominants (Kentucky 
bluegrass and smooth brome) reduced competition and promoted 
warm-season species, primarily big bluestem. Dramatic changes in 
the proportion of warm-season vegetation occurred the year of 
treatment. Total quantity of forage produced increased and the 
period of optimum forage quality shifted from spring and fall to 
summer. 
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Crested Wheatgrass-Early History in the 
United States 
GEORGE A. ROGLER AND RUSSELL J. LORENZ 

Abstract 

The first known introduction of crested wheatgrass into North 
America was made in 1898 by N.E. Hansen of the South Dakota 
Agricultural Experiment Station from the Valuiki Experiment 
Station about 150 miles north of what is now Volgograd, U.S.S.R. 
This introduction did not become generally distributed or used. 
The second introduction received on an exchange basis from the 
same U.S.S.R. experiment station in 1906 was planted and 
increased at experiment stations in Newell, S.D., and Mandan, 
N.D. These increases were responsible for the early distribution 
and establishment of crested wheatgrass in the United States. The 
cultivar Fairway distributed in Canada from the University of 
Saskatchewan in the late 1920’s came from one of the accessions of 
the second introduction first planted at Newell, S.D. Crested 
wheatgrass has become the most successful and the most widely 
used introduced grass in the semiard and arid region of western 
United States. 

Crested wheatgrass (Agropyron cristatum, A. desertorum, and 
related taxa), a persistent, drought and cold-resistant grass from 
the windswept steppes of central Asia, did not accidentally find its 
way to America and into general use in western United States and 
Canada. Soviet agronomists and our own plant explorers had the 
foresight to anticipate its possibilities. A few enthusiastic early-day 
workers tested, distributed, and promoted this grass for a period of 
at least 25 years before it really caught on during the drought years 
of the mid-1930’s. 

Not too many years ago crested wheatgrass was referred to in 
several publications as promising. No longer must we say it has 
promise, for we know that it is the most successful introduced 
species in the northern Great Plainsand much of the West. It is one 
of the best examples of a foreign species becoming completely 
naturalized in its area of adaptation in North America. Our wealth 
of experience and success in growing this grass make concern 
about its possibilities unnecessary. Today it grows on more than 5 
million ha (12.4 million acres) (Dewey and Asay 1975) in the 
United States and 800 thousand ha (2 million acres) (Lodge et al. 
1972) in Canada. 

Dillman (1946) published an excellent early history of crested 
wheatgrass. The senior author was well acquainted with Dillmani 
and provided him with old field notes and reference material from 
the Mandan station for his 1946 article. Lest names of important 
people and places be lost and forgotten with passing of time, it is 
the purpose of this paper to bring together and document the early 
history of crested wheatgrass in the United States, including some 
of the published and unpublished observations by early workers 
concerning adaptation and potential importance of the species. 

Authors are collaborator and research leader, USDA-AR& Agricultural Research 
Service, Northern Great Plains Research Center, P.O. Box 459, Mandan, N.D. 58554. 

A review of this article was presented by Rogler at the 33rd annual meeting of the 
Society for Range Management, San Diego, Calif., February I I-14. 1980. 
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1A.C. Dillman wasemployed by the Office of Droughtand Alkali lnvestigationsofthe 
Bureau of Plant Industry, USDA, in charge of breeding forage crops for drought 
resistance at the Belle Fourche station. Newell, S.D., from 1908 until 1920. when he 
transferred to the Mandan, N.D., station. His forage work was stopped in 1921 when 
the Office of Drought and Alkali Investigations was discontinued. 
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Early Introductions 

N.E. Hansen of the South Dakota’ Agricultural Experiment 
Station made a plant exploration trip to Russia and Siberia in 
1897-98 for the U.S. Department of Agriculture. He observed 
crested wheatgrass under test at the Valuiki Experiment Station on 
the Volga River about 150 miles north of what is now Volgograd. 
He sent 5 lots of seed back to the United States, all classified as A. 
crisrarum and commonly called “Zitniak” in the U.S.S.R. The 
numbers assigned to these lots were S.P.I. (Seeds and Plants 
Imported) 835, 837, 838, 1010, and 1012 (Cook 1899 a and b). 
Under No. 835, Hansen noted, “Native dry steppe grass. Seed from 
plants cultivated I year. Director Bogdan regards this species 
promising for cultivation.” Some of the other 4 accessions were 
collected in the wild from dry sandy steppes in the vicinity of the 
experiment station. The distribution files of the U.S. Department 
of Agriculture indicate that a small amount of seed of these 5 
accessions was sent to Alabama, Indiana, Michigan, Colorado, 
and Washington. However, so far as can be determined, no 
increase or general distribution was made of Hansen’s first 
introduction. 

The second importation of crested wheatgrass came from the 
same source as Hansen’s. V.S. Bogdan, director of the Kostichev 
Agricultural Experiment Station, Valuika, Samara government, 
Russia, sent 6 lots of seed to the U.S. Department of Agriculture 
through the Moscow Botanical Gardens. The seed was received on 
December 12, 1906. S.P.I. 19536 was labeled A. cristatum and 
S.P.I. numbers 19537-19541, inclusive, were labeled A. desertorum 
(Fairchild 1908). Seed of one or more of these lots was distributed 
to I5 experiment stations. According to Dillman ( 1946) the succes- 
sive plantings made at the Belle Fourche Experiment Station, 
Newell, S.D., from 1908 to 1915, inclusive, and at the Northern 
Great Plains Field Station, Mandan, N.D., starting in I91 5, were 
responsible for the early distribution and establishment of crested 
wheatgrass in the United States. 

In 1908, Dillman made the first plantings of the 6 1906 introduc- 
tions at the Belle Fourche station. In 1909, he recorded in his field 
notebooks, “The grass nursery planted in 1908 was continued this 
season. S.P.I. numbers 19536-19541, inclusive, came through the 
winter without any winter killing, and were very early in beginning 
growth in the spring. This characteristic might make this species 
valuable as a pasture grass if it should prove to be valuable other- 
wise. There has been no effective test of drought resistance so far.” 
Dillman (1910) also stated, “The grass botanically known as A. 
cristatum, recently introduced from Siberia by the U.S. Depart- 
ment of Agriculture, gives evidence of being a very hardy grass. It 
was observed that this species starts growth very early in the spring, 
and is not injured by severe frosts.” Dillman soon recognized that 
S.P.I. 19536-received as A. cristatum *was distinct from those 
received as A. desertorum. He noted that the plants were shorter 
and more leafy with wider comb-like heads. Due to editorial 
changes in Dillman’s 1910 bulletin, both A. crisratum and A. 
desertorum were referred to as only A. cristatum. All crested 
wheatgrass was generally referred to as one species, A. cristatum, 
from 1910 until 1950. Swallen and Rogler (1950) suggested a 
re-separation into two species, A. cristatum and A. desertorum. 
According to S.P.I. card files, No. 19536 was sent to Professor 
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John Bracken of the University of Saskatchewan on September 29, 
19 11. In 1916, L.E. Kirk, then agraduate student assistant, planted 
the seed obtained by Professor Bracken. It was from these plant- 
ings of A. crisfatum that Kirk (1932) and his associates developed 
“Fairway” crested wheatgrass. 

Most of the early distributions of seed in the United States were 
of the A. desertorum types, S.P.I. numbers 1953741, inclusive. 
The commonly used forage type was called “Standard” for many 
years. The name “Standard”came from the fact that S.P.I. 19537 
was chosen as the standard for the species for Montana and was 
registered as such by the Montana Seed Growers Association. 
There were no other named varieties until “Summit” was released 
in Canada in 1953 and “Nordan”, released in North Dakota in 
1954. Several additional named varieties were released in the 
1970’s. 

The third introduction of crested wheatgrass to the United 
States was made by Hansenand was received on December 3, 1908. 
At that time he was on another expedition to Europe and central 
Asia, again as an agricultural explorer for the U.S. Department of 
Agriculture. This introduction of numbers S.P.I. 24466-24468 was 
classified as A. imbricatum. In his notes (Fairchild 1909) Hansen 
stated “A grass of very wide distribution in northern Asia and 
European Russia. Highly recommended as one of the best grasses 
in the Volga River region of eastern European Russia, where it was 
brought into culture by the Valuiki experiment station.“These 3 
seed lots were collected from the wild in the semidesert region in the 
Mongoiian part of northwestern Manchuria. 

A few other early introductions of crested wheatgrass should be 
mentioned specifically by number. S.P.I. 28199A. cristutum came 
from Cambridge University on May 7, 1910, with its native distri- 
bution shown as open sandy and stony places in eastern Germany 
and western Hungary (Fairchild 1911). Hansen sent S.P.I. 28306 
A. cristutum from Russia in 1910. In his notes heagain points out 
that this species is considered a very valuable grass, a native of the 
driest steppes of eastern Russia and a large part of Siberia. He also 
mentions selection work being done by Prof. R.W. Williams of the 
Imperial Agricultural College at Moscow (Fairchild 1911). 

The first introduction of A. sibiricum was received through 
Hansen on May 20, 1910, as S.P.I. 28307. Quoting his notes: “A 
native of the dry steppes of eastern European Russia and western 
Siberia. The present lot is selection No. I, grown from a single 
plant, by Prof. R.W. Williams, Imperial Agricultural College, 
Moscow, Russia” (Fairchild 1911). We do not know what hap- 
pened to the 1910 introductions except that they did not get into 
general distribution. A few more introductions of crested wheat- 
grass species were made through the years but it was not until the 
1930’s that real emphasis was placed on getting many introductions 
of crested wheatgrass and other grasses for possible use in arid and 
semiarid regions of the U.S. The main sources of seed for these 
species were: The Westover-Enlow expedition to Russia, Turkey, 
and Turkestan in 1934; The Wellman-Westover expedition to 
Turkey in 1936; the MacMillan-Stephens expedition to China and 
Manchuria in 1934; the Roerich expedition to Manchuria in 1934; 
the Kazakstan Institute of Agriculture in 1935; and the Institute of 
Plant Industry U.S.S.R. in 1934and 1935. Seed from theseexpedi- 
tions was increased and the plant material was evaluated at Man- 
dan, N.D., and/ or Pullman, Washington. Since then, several other 
expeditions have introduced additional accessions of crested 
wheatgrass into the U.S. Information on the recent introductions is 
available in other publications. 

It was during the 1930’s that many of the species making up the 
crested wheatgrass complex were introduced to the U.S. for the 
first time. The senior author and others working with this material 
in the late 1930’s were soon aware that many of the introduced 
accessions were badly mixed and in a number of cases misnamed. It 
took several years to determine whether the mixtures were 
mechanical or genetic. Jason Swallen (1943) of the Bureau of Plant 
Industry and later with the Smithsonian Institution described the 
taxonomic status of A. cristatum, A. desertorum, A. michnoi. A. 
sibiricum, A. imbricatum, A. pectiniforme, A. fragile, and A. 

mongolicum, all of which had been or are now called crested 
wheatgrass. A recent taxonomic treatment of the complex is that of 
N.N. Tzvelev (1976). Taxonomic confusion still exists, however, 
current and recent studies on the cyto-taxonomic status of this 
complex of species are providing useful information and the classi- 
fication problems are slowly being resolved (Dewey and Asay 
1975, Asay and Dewey 1979). 

Other Early Workers and Locations 
J.T. Sarvis of the former Division of Dry Land Agriculture, 

Bureau of Plant Industry, U.S. Department of Agriculture, Man- 
dan, N.D., was one of the most enthusiastic early boosters of 
crested wheatgrass. His many plantings made from 19 15 until his 
retirement in 1941 provided over 90 kg of seed that he distributed 
widely throughout the Northern Great Plains between 1918 and 
1923. Over 1,800 kg of seed was distributed from the Mandan 
station for testing throughout the west from 1923 to 1935, inclu- 
sive. The oldest known seed production planting of the grass is at 
the Mandan station. This planting of S.P.I. I9538 A. desertorum 
was made by Sarvis in 1915. The oldest known pasture planting of 
crested wheatgrass still in existence was made on the Mandan 
station in 1932. It has been grazed every year since 1933, and 
present plans are to continue it as part of the long-term grazing 
trials. Beef gain for yearling steers averaged 103 kg/ ha (92 lb/acre) 
per year for the period 1933 through 1963, compared with 47 kg/ ha 
(42 lb/acre) on native range. The pasture has been fertilized with45 
kg N/ha (40 lb N/acre) since 1964. Beef gains for the period 1964 
through 1979 averaged 207 kg/ ha (185 lb/acre) compared with 101 
kg/ ha (90 lb/acre) for fertilized native range. These plantings are 
ample evidence of the vigor and longevity of crested wheatgrass at 
Mandan. 

There were a number of early workers who boosted crested 
wheatgrass in the 1920’s despite the apparent lack of need for a new 
dryland grass during the World War I period when grass was being 
plowed up. Some of those conducting research with the grass were 
David Stephens, Moro, Ore.; Alvin Keyser, Fort Collins, Colo.; 
Leroy Moomaw, Moccasin, Mont., and Dickinson, N.D.; Samuel 
Garver, Redfield, S.D.; and N.F. Woodward, Moccasin, Mont. 
Extension workers active in promoting thegrass were M.L. Wilson 
and A.J. Oogaard in Montana. Early workersin Canada were L. E. 
Kirk, T.M. Stevenson, and S.E. Clarke. Early seed producers were 
Parker Brothers, Crescent, Mont.; DC. Violet, Harlem, Mont.; 
and Leroy Moomaw, Dickinson, N.D. Oscar H. Will Seed Com- 
pany, Bismarck, N.D., in 1929 was the first to list seed for sale in a 
commercial catalogue. The first concentrated breeding programs 
of more recent years in the United States were started after the U.S. 
Department of Agriculture obtained increased appropriations for 
grass breeding in 1935. The first 2 locations to do intensified 
breeding work on crested wheatgrass were Mandan, N.D., and 
Bozeman, Mont. The early work in Canada was concentrated at 
Saskatoon, Sask. 

Adaptation and Importance 
Crested wheatgrass is ecologically well adapted to much of the 

western United States. Its original native area of distribution cov- 
ers huge portions of the U.S.S.R. and of other central Asian 
countries (Konstantinov 1923; Nevski 1934; Newell 1953; and 
Dewey and Asay 1975). Environmental conditions there are sim- 
ilar to those where it is being successfully grown in North America. 
In the United States, crested wheatgrass is well adapted to the 
northern Great Plains and westward to the Sierra Nevada Moun- 
tains (Rogler 1960). It is a good forage producerand persists well in 
the big sagebrush zones, in park areas of ponderosa pine zones, in 
pinyon-juniper woodlands, and in openings of mountain shrub. In 
the southern part of its range, it has been successful only at eleva- 
tions of 1,500 to 2,700 m (about 5,000 to 9,000 ft). Within its area of 
adaptation are many small areas-high elevations, mountain mea- 
dows, and irrigated lands-where it has not persisted. 
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Because it utilizes soil water effectively and because it becomes 
dormant in hot, dry weather, crested wheatgrass is extremely 
drought resistant. It has been most successful in areas that receive 
23 to 38 cm (9 to 15 inches) of precipitation annually. In the 
southern part of its range it needs a minimum of 30 cm (12 inches) 
of precipitation annually. 

Crested wheatgrass survives extremely low temperatures. No 
established stands are known to have been killed by extremes of 
cold as low as -51°C (-600 F). It is adapted to many soil types; it 
produces well on most productive soils from sandy loams to heavy 
clays and is moderately tolerant to saline soils. 

In addition to its wide adaptation and drought and cold resist- 
ance, the grass has many other virtues that have made it unusually 
successful in this country. It has long life and persistance under 
adversity and abuse, strong competitive ability, ease of establish- 
ment, high productivity for forage and pasture, excellent palatabil- 
ity and nutritive qualities during the spring and early summer, 
good seed production, seedling vigor capable of allowing it to 
volunteer, ease of harvesting and processing seed, and relatively 
few disease problems. Few if any grasses in its area of adaptation 
have so many desirable characteristics. Even so, there is great room 
for improvement of crested wheatgrass in lengthening the season of 
use; in increasing seed size, seed quality, and seedling vigor; and 
disease and insect resistance. 
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Presowing Seed Treatment and Temperature 
Effects on Germination of EngeZmannia 
pinnatifida and Indigofera miniata var. 
leptosepala 
D.C. KISSOCK AND M.R. HAFERKAMP 

Abstract 

Research was conducted to evaluate the effects of presowing 
seed treatments and temperature on germination of seeds of Engel- 
mann daisy (Ertgelmannia pinnatifida) and western indigo (Indig- 
ofera miniata var. leptosepala). The seeds were imbibed in 
controlled environmental conditions for 14 days with night/day 
temperatures of 5/15, 10/20, 15125, or 20/?O°C and a ll-hour 
photoperiod corresponding with the high temperature. Seed treat- 
ments prior to imbibition included: mechanical scarification, 
immersion in hot water (SO’C) for 3 min., acid scarification by 
immersion in concentrated sulfuric acid for 17 min., and an 
untreated control. Percent germination was affected by both 
temperature and presowing seed treatments. Maximum germina- 
tion (43%) of Engelmann daisy was attained by untreated seeds at 
20/30° C. Presowing seed treatments did not significantly increase 
germination of Engelmann daisy at any temperature. Western 
indigo seeds which were mechanically or acid scarified germinated 
over 90% in the 10/20, 15/25 and 20/30°C temperature regimes. 
Seeds immersed in hot water germinated from 59-68%, and 
untreated seeds germinated from 17-4270 in the same environmen- 
tal conditions. 

Selection of adapted species for revegetation of deteriorated 
rangeland and surface mined lands is a very important considera- 
tion in a revegetation project. The revegetation specialist must 
often choose between introduced or native species of grasses, forbs, 
or woody plants to be planted in monocultures or mixtures. Pres- 
ently, perennial warm-season grasses are used most frequently in 
revegetation of rangelands or surface mines in central Texas. 

Planting mixtures of grasses- and forbs in the western United 
States has been found to expedite the natural sequence of plant 
succession. Mixtures in contrast to a monoculture provide a 
greaier variety for animals to graze, utilize the total soil profile 
more efficiently, and are generally better adapted to variable can- 
opy, soil, terrain, and climatic conditions (Vallentine 197 I). 

Lack of available seed has been a deterrent to use of native 
mixtures in range seedings or reclamation projects in many areas 
(Eddlemann 1979, Sutton 1975). The USDA Soil Conservation 
Service in cooperation with the Texas Agricultural Experiment 
Station and the Texas Parks and Wildlife Department are continu- 
ally seeking new plant varieties. Two of the native forb species 
being evaluated are Engelmann daisy (Engelmannia pinnatifida) 
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and western indigo (Indigofera miniata var. leptosepah) (USDA 
Soil Conservation Service 1978). 

Engelmann daisy, a perennial cool-season forb, is native toall of 
Texas except the Piney Woods (Gould 1975). This species produ- 
ces high quality, palatable forage. Western indigo is a perennial 
warm-season legume that has the potential to improve soil fertility 
through nitrogen fixation. This species grows in the eastern two- 
thirds of Texas. Kneebone (1959) reported western indigo plants in 
Oklahoma were utilized by grazing animals and that nodule pro- 
duction was good. The species also rated fair in seeding habits, 
establishment potential, and first year’s growth. 

Both species have the potential to be used in seeding mixtures for 
revegetation of deteriorated rangelands or surface mines in central 
Texas. However, as with many forb species, we are lacking detailed 
information relative to the environmental requirements for seed 
germination and seedling growth and the potential for improving 
seed germination with presowing seed treatments. This informa- 
tion is vital if managers are to successfully establish these species in 
plant mixtures for revegetation projects. 

Preliminary trials in our laboratory have indicated germination 
(radical longer than 5 mm) percentages of 49 and 37 after 14 days in 
an 18/24’C temperature regime for Engelmann daisy and western 
indigo seeds, respectively. Our hypothesis is that Engelmann daisy 
and western indigo seeds germinate well over a narrow tempera- 
ture range and their seed germination may be improved with 
presowing seed treatments. The study objective was to evaluate the 
effect of temperature and presowing seed treatments on seed 
germination. 

Materials and Methods 

Seed of PMT-874 Engelmann daisy and PMT-I051 western 
indigo were obtained from the USDA Plant Materials Center, SCS 
Knox City, Texas. Germination trials were conducted with 3-year 
old seeds which were uniformly large-sized, fully developed, and 
undamaged. Western indigo seeds were sorted by air; Engelmann 
daisy seeds (achenes) were removed from their bracts. 

Presowing seed treatments included mechanical scarification by 
cutting the seed coat with a razor blade (Latting 1961, Martin et al. 
1975), immersion of seeds in hot water (800 C) for 3 minutes (Halls 
et al. 1970, Latting 1961), and acid scarification by immersion of 
seeds in concentrated sulfuric acid (HzS04)for 17 minutes (Latting 
1961). 

Samples of 50 seeds previously dusted with a fungicide (Cap- 
tan)!, were imbibed on 2 pieces of Whatman’ No. 1 filter paper in a 
IOO-mm diameter petri dish. The paper was supported by a 5-mm 
thick piece of polyurethane foam with a cotton wick in the center 
IMention of a trademark or proprietary product does not constitute a guarantee or 
warranty of the product by the Texas Agricultural Experiment StatIon and does not 
imply approval to the exclusion of other products that may aIs0 be suitable. 
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(Haferkamp et al. 1977). The filter paper was kept moist with 
sterile distilled water (pH 6). One piece of moistened filter paper 
was placed beneath the dish cover to improve moisture availability. 

Germination trials were conducted in a controlled environmen- 
tal chamber. Night/day temperatures were set at S/ 15, 10/20, 
15/25, or 20/3oOC with 1Zhour photoperiods during the high 
temperature periods. These temperature ranges were selected to 
coincide with normal monthly mean temperaturesincentralTexas 
(December, January, and February-S/ 15’C; March and 
November-10/2O”C; April and 0ctober-15/25°C; and May 
and September-20/300 C). All experiments were conducted in a 
light regime of 237 pe rn-’ set-’ photosynthetic active solar radia- 
tion, during the high temperature periods. One trial wasconducted 
at each temperature, and 3 replications per seed treatment were 
arranged in a randomized complete block design. 

Germinated seeds were counted daily for 14 days. The germina- 
tion criteria were based on the Association of Official Seed Ana- 
lysts (Crosier 1970) definition of germination, i.e. that the seed 
embryo must develop the essential structures to produce a normal 
plant in favorable conditions. The two major criteria for germina- 
tion were: 

1) Normal-at least one cotyledon exposed and a radical 
greater than or equal to 5 mm in length. 
2) Abnormal-neither cotyledon exposed or a radical less 
than 5 mm in length. 

Statistical analyses were conducted with the ANOVA procedure 
of the Statistical Analysis System (Barr and Goodnight 1972), to 
determine if significant differences @rO.OS) in germination existed 
between presowing treatments within temperatures. Differences 
among means were compared using Duncan’s multiple range test. 
Counts were transformed prior to analysis using the following 
relationship: 

xl = Jxarc sin dv 
n+3/4 

where the proportion (germinated seeds/ total number of seeds) is 
f/n. 
Presowing Seed Treatments 
Engelmann Daisy 

Untreated Engelmann daisy seeds germinated better than those 
subjected to presowing seed treatments. Mechanical scarification, 
acid scarification, and soaking in hot water did not enhance the 
germination of Engelmann daisy seeds (Table I). The water and 
acid scarification treatments inhibited germination in the 20/300 C 
and 18/24’C regimes (data not reported). Seed germination after 
mechanical scarification sometimes equaled germination of 
untreated seeds, but germination of mechanically scarified seeds in 
the 20/3oOC regime was 40% less than germination of untreated 

Table 1. Percent germination of untreated Engehnann daisy seeds and 
seeds treated with presowing seed treatments of acid scarification (acid), 
soaking in hot water (water), or mechankal scarification (mechanical), 
and imbibed in 4 alternating temperature regimes. 

Temperature Days 
(@) Treatment 2 4 6 8 IO 12 14 

5115 untreated 
mechanical 

IO/20 untreated 
mechanical 

15125 untreated 
mechanical 

20/30 untreated 
mechanical 
water 
acid 

Oal Oa Oa Oa 
Oa Oa Oa Oa 

Oa Oa la 5a 
Oa Oa la I5a 

Oa oa 14a 24s 
ua Oa 8b 15a 

Oa 16a 29a 33a 
)a 6b 16b 20b 
Oa oc tk 0c 
Oa oc 2~ 4~ 

Oa 
Oa 

I la 
19a 

31a 
20s 

38a 
20b 

Oc 
5c 

Oa 
Oa 

17a 
20a 

34s 
23a 

41a 
23b 
oc 
7c 

Oa 
Oa 

23a 
25a 

35a 
23a 

43a 
25b 

Oc 
7c 

seeds. Maximum germination was 43% for untreated seeds in the 
20/30° C regime, which was significantly (~rZO.05) higher than the 
14 day germination for any of the treated seeds. 

Western Indigo 
Mechanical scarification enhanced normal germination of west- 

ern indigo seeds at all temperatures studied (Table 2). Enhance- 
ment of germination also occurred with acid scarification. Water 
soaked seeds germinated at an intermediate level and untreated 
seeds germinated the poorest. 

Mechanically scarified seeds began germination by day 8, and 
31% of the seeds had germinated by day 14 in the 5/ 15’C regime 
(Table 2). This was significantly better than germination by all 
other seeds during the same time period. Germination was appar- 
ent by day IO in the acid-scarified seeds, but only 9% of the seeds 
had germinated in 14 days. None of the untreated or water soaked 
seeds germinated normally in these cool temperatures. 

Some germination occurred in all treatments in the 10/2oOC 
regime (Table 2). Presowing seed treatments caused seeds togermi- 
nate sooner. Germination was apparent on days 2, 4, 4 and 6, 
respectively, for the mechanicahy and acid scarified, water soaked 
and untreated seeds. Scarified seeds germinated more than 90% in 
14 days. In contrast, water-soaked and untreated seeds germinated 
59 and 17%, respectively. Mechanically and acid scarified seeds 
germinated significantly better than untreated or water soaked 
seeds during day 4 through 14 and day 6 through 14, respectively. 
Mechanical scarification appeared better than acid scarification 
during the interval day 4 to 8. Water soaked seeds germinated 
significantly better than untreated seeds from day 8 through 14. 

