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Aerial Photo Interpretation 
on British Columbia Rangelands 

T. M. LORD AND ALASTAIR MCLEAN 

Soil Scientist and Plant Ecologist, Canada Department of 
Agriculture, Research Station, Vancouver and Kamloops. 

Highlight 

Following intensive study of soils and plant communities 
in the Princeton area of southern British Columbia, it 
became apparent that photo interpretation techniques 
could be used to greater advantage in soils surveys and 
land classification than as simply field mapping guides. 
Significant relationships between soil-vegetation-physio- 
graphic units and photo patterns appeared. The area, a 
topographic low within the Thompson Plateau, contains 
mainly Chernozemic soils developed under grassland and 
open tree cover. Six land units were distinguished by 
combinations of tone, pattern, and texture on aerial 
photos as determined by topography, nature of bedrock 
or surficial deposits, drainage, kinds of vegetation, and 
patterns of micro-features and were related to land use. 

This study indicates how some characteristic 
aerial-photo patterns of vegetation and land forms 
were used as an aid to soils survey and land classifi- 
cation in the Princeton basin, a local topographic 
low of some 75 square miles, in southern interior 
British Columbia. 

During the departmental soil survey and map- 
ping of the Princeton district (Green, Lord, and 
Hortie, 1963) aerial photographs were used mainly 
as field mapping guides. Following intensive study 
of soils and plant communities (Lord and Green, 
1969) it became apparent that photo-interpretation 
techniques (Buringh, 1954; Colwell, 1960) could 
be used to greater advantage in soil surveys and 
land classification in this region similar to that 
done in Australia (Gibbens and Downes, 1964). 

The basin contains mainly Black and Dark Gray 
Chernozemic soils under grassland and open tree 
cover and is surrounded by Podzolic and Brunisolic 
soil areas (soils nomenclature follows the Canadian 
classification system (Leahey, 1965)) of the forested 
plateau. 

The vegetative zones of the study area have been 
classified by McLean (1969) as ponderosa pine, 
douglasfir, and subalpine fir. 

Mathews (1944) and Hills (1962) investigated 
the glaciation of the Princeton coalfield, while 
Rice (1960) described the geology of the area. A 
drumlinized till plain occupies most of the basin 
area. The few large drumlins are composed of 
thick glacial till. However, over areas of more 
gentle relief the till ranges in thickness from about 
10 ft to a fraction of a foot on abraded rock ridges. 
The textures of the till reflect the composition of 
the underlying sedimentary rocks and lavas, and 
the nearby granitic intrusives. Extensive gravelly 

outwash deposits cover the main valley floor and 
mantle the beds of former meltwater channels. 
Terraces, pitted outwash, fans, and alluvial flood- 
plains are the major land forms of the valleys. 

filethods 

Valley bottomlands and much of the basin area have 
been soil surveyed in detail (Green et al., 1963). The 
remainder of the area encompassed within the photo has 
received a reconnaissance soil survey (Lord and Green, 
1969). The vegetation was classified ecologically and the 
major plant communities described. One aerial photo- 
graph (Fig. 1) of the northern section was selected to 
illustrate soil-vegetation-terrain units. 

In order to determine broad patterns of vegetation, 
drainage, and terrain, the photographs were first studied 
as a mosaic. Then the major landscape units formed by 
tonal and textural images of landform, slope, drainage, 
and vegetation under the stereoscope were delineated on 
the photograph. The boundaries on this photo-interpreta- 
tion map were then checked in the field by standard 
soil survey procedures and observations of vegetation and 
landform. 

Plant nomenclature follows Hitchcock et al. (1955, 1959, 
1961, 1964) for the dicots and Davis (1955) for all other 
plants. 

Results and Discussion 

The three major landscape units identified and 
delineated on the photograph (Fig. 1) are: 

Unit A (four subunits)-smooth glaciated up- 
lands, grass or tree covered. 

Unit B-irregular steeply-sloping valley sides. 
Unit C (two subunits)-narrow, irregularly- 

shaped valley bottoms and terraces associated with 
drainage courses. 

Each unit and subunit is described by its char- 
acteristic landform, plant community, and soil pat- 
tern and is correlated with its photo image. Two 
stereograms (Fig. 2) illustrate typical units and 
subunits; in the lower stereopair the two subunits 
of Unit C are delineated. 