A similar trend occurred in percent germination in the 2 warmest 
temperatures (Table 2). Germination was apparent on day 2 in 
mechanically scarified seed, and on day 4 in the acid scarified, 
water soaked, and untreated seeds in the 15/25”C regime. How- 
ever, some acid scarified seeds in 20/ 30“ C were germinated on day 
2. In both regimes, more than 90% of the scarified seeds germi- 
nated, 65% of the water soaked seeds germinated, but only 40% of 
the untreated seeds germinated. Germination percentages of scari- 
fied seeds were significantly greater than percentages of water 
soaked and untreated seeds during day 4 through 14. Values were 
similar for the two scarification treatments in the I5/ 25’C regime. 
However, acid scarified seeds germinated better from day 4 
through day 10 period in the 20/30°C regime. Germination of 

Table 2. Percent germination of untreated western indigo seeds and seeds 
treated with presowing seed treatments of acid scarification(ackl),soak- 
ing in hot water (water) or mechanical scarification (mechanical) and 
imbibed in 4 alternating temperature regimes. 

Temperature Days 
@ Treatment 2 4 6 8 IO 12 14 

S/l5 untreated 
mechanical 
water 
acid 

IO/20 untreated 
mechanical 
water 
acid 

Oa’ Oa Oa 
Oa Oa Oa 
Oa Oa Oa 
Oa Oa Oa 

Ob 
Oa 
Ob 
Ob 

Oa Ob Ic 2d 
la 27a 69a 91a 
Oa lb 5c 17c 
Oa 7b 27b 72b 

Ob 
14a 
Ob 
lb 

5c 
93a 
39b 
89a 

Ob 
20a 
Ob 
lb 

IOc 
95a 
49b 
92a 

Ob 
31a 
Ob 
9b 

17c 
95a 
59b 
97a 

15125 untreated Oa lb 3c I Ic 25cd 33d 41d 
mechanical 8a 49a 85a 93a 94ab 94b 94b 

20130 

water Oa 2b 27b 41b 56c 65c 68c 
acid Oa 33a 78a 92a 98a 99a 99a 

untreated Ob 4c 14d 28d 40d 41b 42b 
mechanical 29a 71b 82b 84b 84b 89a 91a 
water Ob 8c 33c 55c 59c 61b 64b 
acid 3b 91a 97a 97a 97a 97a 97a 

‘Means within a column for each temperature regime followed by the same letter are 
not significantly different at KO.05 level of significance using Duncan’s multiple 
range test. 

‘Means within a column for each temperature regime followed by the same letter are 
not significantly different at KO.05 level of significance using Duncan’s multiple 
range test. 
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Fig. 1. Percent germinotion of untreated ond mechanically scarified Engelmonn daisy seeds OS offecred by temperature during imbibition. 

water soaked seeds was significantly better than untreated seeds 
from day 6 through 14 in 15/250 C and from day 6 through 10 in 
201 3o” c. 

Temperature effects 
Engelmunn Daisy 

Germination of untreated Engelmann daisy seeds began sooner 
in the warmer temperatures (Fig. 1). Germinated seeds were appar- 
ent by day 3 in the 201300 C regime and by day 5 in both the lo/ 20 
and 15/25OC regimes. The highest ultimate level of germination 
occurred in the 20/ 30°C regime, and germination percentages after 
14 days imbibition decreased with a decline in temperature. 
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Fig. 2. Percent germinorion of untreated and treated western indigo seeds OS offecred by temperature during imbibition. 
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No normal germination occurred in the 5/ 15’C regime, but 
some seeds were metabolically active in this low temperature. 
About 5% of the seeds had either a short radical or cotyledon 
exposed after imbibing for 14days. Abnormal germination was 
10, and 2% in the lo/ 20,15/ 25 and 20/ 30“ C regimes, respectively. 

Mechanically scarified seeds also germinated sooner and about 
25% better in the 3 warmest temperature regimes than in the 
5/ I5O C regime (Fig. 1). In contrast to the untreated seeds, ultimate 
germination levels were about equal in the 10/20, 15/25, and 
20/ 300 C regimes. About 10, 5, 2, and 2% abnormal germination 
occurred in the 5/ 15, 10120, 15/25, and 20/3oOC regimes, 
respectively. 

100 - MEC~~ANICAL 

80- 

100 

60 

60 
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Western Indigo 
Some untreated western indigo seeds had germinated in 4 to 6 

days in the warmest temperatures (Fig. 2). Seeds in the 5/ l5’C 
regime were metabolically active, but no normal germination 
occurred in 14 days. About 5% produced cotyledons and short 
radicals. 

Germination percentages of untreated seeds after day 4 were 
generally highest in the 20/ 30” C regime, intermediate in IS/ 25’ C, 
low in lo/200 C, and lowest in 5/ 15OC (Fig. 2). The ultimate 
germination percentages were about equal in the 2 warmest 
regimes and twice as large as the percentage in the IO/ 20°C regime. 

Normal germination of treated seeds imbibed in the 10/20, 
15/ 25, or 20/ 300 C regimes was apparent on or before day 4 (Fig. 
2). Some mechanically and acid scarified seeds had germinated by 
7 and IO days, respectively, in the 5/ 15°C regime. 

Treated seeds appeared to germinate at a faster rate than 
untreated seeds (Fig. 2). Water soaked seeds germinated at an 
intermediate rate, and scarified seeds germinated at the most rapid 
rate. Germination of mechanically scarified seeds was very rapid 
during the initial 2 to 7 days of imbibition, and germination of acid 
scarified seeds was very rapid in the 2 to 8day period. Following 
the rapid period of germination, an ultimate level was attained 
earliest in the warmest temperature regimes and later in the coolest 
regime. 

Abnormal germination was more evident in the cooler tempera- 
ture regimes. On day 14 in the S/ 15O C regime about 5,58,40, and 
83% of the untreated, mechanically scarified, water soaked and 
acid scarified seeds, respectively, showed signs of germination, but 
did not exhibit both an exposed cotyledon and radical longer than 
5 mm. Only about 3 to 8% abnormal seed germination was 
recorded after 14 days in the 3 warmest temperature regimes. 
Interestingly, the mechanically scarified samples consistently had 
more seeds (2.5 to 8%) with a cotyledon emerged but with a radical 
shorter than 5 mm in length. This phenomena may have been due 
to the cotyledons simply being pushed through the cut in the seed 
coat upon imbibition of water. 

Summary and Conclusion 

Presowing seed treatments enhanced germination of western 
indigo seeds but did not improve germination of Engelmann daisy 
seeds. Mechanical and acid scarification and soaking in hot water 
all enhanced germination of western indigo seeds. Scarification 
was the superior treatment, and little difference was found between 
mechanical or acid scarification. Mechanically scarified seeds, 
however, appeared to germinate slightly faster during the initial 
2-day period in the 2 higher temperature regimes. 

Mechanical scarification would be the more practical treatment 
for field plantings if a method of treating bulk seed lots was 
available. One might plant a mixture of scarified and untreated 
seeds. The scarified seeds would germinate rapidly and improve the 
potential for successful stands, and the untreated seeds would 
provide potential for germination with subsequent moisture. How- 
ever, additional research would be needed to evaluate the effect of 
scarification on the deterioration of seed viability and seedling 
damage. 

The data suggest that germination of Engelmann daisy and 
western indigo seeds began sooner, proceeded at a more rapid rate, 
and the ultimate level was generally higher in the warmer tempera- 
ture regimes. The S/ 15, lO/20, 15/25 and 20/3O”C regimes often 
occur during the December, January and February; March and 
November; April and October; and May and September periods in 
central Texas, respectively. The IS/ 25 and 20/ 30” C temperature 
regimes usually occur during the periods of greatest rainfall. Plant- 
ing prior to these moist periods could provide successful stand 
establishment. 
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Response of Forage Species Seeded for Mule 
Deer in Western Juniper Types of South- 
central Oregon 
DONAVIN A. LECKENBY AND DALE E. TOWEILL 

Abstract 

Mule deer and livestock forage supplies were increased by seed- 
ing 11 species of grasses, forbs, and shrubs within chained and 
nonchained western juniper thermal cover stands in south-central 
Oregon. Standard crested wheatgrass and Siberian wheatgrass 
were the only species that established in significant amounts. 
Wheatgrass densities were greater in chain-drill treatments than in 
drill-only treatments. Among all experimental units, differences in 
emergence and establishment (plants/m*) were greater than were 
differences in seeding rates (viable seeds/m*). Standard crested 
wheatgrass density exceeded that of Siberian wheatgrass over both 
treatments and six pretreatment vegetation subtypes. Emergence 
of seedlings and establishment of wheatgrass were all significantly 
related to subtype. The chain-drill treatment produced more spring 
forage than did the drill-only treatment. Neither treatment pro- 
vided more winter forage. 

Decadence of forage plants in western juniper (Juniperus occi- 
dentolis)l stands prompted range and wildlife managers to initiate 
cooperative range rehabilitation programs in the arid northwest 
around 1960. Specific projects were designed to improve forage 
supplies for livestock and mule deer and yet maintain some cover 
on winter range by selective control of undesirable trees and shrubs 
followed by seeding of forage grasses, forbs, and browse. About 
19,400 ha of western juniper were mechanically manipulated in 
central Oregon between 1964 and 1977 (Winegar and Elmore 
1978). Of this amount, chaining was the method used to simultane- 
ously uproot junipers and shrubs and prepare a seedbed in which 
forage species were planted on about 3100 ha. 

Objectives of this study were as follows: (1) to document seedling 
emergence and plant establishment over time, (2) describe 
responses to chaining and drilling with drilling only treatments, (3) 
document which forage species survived, and (4) to determine if 
emergence and establishment varied among pretreatment plant 
communities. Study Area 

The study was located in south-central Oregon near the north- 
western corner of Lake County. It encompassed the Ward Lake 
grazing allotment, a 5033-ha portion of the Fork Rock deer herd 
winter range, about 6.4 km west of the town of Silver Lake. The 
area averaged about 1554 m in elevation along its broad western 
edge and about 1372 m in elevation along the southern edge. 
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‘Plant names follow Garrison et al. (1976). 
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Shallow (38 cm) clayey loams covered wide basaltic benches. 
Deep (9 1 cm) profiles high in pumice sand occurred under rims and 
formed toeslopes of northeast aspect. Plant nutrients, especially 
nitrogen, were low in all soils tested. 

The climate was cool and dry with prevailing southwest winds. 
We recorded 28 to 38 cm of precipitation each year, 80% of which 
fell as snow between November and April. Seasonal temperatures 
ranged from -280 C in winter to 399 C in summer and dipped below 
OOC several times between April and September each year. 

Juniper communities formed thermal cover (tree canopyl25%) 
and cover-forage (tree canopy 5-25%) habitat components from 
mule deer and were interspersed with shrubland and grassland 
forage areas (tree canopy<5%) (Leckenby 1977, 1978). As recom- 
mended by Mueller-Dombois and Ellenberg (1974) the term plant 
community refers to the sample stand as found in the field and 
vegetation type and subtype refer to an abstraction of sample 
stands derived by classification analyses. Clary et al. (1974) used 
subtype in similar context for Utah juniper (Juniperus osteos- 
perma) and alligator juniper (Y. deppeana) in Arizona. Thermal 
cover was dominated by young (average age = 47 yr) juniper trees 
whereas older junipers PlOO yr) occurred as individuals and 
groves within the woodland (Adams 1975). Tree canopy varied 
between 10% and 45% among pretreatment communities and was 
provided by juniper densities of 54 to 282 trees per ha. Shrub 
understories commonly included mountain big sagebrush (Artemi- 
sia tridentata subsp. vaseyana), low sagebrush (Artemisia arbus- 
cula), antelope bitterbrush (Purshia tridentata), lanceleaf green 
rabbitbrush (Chrysothamnus vicidtj7oru.s subsp. lanceolatus), 
Truckee green rabbitbrush (Chrysothamnus vicidtjlorus subsp. 
humilis), and gray rabbitbrush (Chrysothamnus nauseosus). 
Grasses and grass-like plants included bearded bluebunch wheat- 
grass (Agropyron spicatum), bluestem wheatgrass (Agropyron 
smithii). Idaho fescue (Festuca idahoensis), Thurber needlegrass 
(Stipa thurberiana), western needlegrass (Stipa occidentalis), nee- 
dle and thread (Stipa comata), prairie junegrass (Koeleria cristata), 
Sandberg bluegrass (Poa sandbergii), Cusick bluegrass (Poa 
cusickii), bottlebrush squirreltail (Situnion hystrix), cheatgrass 
brome (Bromus tectorum), Douglas sedge (Carex douglasii), Ross 
sedge (Carex rossii), and baltic rush (Juncus balticus). Common 
forbs were low pussytoes (Antennaria dimorphu), little flower 
collinsia (Collinsiaparvtji’ora). yellow fleabane (Erigeron chrysop- 
sidis), broom buckwheat (Eriogonum vimineum), little buckwheat 
(Eriogonum strictum), western hawksbeard (Crepis occidentalis), 
pale agoseris (Agoseris glauca), curvepod loco (Astragalus curvi- 
carpus), Pursh loco (Astragaluspurshii), gilia (Giliasinuata), com- 
mon starlily (Leucocrinum montanum), bitterroot lewisia (Lewisia 
redivia), foothill death camas (Zigadenus paniculatus), and 
microsteris (Microsteris gracihs). 

Methods 

We designed the Ward Lake revegetation project to evaluate the 
influence of treatment, seed mixture, and vegetation subtype on 
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success of fall seedings. Treatments comprised chaining and dril- 
ling (chain-drill) in I 18 ha and drilling under trees (drill-only) in 
185 ha. Full-size and half-size rangeland drills (Koehler 1975) were 
used. Standard crested wheatgrass (Agropyron desertorum) mix- 
tures were planted into 149 ha, and Siberian wheatgrass (Agro- 
pyron sibericum) mixtures were planted into 154 ha. Seed mixtures 
emphasizing standard crested wheatgrass were identified with odd 
number codes, other mixtures emphasizing Siberian wheatgrass 
were coded with even numbers, and mixtures containing basin big 
sagebrush (Artemisia tridentata tridentata) were further identified 
with the letter code A (Tables 1 and 2). 

Six juniper vegetation subtypes were derived by cluster analysis 
of 420 samples of pretreatment plant communities (Table I). 
Numerical classification methods adapted to computer processing 
by Pyott (1972) were used. The subtypes were variations of 4 

vegetation types defined by Schallig (1971). and they included 
maximal differences of plant composition which occurred within 
juniper types in the study area. Densities of viable seeds (per m*) 
varied among subtypes because of seeding rates (kg/ ha) and germi- 
nation potential (Table 2). Seeding rates were doubled in the 
starlily and needle and thread subtypes because their sites were 
drier than those of the other subtypes. 

Treatments and seed mixtures were replicated within each sub- 
type in a balanced, randomized design of 24 experimental units 
(Table 2). Seeded area in each unit was sampled with a set of 25 
randomly distributed I m* plots each year. 

Average densities (plants/m*) of seeded species were compared 
among experimental units in the first, second, and fourth growing 
seasons (1972, 1973, 1975). Differences were examined for signifi- 
cance wO.05) with the Mann-Whitney U test (Siegel 1956). Seed- 

Table 1. Differential plant species,’ subtype name, seeded species mixture*, and germination percent for 4 subtypes of western juniper vegetation types 
(Schallig 1971). 

Vegetation type Differential species Subtype Seed mixture Seed germination (%) 

Juniperus occidentalis/ 
Artemisia tridentata 
vaseyana/Agropyron 
spicatum-Festuca 
idahoensis 

Juniperus occidentalis/ 
Artemisia tridentata 
vaseyana-Atrshia 
tridentata-Artemisia 
arbuscula-Chrysothamnus 
vicidiflorus humilk/ 
Agropyron spicatum- 
Festuca idahoensis 

Juniperus occidentalis/ 
Artemisia tridentala 
vaseyana- firshia 
tridentata-Artemisia 
arbuscula / Agropyron 
spicatum-Festuca 
idahoensis 

Juniperus occidentalis/ 
Artemisia tridentata 
vaseyana-FWshia 
tridentata-Chrysothamnus 
vicidiflorus humilisl 
Agropyron spicatum- 
Festuca idahoensis 

Astragalus filipes 
Crepis occidentalis 
Chaenactis douglasii 
Leucocrinum montanum 

Sripa comata 
Zigadenus paniculatus 

Astragalus curvicarpus 
Chrysothamnus vicidi 
jlorus humilis 

Crepis occidentalis 
Erigeron chrysopsidis 
L.uyia glandulosa 
Lewisia rediviva 
Mentzelia albicaulis 
Polemonium micranthum 

Carex douglasii 
Carex rossii 
Koeleria cristata 
Oryzopsis hymenoides 
Arabis holboellii 
Eriophyllum lanatum 
Fritillaria atropururea 

Agoseris glauca 
Chenopodium album 
Gilia sinuata 
Luyia glandulosa 
Leucocrinum montanum 
Mentzelia albicaulis 
Phacelia linearis 
Polemonium micranthum 

Oryzopsis webberi 
Penstemon laetus 
Phlox spp. 

Starlily Agropyron desertorum or 94 
A. sibericum 93 
Medicago saliva 79 
Sanguisorba minor 90 
Artemisia tridentata tridentata 51 
A triplex canescens 23 
Purshia rridentata 82 

Needle and thread Agropyron desertorum or 94 
A. sibericum 93 
Medicago sativa 19 
Sanguisorba minor 90 
Artemisia tridentata tridentata 51 
A triplex canescens 23 
Purshia tridentata 82 

Bitterroot Agropyron desertorum or 90 
A. sibericum 93 
Bromus inermis 88 
Hymus junceus 94 
Onobrychis viciaefolia 48 
Sanguisorba minor 89 
Artemisia tridentata tridentata 51 
tirshia tridentata 82 

Douglas sedge Agropyron aksertorum or 91 
A. sibericum 93 
Elymus junceus 96 
Medicago saliva 80 
Onobrychis viciaefolia 60 
Astragalus cicer 52 
Artemisia tridentata tridentata 51 
Purshia tridentata 82 

Agoseris Agropyron desertorum or 90 
A. sibericum 93 
Bromus inermis 88 
Eiymus junceus 94 
Onobrychis viciaefolia 48 
Sanguisorba minor 89 
Artemisia tridentata triakntato 51 
Purshia tridentala 82 

Phlox Agropyron desertorum or 90 
A. sibericum 93 
Bromus inermis 88 
EIymu.9 junceus 94 
Onobrychis viciaefolio 48 
Sanguisorba minor 59 
Artemisia tridentata tridentata 51 
hrshia rridentota 82 

‘Differential species are. according to Mueller-Dombois and Ellenberg (1974263). ‘...the species that permit us to recognize and differentiate vegetation samples in the field as 
belonging to any one of the established classes.” 
2Thos.e seed mixtures emphaslzmg standaid Crested wheatgrass were identified with odd number codes, other mixtures emphasizing Siberian wheatgrass were coded with even 
numbers, and mixtures containing basin big sagebrush (Arremisicr trideniata rridentata) were further identified with the letter code A. 
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Table 2. Viable seed densities (seeds/m2) planted within vegetation subtype, treatment method, and seed mixture* categories. 

Species seeded 

Starlily and needle and thread 
subtypes Bitterroot, Agoseris, and Phlox subtypes Douglas sedge subtype 

Chain-drill Drill-only Chain-drill Drill-only Chain-drill Drill-only 

Mix IA Mix2A Mix I Mix2 Mix3A Mix4A Mix3 Mix 4 Mix 5A Mix 6A Mix 5 Mix 6 

Agropyron deserrorum 3942 - 402 - 171,191, - 191,191, - 166 - I59 - 
192’ 195 

Agropyron sibericum 558 - 574 - 304,271 - 284,264 - 210 - 230 
209 264 

Bromus inermis - - - - 52,57,57 61,55,42 57,57,68 58,53 53 - - 

Elymus junceus - - - 114,126, 137,122 126,126, 128,119, II0 96 I06 I05 
127 94 130 II9 

Medicago saliva 127 I26 127 127 - - - 110 96 I06 I05 
Onobrychis viciaefolia 333.3 4,372 3,3,3 3,3,3 3 3 4 3 
Sanguisorba minor I3 I4 I5 I5 6,777 8,795 7,7,7 7,6,6 - - - 
Asrragalus ricer - - 54 47 52 i 
Artemisia tridentata tridentata 3 I8 302 - - 55,170, 173,166, - I46 I36 - 

173 I31 
Awiplex canescens II II II II - - 
Purshia tridentara 4 4 4 4 3,9,18 ;lO,l3 11,11,18 Tl6,16 :9 I5 I9 19 
‘Those seed mixtures emphasizing standard crested wheatgrass were identified with odd number codes, other mixtures emphasizing Siberian wheatgrass were coded with eve,-, 
numbers, and mixtures containing basin big sagebrush (Artemisia rridemoro tridenram) were further identified by adding the letter code A. 
*Seeding rates were the same in both subtypes. 
‘Different seeding rates and viabilities resulted in seed densities which are listed in the same order as the subtype names. 

ing rate, seedling emergence, and wheatgrass establishment 
specific to the Douglas sedge plant community formed bases of 
ratios used to evaluate influences of vegetation subtype and 
seeding rate on plant density within each experimental unit (EU). 
Emergence and establishment ratios were calculated as follows: 

Seed Mixture 

Ratio = density in EUij 

density in Douglas sedge EUj 

where: 
i = community 

Neither seed mixture consistently produced more seedlings than 
the other. The few differences suggested that the standard crested 
wheatgrass mixture resulted in more emergence than did the Siber- 
ian wheatgrass mixture (Table 3). Earlier tests also indicated 
greater emergence and establishment of standard crested wheat- 
grass in the study area. 

Vegetation Subtype 

j = treatment-seed mixture (the same in both EU’s) 

The average difference between seeding ratios and emergence or 
establishment ratios was compared for significance by the Wil- 
lcoxon matched-pairs signed-ranks test (Siegel 1956). 

Hyder and Sneva (1954:89) developed a method for rating the 
success of range seedings which was based on the “. . . percentage of 
square foot units stocked by the seeded species.“In order to use this 
method of evaluation we applied regression analyses to data from 
an adjacent study (Roberts 1975) and derived the following model 
to convert percentage stocked from square meter plots to percen- 
tage stocked for square foot plots: 

Vegetation subtype was significantly (p<O.Ol) related to seed- 
ling density in the first growing season (emergence), and became 
more pronounced by the second. Consistently, fewer seedlings 
were found in the Douglas sedge subtype than in the other 5 
subtypes. Differences in emergence among vegetation subtypes 
were greater than differences in seeding rates between subtypes. 

Establishment 

percentage stocked = -3.2859 -I- 0.4165 percentage stocked (rz= 0.94) 
(square foot plots) (square meter plots) 

The converted percentage stocked values were used to evaluate seeding 
success in the second and fourth growing seasons. 

Emergence 
Results and Discussion 

Between 4 and 20% of the viable seeds planted per square meter 
(Table 2) were observed as seedlings the first growing season. This 
low, proportion of emergence is consistent with results from the 
seeding of exotic forage species on this* and other rangelands 
(Cook et al. 1967, Lavin et al. 1973, Hull 1974). 

Plants were considered established when theirrootscould not be 
pulled out of the soil (Cook et al. 1967). On this basis, only 2 
wheatgrass species successfully established stands. Standard 
crested wheatgrass and Siberian wheatgrass established densities 
greater than 5 plants/m* in the second growing season in chain: 
drill treatments; establishment remained at that level until the 
fourth growing season except in the Douglas sedge subtype. 
Wheatgrass densities were less than 5 plants/ m2 in drill-only units. 
Combined densities of all other seeded species averaged less than 2 
plants/m* in both treatments. Similar responses among species 
have been observed elsewhere (Cook 1966, Lavin et al. 1973, Hull 
1974, Drawe et al. 1975, Roberts 1975). 

Treatment 

Treatment 
Seedling densities were similar among treatments the first grow- 

ing season but were generally greater in the drill-only treatment by 
the second year (Table 3). Plants were small and weak longer in the 
drill-only treatment, seedling mortality was frequently observed in 
both treatments, and delayed germination probably was insignifi- 
cant. Lavin et al. (1973) made similar observations in Arizona, and 
Cook et al. (1967) found little delayed germination in Utah. 
ILeckenby, D.A., and D.E. Toweill. (In press). Response of selected plant species 
seeded on mule deer winter range. .I. Range Manage. 

Chain-drill treatments produced greater densities of standard 
crested wheatgrass and Siberian wheatgrass than did drill-only 
treatments (Table 4). Wheatgrass densities declined between the 
second and fourth growing seasons in both treatments. Our results 
were comparable with similar treatments in communities of the 
lower pinyon-juniper zone in Colorado (Hulland Doran 1950)and 
in Utah (Cook 1966). 

Cook et al. (1967) found most plants became established in the 
third growing season. Plants in our chain-drill treatment became 
sufficiently established during the second year to survive intense 
grazing the next April. Although plants in the drill-only treatment 
were established by the third growing season, their stems were thin, 
short, and easily pulled from the plant crown. 
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Table 3. Average number of seedlings/m* compared for treatment method and seed mixture effects within growing seasons and vegetation subtypes. 

Vegetation subtype 

Starlily 

Standard crested Standard crested 
wheatgrass Siberian wheatgrass Siberian 

Growing season seed mixture seed mixture seed mixture seed mixture 

I 37. I 44.2 48.5 42.6 
2 9. le’ 12.8b 17.5”’ 2?~8~ 

Needle and thread 

Bitterroot 

Douglas sedge 

I 
2 

I 
2 

I 
2 

33.2 
8.6* 

34.2” 
I 2.8”b 

II.1 
1.6’ 

51.9 40.8 
33.6”’ 21.5 

26.6 
21.5”d 

Agoseris I 33.3 29.6 18.2 23.8 
2 6.4” 6.6b 20.8” 15.Sb 

Phlox I 28.1” 16.88 32.p 20.4b 
2 3.8” 5.4b 15.c 12.P 

[Treatment or seed mixture response compared while subtype and season held constant. Like superscript letters indicate significant differences between treatments or seed mix- 
tures within a row at (I = O.O<. 

Seed Mixture 
Standard crested wheatgras tended to maintain greater densities 

than Siberian wheatgrass in all but the starlily chain-drill experi- 
mental units; few differences were significant (Table 4). In contrast, 
establishment of Siberian wheatgrass was significantly greater 
than that of standard crested wheatgrass in the Nine Mile Ridge 
project, 8 km (5 mi) to the north (Roberts 1975). 