Unit A. 

This major unit includes the upland areas of the 
basin and part of the plateau above the valley 
steeplands. Four subunits are described below. 

Subunit A I.-Occasional large drumlins, ori- 
ented in the direction of the southerly ice flow, 
interrupt the generally subdued rolling landscape. 
Over most of the area, moderately coarse textured 
till deposits form a smooth mantle over bedrock. 

Photo Pattern.-The uniform light tone, slightly 
mottled texture, and absence of tree cover 
help to separate this grassland unit from the treed 
areas. It is further distinguished from other grass- 
lands or clearings by topographic position, den- 
dritic drainage network, fluted pattern, and lack 
of current scars. 

Soils.-The Black Chernozemic Great Group of 
soils predominates on the grasslands of the till 
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the darker-toned “speckled” photo image caused 
by growth of different tree species. Additional 
diagnostic features are: lack of an integrated drain- 
age pattern, numerous dry gullied channels, and 
the pattern of farm clearings. 

Soils.-Soils of the Podzo Regosol Great Group 
occupy most of the subunit. Cutanic Podzo Reg- 
osols developed on sandy loam and loamy sand 
till (Shisler series), merge with Dark Gray soils 
developed on these materials along the grassland 
boundaries and in forest clearings. Some of the 
associated soils have morphological features of the 
Western Brown Forest soils of the USA. 

Vegetation.-Plant communities of the douglas- 
fir zone occupy most of this subunit. The forest 
cover is open to medium dense, and is dominated 
by douglasfir (Pseudotsuga menziesii) associated at 
lower elevations with ponderosa pine and at higher 
elevations with lodgepole pine (Pinus contorta). 
Aspen is often a prominent tree of the forest open- 
ings on the deeper soils. Two principal plant com- 
munities dominate. The drier community, gen- 
erally at low elevations, is douglasfir-idaho fescue. 
Pinegrass (Calamagrostis rubescens), idaho fescue, 
and bluebunch wheatgrass characterize the ground 
cover. This community is most commonly found 
on the Dark Gray soils. The community on less dry 
sites is the douglasfir-pinegrass community which 
is found largely on Cutanic Podzo Regosols and 
some Orthic Gray Wooded soils. The ground 
cover is dominated by pinegrass associated with 
bearberry (Arctostaphylos uva-ursi), northwestern 
sedge (Carex concinnoides), and whitetop spiraea 
(Spiraea betulifolia). 

Correlation.-The distinctive relief and vegeta- 
tive pattern of the photo image was borne out by 
field observations. Clearings within the subunit 
and along grassland boundaries need careful field 
checks. 

Land Use.-This subunit is well suited to in- 
tegrated use, producing a medium dense forest 
which also yields a significant volume of forage. 
These areas have a low-medium growth potential 
for douglasfir and ponderosa pine (average site 
indexes 70 and 80 respectively). Sites without sig- 
nificant tree influence have an average carrying 
capacity of 5 to 7 acres/animal-unit-month. The 
subunit is used for summer range for cattle and for 
the harvest of douglasfir and ponderosa pine. 

Subunit A 3.-Glacial flutings and drumloidal 
forms are characteristic of this subunit. 

Photo Pattern.-The dark gray tones, uniform 
texture, and linear pattern are distinctive features 
of the photo image. The pattern of modified 
trellis drainage with narrow irregularly-shaped de- 
pressions, light-toned rock outcrops and low ridges 
are further aids to identification. 

Soils.-A catenary sequence of Podzolic soils oc- 

curs on the moderately coarse textured till of the 
drumlinized uplands. Bankeir soils, Orthic Acid 
Brown Wooded sandy loams, occupy abraded bed- 
rock ridges and crest positions of drumlins. Well- 
drained Degraded Acid Brown Wooded Mazama 
soils occur on drumlin slopes. In toe-slope and 
depressional positions Gleyed Gray Wooded, Cut- 
anic Regosol, and Organic soils are the main soil 
associates. 