Vegetation Subtype 
Vegetation subtypes appeared related to rate of establishment of 

standard crested wheatgrass and Siberian wheatgrass in both 
chain-drill and drill-only treatments. Such an effect was indicated 
both years and was most apparent in the chain-drill treatments 
(Table 4). Plant densities in both years declined generally in the 
following order of subtypes: starlily, needle and thread, agoseris, 
bitterroot, phlox, and Douglas sedge. Drill-only, Siberian wheat- 
grass experimental units were the major exception to this order. 
Densities of wheatgrass in the starlily and needle and thread sub- 
types exceeded those in the Douglas sedge subtype on the average 
by factors of 5.7 and 6.2 in the second growing season but by only 

4.1 and 5.6 in the fourth growing season (Table 4). Seeding rates in 
those subtypes differed by a factor of only 2.5 (Table 2). Densities 
in the bitterroot, agoseris, and phlox subtypes exceeded those in 
the Douglas sedge subtype by factors of 4.1, 3.4, and 2.4, respec- 
tively, in the second growing season and by only 5.4,2.3, and 1.6 in 
the fourth growing season (Table 4). Average seeding rates in the 
bitterroot, agoseris, and phlox subtypes exceeded those in the 
Douglas sedge subtype by a factor of only 1.2 (Table 2). 

The magnitude of differences of wheatgrass establishment gen- 
erally followed the degree of difference in species composition 
between vegetation subtypes. During cluster analysis, differences 
in species composition were quantified by calculation of Euclidean 
distance (Pyott 1972). Correlation analyses suggested that absolute 
differences in densities, both as measured (Table 4) and as adjusted 
for comparable seeding rates were directly proportional to squared 
Euclidean distance (Table 5). Sample sizes, however, were not 
sufficient for testing of statistical significance. 

Success 
Standard crested wheatgrass and Siberian wheatgrass estab- 

Table 4. Average wheatgrass densities’ (plants/m*) compared for treatment, seed mixture, or vegetation subtype effects within the second and fourth 
growing seasons. 

Chaindrill treatment Drill-only Treatment 
Standard crested wheatgrass Siberian wheatgrass Standard crested wheatgrass Siberian wheatgrass 

Vegetation subtype and 
growing season 5 Differences ? Differences z Differences F Differences 

Starlily 2 20.2Q ;;,‘p 20.4b A,B,D,P 4.8” A,D,N,P o.obc B,N 
4 12.3” 7 3 13.6b A,B,D,P 2. lSC o.4k B,N 

Needle and thread 2 17.5^ B,D,P 22.4b A,B,D,P 1.8’ A.D.S 1.3b A.D,S 
4 11.6” B,D,P 9.4b A,B,D,P 2.7’ D,P 1.8b A,B,D,P,S 

Bitterroot 2 9.8” A,D,N,S 6.7b A,D,N,S 2.8” A,D,P 1.2” S 
4 7.4”b D,N,S 4. lb D,NS I .6”= 2.8’ A,D,N,P,S 

Douglas sedge 2 2.6” A,B,N,PS 2.5b A,B,N,P,S 0.7” B,NS o.2b N 
4 3.Tb A,B,N,P,S 2. lb’ A,B,N,P,S 0.5” N 0.2* B,N 

Ago&s 2 18.Tb B,D,P 12.3bc B,D,N,S,P 0.6” B,NS,P 0.1’ N 
4 8.9” D 6.0b D,NS I.la 0.3b B,N 

Phlox 2 9.4” A,D,N,S 7.6b A,D,N,S 1.1”’ A,BS o.3k 
4 5.7” D,NS 4.0b D,NS 0.6” N 0.3b B,N 

‘Density of Agropyron desertorum or Agropyron sibericum. 
*Like superscript letters indicate significant differences between treatments or seed mixtures within a row at Q = 0.05 while subtype and season held constant. 
‘Initial letter of name of subtype indicates significant difference between subtypes compared within a column at n = 0.05 while treatment and seed mixture held constant. 
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Table 5. Correlation coefficients for absolute difference in established plant density verus degreelof vegetationsubtype difference within growing season, 
treatment, and wheatgrass categories. 

Correlation coefficient 

Differences in subtype 
Growing season Treatment Wheatgrass density as measured’ 

2 Chain-drill standard crested 0.44 
Siberian 0.56 

Drill-only standard crested -0.09 
Siberian 0.01 

4 Chain-drill standard crested 0.87 
Siberian -0.70 

Drill-only standard crested 0.92 
Siberian 0.68 

‘Degree of vegetative difference among subtypes was assessed by an index of dissimilarity, i.e.. squared Euclidean distance (Pyott 1972). 

Differences in subtype 
density adjusted for 

seeding rate 
0.56 
0.81 
0.58 
0.63 

0.84 
-0.58 
0.99 
0.89 

lished fair to poor grass stands and the other 9 plant species failed 
to establish. Percentage stocking (Hyder and Sneva 1954) of 
wheatgrass varied from 0 to 38% in the second and fourth growing 
seasons (Table 6). Hyder and Sneva (1954:89) recognized that 
success ratings assigned to specific percentage-stocked levels 
should vary with site conditions and seeding objectives. Their 
criteria do allow comparison with seedings designed to increase 
livestock forage in other types. Judgement of success of this project 
for deer, however, must await correlation of percentage-stocked 
levels with declining cover amounts as well as increasing forage 
production. 

The failure of all species but wheatgrass was similar to results 
from an associated study in Oregon (Roberts 1975) and other 
research in Arizona, Colorado, New Mexico, and Utah (McGin- 
nies 1960, Aro 1971, Lavin et al. 1973, Drawe et al. 1975). The 
densities of established plants in this study were frequently less 
than observed in pinyon-juniper conversions in Utah and Arizona 
(Cook 1966, Lavin et al. 1973, Drawe et al. 1975). 

Conclusion 
Juniper manipulation and forage seeding have been used to 

rehabilitate depleted winter ranges of mule deer and spring ranges 
of livestock throughout the intermountain west. Results of this 
study in the western juniper zone were similar to some treatments 
of other juniper types. The chain-drill treatment successfully con- 
verted winter-cover areas into spring-forage areas and, the drill- 
only treatment provided small amounts ofadditional spring forage 
but without disrupting cover. Winter forage supplies were not 
increased in either treatment. Since the principal use of juniper 
thermal cover by deer occurred over winter and use of grassland 
forage areas was high in spring, the net effect on the mule deer 
population of converting cover areas into forage areas was 
unknown. 

Plummer et al. (1968) recommended mixtures of seed to increase 
chances for establishment of some plant cover when seeding sev- 
eral sites. Essentially, only crested wheatgrass and Siberian wheat- 
grass survived in several of our projects that included aerial 

Table 6. Percentage stocked’ and success rating* of grass stands from seedh~ crested wheatgrass and Siberian wheatgrass by western juniper subtype, 
treatment, and growing season categories. 

Bitterroot 

Douglas sedge 

Standard crested wheatgrass Siberian wheatgrass 

Vegetation subtype Treatment Growing season Percentage stocked Success rating Percentage stocked Success rating 

Starlily Chain-drill 2 37 fair 38 fair 
4 37 fair 35 fair 

Drill-only 2 30 fair 0 failure 
4 I7 poor 5 failure 

Needle and thread Chain-drill 2 38 fair 38 fair 
4 37 fair 38 fair 

Drill-only 2 ;: poor 13 poor 
4 poor I8 poor 

Chain-drill 2 38 fair 35 fair 
4 38 fair 30 fair 

Drill-only 2 28 fair I2 poor 
4 20 poor 30 fair 

Chain-drill 2 30 fair 27 fair 
4 27 fair I5 poor 

Drill-only 2 I2 poor 2 failure 
4 17 poor 2 failure 

Agoseris Chain-drill 2 37 fair 38 fair 
4 37 fair 32 fair 

Drill-only 2 5 failure 2 failure 
4 I3 poor 5 failure 

Phlox Chain-drill 2 37 fair 35 fair 
4 30 fair 33 fair 

Drill-only 2 I8 poor 3 failure 
4 12 poor 5 failure 

‘Percentage stocked is defined as the percent of 0.093 M* plots that contained a species of interest (Hyder and Sneva 1954). 
‘These ratings were developed for livetock ranges with 3.947 cm of annual precipitation (Hyder and Sneva 1954). 
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seedings. Inclusion of seeds of other grasses, forbs, and shrubs in 
the mixtures appears to be of questionable value for plantings in 
the western juniper zone. 

Pretreatment vegetation subtypes may aid managers to predict 
responses from manipulation. In this study, variations of species 
composition among 6 western juniper subtypes were associated 
with differences of emergence, establishment, and survival of 2 
wheatgrasses commonly used in range improvement projects. 
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White-tailed Deer Food Habits and Nutri- 
tional Status as Affected by Grazing and 
Deer-Harvest Management 
R.J. WARREN AND L.J. KRYSL 

Abstract 

White-tailed deer were collected in 1979 and 1980from two areas 
in central Texas to determine differences in diets and nutritional 
status between years, sexes, and areas. Area 1 was more heavily 
populated with white-tailed deer, exotic big game, and domestic 
livestock than Area 2. Differences in summer and fall precipitation 
levels between years were reflected in altered forb and browse 
consumption by deer as determined from rumen contents. Differ- 
ences in forb selection, oak mast consumption, and juniper browse 
consumption were detected between areas and were considered 
evidence of differences in range condition between areas. White- 
tails obtained from Area 1 were older than those from Area 2, but 
were not significantly larger in carcass weights, which also reflected 
the lower range condition of Area 1. Crude protein levels of rumen 
contents were greater in females than males and were greater in 
deer obtained from Area 1 than Area 2. These differences in rumen 
protein resulted from differences in consumption of acorns, a 
highly preferred, but low protein food item. Kidney fat indices 
reflected differences in rainfall patterns between years. Native and 
exotic big game populations and livestock grazing must be con- 
trolled to maintain a high level of nutritional status in the economi- 
cally important white-tailed deer of central Texas. 

White-tailed deer (Odocoileus virginianus) represent an impor- 
tant financial asset to most ranchers in central Texas. Monies 
obtained from hunting leases provide a substantial source of 
income to many of these landowners (Teer and Forrest 1968). 
Thus, the proper management of deer herds to maintain optimum 
nutritional status is important economically. Herds must be kept in 
balance with the forage resource or overpopulation and malnutri- 
tion may result. Some private ranchers risk overpopulated deer 
herds by not allowing deer populations on their land to be harv- 
ested properly. 

Numerous studies are available on the responses of white-tailed 
deer to different grazing practices (McMahan 1964, McMahanand 
Ramsey 1965, Reardon et al. 1978, Bryant et al. 1981). Kie et al. 
(1980) examined changes in diet and nutrition with increased herd 
size of white-tailed deer on the Coastal Bend of Texas. The objec- 
tive of this study was to compare food habits and nutritional status 
of deer herds on two areas in central Texas that differed in big 
game-harvest practices and livestock management. 
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Study Area and Methods 

Two study areas in Kerr County, Texas, were selected. Rolling 
topography and stoney soils of limestone origin characteristic of 
the Edwards Plateau are representative of both areas. Annual 
precipitation averages 63 cm. The areas were separated by 11.5 km. 
Each area was surrounded by a 2.3-m deer-proof fence. 

Area 1, a privately owned ranch, had about 22,400 ha and was 
managed primarily for fee-hunting of exotic and native big game. 
Area 2, a wildlife management area for the Texas Parks and 
Wildlife Department, had about 2,600 ha and was managed for 
research and demonstration purposes. Deer hunting on Area 1 has 
been for trophy bucks only; does have not been hunted since the 
mid-l 960’s. No restrictions have been placed on the sex or age of 
deer harvested on Area 2 since 1957. Annual harvest intensity for 
the deer herd on Area I is about 510% of the population, com- 
pared to about 20-25s on Area 2. White-tailed deer densities on 
Area 1 are approximately twice as great as those on Area 2. Exotic 
ungulates, such as axis deer (Axis axis), sika deer (Cervus nippon), 
fallow deer, (Dama dama), blackbuck antelope (Antilope cervicu- 
pra), Barbado sheep (Ovis aries). and aoudad (Ammotragus ler- 
viu), are considered “very common” on Area 1, but are “very rare” 
on Area 2. Yearlong grazing of cattle, sheep, and goats in the past 
has been variable and less controlled on Area I than on Area 2. 
Sheep and goats are not stocked on Area 2, because of dietary 
competition with white-tailed deer (McMahan 1964, Harmel and 
Litton 1981). Area 2 has averaged a stocking rate of 1 AU/ 10.9 ha 
(Cook 1973). Deferred rotational grazing systems have been used 
on Area 2, but not on Area I. 

Samples were collected from a total of 109 hunter-killed white- 
tailed deer during November of 1979 and 1980. Special permission 
from the area manager on Area 1 allowed 14 does to be collected 
and added to the hunter-killed samples from that area. Kidneys 
with perirenal fat attached, right femurs, and samples of rumen 
contents were collected from as many of the deer as possible. Each 
rumen was removed intact and its contents thoroughly hand- 
mixed prior to sampling. Two sub-samples were taken randomly 
from the rumen. The kidney fat index was determined in the field 
using a triple-beam balance (Riney 1955). Femurs and one 0.5- 
liter sample of rumen material were frozen in the field with dry ice 
for later analysis. Another l-liter sample of rumen contents was 
preserved in 10% formalin for microhistological examination. Age 
of deer was estimated by tooth eruption and wear (Severinghaus 
1949). Carcass weights were determined and recorded. 

Fat content of femur marrow samples was determined by ether 
extraction (Warren and Kirkpatrick 1978, Kirkpatrick 1980). 
Crude protein of rumen contents was determined according to 
A.O.A.C. (1975) methods. 

Microscopic slides of reference material and rumen contents 
were prepared as described by Free et al. (1970). Microhistological 
examination of rumen material followed procedures outlined by 
Sparks and Malechek (1968). Five slides were made from each 
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sample, and these were examined until 50 fields of view were tallied 
with identifiable plant fragments. Dietary similarities between 
selection groups were calculated using Kulczynski’s similarity 
index (Oosting 1956) and Spearman rank-order correlation coeffi- 
cient (Nie et al. 1975). 

Nutritional status data were analyzed by analysis of variance 
using the general linear model procedure of Barr et al. (1976). A 
split-plot design was used to examine the differences between 
years, areas, and sexes, as well as all interactions. The significance 
level used was X0.05. 

Results 

White-tailed deer on both areas were primarily browsers rather 
than grazers during the fall. Browse accounted for 57.1% and 
49.7% of the fall diet of deer on Area 1 in 1979 and 1980, respec- 
tively (Table 1). Oak (Quercus spp.) leaves, Ashe juniper (Junipe- 
rus ashei), and acorns comprised the majority of forage consumed 

by deer on Area 1. Forbs contributed 3 1.6% and 42.3% to the fall 
diet in 1979 and 1980, respectively, with bladderpods (Lesquerellu 
spp.), spurges (Euphorbiu spp.), redseed plantain (Pluntugo rho- 
dospermu), filaree (Erodium spp.), silverleaf nightshade(Solunum 
eluegnifolium), and common horehound (Marrubium vulgure) 
being most important. Texas wintergrass (Stipu leucotrichu), a 
cool-season species, was the only grass consumed substantially 
during the fall. 

Browse comprised 68.6% and 62.3% of the fall diet of deer on 
Area 2 in 1979 and 1980, respectively, with oak mast and leaves 
being most important (Table 2). Deer on Area 2 consumed more 
oak mast and less oak leaves and Ashe juniper than deer on Area I. 
Forbs contributed 31.6% and 42.3% to the fall diet in 1979 and 
1980, respectively, with bladderpods, spurges, globemallows 
(Sphuerulceu spp.), whorled nodviolet (Hybanthus verticillutus). 
and filaree being most important. Deer on Area 2 consumed a 
much greater variety of forb species than deer on Area 1 (27 vs. 18, 

Table 1. Percent relative frequency of plant fragments in fall 1979 and 1980 deer diets on Area 1. 

Species 
1979 Total I980 Total Males 

(15)’ (40) (32) 

1980 
Females 

(8) 

Grasses: 
Texas wintergrass (Stipa leucotricha) 
Sedge (Carex spp.) 
Sideoats grama (Boureloua curripendula) 
Bristlegrass (Seraria spp.) 
Threeawns (Arisrida spp.) 
Blue grama (Boureloua gracilis) 
Rescuegrass (Bromus catharticus) 
Panic grass (Panicum spp.) 
Unknown grasses 

2.0 
Trs 
- 
Tr 
- 
Tr 
I.0 
- 
Tr 

1.6 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

1.9 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

1.2 
Tr 
- 
Tr 

- 
- 
1.2 

Total grasses 6.2 4.3 5.3 3.2 

Forbs: 
Bladderpods (Lesquerella spp.) 
Spurges (Euphorbia spp.) 
Fleabane (Erigeron spp.) 
Redseed plaintain (Plantago rhodosperma) 
Filaree (&odium spp.) 
Primrose (Oenothera spp.) 
Silverleaf nightshade (Solanum elaegnifolium) 
Globemallows (Sphaeralcea spp.) 
White sage (Arremtsia ludoviciana) 
Common horehound (Marrubium vulgare) 
Puccoon (Lithospermum spp.) 
Zinnia (Zinnia spp.) 
Groundcherry (Physuhs spp.) 
Locoweed (Asrragulas spp.) 
Milkwort (Polygala spp.) 
Ragweed (Ambrosia spp.) 
Sida (Sida spp.) 
Pricklepoppy (Argemone spp.) 

Total forbs 

Browse: 
Oak leaves (Quercus spp.) 
Ashe juniper (Juniperus u&i) 
Oak mast(Quer& spp.) . 
Sumac (Rhus spp.) 
Acacia (Acacia spp.) 
Elbowbush (Forestiera spp.) 
Cacti (Opuntia spp.) 
Baccharis (Baccharis spp.) 
Algerita (Berberis trifotata) 
Mesquite (Prosopis chilensis) 

Total Browse 

Unknown (Browse or Forb) 
Grand Total 

17.1 
5.0 
Tr 
2.0 
1.8 

Tr 
2.1 
Tr 
Tr 
Tr 
Tr 
Tr 
I.1 

Tr 
- 

- 

31.6 

19.8 
26.2 
9.1 
Tr 

- 
1.2 
- 
- 
Tr 

57.1 

5.1 
100.0 

28.6 
3.5 
I.0 
1.6 
1.2 

Tr 
I.0 

Tr 
Tr 
1.9 

Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

42.3 

22.5 
17.1 
5.4 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
1.6 

49.7 

3.7 
100.0 

14.1 
3.9 
1.9 
1.5 
1.4 
I.1 
1.1 
I.0 
I.0 
I.0 
Tr 
Tr 
Tr 
Tr 
Tr 

- 
29.9 

27.5 
18.5 
8.4 
1.3 
1.2 
1.0 
1.0 
Tr 
Tr 
Tr 

60.2 

4.6 
100.0 

- 
Tr 
Tr 
Tr 

54.6 

17.4 
15.6 
2.4 

- 

Tr 
- 
Tr 
2.5 

39.4 

2.8 
100.0 

42.2 
3.1 
Tr 
1.6 
Tr 
Tr 
Tr 
Tr 

2.7 
Tr 
Tr 
Tr 
- 

‘Sample size in parentheses 
2Tr = traces (< 1.0% R.F.). 
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respectively). Texas wintergrass also was the major grass species 
used by deer on Area 2. 

Similarity indices and rank-order correlation coefficients(Table 
3) indicated that deer diets withinareasand between 1979 and 1980 
were similar. Further comparisons were made with 1980data only, 
because of the smaller sample size in 1979. These comparisons 
indicated that diets within areas and between maleand femaledeer 
were similar. However, deer diets were substantially different 
between areas. Female diets were least similar between areas 
(3 I .5%), primarily because females on Area I ate large quantities of 
bladderpods (42.2%). while females on Area 2consumed primarily 
oak mast (50.7%). 

Deer collected from Area I were older than deer collected from 
Area 2 (x=4.7 years vs. 2.6 years, respectively; Tables 4 and 5). 
Carcass weights (Tables 4 and 5) were significantly different 
between male and female deer (zx36.4 kg vs. 23.6 kg, respec- 
tively). Females had greater levels of crude protein in their rumina 
(Tables 4 and 5) than males (x=8.7% vs. 6.6%, respectively). 
Additionally, deer on Area I had greater levels of rumen protein 
than those on Area 2 (X=8.5% vs. 6.3%, respectively). Kidney fat 
indices (Tables 4 and 5) determined for all deer in 1979 were 
significantly greater than in 1980 L&77.7% vs. 19.7%, respec- 
tively). No significant differences in femur marrow fat content 
(Tables 4 and 5) were detected between years, sexes, or areas. 

Table 2. Percent relative frequency of plant fragments in fall 1979 and 1980 deer diets on Area 2. 

Species 

Grasses: 

1979 total 1980 total Males 
(13)’ (60) (48) 

1980 
Females 

(12) 

Texas wintergrass (Stipa leucotricha) 
Plains lovegrass (Eragrostis intermedia) 
Sideoats grama (Boureloua curripendula) 
Rescuegrass (Bromus catharticus) 
Bristlegrass (Setaria spp.) 
Threeawns (Aristida spp.) 
Panic grass (Panicurn spp.) 
Unknown grasses 

Total Grasses 

Forbs: 
Bladderpods (Lesquerella spp.) 
Spurges (Euphorbia spp.) 
Globemallows (Sphaeralcea spp.) 
White sage (Artemisia ludoviciana) 
Silverleaf nightshade (Solanum elaegnifolium) 
Fleabane (Erigeron spp.) 
Whorled nodviolet (Hybanthus verricillarus) 
Primrose (Oenothera spp.) 
Common horehound (Marrubium vtdgare) 
Locoweed (Asrragulas spp.) 
Flax (Linum spp.) 
Filaree (&odium spp.) 
Croton (Croron spp.) 
Sand-lily (Menrzelia spp.) 
Arrowleaf sida (Sidafilicaulis) 
Groundsel (Senecio spp.) 
Groundcherry (Physalis spp.) 
Flannel mullien (Verbascum rhapsus) 
Common ragweed (Ambrosia psilosrachya) 
Carlesss weed (Amaranthus graecizans) 
Coneflower (Rafibida columnaris) 
Zinnia (Zinnia spp.) 
Milkwort (Polygab spp.) 
Redseed plantain (Plantago rhodosperma) 
Puccoon (Lirhospermum spp.) 
Sage (Saliva farinacea) 
Buckwheat (Eriogonum spp.) 

Total Forbs 

Browse: 
Oak mast (Qwrcus spp.) 
Oak leaves (Quercur spp.) 
Ashe juniper (Juniperus ashei) 
Woollybucket bumelia (Bumelia lanuginosa) 
Grape (Prune spp.) 
Sumac (Rhus spp.) 
Cacti (Opuntia spp.) 
Mesquite (Prosopis chilensis) 

Total browse 

Unknown (Browse or Forb) 

2.1 
I.0 

Tr 
1.0 

- 
Tr 
- 
4.9 

14.2 
2.0 
1.0 
Tr 
1.0 

Tr 
2.4 
I.1 

Tr 
Tr 
Tr 
2.0 
- 
- 
- 

Tr 
- 
- 
Tr 
- 

Tr 
Tr 
- 
- 
- 

24.0 

55.1 
10.2 
2.1 
Tr 
- 
- 
Tr 
Tr 

68.6 

2.5 
100.0 

3.9 
Tr* 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
5.4 

10.6 
2.3 
2.8 
1.2 

Tr 
Tr 
1.4 
I.3 
I.1 

Tr 
Tr 
I.1 

Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

29.3 

54.5 
5.8 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

62.3 

3.0 
100.0 

2.6 
Tr 
Tr 
Tr 
Tr 
Tr 
- 
Tr 
3.9 

9.2 
3.1 
2.4 
I.6 
1.2 
1.1 
I.0 
1.0 

Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
- 
- 

27.0 

58.3 
6.1 
Tr 
Tr 
Tr 
Tr 
Tr 
- 

66.1 

3.0 
100.0 

5.1 
- 
Tr 
Tr 

- 
Tr 
Tr 
6.9 

12.0 
I.4 
3.2 
Tr 
Tr 
Tr 
I.8 
I.5 
1.5 
Tr 
- 
I.5 
I.3 
- 
Tr 
- 
1.2 

Tr 
Tr 
Tr 
- 
- 

Tr 
- 
Tr 
Tr 

31.6 

‘Sample size in parentheses. 
‘Tr = traces (<I .O% R.F.). 

Grand Total 
3.0 

100.0 
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5.5 
Tr 
- 
Tr 
Tr 
Tr 
Tr 

58.5 



Table 3. Similarity indices (9%) and Spearmar rank-order CO&atiOn Table 6. Average seasonal and annual rainfall (cm) at Area 2 during 1979, 
coefficients (r*) of selected dietary comparisons. 1980, and over a 27 year period (1%2-197%’ 

Comparison % r. 

Area I (1979) vs. Area 1 (1980) 82.1 0.77 
Area 2 (1979) vs. Area 2 (1980) 87.0 0.85 
Males (1980, Area I) vs. Females (1980, Area 1) 65.7 0.76 
Males (1980, Area 2) vs. Females (1980, Area 2) 84.4 0.70 
Males (1980, Area I) vs. Males (1980, Area 2) 40.1 0.27 
Females (1980, Area I) vs. Females (1980, Area 2) 31.5 0.57 
Area I (1980) vs. Area 2 (1980) 39.7 0.49 

1979 1980 1952-1979 
Season (cm) (cm) (cm) 

Winter (Dec.-Feb.) I I.5 9.4 8.7 
Spring (Mar.-May) 20.5 12.2 15.7 
Summer (June-Aug.) 26.5 8.5 19.1 
Fa%;;S;pt.-Nov.1 5.0 38.9 20.0 

63.5 69.0 63.5 

‘Data obtained from Harmel and Litton (1981) and personal communications with 
area managers at Area 2. 

Discussion 

Possible biases inherent in the microscopic analysis of plant 
fragments as performed in this study were discussed by Kie et al. 
(1980). Absolute dietary percentages of bladderpods and silverleaf 
nightshade may have been overestimated by this technique. How- 
ever, conclusions regarding relative changes in dietary components 
between years, sexes, and areas can be made. 