Vegetation.-Plant communities of the subalpine 
fir zone occupy most of this subunit. The major 
plant community is subalpine fir-pinegrass which 
is a well-developed ecotone between the douglas- 
fir-pinegrass and subalpine fir-blueberry commu- 
nities. The community is found mostly on the 
Acid Brown Wooded soils. The dominant tree at 
present is lodgepole pine with reproduction in- 
dicating a trend towards engelmann spruce (Picea 
engelmanni) and subalpine fir (A bies Zasiocarpa). 
Grouse whortleberry (Vaccinium, scoparium), pine- 
grass, and twinflower (Linnaea borealis) dominate 
the ground cover. 

An important community associated with the 
subalpine fir-pinegrass on Gleyed Gray Wooded 
and other imperfectly drained soils is subalpine 
fir-bunchberry. This community is characterized 
by dense stands of subalpine fir and engelmann 
spruce. Lodgepole pine and douglasfir are im- 
portant seral trees. The ground cover is charac- 
terized by bunchberry (Cornus canadensis), side- 
bells pyrola (Pyrola secunda) and twinflower. 

Correlation.-In part, the placement of the 
boundary line between this unit and the upper 
limit of the steeplands is dependent upon slope, 
aspect, field experience, and photo quality. Under 
some conditions the two units appear to merge. 

Land Use.-The upland portion of this forested 
subunit usually has a low rating for tree produc- 
tivity. It is a poor site for the growth of subalpine 
fir but medium for spruce, lodgepole pine (site 
index SO), and douglasfir (site index 70). The 
forage values are low except when the tree canopy 
is reduced, when the carrying capacity may increase 
to about 7 acres/animal-unit-month. The associ- 
ated subalpine fir-bunchberry plant community on 
imperfectly drained soils is usually rated high for 
timber production with site indexes in excess of 
100 for douglasfir, engelmann spruce, lodgepole 
pine, and subalpine fir. Forage values are usually 
low because of the heavy shrub cover. 

Subunit A 4.-Although this subunit is not 
clearly represented on the aerial photograph, it is 
characterized by a drumloidal landscape, frequently 
interrupted by rock outcrops and thinly mantled 
rock ridges. 

Photo Pattern.-The photo image is darker and 
has more contrast than the A 2 subunit but lacks 
the uniform dark gray tone of the A 3 subunit. 
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Soils.-Orthic Gray Wooded soils belonging to 
Connaly series are the major soils developed on 
sandy loam and loam till. They are mainly associ- 
ated with Podzo Regosols and Dark Gray soils on 
the lower boundaries, and with Brunisolic soils at 
higher elevations. 

Vegetation .-A moist phase of the douglasfir- 
pinegrass community dominates this map unit. 
Douglasfir is the dominant tree while lodgepole 
pine is an important seral species. The tree canopy 
is generally denser than that of the type com- 
munity. It is also distinguished by a greater abun- 
dance of false box (Pachistima myrsinites), prince’s 
pine (Chimaphilla umbellata) and twinflower. 

Correlation.-The boundary area between the 
Gray Wooded and the lower Regosol unit is 
transitional and unreliable without close field 
checks. The upper limits into the Brunisolic zone, 
however, show a good correlation. 

Land Use.-This subunit is related in use to sub- 
unit A 2 but because of the better forest growth, 
mostly of douglasfir and lodgepole, the timber 
values are higher and forage values lower except 
on recently logged areas. 

Unit B. 

This unit has long steep slopes usually associated 
with valley sides. 

Photo pattern.-Irregular light and dark tones 
are imparted by abrupt changes in vegetation and 
drainage as well as by rock bluffs and talus slopes. 
Southerly aspects reflect a more variegated lighter- 
toned image than do the northerly exposures. 

Soils.-Regosol soils occur with rockland on the 
valley slopes. Alleyne soils, Cutanic Podzo Regosol 
sandy loams, have developed on coarse colluvium 
and till under tree cover. Orthic Dark Gray soils 
of the Darcy series are associated with grass and 
shrub cover on dry southerly aspects of the steep- 
lands. 

Vegetation.- This unit occurs mostly within the 
douglasfir zone. A variety of communities may be 
found, depending on microclimate and soil mois- 
ture, such as douglasfir-fescue and douglasfir-pine- 
grass. On steep south-facing slopes at lower 
elevations, especially on talus slopes, a douglasfir- 
bluebunch wheatgrass community is found usually 
on Regosols. This community is characterized by 
open stands of slow-growing douglasfir. The 
ground cover is sparse and consists mostly of blue- 
bunch wheatgrass and clubmoss (SeZagineZZa wal- 
Zacei) with scattered saskatoon service berry (Ame- 
Eanchier alnifolia). 