Food habits of deer collected in this study varied between years, 
perhaps as a result of different rainfall patterns. The amount of 
forbs in the diet of deer from both areas (Tables 1 and 2) was 
greater in 1980 than in 1979. This observation may be the result of 
substantially greater fall precipitation in 1980 compared to 1979 
(Table 6). Furthermore, browse apparently was more important to 
deer in 1979 than in 1980. Substantially more spring and summer 
precipitation occurred in I979 than in 1980 and may explain this 
observation. One other consistent trend in food habits observed 
between years for both areas was that Ashe juniper appeared to be 
more important in 1979 than in 1980. The lowerfall rainfall in 1979 
than in 1980 may have forced the deer to rely more heavily on 
juniper browse. Juniper is considered a low-palatability, emer- 
gency browse for white-tailed deer (Hill 1946). 

Differences in deer diets between areas also were observed. It 
was assumed that Area 2 was managed better than Area 1, based on 
differences in deer populations, exotic ungulate populations, and 
grazing practices. Yet, in both years deer collected from Area 2 
had a substantially lower amount of forbs in their rumina than deer 
from Area 1 (Tables 1 and 2). Most literature (McMahan 1964, 
Bryant et al. 1981) indicates that poor range management will 
reduce the amount of forbs in the diet of white-tailed deer. The 
observed differences in forb selection by deer in this study are 
probably the result of differences in consumption of highly pre- 
ferred acorns. Deer on Area 2consumed substantially more acorns 
than deer on Area 1, which probably reduced their consumption of 
forbs. Harlow et al. (1975) demonstrated that deer consume lower 
amounts of herbaceous plants in years of oak mast abundance. 
Furthermore, deer on Area 2 consumed a much wider variety of 
forb species than those on Area 1. Forb diversity in the Edwards 
Plateau is much greater on pastures in excellent range condition 
than on pastures in poor range condition (F.C. Bryant, pers. 
comm.). In addition, deer on Area 2 consumed much less juniper 
than deer on Area I. Bryant et al. (1981) reported that deer on 
pastures in poor range condition consumed juniper, whereas deer 

Table 4. Mean fi f SE) age and indices of nutritional status for white-tailed deer obtained from Area 1. 

Year Sex 

1979 Male 
1979 Female 
1980 Male 
1980 Female 

Sample Age 
size (years)’ 

8 3.9 f 0.6 
7 4.9 f I.2 

29 4.8 f 0.2b 
6 5.0 f 0.8 

Carcass weight 
(kg)* 

36.2 f I.56 
18.2 k 1.9 
41.8 f 0.9 
26.0 f 2.3 

Rumen protein 
(%)’ 

10.2 f 0.56 
10.4 f 0.6 
6.9 f 0.4’ 

II.6 f I.7 

Kidney fat index Femur marrow fat 
(%)4 (%Y 

98.4 f 21.56 80.8 f 4.8 
15.3 f 4.7 56.9 f Il.4 
22.9 f 2.0 88.5 k l.38 
21.8 f 6.0 91.2f I.5 

‘Analysis of age data revealed a significant (KO.05) area effect. and sex X area interaction. 
ZAnalysis of carcass weight data revealed a significant (KO.05) sex effect and year X area interaction. 
‘Analysis of rumen protein data revealed a significant (KO.05) sex effect, area effect. and year X sex X area interaction. 
‘Analysis of kidney fat index data revealed a significant (KO.05) year effect, year X sex interaction, and year X sex X area interaction. 
JAnalysis of femur marrow fat data revealed a significant (KO.05) year X sex interaction and year X sex X area interaction. 
*Sample size for this mean is one less than indicated. 
?Z.ample size for this mean is 27. 
USample size for this mean is 18. 

Table 5. Mean (; f SE) age and indices of nutritional status for white-tailed deer obtained from Area 2. 

Sample Age Carcass weight Rumen protein Kidney fat index Femur marrow fat 
Year Sex size (years)’ (W (%)’ (%)4 (%I’ 
1979 Male IO 1.9 f 0.2 34.4 f I.9 5.8 f 0.5 109.7 f 17.9 81.0 f 2.3 
1979 Female 3 3.5 f 2.1 22.7 f 2.0 7.2 f 0.4 68.0 f 19.1 86.1 f 6.9 
1980 Male 44 2.5 f 0.2 33.2 f I.46 6.1 f 0.37 17.1 f I.88 81.5 f I.59 
1980 Female I5 3.2 f 0.7 25.3 f 1.9 6.9 f 0.56 18.6 f 3.16 71.0 f 4.1’0 
‘Analysis of age data revealed a signifcant (KO.05) area effect and sex X area interaction. 
‘Analysis of carcass weight data revealed a significant (x0.0) sex effect and year X area interaction. 
IAnalysis of rumen protein data revealed a significant (KO.05) sex effect, area effect, and year X sex area interaction. 
‘Analysis of kidney fat irider data revealed a significant (KO.05) year effect, year X X sex interaction, and year X sex X area interaction. 
JAnalysis of femur marrow fat data revealed a significant (KO.05) year X sex interaction and year X sex X interaction. 
%ample size for this mean is one less than indicated. 
‘Sample size for this mean is 4 1. 
*Sample size for this mean is 37. 
%ample size for this mean is 30. 
%ample size for this mean is 13. 
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on pastures in excellent range condition did not select juniper. 
These differences in deer diets between areas indicate that the 
pastures on Area 2 were in better range condition than those on 
Area 1. 

A bias in animal collection techniques probably accounted for 
the significant difference detected between areas for deer age 
(Tables 4 and 5). All males killed by hunters on Area I were 
selected as trophy animals, based primarily on antler characteris- 
tics. Thus, these animals would be expected to be older. Further- 
more, older deer should weigh more than youngerdeer (Short et al. 
1969, Knowlton et al. 1979). Deer obtained from Area 1 averaged 2 
years older than deer from Area 2, but did not exhibit significantly 
greater carcass weights (Tables 4 and 5). These observations sug- 
gest that deer on Area 1 were of a lower nutritional status than deer 
on Area 2, probably as a result of range condition differences. 

The population age structures also may have differed between 
areas. Short (1972) determined that heavy hunting produces a 
young population age structure. Light hunting pressure will pro- 
duce an old age structure in the population. Thus, the light hunting 
pressure that occurred on Area 1 may have produced a deer herd 
with an older age structure than found on Area 2, which is heavily 
hunted. 

The higher dietary crude protein in females(Tables 4and 5) than 
males during this study probably reflected behavioral differences 
(i.e., rutting by males) rather than differences in nutritional needs. 
Males are known to alter their feed intake during the fall rut 
(Warren et al. 1981). Also, males ate more acorns than females 
(Tables 1 and 2). Acorns are low in crude protein and high in 
energy content (Short 1971, Harlow et al. 1975). Thus, the higher 
acorn content in rumina of males would have reduced the rumen 
protein levels, as compared to females. 

Rumen protein content also was greater in deer from Area I than 
Area 2 (Tables 4 and 5). This apparent anomalous result can be 
explained by the fact that deer from Area 2 consumed substantially 
more oak mast than deer from Area I (Tables I and 2). The higher 
acorn content in the diets of deer from Area 2 would have reduced 
rumen protein levels and does not necessarily indicate a lower 
forage quality on Area 2. The lower amount of acorns consumed 
by white-tailed deer on Area 1, compared to Area 2, may be due to 
the greater numbers of ungulates competing for the available 
acorns on Area 1. Sheep and goats readily consume oak mast 
(McMahan 1964), as do axis deer, sika deer, fallow deer, black- 
buck antelope, and aoudad (Butts et al. 1976). It also is possible 
that mast availability may have differed between areas. Overpopu- 
lated deer herds can decrease hardwood forest regeneration (Gra- 
ham 1954, Webb et al. 1956). 

Lower kidney fat indices (Tables 4 and 5) observed in 1980, 
compared to 1979, are probably the result of below normal 
summer precipitation in 1980 (Table 6). Summer rainfall in 1979 
was above normal. Thus, these data indicate that a delay of 
approximately 3 months would be required before a significant 
change in rainfall would be reflected in kidney fat levels. Kidney fat 
is a widely accepted nutritional index, although the temporal 
responsiveness of kidney fat to altered nutritional conditions is not 
well documented. Warren and Kirkpatrick (1982) conducted a 
controlled nutritional experiment in which white-taileddeerfawns 
were placed on high energy (2,938 kcal digestible energy/ kg) and 
low energy (2,336 kcal digestible energy/kg) diets for 4 weeks. 
Kidney fat levels were significantly lower in fawns on low energy 
diets than in those on high energy diets. Additional studies are 
needed to fully elucidate the responsiveness of kidney fat in adult 
deer. 

No differences in femur marrow fat content weredetected in this 
study (Tables 4 and 5). Fat reserves are catabolized in an ordered, 
sequential manner (Harris 1945, Riney 1955, Dauphine 1971). 
Femur marrow fat is one of the last fat reserves to be used by deer, 
and is not expected to decrease substantially until kidney fat 
indices drop below 30% (Ransom 1965, Warren and Kirkpatrick 
1982). Thus, deer in this study were notto the point nutritionally at 
which femur marrow fat would be used. 

Conclusion 

Data obtained in this study indicated that intensive white-tailed 
deer harvests, low exotic ungulate populations, and controlled 
livestock grazing improve the nutritional status of white-tailed 
deer populations in the Edwards Plateau of Texas. Nutritional 
differences between areas were apparent, but somewhat obscured 
by significant differences in ages of collected deer. Deer collected 
from the lightly populated area attained a level of nutritional status 
not significantly different from that of deer on the densely popu- 
lated area, but at a much earlier age. Nutritional differences 
between areas probably would have been more obvious if the ages 
of collected deer were similar, and if the collections had been 
conducted at a more nutritionally stressful season (e.g., February). 
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RONALD D. TUCKER AND GERALD W. GARNER 

Abstract 

Vegetative composition, dominsnee,and height ofcovereharsc- 
teristies were measured at 60 daytime bed&es of pronghorn ante- 
lope (Anfilocapra americana) fawns in B desert grassland in 
southwest Texas. Fawns were fitted with radio transmitters and 
were located daily between 8 May and 9 July 1978. Igneous hill and 
mountain range sites were used 69% of the time during the first 4 
weeks of age. Black gramn (Bouteloua eriopoda), sideoats grama 
(B. curtipendula), hairy grama (B. hirsuta), and cane bluestem 
(Bofhriochlocr berbinodes) were thedominantspeciesat bedsitesof 
fawns 1 to 4 weeks of age. Cane hluestem and sideoats grama were 
the tallest species, averaging 52 and 42 cm in height, respectively. 
Blue grsma (B. gracilis), tohosa grass (Hi/aria mu&.x), and black 
grama were the species that occurred most often at bedsites of 
fawns 4 to 8 weeks of age. Cane bluestem, threeawns (Aristida 
spp.), sideoats grsmn, and tobosa grass had average heights of 46 
cm, 38 cm, 41 cm, and 43 cm, respectively. Cover characteristicsof 
the bedsites were taller than cover characteristics of the surround- 
ing area (X0.015) for fawns less than 4 weeks of age, but werethe 
some for fawns over 4 weeks of age. Shrubs were not a major 
component of any bedsite. Management of areas used by fawns less 
than 4 weeks of age may he critical to young survival. 

Pronghorn antelope fawns are known to lie in seclusion up to 
90% of the daytime hours during the first few weeks of life 
(Buechner 1950, Fichter 1974, Kitchen 1974). Autenriethand Fich- 
tcr (1975) discussed the behavior of the fawn when selecting day- 
time bedsites. The fawn’s apparent examination of the vegelation 
or ground surface was noted, and on several occasions a fawn 
would lie down in several different areas before a bedsite was 
finally chosen. Fawn bedsites in Montana (Pyrah 1974) and Idaho 
(Authenrieth 1976) were reported as being dominated by big sage- 
brush (Artemisia tridenrora). Sagebrush heights in these areas 
ranged from 25 to 50 cm. Bedsite information has not been 
reported for habitats, such as desert grassland areas, in which 
sagebrush is not a major habitat component. A study of pronghorn 
antelope-fawn mortality in the Trans-Pecos region of Texas pro- 
vided an opportunity to locate and measure fawn bedsites (Tucker 
and Garner 1980) in such a habitat. 

Study Area 

The study area, located northeast of Alpine in Brewster County, 
Texas(Fig. I), isa 6,100.ha pasturewithtopograpbyrangingfrom 
nearly level rangelands to gently rolling hills (Fig, 2). The area is a 

desert grassland and receives 30 to 36 cm average annual rainfall, 
the majority of which occurs between July and September(Martin 
1975). Range sites present in the study area are the igneous hilland 
mountain, gravelly, loamy, and draw range sites (Fig. 3). 

Igneous hill and mountain range sites occupy approximately 
15% of the study area and occur on rolling to steep hills and 
mountains with slopes varying from 8 to 30%. Soils are shallow, 
stoney loams intermixed with coarse igneous gravel and rocks 



containing frequent boulders and outcrops. Climax vegetation is a 
mixture of both short and mid-grasses with sideoats grama, cane 
bluestem, blue grama, and black grama as the major grass speces 
(Soil Conservation Service 1978, unpublished data). 

Gravelly range sites make up approximately 75% of the study 
area. Topography is level togently rolling hills. Soils are shallow to 
moderately deep gravelly loams. Vegetation is dominated by short 
and mid-grasses, with mid-grasses being found in areas with higher 
moisture regimes. Major grass species are sideoats grama, cane 
bluestem, and green sprangletop (Leptochloa dubia). If overgraz- 
ing occurs, these species decrease and shorter grasses, such as 
tobosa grass, blue grama, and black grama increase (Soil Conser- 
vation Service 1978, unpublished data). 

Loamy range sites, with deep, fine textured loam soils, occur on 
approximately 5% of the study area. Grass species are primarily 
short and mid-grasses with sideoats grama, cane bluestem, green 
sprangletop, and vine mesquite (Panicum obtusum) dominating 
sites in excellent condition. Blue grama, black grama, and tobosa 
grass increase if overgrazing occurs (Soil Conservation Service 
1978, unpublished data). 

Draw range sites consist of narrow, frequently flooded areas on 
approximately 5% of the study area. Soils are deep loams with high 
water-holding capacities. These sites are dominated by short to 
mid-grasses with an intermittent overstory of shrubs and trees. 
Grasses include sideoats grama, cane bluestem, alkali sacaton 
(Sporobolus airoides), vine mesquite, and green sprangletop. Trees 
and shrubs include Spanish walnut (Juglans microcarpa), cotton- 
wood (Pop&s sargentii), Apache-plume (Fallugia paradoxa), 
and mesquite (Prosopis julijora). Forbs are also prominent on 
these sites (Soil Conservation Service 1978, unpublished data). 

Materials and Methods 
Fawns were captured using a nighttime capture technique 

(Browlee and Hailey 1970) and fitted with radio transmitters. Age 
of captured fawns was determined by techniques described by 
Tucker and Garner (1980). Daytime bedsites were located by trian- 
gulation and subsequent observation of the bedded fawns. From 
May through July 1978, 186 daytime bedsites were located. These 
locations were made between 0800 and I 100 hr, recorded on topo- 
graphical maps, and the range site was recorded. Chi-square tests 
(Steel and Torrie 1960) were used to test preferences for daytime 
bedsites located on different range sites by fawns less than 30 days 
of age and by fawns greater than 30 days of age. 

Thirty bedsites of fawns less than 30 days of age and 30 bedsites 
of fawns greater than 30 days of age were located at random during 
May, June, and July, 1978. Bedsites of fawns less than 30 days of 
age were termed “fawning area” bedsites, and bedsites of fawns 
greater than 30 days of age were termed “fawn rearing area” 
bedsites. 

Each bedsite was divided into 2 areas. The exact location of the 
bedded fawn was considered the bedsite. The area immediately 
surrounding the bedsite was considered the bedsite area. In order 
to avoid disturbing fawning areas, bedsite sampling was conducted 
after most fawns had reached 30 days of age. Less than I cm of 
precipitation fell between bedsite location and subsequent sam- 
pling. Significant changes in vegetation were not apparent during 
this 6 week period. 

Bedsites were sampled using the bedsite as the center of 4 radii, 
each radius being placed along the slope and perpendicular to the 
slope. Ten 20 X 50-cm frames (Daubenmire 1959) were sampled at 
20-cm intervals along each radius. Within each frame, the vertical 
heights of the tallest plant species (grass, forb, shrub) and/or rock 
were measured to the nearest 5 cm. The 4 most dominant plant 
species within each frame were ranked in order of dominance. 
Dominance of individual plant species was determined by ocularly 
estimating the amount of biomass present, basal diameter, and 
vertical height. In all instances the dominance of a plant was based 
on those plants found in each individual frame. This information 
was compiled to identify the dominance and frequency of plant 
species surrounding the besite. 

The first 2 frames in each radius (frames nearest the bedsite) were 
examined and compared statistically to the remaining 8 frames in 
each radius, using the averaged heights of the 4 cover measure- 
ments (grass, forb, shrub, and rock). The mean height of cover 
characteristics at the bedsite were compared to the mean height of 
the cover characteristics found immediately surrounding the bed- 
site. A t-test was used to test whether or not fawns were selecting 
daytime bedsites with taller plant cover (Steel and Torrie 1960). 

Result and Discussion 

Range Sites of Daytime Bedsites 
Igneous hill and mountain range sites were selected significantly 

more often (KO.05) as daytime bedsites by fawns less than 4 weeks 
old (Table I). Of the 132 daytime bedsites of fawns less than 30 days 
of age, 69% were found on igneous hill and mountain range sites. 
Fawns less than 30 days old also utilized the gravelly, draw, and 
loamy range sites as daytime bedsites (Table I), but at rates less 
than expected by their representation of total area. 

When fawns were 4 to 6 weeks old, they gradually moved to the 
lower hills and flats where they formed fawn/doe social groups 
(Autenrieth and Fichter 1975). The gravelly range sites were 
selected in 43 of 54 daytime bedsite locations (8OYc). At this age, 
fawns did not utilize the igneous hill and mountain range sites any 
more than would occur with normal distribution of bedsites 
(KO.10). The draw and loamy range sites were not utilized as 
daytime bedsites by fawns over 4 weeks old (Table 1). 

Beale and Smith (1973) found that areas near washes or draws 
were frequently used by predators and a number of predator- 
involved mortalities occurred when fawns were bedded nearby. 
Predation by coyotes and bobcats may have attributed to the draw 
and loamy range sites not being utilized as bedsites. 

Table 1. Range sites and their use as antelope fawn daytime bedsites in 
Brewster County, Texas, 1978. 

Ranee site 

% of bedsite locations 
% of Fawns <30 Fawns >30 

studv area davs old days old 

Igneous Hill 
and Mountain 

Gravelly 
Loam 
Draw 

I5 69’ 20 
75 272 80 
5 3 0 
5 1 0 

Thi-squared test (KO.05) indicates use above expected if use were proportional to 

availability. 
Thi-squred test (KO.05) indicates use below expected is use were proportional to 

availability. 

Daytime Bedsites in Fawning Areas 
Black grama, sideoats grama, hairy grama, and cane bluestem 

were the most frequent species surrounding the 30daytime bedsites 
analyzed in fawning areas (Table 2). Cane bluestem was the tallest 
species, averaging 52 cm in height. Sideoats gmma, black grama, 
and hairy grama averaged 42 cm, 18 cm, and 17 cm in height, 
respectively. Black grama was considered the dominant species at 
daytime bedsites, with sideoats grama second in dominance. 

Mesquite, sacahuista (Nolina microcarpa). javalina bush (Con- 
dalia ericoides), and catclaw (Mimosa biuncfera) were shrub spe- 
cies that occurred at these bedsites, and had a combined frequency 
of 1%. The mean height of these shrub species was 5 I cm. Shrubs 
were not a m_ajor vegetation component around daytime bedsites. 

Rocks occurred around all daytime bedsites in fawning areas. 
Heights ranged from 0 to 45 cm, with the average height being 5 
cm. Slope averaged 6% and ranged from 0 to 14%. 

Daytime Bedsites in Fawn Rearing Areas 
Blue grama, tobosa grass, black grama, and muhly(Muhlenber- 

gia spp.) composed 53% of the species recorded around daytime 
bedsites in fawn rearing areas (Table 3). Cane bluestem was the 
tallest plant, with a mean height of 46 cm. Threeawn, sideoats 
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Table 2. Dominance rankings and frequency of grass species around day 
time bedsites of prongbom antelope fawns in fawning areas, Brewster 
County, Texas, 1978. 

Species 
Dominance ranking % 

I 2 3 4 Frequency 

Threeawns (Aristida sp.) 
Black grama (Bouteloua eriopoda) 
Blue grama (Bouteloua gracilis) 
Cane bluestem (Bothtiochloa 

barbinodes) 
Fall witchgrass (Leptoloma 

cognatum) 
Hairy grama (Bouteloua hirsuta) 
Hairy tridins (Tridenspilosus) 
Little bluestem (Schizachyrium 

scoparium) 
Muhly (Muhlenbergia sp.) 
Plains bristlegrass (Setario 

macrostuchya) 
Sideoats grama (Bouteloua 

curtipenduka) 
Sprucetop grama (Bouteloua 

chrondosioides) 
Tanglehead (Heteropogon 

contortus) 
Texas grama (Boutelouo rigidiseta) 
Vine mesquite (Panicum obtusum) 
Woolspike (Elyonurus 

barbiculmis) 

47 I3 I9 
495 217 43 

IS 26 I2 

104 

0 
76 
IO 

9 
2 

I 

356 213 

9 

76 

12 
174 
41 

I 
4 

0 

I3 

II 
56 
21 

0 
0 

I 

42 

I 
3 
I 

0 

I 
I 
2 

0 
0 

0 

0 

0 

0 
0 
0 

0 

6.6 
63. I 
4.5 

16.0 

2.0 
25.6 
6.1 

0.8 
0.5 

0.2 

50.9 

I.8 

1.4 
0.2 
0. I 

0.1 

grama, and tobosa grass averaged 38 cm, 41 cm, and 43 cm in 
height, respectively. Blue grama was the dominant plant around 
daytime bedsites and tobosa grass was second in dominance. 

Javalina bush and yucca (Yucca torreyi) were the only shrub 
species occurring around daytime bedsites in fawn rearing areas. 
These species were relatively infrequent (less than 1%). Mean 
height of these species averaged 26 cm. Shrubs did not appear to be 
an important vegetative component at daytime bedsites. 

Rocks occurred at or near all daytime bedsites in fawn rearing 
areas. Rock heights ranged from 0 to 30 cm, with the average 
height being 5 cm. Slope ranged from 0 to 13% averaging 2%. 

Table 3. Dominance rankins and frequency of grass species around day- 
time bedsites of pronghorn antelope fawns in fawn rearing areas, Brews- 
ter County, Texas, 1978. 

Species 

Dominance ranking % 
I 2 3 4 Frequency 

Threeawns (Aristida sp.) 52 38 
Black grama (Bouteloua eriopoda) 23 I 70 
Blue grama (Bouteloua gracilis) 363 197 
Buffalo grass (Buchelo dactvloides) 3 5 
Burro grass (kleropogon brevi- 

folius) 
Cane bluestem (Bothriochloa 

barbinodes) 
Chloris (Chloris virgata) 
Fall witchgrass (Leptoloma 

cognatum) 
Hairy grama (Bouteloua hirsuta) 
Hairy tridins (Tridens pilosus) 
Muhly (Muhlenbergiu sp.) 
Sideoats grama (Bouteloua curti- 

per&da) 
Sprucetop grama (Bouteloua 

chrondosioides) 
Tobosa grass (Hilaria mutica) 
Tumblegrass (Schedonnardus 

paniculatus) 

I9 18 

I4 13 
25 35 

4 6 
49 56 

6 40 
66 65 

46 

I 
272 

I 
Vine mesquite (Panicum obtusum) I7 
Woolspike (Elyonurus 

barbiculmis) 0 

41 

I 
39 

5 
I4 

0 

22 0 9.33 
9 0 25.83 

21 I 48.50 
I 0 0.75 

5 0 3.50 

8 I 3.00 
5 I 5.50 

7 I 1.50 
I2 0 9.75 
23 0 5.75 
I2 2 12.08 

7 I 7.92 

I I 0.25 
6 0 26.41 

0 0 .50 
IO 0 3.42 

I 0 0.08 

Fig. 3. Range sites on apronghorn antelope research area near Alpine in 
Brewster County, Texas, 1978. 

Daytime Bedsites Versus Daytime Bedsite Areas 
Fawns less than 4 weeks old selected bedsites that had signifi- 

cantly taller cover characteristics at the bedsite than in the sur- 
rounding area (19 f 0.67 cm averaged height at the bedsite vs. 17 f 
0.27 cm averaged height away from the bedsite, t = 3.877, 29 df, 
X0.05). Plants at the bedsites were taller than plants that sur- 
rounded the bedsites. Heights of cover characteristics at and sur- 
rounding daytime bedsites in fawn rearing areas (fawns 4 to 8 
weeks of age) were compared; however, no statistical differences 
were detected (13 f 1.03 cm at the bedsite vs. 15 f 1.12 cm 
surrounding the bedsite, t = 0.563, 29 df, mO.05). These data 
indicate that antelope fawns in the Trans-Pecos tend to select 
daytime bedsites with taller cover characteristics until they reach 4 
weeks of age, but did not show this preference from 4 to 8 weeks of 
age. 

Autenrieth and Fichter (1975) found that fawns were selective in 
choosing areas with greater brush canopy cover, total coverage, 
and brush height. Brush, however, was not an important compo- 
nent at fawn bedsites in Texas. In Idaho, an average vegetation 
height of 41.9 cm has been reported at fawn bedsites (Authenrieth 
1976). These data are comparable to mean vegetation heights of 
42.6 cm in the fawning areas in the Trans-Pecos study area. 

The height of vegetation or a combination of the various cover 
characteristics of the area are an important factor in the fawn’s 
selection of,a bedsite. In some areas of the Trans-Pecos where 
antelope populations are low, proper management of fawning 
areas could be beneficial to fawn survival. Barrett (1981) found 
that habitat diversity provided by sagebrush (Artemisiu sp.), small 
depressions, and stands of grasses or forbs greater than 25 cm tall 
constituted important bedding cover and contributed to fawn 
survival. During this study, predation concentration on young 
fawns was determined to be a major limiting factor (Tucker and 
Garner 1980), with 60% of the fawns being lost due to predation 
during the first 6 weeks of life. Cane bluestem and sideoats grama 
are species which occur most often at and near young fawn’s 
daytime bedsites. Although these species provide concealment for 
the fawn, they are also highly desirable livestock forages. Reduc- 
tion of these species by grazing may affect fawning survival by 
reducing concealment cover for the fawns. 
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POSITION ANNOUNCEMENT 
Position: 
Extension Range Management Specialist in Morocco. 
Two year contract on a year by year basis. 

Desired Qualifications: 
Ph.D. in Range Science with international experience. 
Interest and experience in extension demonstration, 
application of range management practices, and applied 
research. 

Desired Language Capability: 
English, French and Arabic 

Location: 
Range extension work in the Ait Rbaa area near Beni 
Mellal, Morocco. Living accommodations in Beni Mel- 
lal, a small comfortable Moroccan town at the foothills 
of the High Atlas Mountains. Beni Mellal is a traditional 
Moroccan town located 250 kilometers inland from the 
capitol city of Rabat. An American School for pre-school 
through high school is located in Rabat. 

Responsibilities: 
The project centers around extension demonstration 
programs. All project activities focus on these demon- 
strations and use of them to encourage the acceptance 
of range management in Morocco. To the end, daily 
activities will be devoted toward developing and dliver- 
ing training programs designed for various local audien- 
ces. In collaboration with Moroccan counterparts, this 

person will compile basic resource/user inventories, 
evaluate range management techniques and practices, 
establish demonstrations of range management tech- 
niques and practices, and develop range management 
extension programs for range extension locations. 

Salary and Benefits: 
Salary negotiable and commensurate with responsibili- 
ties, qualifications and experience. Benefits totaling 
approximately 27% of salary, provided by Utah State 
University, include TIAAKREF retirement at 14.2% of 
salary, a comprehensive life and medical insurance pro- 
gram that is honored worldwide, workers compensa- 
tion, tuition reduction for college age children 
attending Utah State University, twenty two days of 
annual leave per year, and twelve days per year sick 
leave. 

Closing Date: 
April 1,1983, or until a suitable candidate is identified. 

Application: 
Letter of application, a resume of professional expe- 
rience, and letters of reference from at least five individ- 
uals familiar with the candidate’s professional 
competence should be sent to lames T. O’Rourke, 
Range Science Depatment, UMC 52, Utah State Univer- 
sity, Logan, Utah, 84322. Utah State University is an 
EEO/AA employer. 
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Successional Trends in in Ungrazed, Arid 
Grassland Over a Decade 
EDGAR F. KLEINER 

Abstract 

A study has been made of the vegetational condition of a for- 
merly grazed area, Chesler Park, in Canyonlands National Park. A 
comparison was made with the same area 10 years earlier. The 
lo-year successional changes are also compared to baseline data of 
10 years earlier from Virginia Park, an adjacent ungrazed area. 
Because of inaccessibility and long isolation from disturbances, 
Virginia Park is presumed to be in climax condition and is the 
control for this study. Chesler Park shows a successional trend 
after 10 years toward the vegetational condition of Virginia Park. 
This is exemplified, with only one major exception (Hilaria jame- 
sii), by responses of the perennial grasses (Stipa comata, Orysopsis 
hymenoides, Sporobolur cryptandrus, Bouteloua gracilis) and the 
cryptogamic community, particularly the moss, Tort&a ruralis. 
Species frequency, cover, vegetational characteristics, and stand 
classification support this conclusion. Prevalence of perennial 
grasses has declined and cryptogamic species have increased 
significantly. 

West et al. ( 1979) noted the dearth of data dealing with perennial 
plants in arid and semiarid environments. In another study (West 
1979) few significant differences were found between the survival 
of plants in grazed versus ungrazed plots in southwestern Utah 
over 33 years. 

In 1967, a vegetational and soils analysis was conducted in 
Chesler “Park.” A 389-ha area in Canyonlands National Park 
(Kleiner and Harper 1972). Although largely enclosed by a high 
rock wall, Chesler Park had been lightly grazed for many years 
during winter months prior to the creation of Canyonlands 
National Park in 1964. The last known livestock grazing in Chesler 
Park was in early 1962 when 30 to 35 horses were kept there for 
about a month; other areas of Canyonlands had been variously 
grazed in prior years. 

The initial study compared the vegetation and soils of Chesler 
Park with those of an adjacent, but smaller (97ha) ungrazed area, 
Virginia “Park.” The access to Virginia Park is impassable for 
cattle or horses due to high rock walls and therefore the area 
remains relatively undisturbed. For this reason results of this initial 
study provided an invaluable source of baseline data against which 
future vegetational changes in grazed areas can be compared. 

Gross environmental characteristics vary little between the two 
parks. The climate of the area is semiarid to arid. It is a country of 
extremes with an annual temperature range of as much as 55’ C. 
Annual precipitation is generally from 20 to 25 cm, of which warm 
season rainfall constitutes from 55$&-75% of the total. 

Although overall park attendance has increased significantly 
during the decade (Wylie 1981) the study areas have remained 
relatively isolated-Chesler Park was closed to vehicular traffic in 
1971, and Virginia Park, because of its inaccessibility, has never 
been subjected to such traffic. Both areas are now accessible only 
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by foot and, because of their remoteness, this usage is considered to 
be moderate. 

The purpose of this study was to investigate vegetational and 
fioristic changes over a decade in an area which had been formerly 
grazed and to compare the decadeend condition with that of a 
similar, adjacent area which had not been formerly grazed. 

Data were collected in 1977 from 20 sites in Chesler Park for 
comparison with those from 20 Chesler sites in 1967. The 1977 
composition is also compared with the undisturbed and presuma- 
bly climax condition of Virginia Park in 1967. 

Methods 

To ensure comparable data, the same methods of vegetational 
analysis were used in 1977 as in 1967. Permanent, circular plots, 
each .005 ha (50.58m*) in size, were established. This paper 
includes analysis of data from a total of 80 such plots, including 40 
in Virginia Park from 1967, and 20 each from 1967 in 1977 in 
Chesler Park. Stands were selected subjectively; the criteria used 
were homogeneity of vegetation and environment. An attempt was 
made to distribute stands uniformly throughout the parks. 
Twenty-five small quadrats (0. I25m*) and 100 point samples were 
placed in each stand. Both the quadrats and the point samples (5 
samples per setting of the frame sampler) were distributed as 
uniformly as possible by dividing each circle into approximately 
equal sectors. Plant species (both cryptogamic and vascular) in 
each quadrat were noted, and hits on individual species, litter, or 
soil were recorded for each point sample. In 1967, sampling was 
done during July, and in 1977 during June. 

Prevalent species were selected on the basis of a constancy- 
times-frequency (C X F) index (Curtis 1959). The index has a 
possible range of 0 to 10,000. A Chi-square test based on quadrats 
of occurrence of each species (with x.05 as the limit of signifi- 
cance) has been used to determine if a species is unequally repres- 
ented in either year. 

Based on this index a comparison is made between Chesler and 
Virginia Parks in 1967, and between Chesler Park in 1977 and 
Virginia in 1967. Chi-square analysis based on presence or absence 
of each species in quadrats (frequency) was used as the test criter- 
ion for relative abundance. Similar comparisons of species relative 
abundance were made by Chi-square analysis utilizing precent 
species cover. Selected vegetational characteristics such as litter 
cover, cryptogamic cover, total cover, and hits per stand were also 
compared by Chi-square analysis for both sets of data. 

All stands have been assigned to one of three groups arbitrarily 
named Hilara (H), Stipa (S), or Intermediate (I), depending on 
whether the quadrat frequency of H or S was at least 2 times, or 
more, greater than that of the other species. For example, if the 
frequencies of Hilaria jamesii and Stipa comata are 50% and 25% 
respectively in a given stand, that stand would be designated H. All 
stands not classified as H or S by this criteria were placed in the 
Intermediate class. On the other hand, if the frequencies were 35% 
and 25% respectively, the stand would be designated I. The H, S, or 
I designations will be used hereafter to characterize individual 
stands. A IO-year comparison of proportionate distribution of 
stands among H, S, or I classification was made. 
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Species nomenclature follows Hitchcock (1950) for grasses, and 
Holmgren and Reveal (I 966) for other vascular plants. Crypto- 
gamic nomenclature follows Fink (1935). 

Results 
Prevalent species and their abundances are shown in Table I. 

The C X F values of prevalent species in Chesler Park in I977 are 
arranged in decreasing magnitude. Values run from 6,900 to I. 

Significant changes in Chesler Park vegetation during the 
decade include a decline in abundance of the 4 major perennial 
grasses: needle-and-thread (Stipa comata), galleta (Hilaria jarne- 
sii), Indian ricegrass (Oryzopsis hymenoides), and sand dropseed 
(Sporobolus cryptandrus). Blue grama (Bouteloua gracilis) also 
decreased significantly. Among the cryptogams, the moss (Tortula 
ruralis) increased by more than tenfold, whereas black lichen 
(Collema tenax) showed a modest (12%), although statistically 
significant, decrease. Three other cryptogams, white lichen (Buel- 
lia papillata), pink lichen (Lecidea decipiens), and yellow lichen 
(Fulgensia bracteata), have increased, although not significantly 
since, 1967. Two of the other 5 species, joint fir (@hedra viridis) 
and cheatgrass (Bromus tectorum) show no significant change 
during the decade. Six-weeks fescue (Vulpia octofloray decreased 
significantly, while winterfat (Eurotia lanata) significantly 
increased. 

A comparison of data from Chesler Park in 1977 with the 
baseline data from Virginia Park in 1967 showed no significant 
differences in abundance among the 4 major perennial grasses,’ 
with the exception of galleta, which is significantly more abundant 
in Virginia Park (Table I). The 1967 abundances of cryptogams in 
Virginia are all significantly higher than those for the same species 
in 1977 in Chesler even though their total C X F values have 
increased by more than 9% in Chesler during the decade. 

Table 2 displays percent species cover and selected vegetational 
characteristics for 1967 and 1977 in Chesler Park. A Chi-square 
test based on point samples has been used to determine significance 
of percent cover differences between the years. 

The two most prevalent cryptogams-moss and black lichen- 
had significantly greater cover in I977 than IO years earlier. White 
lichen was recorded in 1977 whereas it, and the two other crypto- 
gams, were not recorded in 1967. 

The 4 major perennial grasses, as well as blue grama, occurred in 
Chesler with a lower percent cover in 1977, although the difference 
in the case of sand dropseed is not significant. Winterfat had 
significantly higher coverage in 1977, although the percentage for 
both years was very low. 

‘Formerly (Festuca octofha). 

Table 2. Prevalent species, relative abundance by per cent cover, and 
selected vegetational characteristics of Cbesler Park (test criterion for 
cover was Chi-square analysis based on 100 point samples taken in each 
stand). 

Cover (%) Year of greater 
Species I967 1977 X2 value percent cover 

’ Tortula ruralis 1.35 4.0 25.97** I977 
‘Collema renax 3.8 6.65 15.83** I977 
Stipa comata 9.15 7.3 4.29, 1967 
Hilaria jamesii 4.65 1.35 36.3** 1967 
Oryzopsis hymenoides 2.95 0.95 19.89** 1967 
Sporobolus 

cryptandrus I.15 0.55 3.59Ns 1967 
Boureloua gracilis 4.25 1.45 27.3 I ** I967 
Eurotia lanata 0.6 I .95 13.43** 1967 
Ephedra viridis I.2 0.9 .gNS 1967 
Vulpia oclojlora 0.05 0.1 0 NS 1977 

1 Buellia papillala 0 0.05 0 NS I977 
‘Leeidea decipiens 0 0 
Bromus tectorum 0 0 
1 Fulgensia bracreara 0 0 

Litter cover (%) 9.8 25.75 I72.08** 1977 
Soil (%) 68.4 55.45 70.58** I967 
Cryptogamic 

cover (%) 5.15 10.7 41.46* 1977 
Average total living 

cover (%) 21.8 18.85 4.66+ 1967 
Total cover (%) 31.6 44.55 70.58** I977 
Average no. hits/stand 

on living vascular 
tissue 25.6 9.6 48.2** 1967 

‘Cryptogams 
** = highly significant: * = significant: NS = not significant 

Among vegetational characteristics of Chesler (Table 2), litter 
cover, cryptogamic cover, and total cover increased 162%, 107% 
and 4 1% respectively, all significantly higher in 1977, while average 
total living cover, and hits/stand on living vascular tissue and 
percent soil were higher in 1967. 

Table 3 shows the 1977 percent cover in Chesler Park and that of 
Virginia Park in 1967. The cryptogams all revealed greater cover- 
age in Virginia Park in 1967. Percent cover of 3 of the major 
perennial grasses was lower in Chesler (1977) than in Virginia, 
although that of needle-and-thread was not significant. Blue 
grama, winterfat, and joint fir showed increased coverage over that 
of 1967 in Virginia Park, although very low in all cases. 

Tabk 1. Prevalent species and their relative abundance (C X F index)in 1967 and 1977 (test criterion for relative abundance was Chi-square analysis based 
on presence and absence of each species in quadrats). 

Chesler Park Chesler Park Virginia Park Xz value 
1977 CXF CXF 

Species C(%) 
(Virginia 1967, 

F(%) 1977 I967 x2 value I967 Chesler 1977) 

I Torrula ruralis 100 69 6900 660 329.25** 9130 137.23** 
1 Colkma lenax 100 48.8 4880 5548 8.88** 9710 502.15** 
Stipa comata 95 41.2 3914 4902 6.42* 3626 2.21Ns 
Hilaria jamesii 90 32.6 2934 3553 8.67** 5206 65.0** 
Oryzopsis hymenoides 75 10.4 780 I343 5.45* I I41 .3Ns 
Sporobolus cryptandnrs 45 9.0 405 I530 13.45** 663 .49Na 
Bouteloua gracilis 35 8.0 280 522 19.09** I6 41.96** 
Eurotia Ianala 50 5.5 275 90 8.33** 3 51.98** 
Ephedra viridis 35 6.6 231 360 .53Ns 3 45.05** 
Vugia ocroflora 35 4.4 I54 2890 I39.29’+ 1876 88.75** 

I Buellia papillara 45 3.2 144 99 .61NS 6450 5 l9.27** 
‘Lecidea decipiens IO 0.4 4 0 2040 146.15** 
Bromus tectorum 5 0.4 2 9 I83 16.11;; 
1 Fulgensia bracteara 5 0.2 I 0 4533 389.94** 

‘Cryptogams 
l *=highly significant (K.01); *significant (K.05); NS=not significant 
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Percent of both litter cover and bare soil has increased in Chesler 
relative to Virginia in 1967 (Table 3), while other vegetational 
characteristics are all much greater (from 48% to 255%). 

As an additional indicator of species abundance changes over 
the decade, characterization of standsas H, S, and I iscompared to 
that of 1967 (Table 4). While of little significance for demonstra- 
tion of species pattern, Table 4 does reveal a trend during the 
decade toward a higher percentage of sites dominated by galleta 
and needle-and-thread, the 2 dominant perennial grasses in both 
parks. 

Climatic data (Climatological Data) are provided in Table 5 
from the weather station nearest the study site (Canyonlands-The 
Needles), for 1966- I977 inclusive. Average annual precipitation 
(rain and snow, expressed as total centimeters water) for the 12- 
year period was 2 I .6. A division of the I2 years’data into 2,6-year 
sequences shows the later period (1972 through 1977)as somewhat 
drier, with an annual average of 19.0 cm. compared to 24.1 for 1966 
through I97 1. 

Warm-season (May through October) rainfall, which histori- 
cally accounts for a larger proportion of total annual precipitation 
than the cold-season, averaged 59.2% for 1966-71 and 56.1% for 
1972-77. 

Discussion 

Previous investigations (Kleiner and Harper 1972, 1977a, 1977b) 
have provided baseline data on vegetational, floristic, and soil 
conditions in a pristine area (Virginia Park) and in a grazed area 
(Chesler Park). Although the 2 areas were similar in grossenviron- 
ment and vascular plant cover, cryptogamic vegetation and com- 
munity structure differed markedly between the parks. Many 
vascular species occurred in greater abundance in one park than 
the other. Floristically, Virginia was much richer, and cryptogamic 
cover was about 7 times greater than in grazed Chesler Park. 

Table 3. Prevalent species, relative abundance by percent cover, and 
selected vegetational characteristics of CbesIer and Virginia Parks (test 
criterion for cover was Chi-square analysis based on 100 point samples 
taken in each stand). 

Species 

Cover (%) Area (Park) 
Chesler Virginia of greater 
Park Park % 
(1977) (1967) X2 value cover 

1 Tortula ruralis 4 
I Collema tenax 6.65 
Slip0 comata 7.3 

Hilaria jamesii 1.35 
Oryzopsis hymenoides 0.95 
Spiroboius 

cryptandrus 0.55 
Bouteloua gracilis 1.45 
Eurotia lanata I .95 
Ephedra viridis 0.9 
Vuipia octojlora 0.1 

1 Buellia papillata 0.05 
‘Lecidea decipiens 0 
Bromus tectorum 0 

‘Fulgensia bracteata 0 

Litter wver (%) 25.75 
Soil (%) 55.45 
Cryptogamic 

cover (%) 10.7 
Average total living 

cove; (%) 18.85 
Total cover I%) 44.55 
Average no. hits/stand 

on living vascular 
tissue 9.6 

I8 
I9 
8.4 
8.4 
1.8 

225.51** 
159.56** 

I .8SN9 
115.88** 

5.6* 

0.48 .04Ns 
0.2 31.98** 
0.2 50.31** 
0.2 1.21;: 
0.08 .02NS 
0.48 6.03: 
0.18 2. I SNs 
0.15 I .69Ns 
0.1 .78Ns 

I2 187. I5** 
33 267.24** 

38 470.76** 

55 703.55** 
66 242.21:: 

23 147.56** 

V 
V 
V 
V 
V 

C 
C 
C 
C 
C 
V 
V 
V 
V 

C 
C 

V 

V 
V 

V 

‘Cryptogams 
** = highly significant; * = significant; NS = not significant 
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Two kinds of comparisons were made. The first comparison is 
species prevalence in Chesler Park at the beginning and end of 10 
years of isolation from domestic grazers. The other provides the 
decade-end species prevalence with that of pristine conditions in 
Virginia Park. Results of the study indicate several significant 
changes. With few exceptions however they follow a successional 
pattern toward the conditions suggested by those of Virginia Park 
in 1967. 

In view of the historical absence of domestic grazing or other 
major disturbances in Virginia Park, the presence of a climax 
community is presumed. Furthermore, use of the 1967 Virginia 
Park data for comparative purposes in this paper presumes no 
significant vegetational changes during the decade in that area. Ten 
years after gathering baseline data, and 15 years after cessation of 
grazing in Chesler Park, a trend toward the more stable climax 
condition of pristine Virginia Park might be anticipated. Some 
minor variation could be expected from the fact that the 1977 
stands (Chesler Park) were placed adjacent to the 1967 stands. The 
stands were offset in order to nullify any effects of the relatively 
heavy disturbance caused by sampling in 1967; however, a close 
compositional similarity may be expected due to homogeneity of 
vegetation and environment. Furthermore, it could be expected 
that, under the harsh arid conditions of Canyonlands Parks, with 
its limited growing season, vegetational changes-particularly 
pattern development as might be indicated by degree of positive 
association (correlation coefficients) among prevalent species 
(Kershaw 1964, Kleiner and Harper 1972)-might be slow in 
developing. 

Climatic factors, for example a few particularly dry or wet years 
before 1977, could influence results. Average annual precipitation 
of the first 6 years of the study period was 5.1 cm or 21% higher, 
than the latter 6-year period. Two years in the first sequence, 1966 
and 1969, were unusually wet. The lesser percent of warm-season 
rainfall during the second period (56.1% compared to 59.2%) may 
have played a role in reproductive and survival success of these 
grasses also. The temperature data shows only minor monthly 
fluctuations from year to year. 

Succession in Chesler Park toward the pristine condition is 
indicated by a decline in prevalence of the perennial grasses. The 
trend is revealed by both species frequency and cover. With the 
exception of galleta, the original 1967 data comparing the 2 parks 

Table 4. Comparison of stands in Chesler Park, 1967 and 1977, based on 
assignment to H, S, and I category. For designation as H or S the fre- 
quency of Hilarih jamesii or Stipa comata must be two times or more 
greater than that of the other species; all other stands are classed Inter- 
mediate. 

1967 I977 
Stand Number H,S, or I Stand Number H,S, or I 

41 I 4lA S 
42 I 42A I 
43 I 43A S 
44 S 44A S 
45 S 45A I 
46 S 46A S 
47 S 47A 1 
48 S 48A S 
49 1 49A I 
50 I 50A I 
51 1 5lA I 
52 H 52A H 
53 1 53A I 
54 1 54A S 
55 S 55A H 
56 H 56A S 
57 I 57A 1 
58 I 58A S 
59 1 59A H 
60 1 6OA S 
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(Kleiner and Harper 1972) showed these species occurred with 
significantly lower abundance in the pristine area, Virginia Park. 
One might therefore expect a general decline in the prevalence of 
perennial grasses in Chesler during the decade of non-disturbance. 
By 1977, a comparison of these 5 species frequencies in Chesler 
Park with those of 1967 in Virginia Park (Table I), 3 of them, 
needle-and-thread, Indian ricegrass, and sand dropseed, showed 
no significant differences, while gaileta and blue gmma were signif- 
icantly lower and higher, respectively, in 1977. The prevalence of 
galleta, however, rather than increasing, declined significantly 
further in IO years, even below the 1967 prevalence. Although blue 
grama declined significantly during the decade, its prevalence is 
still far above that of 1967 in Virginia. Decreasing prevalence of the 
perennial grasses in Chesler Park during the decade constitutes a 
trend toward vegetational similarity of the 2 areas. 

The abundance of cryptogamic species was significantly greater 
in 1967 in the ungrazed park, and cryptogamic cover was 7 times 
greater (Kleiner and Harper 1972) (Tables I, 2, 3). 

The vegetational and floristic condition of Chesler Park in 1977 
more closely resembles that of Virginia Park (1967) than it did in 
1967. Based on the assumption that Virginia Park is the climax 
stage, then it may be said that Chesler Park is generally succeeding 
toward that condition. The exception, however, is galleta, whose 
behavior, although consistent with that of the other perennial 
grasses in Chesler Park, is inconsistent with expectations based on 
control data of 1967. Perhaps, under environmental conditions 
such as those of Canyonlands Park, galleta is more sensitive than 
other perennials to light grazing pressure and has continued to 
decline even though domestic grazers have been withdrawn. It may 
simply be that more time is necessary for galleta to increase in 
abundance. The higher prevalence of galleta in 1967 in Virginia 
compared to Chesler was exceptional among the perennial grasses, 
suggesting superior competitiveness in undisturbed conditions. 
However, galleta has a reputation for resistance to heavy grazing 
and to drought on arid ranges (U.S. Department of Agriculture 
1937). This is corroborated by Vallentine (1961) and Van Dyne 
(1964) who report that galleta is quite resistant to grazing and is 
frequently found in areas where other desirable plants have been 
eliminated by overuse. Galleta is consistently classed as an 
increaser on the Colorado Plateau of Utah and Arizona (Utah 
Agricultural Experiment Station 1972). At the same time, Chesler 
Park has been less heavily grazed than typical southwestern grass- 
lands. It is possible the response of galleta under these isolated, 
unique conditions is not typical of that expected under conditions 
following heavy grazing. The autecology of such species under 
conditions such as those of Chesler Park has been little studied. 
This study suggests it may be less competitive than other species 
under a light grazing history. 

Other significant changes during the decade involve the crypto- 
gamic species. The 1967 studies revealed a significantly greater 
prevalence and cover of 5 species (Tables I, 2) in Virginia Park. 
Light grazing in Chesler was suggested as the disturbing factor 
which had contributed to the differences in vegetational character- 
istics between the 2 sites. One might expect a trend during the 
decade in Chesler Park toward those conditions found in Virginia, 
that is, an increase in frequency and cover of cryptogamic species. 
Results indicate this to be the case. Total cryptogamic C X F and 
percent cover values approximately doubled in Chesler Park dur- 
ing the decade, due primarily to extensive moss growth. While the 
relatively faster growing moss increased tenfold, the slow growing 
black lichen has slightly decreased, albeit significantly. Percent 
cover of both, however, has increased significantly (Table 2). The 3 
other cryptogamic species, which hardly appear (frequency) in 
1967 in Chesler, were recorded, at least, in 1977 although the 
frequency increase was not significant. 

Increase in prevalence of cryptogams between I967 and 1977 in 
Chesler points to the earlier abolition of grazing as the key factor. 

The results of IO-year vegetational characteristics changes 
(Table 2) are consistent with data from species analysis. Increased 

Table 5. Climatic data for 19661977. 

Year 

I966 
1967 
1968 
I969 
1970 
1971 
1972 
1973 
1974 
I975 
1976 
1977 

Precipitation (cm. water) 

Warm 
season- 

May thru Temperature averages (” C) 

October Warm Cold 
Annual (%) Annual season season 

30.66 42.5 11.9 20.5 3.3 
19.58 63 II.7 20 3.4 
20.22 58.8 II.1 19.6 2.5 
29.69 58.5 I2 20.3 3.9 
24.77 62.3 Il.7 19.7 4.1 
19.63 70 Il.4 20 2.8 
24.31 80. I II.8 20.2 3.5 
19.53 50 IO.9 20.2 1.7 
18.06 37.2 I I.5 20.6 2.4 
21.77 40.3 10.5 18.8 2.2 
14.43 65.6 II 19.5 2.4 
16.1 63.3 12.4 21.2 3.7 

F21.56 57.6 I I.5 20. I 3.0 

litter cover could be expected for example, following the sharp 
decline in perennial grass prevalence; although cover of crypto- 
gamic species doubled in the period, total percent cover is insuffi- 
cient to compensate for the reduction in grass prevalence. 

In 1967, distribution of stands (Table 4) was I OS, 30%, and 60% 
as H, S, and 1, respectively; the 1977 distribution was IS%, 45%, 
and 40%, respectively. The 5% and 15% increases in galleta and 
needle-and-thread dominated stands, respectively, involve I stand 
only for galleta and 3 for needle-and-thread. At first glance, this 
might appear inconsistent. But, while these species and others 
declined overall in frequency, variations in stand-to-stand individ- 
ual frequencies could account for such seeming discrepancies. 

Distribution of the 3 types (H, S, I) of stands in Virginia Park in 
1967 was 37.5%, 32.59&and 30% respectively. During the decade in 
Chesler, there appears to be a trend toward increasing prevalence 
of both galleta and needle-and-thread relative to other species as 
indicated by a concomitant decline in the number of stands labeled 
Intermediate. 

Conclusions 

A single decade may be insufficient time to draw firm conclu- 
sions regarding successional processes under harsh environmental 
conditions such as those of Canyonlands. The results of this study, 
however, strongly suggest that several trends, generally consistent 
with those expected, are underway. These trends reflect a succes- 
sional sequence toward the more stable conditions found under 
long-undisturbed conditions within the park. 

The perennial grasses have declined in prevalence over IO years 
and, with the exception of galleta, have responded with the limits 
to be expected judging from the 1967 baseline data. Galleta 
appears to be continuing to decline in abundance and at anacceler- 
ated pace relative to other perennial grasses. 

A remarkable feature of the vegetational cover in Chesler Park 
over the IO years is the rate of growth of the moss. Without even the 
light grazing pressure of prior years, its frequency and cover 
increased markedly. Although rapid recovery of this species was 
expected, the extent of its increase was surprising. 

Past studies have indicated that cryptogamic cover is important 
in stabilization of these highly erodable, sandy soils against wind 
and water action. The results of this study would suggest that 
restablization of such arid land crusts by cryptogamic growth 
occurs more rapidly than earlier believed. 

Analysis at the end of a second decade in 1987 should provide 
additional data regarding vegetational trends. 
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RANGELAND 
HYDROLOGY 
by Farrel A. Branson, Gerald F. Gifford, Kenneth G. Renard, and 
Richard F. Hadley 

Unique in its emphasis on the hydrology of rangelands, primarily arid and semiarid 
lands, RANGELAND HYDROLOGY provides a text for one aspect of range manage- 
ment where none has existed before. This expanded Second Edition presents in-depth 
information for those who must manage rangeland or respond to questions about the 
impacts of land use practices on hydrology. 

Included in the new Second Edition are a chapter on modeling with approaches to 
predicting the effects of land use, and a chapter on the rapidly developing field of snow 
pack management. 

The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material with each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers, soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate and undergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
paper laminated cover $15.00 US) 
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Correcting for Salivary Contamination of 
Esophageal Fistula Samples 
RICHARD H. HART 

Abstract 

The effect of salivary contamination on composition of esopha- 
geal ejecta samples can be calculated easily. Such calculations 
indicate contamination has little effect on the concentration of any 
organic constituent. Rinsing ejecta samples in distilled water 
should be discontinued because it reduces crude protein concentw- 
tion and in vitro dry matter digestibility and increases acid deter- 
gent fiber and lignin concentration. 

Esophageal-fistulated animals are routinely used to sample diets 
of grazing animals. However, researchersdisagree about the extent 
to which chemical composition of the diet sample is changed by 
salivary contamination. Wallace et al. (1972) reviewed 9 studies 
which compared composition of diets with that of esophageal 
fistula samples of the same diets. Two of the 9 studies reported less 
nitrogen in the sample than in the diet, and 2 reported the sample 
was less digestible than the diet. All reported a higher ash content 
in the sample. Wallace et al. (I 972) found no differences in compo- 
sition of diets and fistula samples, or in samples of untreated forage 
and forage soaked in saliva, when results were reported on an 
organic matter basis. Kiesling et al. (1969) stated: “Except for ash, 
the differences in chemical composition between hand-plucked 
and esophageal-fistula samples (are) apparently due to selectivity 
by the grazing steers.” 

, and Cr= (C.-C&i)/ Ed. (11) 
Marshall, et al. (1967) found 0.9% dry matter in bovine saliva 

and reported the composition of saliva dry matter (Table I). Hart 
et al. (1983) noted dry matter concentrations of SO and 23% in 
range forage and ejecta, respectively, when samples of each were 
collected simultaneously. Using these figures, the composition of 
an ejecta sample derived from a typical forage sample was calcu- 
lated. First S& the proportion of the ejecta dry matter contributed 
by saliva, was calculated, using equation (g), as 

sd= .009 (23 - .50) = ,02,5. 

.23 (.009 - .50) 

Then the proportion of ejecta dry matter contributed by forage, 
using equation (9), is 

Ed = I - .0215 = .9785 . 

Direct comparisons of diets and ejecta samples are plagued by 
extraneous sources of variance in sample collection, preparation, 
and analysis. Such variance can be avoided by approaching the 
problem mathematically. We can determine D., Dr and De, the dry 
matter concentrations in saliva, forage and ejecta, respectively. 
The dry matter concentration of ejecta is equal to the proportion of 
saliva in the sample times the dry matter concentration of saliva, 
plus the proportion of forage in the sample times the dry matter 
concentration of forage, or, if S and F are the proportions of the 
ejecta contributed by saliva and forage, 

SD. + FQ = D,. (1) 
Because F=I-S 
, then SD. + (I - S) Dr= D. i:; 

SD.+ Dr-SDr= De (4) 

and 
S CD. - Dr) = 4 -Dr (5) 

S = (9 - Dr) I (Ds - W. (6) 

The proportion of the dry matter in the ejecta contributed by saliva 
is equal to the proportion of saliva in the sample times the dry 
matter concentration of saliva, divided by the dry matter concen- 
tration of the ejecta, or sd = SDS/De. (7) 

Substituting equation (6), sd = D.(D. - Dr) 
(8) 

D. (D. - Dr) 

With such a small proportion of the dry matter in the ejecta con- 
tributed by saliva, it is obvious that the composition of the ejecta 
will be very similar to that of the forage except for those 
constituents present in grossly different proportions in saliva and 
forage. Equation (IO) was used to calculate ejecta composition 
from the values of !$ and Fd computed above and saliva and forage 
composition as given in Table I. For example, if C, is nitrogen 
content of ejecta, we calculate it as 

C, = 1.33(.0215) + 1.92(.9785) 
= 1.907 

Except in the case of ash, any differences in composition between 
forage and ejecta are quite small (Table I) and probably within the 
limits of experimental error. Lesperance et al. (1974) gave slightly 
different figures for salivary composition, namely 1.06% dry mat- 
ter, 80% ash on a dry matter basis, and 0.1-I .2% nitrogen, with 
most samples in the 0. I - 0.2% range, on a wet basis. This range in 
salivary composition would not alter the conclusions that salivary 
contamination has a minimal effect on all constituents of esopha- 
geal ejecta with the exception of ash. Furthermore, the composi- 
tion of saliva can be determined and the dry matter content of the 

Table 1. Composition of bovine saliva (Marshall, et. al. 1967) and a typical 
forage sample, and calculated composition of the derived esophageal 
ejecta sample. 

Then the proportion of the dry matter in the ejecta contributed by 
forage, 

Ed = 1 - sd. (9) 
Then if G, C. and G are the concentrations of any constituent in 
the dry matter of ejecta, saliva and forage, respectively. 

C,=ccaSd+@d WJ) 

Author is research agronomist, USDA, Agricultural Research Service, High Plains 
Grasslands Research Station, 8408 Hildreth Road, Cheyenne. Wyo. 82009. 

Component 

Dry matter 

Nitrogen 
Crude protein 
Neutral detergent fiber 
Acid detergent fiber 
Lignin 
Ash 
In vitro dry matter 

digestibility 

Saliva Forage Ejecta 

%, wet basis 

0.9 50.0 23.0 

%, dry matter basis 

1.33 I .92 I.91 
8.3 12.0 II.9 
0.0 68.0 66.5 
0.0 38.0 37.2 
0.0 6.5 6.4 

95.6 8.0 9.9 

100.0 62.0 62.0 
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forage estimated with some accuracy so that the equations given 
can be used to adjust composition of samples for contamination. 

Some researchers have sought to minimize contamination by 
squeezing the ejecta sample lightly to remove excess saliva, while 
others recommend rinsing with distilled water. When the quality of 
cattle diets was studied at Cheyenne (Hart et al. 1983) initially 
some of the student researchers rinsed and some squeezed the 
ejecta samples. We noted that rinsed samples were consistently 
lower in crude protein and in vitro dry matter digestibility 
(IVDMD) and usually higher in fiber components than were 
squeezed samples. Therefore, in 1977 we divided each ejecta sam- 
ple and squeezed half and rinsed half of each. The rinsed sub- 
samples averaged I. I percentage points less crude protein, 2.0 
percentage points more acid detergent fiber, 0.5 percentage points 
more lignin, and 5.7 percentage points lower in IVDMD. These 
differences were highly significant and quite consistent throughout 
the season. There was no significant difference in neutraldetergent 
fiber between the two methods of sample preparation. Because of 

these findings we no longer rinse esophageal ejecta samples, and 
have discarded any data based on rinsed samples. 
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A Point Frame for Circular Plots in Southern 
Forest-Ranges 
R.L. BAKER AND C.E. THOMAS 

Abstract 

A point frame has been modified to allow for plant cover esti- 
mates to a 152 cm height. Construction ofa third crossmember that 
can be added to a 76.cm tall point frame allows sampling pins to be 
projected both upward and downward. Spacings between pins 
were changed to produce equal sampling areas while sampling 
circular plots. This design was tested with a miniature point frame 
on artificial plant populations and was shown to measure within 
3~5% of actual cover values. 

The point frame, widely used in range ecological work, is nor- 
mally placed at selected field points or moved along a transect. 
Point frames have been used to measure plant height (Heady 1957) 
insect damage (Nerney 1960) leaf area (Warren-Wilson 1963) 
basal cover (Fisser and Van Dyne 1966), foliar cover, frequency, 
herbage production and species composition (Hughes 1962), and 
to determine plant density in rectangular quadrats (Ellison 1942). 

The basic point frame with its sampling precision (Schultz et al. 
1961, Hutchings and Pase 1963, Fisser and Van Dyne 1966) is 
easily modified and retains its accuracy and usefulness with design 
modifications. Point frames have been constructed of wood, steel, 
and aluminum. Modifications are normally made for specific pur- 
poses such as the sampling of a vegetation type, the increase of 
accuracy, or the ease of sampling (Nerney 1960, Long et al. 1972, 
Sharrow and Tober 1979). 

Foliar cover of herbaceous and woody vegetation is important in 
determining understory vegetation production and composition in 
southern forests (Pearson and Sternitzke 1974). The point frame 
can be used to determine foliar cover and botanical composition 
accurately; therefore, it was selected for use in training and check- 

ing ocular estimates of plant cover on I-m* circular plots by Forest 
Service Renewable Resource Evaluation field personnel during 
extensive forest resource surveys in midsouth forests. (Foliar cover 
of herbage can be used to estimate herbage production from estab- 
lished foliar cover-herbage production relationships). We will dis- 
cuss how modifications in frame height and pin spacing can allow 
the point frame to be used in small, circular plot sampling. 

Frame Dimensions 

On southern forest-range, herbage and browse foliage occurs 
throughout the 152 cm sampling height. Therefore we viewed our 
circular, l-m* sample plot as a cylinder, 152 cm high and I mr in 
cross section area (113 cm diameter); the point frame must be able 
to sample plant foliar cover from the entire volume of the cylinder 
( I .52m3). Frame width is 133 cm, which allows each leg to extend 
IO cm past the plot boundary and not influence vegetation along 
the plot perimeter (Fig. 1). The frame stands vertically, supported 
by 2 spike feet pressed into the soil. 

The main point frame height is 76 cm, one-half of the 152.cm 
sampling height investigated, with crossmembers at 38 and 76 cm 

Authors are range scientist and research forester. Southern Forest Experiment 
Station. 701 Loyola, New Orleans, La. 701 13. 

Appreciation is expressed to the Tulane University Delta Regional Primate 
Research Center for the use of laboratory equipment. 

Manuscript received July 23, 1981. 

lComplete step-by-step plans and instructions for this frame are available from the 
senior author. 
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Fig. 1. Diagram of the point frame showing third crossmember and pin 
spacings. 

(Fig. I). Crossmembers have holes and notches for pin guides 
(Rader and Ratliff 1962). Only between 0 and 38 cm are there 2 
guides per pin to guide pins straight. A third crossmember (I 33 cm) 
was constructed with legs about 43 cm long that are bolted to the 
legs of the main frame several centimeters below the second cross- 
member at 76 cm. This third crossmember that was added to the 
basic 76-cm tall main frame raises total frame height to 114 cm or 
three-quarters of the total l52cm sampling height and provides a 
second guide for pins sampling the 38. to 76-cm region. The third 
crossmember also allows the area from 76 to 152 cm to be sampled 
by projecting the pins upward through the second and third cross- 
members (Fig. 1). Pin length without the loop handle is 76 cm; so 
when the pin is projected upward and the handle reaches the 
crossmember at 76 cm, the pin point is at the I52 cm height. 

Pins of 3.2 mm (I / 8 inch) bronze welding rod arefashioned with 
a loop at one end; the other end is sharpened. Steel rod pins would 
hold straightness longer but in the humid South they would also 
rust quickly. Pins may become slightly bent during use, but the 
data variation associated with failure of pins to follow a plumb 
line, in our judgment, is acceptable because of the objectivity 
associated with pin hits and relationship to vegetation on the 
ground. There is some disturbance of shrub foliage because of 
frame height and size, but this too is judged to be acceptable since 
cover can be sampled up to a 152 cm height. 

Our frame is constructed of 2.54-cm (1 inch) angle aluminum. 
This frame is held together by 4.8.mm (3/ I6 inch) stove bolts and 
can be dismantled for transporting or shipping if necessary. Time 
required for manufacturing the aluminum frame, without pins, 
was about 3 man-hours. 

Pin Spacing 

Pins normally are spaced equally in point frames, but in sam- 
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Fig. 2. Composite illusrration of alternative sample point distributions 
within a circular plot: (a) equally spaced radial points, unequalareas; (b) 
quadratic spacing, no central point, equal areas; (c) quadratic spacing 
with central point, equal areas. 

pling circular plots, the central portion of the plot is over-sampled 
at the expense of the outer portion (Gaiser 1951, Van Dyne 1965) 
(Fig. 2a). A circular point frame used on circular microplots 
sampled from the entire microplot at one placement and did not 
have to be moved (Morris 1973); therefore, all areas sampled by a 
pin were of equal size and shape. Our frame design for this study 
began with a IO-pin frame, and 100 pin readings per plot were 
required. A circular, conceptual sampling plot was divided into 5 
concentric circular regions, each equal to the central circle in area 
(Fig. 2b). The plot was subdivided by 20 equally spaced radii 18’ 
apart resulting in 100 sampling areas. Pin locations in the sampling 
frame were obtained using quadratic mean radii. This design cor- 
rects fc1 the usual sample concentration at or near plot center, 
which is obtained using equal spacing distance between points on 
radii (Van Dyne 1960, 1965) (Fig. 2b). 

Because of the apparent sampling void in the center of the circle 
(Fig 2b), an 1 Ith point is located at the center of the frame, which is 
read only once (Fig. 2~). Thus, 101 pins are read per plot and slight 
differences in sampling percentages for each pin, I / 100 vs I/ 10 1, 
are easily handled by modern calculators and computers. Side 
lengths of each of the 100 sampling areas differ slightly in each 
circular ring but are equal in area (Fig. 2~). Pin holes and notches 
were made 0, 19,3 1,40,47, and 53 cm from the center of the frame. 

Design Testing 

mire 1968). To simulate “natural” conditions, the decision was 
made that no “plant” would have a radius greater than that of the 
plot, and that the total “plant”did not have to be located within the 
plot boundary (Fig. 3). 

Understory vegetation data that had been collected on I-m* 
circular plots in Tennessee forests were used to determine the mean 
and standard deviation for the plant size and number of plants in 
each of 30 test plots. Plant size, number, and location were selected 
using an electronic calculator random number generation program 
(Gaiser 1951, Van Dyne 1960). Size and number of plants were 
considered to be distributed normally around the calculated mean 
while location in the plot was considered to be randomly distrib- 
uted. Plant location was selected, first, by determining the compass 
bearing of a plant in the plot (I-360’) and, secondly, the radius 
distance of the plant center from the test plot center (O-56.5 mm). 
Plant size was then determined and “plants”(discs) were drawn on 
test plots with a compass. The process was repeated for every 
“plant” occurring in each test plot. 

Thirty test plots were constructed on paper (Fig. 3). Number of 
plants ranged from 3 to 13 per plot; individual “plant”size ranged 
from less than 1% to 43% of the test plot cover. The miniature point 
frame was used to determine percent canopycover by”plants”; 101 
points were read on each test plot. Total plot canopy cover was 
determined, so areas of overlapping plant canopies were counted 
only once. Each test plot was read twice; the second time frame 
placement on the plot circumference was 90 away from initial 
readings, and any test plot with point readings differing by more 
than 2% was resampled to verify results. 

Point frame readings were compared with results from deter- 
mining area by a dot grid and by weight. A dot grid was con- 
structed with 4 dots representing I % of the test plot cover. “Plants” 
(discs) with known areas of 1% to 40% were read twice with the dot 
grid to test dot grid accuracy, and the counts were never more than 
f0.75% different. Each of the 30 test plots was sampled twice with 
the dot grid; and if percent canopy cover from test plot dot counts 
differed by more than f 2% or was more than f3’% different from 
point frame canopy cover readings, recounts were made to verify 
results. “Plants” were then cut from each test plot and paper 
“plants” from each plot were weighed on a Mettler H54-AR analyt- 
ical balance to the nearest 0.01 milligram. “Plants” (discs) of 
known area were cut from paper and weighed resulting in a stand- 
ard curve to determine cover of the 30 test plot samples (Fig. 4). 
Samples of 26 combinations of known circular area representing I 
to 100% of test plot cover were weighed and replicated independ- 
ently, and if weights differed more than f 1.00 milligram, those 

Ideally, design modifications made to a point frame should have 
no adverse effect on accuracy. The canopy cover of artificial popu- 
lations was sampled with a miniature point frame we constructed 
to test our pin spacing for circular plots (Schultz et al. 1961). 
Artificial plant populations were constructed on miniature, circu- 
lar, paper test plots instead of constructing a large population 
board. The miniature point frame and test lots were made to a scale 
of I mm = I cm and 1 mm* = I cm*. In order to determine plant 
cover parameters of the population within each plot, the simulated 
plants were all kept circular and canopy cover was measured 
instead of foliar cover. Canopy cover is the percentage of ground 
included in a vertical projection of imaginary polygons drawn 
about the total natural spread of foliage, while foliar cover is the 
sum of shadows that would be cast by leaves and stems (Dauben- 

360 0 

Fig. 3. Representative sample plot with artificialplants shown as circles. 

JOURNAL OF RANGE MANAGEMENT 36(l), January 1983 122 



samples were reweighed. Linear regression was used to develop a 
standard curve for cover from the known area weights; Rz for the 
standard curve was .999. The regression equation was used to 
determine percent cover of the 30 test plot samples (Fig. 4). 
Weights were the most accurate method of determining cover. 

Canopy cover from miniature point frame counts on the 30 test 
plots was compared to test plot canopy cover determined from disc 
weights using a chi square test for accuracy (Freese 1960). Canopy 
cover readings from the miniature point frame with modified pin 
spacings were within &S% of the actual cover (as measured by 
weight) 95% of the time. Cover determined from dot grid counts 
was within f4% of the actual cover (weight) 95% of the time. Test 
plots with larger “plants”( I5 to 25% cover) near the plot center or 
with small, dispersed “plants (5 30/o cover) representing less than 
15% of the plot cover were the most difficult plots for the miniature 
point frame to accurately sample because of pin spacing. Increas- 
ing the number of pins on the frame would probably increase the 
accuracy but it would also increase the time required for sampling. 
Further research could be done to determine the total number of 
pin readings necessary for different levels of reliability within 
circular plots. 

Application 
Addition of a third crossmember to a point frame to allow 

upward projection of pins to sample vegetation cover to a I52 cm 
height with little additional disturbance to the vegetation produces 
additional flexibility of the point frame in southern forest-range. 
The point frame is initially placed at a randomly selected started 
point along the circumference of the l-m2 circular plot. The subse- 
quent 9 frame placements are made about 18 cm apart. The third 
crossmember can easily be attached or detached, depending upon 
vegetation height being sampled. 

Equipment weight and builkiness are important considerations 
in southern forests when sampling equipment must be carried long 
distances or through dense understory to reach the sample loca- 
tion. Thus, a light-weight aluminum point frame is preferred and 
can be entirely dismantled for transport or reconstructed within 5 
minutes using only a screwdriver and wrench. The point frame 
design can easily be used with larger or smaller circular plots but 
new pin locations must be calculated. If plot diameter reaches such 
a length that the required size point frame becomes unwieldy, then 
a shorter frame the length of the plot radius can be used for 
sampling. These changes allow an increased use of the point frame 
for plant ecological surveys in southern forest-range. 
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TECHNICAL NOTES 

A Modified loo-Point Frame for Vegetation Inventory 

FAISAL K. TAHA, H.G. FISSER, AND R.E. RIES 

Different modifications of the point frame, originally developed 
by Levy and Madden (1933), have enabled many investigators to 
we it for their particular situations. Of importance are those 
modifications made by such authors as Hanson (1934). Tinney et 
al. (1937), Winkworth(l955). Headyand Rader(l958). Headyand 
Van Dyne(l963), Longetal. (1972). Shaverand Fisser(l972),and 
Owensby (1973). These modifications have demonstrated a need 
for many sample points and the great amount of time often 
required to obtainadequatesamplenumbers. Thisreportdescribes 
a point frame which has proven helpful in obtaining adequate 
sample numbers. With steel plot location pins driven into the soil, 
readings from the same permanent quadrats have been obtained 
over a number of years (Cox 1977). The frame and pins can be 
relocated with no more than 2-3 mm change in position. This 
device has been tested on a short-grass prairieecosystem in eastern 
Wyoming where the vegetation basal and foliar cover is readily 
quantified with point data because of the low strata of most 
species. 

The sampling device is made of two major components, the 
point frame and thequadrat base. Construction precision is based 
on standard American machine shop measures. The frame shown 
in Figure I is made from aluminum angle I”X I” X l/8” (2.5cm X 
2.5cm X 0.3cm). It is painted aluminum to prevent sum glare 
(Headyand Rader 1958).The heightoftheframeis 123/4”(32cm), 
width 25 3/4” (65cm). and the lower cross bar is positioned 9” 
(23cm) from the top of the frame. Twenty pins of steel welding rods 
36” (9lcm) long and 3/32” (0.2cm) in diameter, sharpened to a 
needle point with a long bevel, are spaced 7.6” (3cm) apart in the 
frame as shown. Brass pipe fittings with l/S” (0.3cm) diameter 
holes are attached through 7/ 16”(l.lcm) diameter holes drilled in 
the crossbar. These fittings, with rubber 0 rings for tension adjust- 
ment, hold the pins in any desired position but allow smooth 
downward movement for recording data Removal of these pins is 
not needed for travel between plots. The pinsare easily bent so care 
is required when using the,,, 

The quadrat base shown in Figure 2 measures 30 X 60 and 35 X 
65 cm for interior and exterior dimensions, respectively. It is also 
made from aluminum angle. At one end, 5 steel support tubes, 1” 
(2.5cm) inside diameter and 2/3” (6.3cm) long, are installed. A 
similar number of tubes are installed at the other end, but with a 
reduced length of 314” (1.9cm). The tubes are placed 6 cm apart 
with the first one being 3 cm from the inside quadmt corner. A 
bubble level is attached to a side and an end of the base to ensure a 
horizontal placement. The base is supported by 4 legs that can be 
shortened or lengthened, depending upon vegetation height and 
topographic configuration at each sampling area. 

The two steel tube legs of the point frame are 12” (30cm) long 
with 26132” (2.0cm) outside diameter. They fit inside 2 movable 
sleeves that are placed into the steel support tubes on the quadrat 
base. Each sleeve is 8 1/2”(21.6cm) long. Theoutsideofthelower2 
l/4” (5.7cm) of the sleeve has been reduced to 31/32” (2.4cm) 
diameter for access into the quadrat basesupport tubes.Theupper 
portionofthesleeve with an outsidediameterof I 1/6”(2.7cm) has 
an inside diameter of 27/32”(2. Icm) toaccept thepointframesteel 
tube legs. A set screw is positioned I” (2.5cm) from the top ofthe 
sleeve to enable positioning the point frame at increased heights. 
Markings at I” (2.5cm) intervals are inscribed on the point frame 
steel tubes to allow for measurement of point frame heights. 

Once sampling location is identified, the point frame is placed 
into the quadrat (Fig. 3). Each pin is lowered separately and the pin 
hit recorded. When the 20 pin hits are completed, the frame is 
moved to the next position on the quadrat base. When all 5 
positions have been observed, a total of 100 points have been 



recorded from a single 30 X 60 cm quadrat sample. Thus, the 
technique provides great advantages in obtaining adequate sam- 
pling for vegetation in general and enhances in particular, the 
ability to approach sample adequacy for minor species. 

Field experience has demonstrated that the point frame is easily 
used with two crew members, one to read the pin hits and the other 
to record the information. Once the field crew were familiar with 
the technique, they were able to record 7500-8000 points per 
S-hour day. Vegetation inventory was conducted on a range- 
ecosystem that covered 3100 ha and was comprised mainly of 
rough breaks, level upland sagebrush-grass ephemeral clay lake 
bottoms, and moist stream channel areas. 
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Analytical Reliability in the Decision Making Process-The 
Numbers Game 
RICHARD MCQUISTEN AND KARL A. GEBHARDT 

Abstract 

This paper is not intended to give the pros or cons of conventional 
sampling methods (generators of numbers). Rather, our intent is to 
emphasize the importance of the credibility and integrity of the generated 
number, by what ever methodology selected, and point out some problems 
that can be encountered when numbers are poorly generated or analyzed. 
As generators of numbers we are responsible for the end-products of data 
analysis for the decision maker. 

In response to a 1977 Presidential directive to the Council on 
Environmental Quality, CEQ, an Interagency Task Force was 
developed to review present federal environmental monitoring and 
data collection programs and to recommend effective improve- 
ments. The Federal Government depends upon the analyses that 
result from such programs to direct sound policy and decisions. 
These directives affect the public health and welfare and result in 
large annual expenditures of funds by all levels of government and 
the private sector. During the past few years, several major federal 
environmental and data collection programs were found to be 
inadequate. 

Although concern about the reliability of analytical results has 
always existed, this concern has come more into focus because of 
the growing interest and activity in environmental pollution con- 
trol, with its heavy reliance on analytical results for enforcement, 
regulation, and litigation. This concern primarily is due to the 
inherent limitations in the conduct and analysis of observed mea- 
surements. Certainly, since there are no absolutes in analytical 
results, in terms of a particular protocol, some indication of value 
or reliability of the results is needed. 

Consistent with environmental pollution control, range man- 
agement deals with precious resources and cannot be ignored when 
implementing monitoring and data collection programs. Vegeta- 
tion data, as do other natural resource data, relate thecondition of 
a system at a particular place and time. It is not possible to perform 
verifying remeasurement because of the inherent special and tem- 
poral variability of the system. Additionally, if a sample is collected 
and analyzed, the nature of the sample is often changed in the 
measurement process (i.e. clipping, water quality dynamics, etc.). 
Because of the impossibility of verifying past measurements, qual- 
ity assurance can only rest on documented application ofproven 
methodology by qualifiedpersonnel following accepted guidelines 
on sampling design. The accuracy of measurement and analysis are 
all too often placed at the bottom of range management priorities. 
Inherently, the lack of such accuracy can result in litigation, incor- 
rect decisions, or even worse, poor range management. 

Anyone active in the environmental field appreciates the impor- 
tance of accurate measurements. Many important environmental 
issues require that difficult decisions be made on the basis of data 
taken at numerous monitoring stations over long periods of time. 
Such data, include many different parameters (utilization, compo- 
sition, cover, water quality, erosion, etc.) that are simultaneously 
fitted into decisions which manage the range resource. The impor- 
tance of the data used in rangeland management cannot be over- 
looked. Simply, we must be prepared to provide accurate 
quantitative answers to questions such as: “How much variability, 
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both in space and time, is there from a measurement system?“, “Is 
the variability equivalent in other similar locations?“, “What is the 
significance of the differences observed in the two locations?“, and 
“How well do the analyses represent what should be done for the 
range resourcey. 

Reliance on Numbers 

Our present day society has increased its reliance on numbers to 
staggering degrees. This can generally be attributed to our increase 
in technological capability and refinements in data collection and 
processing. Computer technology has increased our ability to util- 
ize quantitative techniques to the extent that once complex, time- 
consuming calculations can now be done in a matter of seconds. 
With this increased capability has come an almost sacred reliance 
on the number, (as an absolute value, 1X1). Many of us use 
numbers without regard to their origin, reliability, or limitations. 
Numbers can be useful, or they can be quite devastating- 
depending upon how they are generated and interpreted or misin- 
terpreted. It is incumbent, then, upon the resource specialist (the 
originator of the “number”) to identify and quantify all the factors 
which affect the precision and accuracy of measurements, identify 
inherent variability and uncertainties in the sampling and analyses 
process, and to establish a monitoring system which will detect 
important environmental changes. 

Precision, Accuracy, and Significance 
Technology is advancing so rapidly that many basic concepts are 

not adequately understood nor applied to the depth required by 
present day needs. Some research effects have become so acutely 
focused on details that application to the basic problem becomes 
lost. So it is with numbers. To many, numbers are presented 
without regard to the user needs (those who must interpret or 
understand them). This often results in confusion, wasted effort, 
and loss of credibility. Nothing confuses a concept like the person 
who uses but does not fully understand the generated number. 
Numbers must be understood in terms of precision, accuracy, and 
significance. 

Precision measures mutual agreement among individual mea- 
surements, usually under prescribed similiar conditions (EPA 
1980). It describes reproducibility, independent of accuracy. For 
example, if a range technician takes a large number(n) of samples 
(of N observations) on a range and each sample comes out as 14% 
cover, his sample is very precise (Schultz et al. 1961). Many factors 
affect the precision of an analytical measurement. Included are 
sensitivity to sample contamination, knowledge and skill of 
observer, error contributed by the sampling device, and natural 
influences in the system. Equally important is the ability to obtain a 
representative sample aliquot for each replication. 

Accuracy is the degree of agreement of a measurement with an 
accepted reference or true value (EPA 1980). In the above example 
on precision, accuracy of the observations is unknown. The appli- 
cation of “accuracy” can be better understood if the types of data 
classes are understood. Generally three basic types of data exist 
(Lide 1981). 

Class A-repeatable measurements on well-defined systems. 
Such data are subject to verification by repeated 
measurement. 
Class B-observational data. Time and space dependent. 
Generally cannot be checked by remeasurement. 
Class C-statistical data-not necessarily scientific, such as, 
demographic data, energy consumption, health statistics, etc. 
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All too often, accuracy and precision are confused. Schultz (196 I) 
points out that there are too many papers in range literature 
referring to “best” methods, implying most accurate, using one 
favorite method as a standard. Unfortunately, it seems we must 
continue to relearn the basics; i.e., sampling procedures and 
methods of measurement must be compared with known values. 

Table 1: Data use categorization for each parameter. 

Level of Confidence Use 

Significance is a difficult, complex, and frequently misused con- 
cept. Significance, whether in terms of difference or similarity, can 
exist only in terms of a relationship to some base datum, e.g., a 
previous measurement. Knowing the precision and accuracy of a 
measurement leads to an understanding of significance, whether it 
refers to a change in vegetal cover or complex; a violation of a given 
standard, e.g., water quality; or some other acceptable base line. 
Often times, a level of significance exists at too low a level of 
confidence to make a justifiable decision on the basis of the 
reported data. Thus, significancy determination (of a number) 
usually does require basic statistical analyses, i.e., sensitivity, relia- 
bility, correlation, and error, to determine either similarity or 
dissimilarities. Statistics in range management should be consi- 
dered a necessity rather than a luxury. 

is expressed in Table I. (These are arbitrary values, meant only to 
provide an exemplary data use categorization). Ultimately, the 
goal should be to combine all parameters to determine a confi- 
dence in all data generated for a specific analysis report in order to 
define the usefulness of the report’s conclusions. 

Typically, use of numbers is not single-purpose oriented. In land 
management practices, it is common to make various biological 
measurements, which generally are not used until they are com- 
bined with other data to provide information ultimately leading to 
a land management recommendation-livestock grazing capacity, 
for example. A determination of this type relies on vegetation 
measurements, livestock use, and climatic data. Rarely do the final 
capacity figures include an indication of uncertainty(measurement 
error) of the numbers used in making the determination. This 
places the decision maker in a tenuous position of not knowing the 
significance of the capacity figure so that reasonable adjustments 
to the carrying capacity can be made. Can he go higher or lower? 
How important is the climate? Should the allocation include some 
adjustments that consider occurrence frequency of drought? And 
so on. 

>95% 
x35% 

>75% 
<75% 

General purpose, litigation, etc. 
General purpose, land use decisions, etc. except 

litigation 
Reports, with qualifications 
Information purposes or discard 

Combined Numbers 

Validity of a Number 
A number’s usefulness depends upon some given level of confi- 

dence. Unfortunately, in entirely too many instances it can be 
shown that our methodologies are such that a very minor change 
(e.g., a reagent concentration, a “professional opinion of the 
amount of vegetal cover”, etc.) would result in a major change in 
the value of the reported number. Conversely, other methods are 
so inexact that a relatively large change in input data leads to little, 
if any, change in the final result. In the extremes of both these cases 
there is a valid question as to what is really being measured. 

A measurement system can be inaccurate and imprecise, having 
both random and systematic errors. It can be precise but inaccu- 
rate, having systematic errors. It can be accurate and precise, 
having neither random nor systematic errors. Before placing a 
great deal of confidence in it, the use must consider the makeup of 
the number. Validation of the number requires several types of 
information. A few examples are: 

Was appropriate and adequate sampling equipment used? 
Were sampling procedures described in detail? 
Were precautions established to avoid sample 
contamination? 
Were appropriate techniques used in selecting sampling sites? 
Were replicate samples taken in order to define sampling 
variablity? 
Were background samples taken? 
Were the sampling frequency and duration adequate and 
appropriate to the purposes of the project? 
Was the sampling program designed to assure all samples are 
representative of the source? 
Was the sampling method commensurate for intended appli- 
cation; i.e., is it too accurate or not accurate enough? 
Did the analytical methods measure the appropriate variable 
and result in data of adequate detection limit (accuracy and 
precision commensurate with project requirements)? 
Were the results reported correctly, (with no typographical 
errors and with correct units assigned)? 
Were samples preserved to prevent changes between the 
times of collection and analysis? 
Were the analytical methods able to overcome suspected 
interferences in the samples? 
Were the personnel making the measurement qualified to do 
so? 

In principle, a generated number can be accurate and imprecise; 
however, if the imprecision is high, there is no reasonable way to 
test its accuracy. Ideally, a number will be both accurate and 
precise. However, since this ideal situation is seldom achieved, it 
becomes necessary to define an acceptable level of confidence in 
the data. A conceptual design for hiearchial parameter confidence 

Another example involves determination of soil loss using soil 
loss equations. Most of these equations were empirically developed 
for use on cultivated crop lands and are now being applied to other 
areas such as rangelands. These equations are made up of a number 
of parameters including precipitation, erodability, length of slope, 
steepness of slope, and ground cover. The individual parameters 
measured generally do no have a known degree of associated error 
specified. Any one of the parameters can have considerable varia- 
bility, which may result from multiplicative, divisional orexponen- 
tial error, causing the production or estimate from the equation to 
have a high degree of unreliability. 

It is vitally important that a minimum confidence limit for the 
factors involved in a combined number, and the sensitivity of the 
combination for any factor with a low confidence limit, be estab- 
lished before a generated “number” is used. Otherwise, the number 
user may obtain an unequivical value upon which his demon- 
strated conclusion is based. 

Clearly then, use of combined data must be carefully assessed 
and presented, relative to its end use, or a correct final result may 
not be reached. 

Over-Extension 
Overextension is the practice of developing conclusions based 

on projected data of limited range and/ or application. While many 
overextended conclusions may be correct, over-extension 
becomes serious when critical decisions are based upon incom- 
plete, inaccurate, or limited analyses. Usually it presentsa far more 
credible description than is actually the case, for example, extrapo- 
lation beyond the range of values in a regression equation. Appli- 
cation of over-extension causes a false sense of security to those 
who depend on the information developed to make a decision. To 
avoid over-extension, one must, at a minimum, qualify assump- 
tions and conclusions developed from such data. 

Some of the best examples of over-extension can be found in 
environmental analyses and impact statements. Often these docu- 
ments are required to quantify impacts on the environment using 
qualitative data. To be colloquial, they often use “space-age analy- 
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sis with horse and buggy data.” 

Traceability 
The word ‘%aceability”causes much confusion because it is one 

of those words that mean different things to different people. 
Citing of traceability requirements by regulatory agencies, for 
environmental measurements, is common. For example, the 
Environmental Protection Agency invokes traceability require- 
ments in its “Hazardous Waste Guidelines and Regulations” [40 
CFR Part 2501, December 18, 1978. 

Interpretations of traceability have sometimes focused on the 
documentation of instrument calibration rather than on the accu- 
racy of the measurements. For example, one may have a “widgit” 
detector properly and accurately calibrated, but if it is improperly 
used, the data it produces will be worthless. In brief, calibrated 
instruments are usually a necessary, but often insufficient, condi- 
tion for demonstrating traceability. Many factors besides thequal- 
ity and accuracy of the instruments used will affect the accuracy of 
the measurements, including the procedures used, skill and train- 
ing of the operator, environmental conditions, etc. Traceability 
cannot be achieved until it can be shown that the actual measure- 
ments produced by the measurement process are, on a continuing 
basis, accurate relative to national or other established (specified) 
standard (Belanger 1978). 

Faulty Analysis 

Faulty analysis, like over-extension, is an error on the part of the 
person generating the number. However, unlike over-extension, 
faulty analysis usually has acceptable data but poor application of 
analysis techniques. If the method selected is inappropriate for the 
situation, results will be inaccurate. Without thorough knowledge 
and evaluation of the factors affecting various methods, an inap- 
propriate method may be selected. Since most measurements 
and/ or samples represent a unique set of conditions a universally 
applicable method is difficult to establish. Lack of descriptive 
controls, resulting in misinterpretation of good data, is an addi- 
tional cause of faulty analysis. For example, in many research 
projects, even though proper study designs and analysis techniques 
were used, the project conclusions are invalid because good and 
bad data were used interchangeably. 

Problem Solutions 
To this point, this discussion has attempted to define the prob- 

lem of using imprecise, inaccurate, unvalidated, unreliable, misin- 
terpreted data and, to some degree, limitations in using derived 
numbers. As a means of solution, it is suggested that utilizing good 
quality assurance/quality control procedures will provide the 
sought-for level of acceptability. Quite likely in the near future, as a 
result of the CEQ Task Force report on Quality Assurance(menti- 
oned in the introduction), each Federal agency responsible for 
monitoring programs will be required to establish its own quality 
assurance program. Such programs should be adopted by the 
natural resource profession in order to promote reasonable and 
scientifically sound management decisions. 

Conclusions 
The importance of measurements required by environmental 

analyses and regulations is becoming increasingly recognized. The 
inherent concern is detecting significant changes resulting from a 
proposed action. As investigators, results of our analyses play an 
extremely crucial role in the entire environmental process. There- 
fore, we need to be more concerned with using representative data 
in determining changes in environmental conditions, emphasizing 
identification of natural variability, monitoring of real changes 
and traceability to accepted standards. As generators of numbers, 
we are responsible for the end-products of data analyses, and we 
must be cognizant of the many problems that can be encountered 
when numbers are poorly generated or inadequately explained. 
Briefly stated, we must be assured of thecredibility and integrity of 
the number generated for the decision making process. 
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Rangeland Ponding Dikes: Design Criteria 
JOHN M. TROMBLE 

Abstract 

Water pending is used for controlling onsite and nmcm water while 
increasing infiltration and soil water storage. The dikes are constructed in a 
crescent or horseshoe shape, with the first dike constructed at the highest 
elevation on the site and additional dikes at progressively lower elevations. 
Some factors affecting dike construction, layout and spacing are water 
ponding depth, percent slope, soil type, and site topography. Such dikes 
have improved soil water regime on arid rangelands by increasing the 
infiltration opportunity and have decreased the soil erosion potential by 
controlling overland flow. 

Degenerated rangelands producing low amounts of herbage 
present a serious problem in the arid Southwest. Low, sporadic 
rainfall and high summer temperatures plus an eroded soil surface 
make improving rangeland in the Southwest very difficult. 

On some sites the erosive forces of wind and water remove the 
surface soil, exposing a subsoil that is, or subsequently becomes, 
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impermeable to water (Tromble et al. 1977). Such areas are com- 
monly near basin floors and usually have silty or clayey soils, which 
seal rapidly under the impact of raindrops. 

The most outstanding characteristic of these arid sites is their 
extremely low production of herbage. These sites are essentially 
wasteland supporting little vegetation (Cunningham et al. 1974). 
They have some value as catchments for earthen tanks, although 
the high yields of runofffrom the impermeable surface mean that 
only a relatively small surface area is needed to fill a tank. 

Hubbell and Gardner (1944) stated that cattle and sheep prefer 
areas flooded by water spreading, and that these areas can with- 
stand heavy grazing without being overutilized. Peterson and 
Branson (1962) evaluated structures built by the Civilian Conser- 
vation Corps in New Mexico and Arizona. Although many of the 
structures failed within the first years, Peterson and Branson 
reported that in many instances vegetation composition had been 
improved. Valentine (1947) analyzed a number of schemes for 
manipulating runoff on dry rangelands and reported that in some 
cases little or no response was obtained because of soil factors. 

Water ponding is a method used for controlling onsite and 
runon surface water flow while increasing infiltration and soil 
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Fig. 1. Soil wafer profilesfor the control treatment and the 7.5cm water 
ponding dikes on July 31, 1979. 

water storage (Tromble, in press). This method involves the pond- 
ing of shallow sheets of water on land subsequent increased infil- 
tration to achieve additional storage of soil water for plant growth. 

In this paper I discuss a technique of water ponding on range 
that uses a series of crescent-shaped dikes and describe general 
criteria for design and construction of the dikes. 

Improving the Soil Water Regime 
A major problem in reclamation of barren eroded soils is provid- 

ing and maintaining an adequate supply of soil water in the plant 
rooting zone. This problem is accentuated on arid rangelands 
because of the low total quantity of rainfall, low infiltration, and 
high runoff rates. Tremble et al. (1977) reported that infiltration 
rates were low, and rainfall events of 5 mm produced runoff from 
barren rangeland sites in southern New Mexico. 

Water ponding at a depth of 7.5 cm increased the amount of soil 
water storage in a silt loam soil as shown in Figure 1. Soil water was 
not limiting to plant growth at or below the 20-cm soil depth in the 
ponding sites. Ponding water also greatly lengthened the time soil 
water was available for plant growth. Although the 7.5cm water 
ponding depth increased soil water throughout the measured soil 
profile, soil water gradually decreased in the soil profile below 
60-cm depth. This indicates that ponding water at 7.5 cm in depth 
would provide additional water in the plant rooting zone but 
would limit water lost to deep seepage on silty loam soil. 

Periodic sampling of soil water on a control site indicated that 
very little water infiltrated the soil surface even after heavy rains. 
Consequently the soils remain more or less permanently in a near 
air-dry state, so that revegetation would be extremely difficult. 
Observations made on barren areas support this and suggest that 
such barren areas are essentially a permanent feature in arid 
regions. Infiltration data (unpublished) for the control and the 
water ponding area indicated that infiltration rates remained low 2 
years after treatment. The advantage of water ponding in this 
situation is the increase in the length of time over which water is 

ponded and available for infiltrating the soil. Once runoff is con- 
trolled and erosion reduced either natural regeneration of forage 
species can occur or accepted range seeding techniques can be used 
for revegetation of the treated areas. 

Design and Construction 
The dikes are designed to form a crescent or horseshoe shape 

with water spilling around either or both ends. Water may be 
guided across the slope by dikes designed so that one dike spills 
into the next lower dike. Placement of dikes on a slope begins at the 
highest point and progresses toward the lower areas so that the 
dikes are not overtopped and subsequently washed out. Identifying 
the points with flags as they are surveyed will reduce the confusion 
that could result when many dikes are laid out before construction 
is begun. 

Dikes should be surveyed by use of either a dumpy level or 
similar survey equipment. Normal surveying procedures are fol- 
lowed with survey points flagged every 30 m. If the site is extremely 
variable in relief and slope, points may have to be more closely 
space. Each dike is surveyed as a succession of flagged points with 
the end points upslope to allow the desired water ponding depth. 
Length of the dike can be varied to fit the site best. Once the 
maximum ponding depth has been surveyed, points can be sur- 
veyed on the same level to include a greater area within the pond 
before establishing the other end point of the dike. If enough area 
for water ponding has already been included within the dike, or if 
site constraints limit dike length, dike end points may be estab- 
lished as soon as maximum depth has been attained. Normally, 
individual dikes should not exceed 300 to 500 m in length, because 
the water flow for longer dikes becomes increasingly large and 
difficult to control. Thus, a series of shorter dikes across the slope 
with gaps between them that permit passage of surplus water is the 
preferable arrangement. 

The direction of water flow can be regulated by locating one end 
of the dike higher than the other so that water flows out the lower 
end (see Fig. 2). If the dike is constructed with both ends at the 
same elevation as in Figure 2-B water will flow in both directions. 
The scheme as shown in Figure 2-B would not guide water across 
the slope. 

J 

Fig. 2. Schematic of dikes showing direction of warerflow (A)around rhe 
right end, (B) around both ends, and (C)around the left end of the dike. 

As Figure 3 illustrates, water that normally would flow around 
the left end of the upper dike to the dike directly below it, can be 
diverted by construction of a wing dike across the slope. Wing 
dikes should be surveyed to have a slight slope so that the water 
flows unimpeded but not rapidly enough to cause serious soil 
erosion. 

The distance between each series of dikes is a function of the 
slope and water ponding depth. Enough distance between dikes 
can be left to provide a source area for runoff water. Usually a 2: I 
or I: 1 water runoff area to ponding area is satisfactory. The depth 
of water ponding is governed by the slope of the site, the infiltration 
rate of the soil, and the susceptability of the plants to drowning. 
For example, on silt loam soils having a low infiltration rate and a 
slope of less than I%, a water ponding depth of 7 to 8 cm has 
proven satisfactory. Ponding depth may vary on a given site and 
from one site to another. It is generally economically impractical to 
pond water over all of a site. There are usually portions that can not 
be included within the ponding area because of the complexities of 
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Fig. 3. Schemaric of dikes showing the use of a wing dike IO transport the 
frow of water in a particular direction. 

site relieaf. These unponded areas provide runoff for the ponded 
portions and thus form an integral part of the overall ponding 
system. 

Ponding water at a depth of 7 to 8 cm has stimulated plant 
growth on silt-loam soils, plant production has more than doubled 
as compared with untreated areas (unpublished data). Although 
the range of water ponding depths varies, less permeable soil 
requires ponding water at shallower depths than soils with greater 
permeability, because prolonged ponding may kill desimble 
plants. 

Equipment used for the construction of dikes may vary, but the 
dikes constructed using a motor grader have proven more practical 
and economically satisfactory in trials on the Jornada Experimen- 
tal Range (Fig. 4). Satisfactory dikes may be constructed using a 
farm tractor and plow, but usually these are smaller and require 
considerable maintenance. The surveyed line represents the lower 
toe of the constructed dike. The number of passes the motor grader 
makes depends upon the soil type and water content and the 
desired height of the dike. When completed, the dike should have a 
round rather than a V-type crest since the rounded crest is less 
affected by livestock trampling. The dikes should be constructed 
high enough to allow for settling of the loose soil material and 
should have a minimum freeboard of about 30 cm after settling. 
For example, for water ponded at the 7 cm depth, the constructed 
height of the dike after settling should be about 37 cm above the 
original ground level. Broad-based dikes with a bottom width of 2 
to 3 m are more stable than narrower dikes. 

Construction of the dikes from the downslope side has the 
advantage of better utilizing rainfall from small showers. When the 
dike is constructed or partially constructed from the upslope side, 
runoff from small showers is usually contained in the upslope 
furrow. 

Sharp curves in the dikes should be avoided if possible. Dikes 
with sharp curves are difficult to construct using a motor grader, 
and the portion of the dike with the sharp curve tends to have a 
V-shaped crest, which is more vulnerable to degradation. It would 
be preferable to survey each dike to form smooth, easily con- 
structed curves even though the grade along the dike is somewhat 
irregular. 

Fig. 4. Dike construction using a motor grader. l%e dike is being con- 
structed from the lower side. 

Summary and Conclusions 

Water ponding is a rangeland improvement technique adapted 
to gently sloping terrain for improving the soil water regime. 
Design of the dikes is regulated by the slope of the land and the 
particular soil type of the site. Layout of a complete system is rapid 
and is accomplished using an inexpensive dumpy level. Flow of 
water is controlled and can be maneuvered over the landscape. 
Controlling the flow of water reduces erosion and sedimentation. 

Dikes should have a rounded crest which is less susceptible to 
degeneration and trampling by livestock. Finished dikes should 
have approximately 30 cm of freeboard above the ponded water 
surface to reduce overtopping by wave action and allow for erosion 
by wind and water. Revegetation in the ponding areas can occur 
either through natural regeneration or by use of accepted range 
seeding techniques. 
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Pedicellate Spikelet Fertility in Big Bluestem from Eastern 
South Dakota 
A. BOE, J.G. ROSS, AND R. WYNIA 

Abstract 

Within a nursery of big bluestem (Andropogon gerardii Wt.) from seed 
collections made in eastern South Dakota, 86% of the plants possessed 
fertile pedicellate spikelets. From 10 random culms of 462 plants represent- 
ing 20 different collecetion sites, seed-bearing sessile and pedicellate spi- 
kelets were separated and weigbed. A highly significant difference was 
found among sites for pedicellate spikelet seed yield. Fertile pedicellate 
yield was po&ively correlated (r = 0.69, P < 0.01) with total seed yieki of 
ten culms. Pedicellate spikelet caryopses weresmaller than seasiles from tbe 
same plant, suggesting they were of inferior quality. 

The inflorescence of big bluestem (Andropogon gerurdii Vit.) 
possesses 2 types of spikelets at each rachis node. The sessile 
spikelets are usually perfect, while the pedicellates have been des- 
cribed as staminate or neuter (Hitchcock 195 I, Gould 1968). How- 
ever, Wheeler and Hill (1957) pointed out that the pedicellate 
spikelet “often contains a well-developed grain.” Ross (1973) 
observed fertile pedicellate spikelets in nursery populations of big 
bluestem derived from South Dakota collections and noted that 
seeds from the sessile spikelets were much larger than from 
pedicellates. 

Casady and Miller (1970) found genetic variation from pedicel- 
late spikelet hermaphroditism in Sorghum &color L. populations. 
One population from China had 72% hermaphroditic pedicellate 
spikelets. Pedicellate spikelet caryopses were smaller and produced 
a greater percentage of abnormal seedlings than sessiles. 

Big bluestem is a notoriously poor seed producer (Cornelius 
1950); but since it possesses slightly more pedicellate than sessile 
spikelets, it is feasible that seed production could be substantially 
increased by increasing pedicellate spikelet fertility. The objectives 
of this study were to determine, within a nursery ofeastern South 
Daota ecotypes, the frequency of occurrence and potential agro- 
nomic usefulness of plants possessing fertile pedicellate spikelets. 

Materials and Methods 
Big bluestem seeds collected in 197 I from 20 relict sites (hereaf- 

ter referred to as sites) in eastern South Dakota were planted in a 
spaced-plant nursery at Brookings in 1972. Sites were assigned to 
whole plots at random and families were randomized within sites. 
A family consisted of plants obtained from seeds of a single plant. 
Replication was not possible because of the small numbers of seeds 
per plant in nature. To help compensate for lack of replication, a 
level uniform soil area was selected. lnflorescences were harvested 
in 1977 from IO culms of 462 plants representing approximately 5 
families from each of the sites. These were separated into sessile 
and pedicellate spikelets by hand screening through I .2 by 9.5 mm 
holes. Pedicellate spikelets were awnless, glabrous, and more terete 
than sessiles and readily passed through the holes. Fertile spikelets 
were separated from steriles using a South Dakota seed blower. 

Hierarchal analysis of variance was used to analyze the seed 
yield data. Since number of families and number of individuals 
within families were not equal for all sites, a computer analysis 
employing PROC NESTED (Barr et al. 1976) was used. 

Caryopses were threshed from sessile and pedicellate spikelets of 
15 plants from 5 random sites. Weights were obtained for 2 samples 
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of 30 caryopses for both sessile and pedicellate spikelets from each 
of the 15 plants. 

Phenotypic correlations between seed yield characters were 
made on an individual plant basis. 

Germination tests were conducted on 2, 30-caryopses samples 
from sessile and pedicellate fractions of 4 random plants. 

Results 
Fertile pedicellate spikelets were obtained from 86% of the 

plants harvested. The range in fertile spikelet yield from IO random 
culms for each plant was from nil to 2.78 g for the pedicellate 
compared to 0. I5 to 9.20 g for the sessile. The grand means were 
0.38 and 1.94 g for the pedicellate and sessile, respectively. 

Highly significant differences among sites were found for total, 
sessile, and pedicellate spikelet seed yields (Table I). Highly signifi- 
cant differences among families were found for total and sessile but 
not for pedicellate. 

Table 1. Mean squares from analysis of variance of total, sessile, and pedi- 
cellate seed yields. 

Mean square 
Source of variation df Total Sessile Pedicellate 

Among sites 19 4.19”’ 3.09** 0.49*’ 
Among families 

wlthm sites 104 I .90** 1.42** 0.14 
Among individuals 

within families 338 I .28 0.82 0.1 I 

‘**Significant at the 0.01 level. 

Highly significant positive correlations were observed between 
sessile and pedicellate (r = 0.47, p<O.Ol), sessile and total (r = 
0.97, X0.0 I), and pedicellate and total (r = 0.69, P<O.O I) spikelet 
seed yields from 10 culms. 

Caryopses weight of sessile spikelets of 15 random plants from 5 
sites was significantly greater (KO.01) than pedicellate spikelet 
caryopses weight from the same plants. Mean 30 caryopses weight 
of the sessiles was 43. I f I .8 compared to 3 I .7 f I .2 mg for the 
pedicellates. 

Germination tests indicated 78 and 89% germinability for pedi- 
cellate and sessile spikelet caryopses, respectively. 

Discussion 
These preliminary observations indicate that pedicellate spikelet 

fertility is common in eastern South Dakota big bluestem popula- 
tions. Considerable variation for this trait was found among sites, 
suggesting that selection for increased pedicellate spikelet fertility 
may be possible based on inherent ecotypic differences. 

Plants that-exhibited high degrees of pedicellate spikelet fertility 
tended to be the highest total seed yielders based on IO culms from 
each plant. Increasing pedicellate spikelet fertility in a breeding 
population could feasibly increase seed yields dramatically. Of 
course, the relationships of pedicellate spikelet fertility to other 
seed yield components, such as number of flowering culms and 
seed size, need to be determined. 

Pedicellate spikelet caryopses tended to be smaller and more 
shriveled than sessiles, and, as might be expected, their germina- 
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tion was somewhat lower. However, we did observe many plump, 
well-developed caryopses in the pedicellate fractions. 

Previous taxonomic treatments (Hitchcock 195 I, Gould 1968) 
have not indicated the occurrence of perfect pedicellate spikelets in 
big biuestem. Future treatments should note the occurrence of this 
character, particularly in eastern South Dakota ecotypes. 

Because of its enormous potential for increasing seed yield, 
pedicellate spikelet fertility is being studied with the intent of 
incorporating it into a variety. 
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Disappearing Forbs in Microhistological Analysis of Diets 
MJ. SAMUEL AND GENE S. HOWARD 

Abstract 

Table 1. Actual and estimated percentages of forbs from hand- 
compounded slides. 

Most forage plants in animal diets cnn be identified by microhistological 
analysis. However, the epidermis of some forb species apparently does not 
survive the slide making process. These fragik spedes can probably be 
identified by the difficulty encountered in finding identifiable fragments on 
reference slides. 

Reports of the diets of grazing herbivores have become common 
in the literature. One of the standard procedures for determining 
diets is described by Sparks and Malecheck (1968). They conclude, 
for mixtures of the species which they used, that there was a I:1 
ratio of estimated dry weight percentage:actual dry weight percen- 
tage and also of the percent particles counted:actual dry weight 
percentage. However, they warned that the I: I ratio might not be 
valid for some species. Dearden et al. ( 1975) gave correction factors 
for 7 species which did not show the I:1 ratio. 

Species 

Fringed sagewort 

Rush skeletonplant 
Scarlet globemallow 

Nebraska lupine 

Dalmatian toadflax 

Wavyleaf thistle 

Total 
Actual % Fragments fragments 

% weight seen identified 

IO 5 400 
20 18 250 
25 27 150 
IO 7 350 
33 29 300 
IO 6 450 
33 I5 300 
20 0 100 
34 3 200 
25 4 100 
34 2 300 

Vavra et al. (1978) and McInnis et al. (1983) have indicated that 
some differences seen in diet estimates between esophageal, rumen, 
and fecal samples were due to differential digestion of epidermal 
material. Marshall and Squires (1979) reported differential losses 
of isolated epidermis during the grinding process. Common snow- 
berry (Symphoricarpos albus (L.) Blake) was partially destroyed 
during sample preparation even without digestion (Vavra and 
Holechek 1980). 

This paper compares the actual percent weight with estimated 
percentages of forb fragments on reference slides for 6 forb species. 

Methods 

included on the reference slides. On these slides there was only one 
forb per mixture and all identifiable forb fragments were counted. 
Grasses and sedges made up the remainder of the mixture. Data 
were combined across years and identifiers. Fringed sagewort 
(Artemisiu frigidu Willd.), rush skeletonplant (Lygodesmiu juncea 
(Pursh) D. Don) and scarlet globemallow (Sphuerulcen cocciniu 
(Pursh) Rydb.) had estimated values reasonably close to the actual 
weights. Nebraska lupine (Lupines pluttensis Wats.) was seen at 
levels about half of what would be expected from the amount in the 
slide mixture. Dalmation toadflax (Linariu dulmnticu (L.) Mill.) 
and wavyleaf thistle (Cirsium undulutum (Nutt.) Spreng.) almost 
disappeared. 

Reference material was collected, dried at 60’ C, and ground in a 
Wiley Mill to pass a 40-mesh screen. Hertwig’s and Hoyer’s media 
were used for clearingand mounting(Ward 1970). Reference slides 
were made with 3 to 6 species of known weight on each slide to 
check method and observer accuracy of cattle diet determination 
(Samuel and Howard 1982). Reference slides were not identified as 
such to the 2 identifiers in 1975 and 1977 and were read along with 
the diet slides. In 1976 the identifiers knew which were reference 
slides. Slides were scanned back and forth with a phase contrast 
microscope at 125X. A total of 25 (in 1976) or 50 (in 1975 and 1977) 
fragments were identified per slide. 

Species which are not readily seen may have an epidermis which 
does not separate readily from lower cell layers, does not survive 
the grinding of slide preparation, or is altered during digestion. 
Species with epidermis which is not easily discernable could proba- 
bly be identified from the reference slides. When reference slides 
are prepared in a standardized manner, identifiable fragments are 
readily seen on the slides. Species which require an unusual 
amount of scanning on the reference slides to find identifiable 
fragments should be put into compunded mixtures for quantifica- 
tion of the visibility of the species. Procedures developed by 
Dearden et al. (1975) and Vavra and Holecheck (1980) can be used 
to develop correction factors for underestimated species. 

Results and Discussion 
Table I gives data from selected species of forbs which were 
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“Improved” Sand Dams for Wildlife Habitat Management 
VERNON C. BLEICH AND RICHARD A. 

Abstract 

WEAVER 

Suggestions for improving the efficiency, dependability, and simplicity 
of the sand dams des&%ed by Sivils and Brock (1981) are presented. 
Recommendations which may result in decreased installation and 
maintenance costs are included. 

Sivils and Brock (198 I) recently presented suggestions for the 
development of sand dams to increase water availability in arid 
regions. While the idea is not new (see Halloran and Deming 1956, 
1958), its presentation is timely because earlier designs failed to 
incorporate subterranean, soil-free reservoirs. The design of Sivils 
and Brock, however, is not without potential flaws and is 
unnecessarily complicated. We, therefore, offer suggestions for 
improving the efficiency and dependability of such devices, while 
simultaneously increasing their simplicity. 

The most vulnerable part of the system is the float valve. Float 
valve failures have been a major problem in guzzlers installed for 
mountain sheep in California (Bleich et al. 1979). They are subject 
to jamming by foreign objects, including sand particles, organic 
material, or small rocks, which may lodge in the valve seat, causing 
the valve to stay open and drain the stored water. To minimize this 
possibility a 30-cm (l-foot) length of capped 15-cm diameter well 
screen (Johnson Screen) should be connected via a bell reducer to a 
SO-mm (2-inch) outlet pipe on the upstream side of the dam. Such a 
screen will prevent particles larger than 0.75 mm from entering the 
drinker line, thereby decreasing the chance of a float valve failure. 
Replacing the pipe passing through the dam, should it be broken 
by falling rocks (Bleich et al. 1979), is difficult. We recommend that 
the outlet pipe be galvanized material; if desired, the drinker line, 
which is more easily replaced, may be plastic. 

It is unnecessary to plumb the collecting culverts into a common 
outlet, as suggested by Sivils and Brock, because stored water will 
naturally seek the lowest point behind the dam, flowing through 
rocks, sand, the Johnson Screen, the outlet pipe, and into the 
drinker line. Of course, the outlet must be located at the lowest 
possible point on the dam. The time and money saved by not 
plumbing the culverts to a common point may be substantial. 

If a relatively high dam is to be constructed, the culverts may be 
“layered’* to increase storage capacity. Again, the water level in the 
culverts will decrease as water is used at the drinker. In order to 
minimize potential damage from initial heavy food flows, layered 
culverts should be bolted together, and the bottom layer should be 
attached to the rock substrate with rebar or other suitable material. 
Once the dam has naturally backfilled with sand and gravel, this 
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problem will diminish. It will be necessary to drill into the rock to 
anchor the collection system. 

It is not necessary to drill holes throughout the top third of the 
culverts as suggested by Sivils and Brock, because the ends of the 
culverts are not tightly sealed. A few large rocks, or heavy wire 
screen placed over the ends of the culverts will allow the culverts to 
fill and drain adequately, and the savings in man hours of drilling 
alone may be substantial. 

The design and construction of the dam may be the most 
important aspect of the entire system. Because of the low 
evaporative capacity of a thick layer of sand (National Academy of 
Sciences 1974), seepage at the concrete/ bedrock interface may be 
of substantial importance in determining how long a given amount 
of stored water will last. For the most efficient dams, we suggest 
following the guidelines outlined by Gray (1974). 

Sand dams have great potential for improving wildlife habitat in 
arid regions. Several species, including mountain sheep, are 
thought to have declined substantially as a result of recent drought 
conditions (Weaver 1973). Although traditional spring 
developments (Weaver et al. 1958). guzzler installations (Bleich et 
al. 1979), and even technologically advanced methods( Bleich et al. 
in press) are available, we feel there is good potential for the 
application of “improved” sand dams to the management of 
wildlife habitat. We emphasize, however, that the sand dams must 
be dependable, efficient, and economical to construct. The 
suggestions presented here will help others to achieve those 
objectives. 
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BOOK REVIEWS 

SYMPOSIA AND REPORTS 

Soil Conservation Policies, Institutions and Incentives. 
Edited by Harold G. Halcrow, Earl 0. Heady, and Melvin 
L. Cotner. 1982. Soil Conservation Society of America, 
7515 Northeast Ankeny Road, Ankeny, Iowa 50021.33O 
p. 3%. 
This publication by the Soil Conservation Society of America is 

based on a symposium held May 19-21, 1981, at Illinois State 
Park, Zion, Illinois. The symposium focused on issues and a 
research agenda, and was organized by the North Central Research 
Committee 111: Natural Resource Use and Environmental Policy. 
Co-sponsors included seven organizations; three from the 
U.S.D.A. 

The editors state, “. . . conservation progmms have received 
about the same level of funds over the past 40 years. In other words, 
conservation investments by the public sector have not increased 
commensurate with intensive cropping practices and associated 
concerns about soil erosion and water quality. Consequently, a 
renewed interest in resource conservation has evolved”. Therefore, 
this book covers important issues surrounding soil erosion and 
reflects one part of the process to examine the nation’s strategy for 
resource conservation. A broad view is offered by providing a 
historical and conceptual perspective for conservation efforts 
through the two articles in Part I: History of Soil Conservation. 
Part II: The RCA Soil Conservation Policy Process, contains three 
articles which critique federal and state levels. The role of individu- 
als and the private sector in conservation is examined in the three 
articles of Part 111: Attitudes and Behavior of Farm Owners and 
Operators Towards Soil Conservation. Four articles reexamine 
the conceptual base for publicand private action to conserve soil in 
Part IV: Socially Preferred Trade-Offs in Soil Conservation. Part 
V: Alternative Strategies to Achieve Soil Conservation, contains 
two articles which evaluate current and alternate strategies. The 
articles in each section are followed by an authored discussion 
which supports, adds to, or questions concepts and/or practices 
presented. 

This volume should be of interest to administrators, academi- 
cians, legislators, and natural resource managers, especially those 
dealing with soil, water, and vegetation directly or indirectly.--Ed. 

Grasses and Grasslands: Systematics and Ecology. Edited 
by James R. Estes, Ronald J. Tyrl, and Jere N. Brunken. 
1982. The University of Oklahoma Press, Norman, Okla. 
73019. 312 p. Paper-$12.50. 
This publication is the proceedings of a symposium sponsored 

by the American Society of Plant Taxonomists, the Ecological 
Society of America, and the Botanical Society of America. It was 
held in conjunction with the Thirtieth Annual Meeting of the 
American Institute of Biological Sciences at Oklahoma State Uni- 
versity in Stillwater, Oklahoma, August 12- 17, 1979. 
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The eleven articles in the two parts of this publication approach 
grasses and grasslands in an evolutionary perspective. The editors 
state, “The infusion of evolutionary thought into the field of 
botany has forced botanists to examine phenomena and relation- 
ships beyond their own disciplines-a return to catholic attitudes 
and interests of Darwin himself. The articles assembled here reflect 
that trend . . .“’ Illustrated by two papers titled “Carbon Balance in 
Grasses” and “Organization of Grassland Communities”. The edi- 
tors further state that “The appositeness of Neo-Darwinian con- 
cepts of gene pool, fitness, natural selection, genetic drift, 
hybridization, and isolation barriers are expressed. . .“in the four 
papers titled, “Major Trends of Evolutions in the Poaceae and 
Their Possible Significance”“Human Interference with Grass Sys- 
tematics”, “Interactive Processes in Grassland Ecosystems”, and 
“The Role of Herbivores in Grasslands”; and “. . . the continued 
synthesis required to express evolutionary relationships”are found 
in the three papers titled, “Species Formation in Aegilops and 
Triticum’: “Genomic and Phylogenetic Relationships among 
North American Perennial Triticeae”, and “The Generic Concept 
and Generic Circumscription in the Triticeae: An End Paper,“and 
“An Evolutionary Model Summarizing the Roles of Fire, Climate, 
and Grazing Animals in the Origin and Maintenance of Grass- 
lands: An End Paper”. 

These articles achieve a synthesis through reinterpretation of 
prior data, new information, and should be stimulatingforagrono- 
mists, botanists, and range ecologists--Ed. 

NEW PUBLICATIONS 

Common and Scientific Names of Nebraska Plants: Native 
and Introduced. By the Nebraska Statewide Arboretum. 
nd [ 19821. Nebraska Statewide Arboretum, I 12 Forestry 
Sciences Laboratory, UNL-East Campus, Lincoln, Neb. 
68583. Publication No. 101. 85 p. Paper-$3. 
This publication is a revision of the Common and Scientific 

Names of a Selected List of Nebraska Plants, Native and 
introduced, 1967. The revision has been sponsored by the 
Nebraska Statewide Arboretum and follows the format of the 1967 
edition. 

An attempt has been made to give each plant a standard, single 
common name. The common names used are preferred by the I5 
state, federal, and university contributors. If common names were 
unknown, they were coined using the Latin translation of the 
species. Also, an attempt was made to give a single common name 
to each genus in conjunction with the species. However, some 
genera carry more than one common name. For example, Psoralea 
is listed as both scurf pea and breadroot (p. 37) and Artemisia is 
listed as artemisia, sagebrush, and sagewort (p. 67), with the 
specific species binomial using one or the other. The nine general 
guidelines used to establish the common names are listed and are 
adapted from the U.S.D.A. Forest Service Tree and Range Plant 
Committee’s introduction to the Checklist of Native and 
Naturalized Trees of the United States (including Alaska) by 
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Elbert L. Little, Jr., 1953. 
Not all Nebraska plants are included in this publication since it is 

a selected list of both native and introduced species; the basis for 
selection is not mentioned. The plants are coded as to whether they 
are native, introduced, hybrid, and/or a state plant. Also, the 
authority is listed for all plants and a synonym for some plants. 

The publication includes a list of contributors, an index to 
common names, and is divided into Ferns and Related Genera; 
Grasses; Sedges, Rushes, and Related Genera; other Monocots; 
Legumes; Composites; other Dicot Forbs; Woody Plants; and a 
selected bibliography. An index to genera is not provided. 

The contributors hope that the common names listed “. . .will be 
accepted and used by ranchers, farmers, scientists, reserachers, 
naturalists, students, and all others interested in Nebraska 
resources.“--Ed 

Interpreting the Environment (Second Edition). Edited by 
Grant W. Sharpe. 1982. John Wiley and Sons, Inc., One 
Wiley Drive, Somerset, N.J. 08873. 694 p. $25.95. 
Sharpe states that “The purpose of this book is to share ideas 

with the managers, planners, and interpreters of parks, forests, 
refuges, and equivalent areas. . .” Gary Everhardt states in the 
forward that “Park administrators at every level share a common 
objective: to improve the quality of experience that visitors may 
enjoy in their area.” 

To accomplish that purpose, this book has been authored by 22 
individuals contributing to 28 chapters. The chapters are grouped 
into five parts: The Interpretive Process (6 chapters), The 
Techniques of Interpretation (IO chapters), Supporting Activities 
(9 chapters), Professional Development (2 chapters), and the 
World Scene (I chapter). Each chapter is followed by a list of 
general references and references cited. 

In this second edition, suggestions from first edition users have 
been incorporated and most chapters have been updated. The 
addition of chapter 24, “Historical Interpetations” represents one 
of the previously neglected interpretative areas, and chapter 7, 
“Information Duty” emphasizes communication skills. The 
conventional approaches to interpretation. which have been field 
tested and proven successful, are emphasized in this edition as in 
the first edition. 

The book is well illustrated with figures and numerous black and 
white photos, contains a 30-page index, and appears to fulfill its 
stated intented purpose.-Ed. 

Population Ecology: A Unified Study of Animals and 
Plants. By Michael Begon and Martin Mortimer. 1981. 
Sinauer Associates, Inc., Sunderland, Mass. 01375.200 P. 
Paper-$16.95, cloth-$33.00. 

Drs. Begon and’Mortimer are associated with the University of 
Liverpool, Departments of Zoology and Botany, respectively. 
Their book is intended primarily for undergraduate students with 
little or no prior knowledge of the subject and designed to describe 
the present state of the subject. 

The book is divided into three parts: Single-Species 
Populations, Interspecific Interactions, and Sytheses. The three 
parts consist of eight chapters: “Describing Populations,‘* 
“Intraspecific Competition,” “Models of Single-Species 
Populations, ” “Interspecific Competition,*’ “Predation,” “Life- 
history Strategies, n “Population Regulation,” and “Community 
Structure”; each chapter is further divided into several 
subchapters. The text is followed by a list of references, an author 
index, an organism index, and a subject index. 

The authors define Population Ecology as “the study of the sizes 
(and to a lesser extent the distribution) of plant and animal 
populations, and of the processes-particularly the biological 

processes-which determine these sizes.” The authors state that 
they “. . . have avoided complex mathematics. . . and have tried to 
play up the importance of real data from the real world: it is these, 
and not some mathematical abstraction, which must always be the 
major and ultimate concern of the population ecologist.” 

The book is well illustrated and the authors present their view on 
the subject which should provide stimulus for both students and 
“experts.“-Ed. 

Ryder’s Standard Geographic Reference: Satellite Photo- 
Atlas of the United States of America. By Nicholas G. 
Ryder and Martin Ellison. 198 I. Ryder Geosystems, Sa- 
tellite Mapping Division, I155 Sherman Street, Denver, 
Colo. 80203. 213 p. $49.95. 
Ryder designed this volume “to fill a void that exists between 

conventionally drawn maps, and simple vertical aerial and space 
photos”. The intent is to complement other maps and/ or atlases, 
not replace them. 

The reference consists of LANDSAT photos covering the U.S. 
and is divided into six sections: The Far West, The Rocky 
Mountain Region, The Great Plains, The Mississippi Basin, The 
East, and Alaska/ Hawaii. 

Individual l:l,OOO,OOO scale LANDSAT images were assembled 
into large black and white photo maps using a mosaic technique 
done by the U.S.D.A. Soil Conservation Service. The 3 I X 49 cm 
photo maps in this volume consist of more than 600 individual, 
essentially cloud-free images. The path-row identification number 
of the nominal center point of each individual LANDSAT image 
has been plotted to facilitate obtaining high resolution, glossy, 
false-color (infrared) photographs of any area in the Continental 
U.S. An appendix is provided which lists where the photos may be 
obtained. The photo maps have been assembled from 
LANDSAT’S multispectral scanner, near infrared band 7 
(0.8-1.1). No dates are given for the mosaics. 

The longitude/latitude grid plotted in this volume is at a lo X lo 
interval, thereby allowing virtually any point in the U.S. to be 
located if its coordinates are known. The LANDSAT image Center 
points have been plotted and numbered based on a row/path grid. 
The nominal center point marks may be used to locate a scene for a 
single frame image closest to the area of interest; or if the row/ path 
number is known but its location is not, a LANDSAT Center Point 
Index is provided. Also, plotted and labeled on each photo mosaic 
are major highways, cities, geologic landmarks, state boundaries, 
time zones, and air navigation (VOR) stations. 

A somewhat simplistic Satellite Photo Interpretation Guide is 
provided to aid individuals who are not familiar with vertical 
photography. The guide gives black and white photo examples of 
39 common land surface features and the page number of a mosaic 
on which these features appear; such as airports, alluvial fans, 
glaciers, marches, and mountains. A helpful addition would have 
been arrows pointing to the specific item of interest. 

An appendix describes the basic LANDSAT system, and a 
transparent Geoplotter is available for $5.00. The Geoplotter is 
designed to determine nautical/statute miles, approximate acres, 
area of coverage, and longitude/latitude.-Ed. 

Resource Use by Chaparral and Matorral: A Comparison of 
Vegetation Function in Two Mediterranean Type Eco- 
systems (Ecological Studies 39). Edited by P.C. Miller. 
1981. Springer-Verlag New York Inc., 44 Hartz Way, 
&caucus, N. J. 07094. 455 p. $39.80. 
This volume summarizes four years of research on the climate, 

vegetation distribution, phenology and growth, energy exchange, 
water relations, carbon balance and allocation, and plant and 
ecosystem nutrient relations of the Mediterranean scrub regions in 
southern California and central Chile. This study builds upon and 
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used the same study sites that were used for the preceeding IBP study 
which addressed the structural aspects of these two ecosystesm (di 
Castri and Mooney. 1973. Medilerranean Type Ecosystems: 
Origin and Structure). The current volume illustrates the 
quantitative approach to the study of relationships of plants with 
their environment and with each other. 

The authors “wished to test the theory of optimization or 
maximization of resource use by capitalizing on the accumulated 
comparative information [from the preceeding International 
Biological Program] on the Mediterranean scrub regions of 
California and Chile”. The objective of this research was “To 
examine the hypothesis that vegetation in regions of similar 
environments, despite different phylogenetic histories, displays 
similar patterns of resource utilization and similar patterns of 

nutrient and carbon allocation to vegetative and reproductive 
structures”. The authors defined resource utilization as “The 
quantity of resource [water, light energy, inorganic nutrients] 
taken up by the species or vegetation and used”; and defined 
resource use efficiency as the “dimensionless ratio of the quantity 
taken up to the quantity that became available to the vegetation”. 
The hypothesis was tested in both simulation experiments and 
direct field measurements. 

The results of this study are divided into 12 chapters authored 
individually or jointly by the 19 study contributors. The volume 
concludes with a 25 page Literature Cited Section, a four page 
Resumen, and a subject/author index. This work is relevant to 
those interest in the functional aspects of chaparral and matorral 
ecosystems and the application of ecological theory to natural 
systems.-Ed. 
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The Society for Range Management, founded in 1948 as the American Sociefy of 
Range Munugemenr, is a nonprofit association incorporated under the laws of the State of 
Wyoming. It is recognized exempt from Federal income tax, as a scientific and 
educational organization, under the provisions of Section 501(c)(3) of the Internal 
Revenue Code, and also is classed asa publicfoundationasdescribed in Section 509(a)(2) 
of the Code. The name of the Society was changed in 197 I by amendment of the Articles of 
Incorporation. 

The objectives for which the corporation is established are: 

-to develop an understanding of range ecosystems and of the principles applicable to 
the management of range resources; 

--to assist all who work with range resources to keep abreast of new findings and 
techniques in the science and arr of range management; 

-to improve the effectiveness of range management to obtain from range resources rhe 
products and values necessary for man’s welfare; 

--to create a public appreciation of the economic and social benefits to be obtained 
from rhe range environment; 

-to promote professional development of its members. 

Membership in the Society for Range Management is open to anyone engaged in or 
interested in anyaspect of thestudy, management, or use of rangelands. Pleasecontact the 
Executive Secretary for details. 

Contribution Policy 
The Society for Range Management may accept donations of real and/or personal 

property, subject to limitations imposed by State and Federal Law. All donations shall be 
subject to control by the Board of Directors and their discretion in utilization and 
application of said donations. However, consideration may be given to the donor’s wishes 
concerning which particular fund account and/or accounts the contribution would be 
applied. 

We recommend that donor consult Tax Advisors in regard to any tax consideration 
that may result from any donation. Donations may be made by bequests, legacies, devises 
or transfers from private individuals, partnerships, corporations, foundations, sections, 
organizations, estates, and trusts, or a memorial fund established as an expression of 
remembrance to members of real and/or personal property. Donations can be sent to the 
Society for Range Management, Executive Secretary, 2760 West Fifth Avenue, Denver, 
Colorado 80204. 
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