Correlation.-These are generally distinct terrain 
units with sharp boundaries. Following field check 
confirmation, the photo interpretation units may 
be used as final map units. 

Land Use.-This unit supplies a significant vol- 

ume of forage on south- and west-facing slopes 
where the slope is not too steep or footing unstable 
for cattle. Timber values vary from poor to me- 
dium depending on available moisture but the 
site is not suited to intensive timber management. 

Unit C. 

This unit includes glacio-fluvial terraces and 
alluvial floodplains. Pitted outwash and fans as- 
sociated with valley deposits are present as minor 
components. The photo patterns have the even 
tones and textures reflected by the level topogra- 
phy and surface features of water-laid deposits. 
The agricultural use of these lands is illustrated 
by the patterns of fields, roads, and buildings. 

Two subunits can be identified. 
Subunit C I.-The glacio-fluvial terraces are 

composed of thick, bedded, gravelly materials with 
level surfaces scarred by meander marks and small 
oxbows. 

Photo Pattern.-The level terraces adjoining the 
till plain have grayish tones modified by lighter 
streaks and the pattern of sparse tree cover. 

Soils.-Major soils belong to the Dark Gray 
Great Group. These are Whipsaw, a Rego Dark 
Gray soil and Galena, an Orthic Dark Gray soil. 
These soils, developed on shallow sandy loam over- 
lying deep gravels, are often associated with Asp 
series, a Degraded Brown Wooded soil. 

Vegetation.-The principal plant community on 
these benches is ponderosa pine-fescue. The com- 
munity typically is characterized by Savannah-like 
stands of ponderosa pine; some douglasfir may or 
may not be present. The ground cover is essentially 
grassland in nature being dominated by bluebunch 
wheatgrass, idaho fescue, eriogonum and silky 
lupine. The removal of trees usually makes little 
difference to the stand composition. This com- 
munity is found mostly associated with the Dark 
Gray soils; associated Degraded Brown Wooded 
soils usually support the douglasfir-fescue com- 
munity. 

Correlation.-These are well defined units under 
stereo vision, with excellent ground correlation. 

Land Use.-This subunit is suited to integrated 
use. In most cases the forage values outweigh the 
timber values. It provides valuable feed for spring 
and fall grazing which is in critical supply in the 
region. Where trees do not depress the herbaceous 
growth the carrying capacity is about 5 acres/ani- 
mal-unit-month. It is a poor low-medium site for 
the production of ponderosa pine (site index 65- 
70). Where stones are not a serious handicap the 
soil may be irrigated for forage crops. 

Subunit C 2.-The recent alluvial terraces occur 
along stream courses. 

Photo Pattern.-Alluvial deposits appear on the 
photo as narrow, light-and-dark patchwork units 
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along the meandering streams of valley bottom- 
lands. 

Soils.-Well drained Riddell soils are associated 
with other members of the Rego Dark Gray Sub- 
group on moderately coarse textured materials. 
Undifferentiated gravelly Regosols were mapped 
as a soil complex along stream courses. 

Vegetation.-The vegetation on these lower 
benches has not stablized or approached climax 
and as a result is extremely variable. It is generally 
a complex of cottonwood (Popdus trichocar-pa) 
and aspen with some douglasfir and spruce repro- 
duction. Western redcedar (Thuja plicata) is 
sometimes found adjacent to the river bank. A 
variety of shrubs occurs; the most common shrub 
is snowberry (Symphoricarpos albus) on the more 
stabilized terraces. A number of grasses are found, 
the most common of which is kentucky bluegrass, 
especially on areas used as pasture. 

Correlation.-The boundaries drawn under the 
stereoscope correlate well with field checks. The 
small patchwork pattern of fields and clearings 
requires close checking of soils and vegetation in 
order to define final map units. The minor com- 
ponents of the photo pattern, the fans and pitted 
outwash, are sharply defined in the photo image 
and on the ground, but the soil and vegetation re- 
lationships are frequently complex. 

Land Use.-Where the shrub cover is not too 
dense, this subunit may supply some pasturage. 
Cleared sites where some topsoil is present and 
the profile not too cobbly, may produce good tame 
pasture or hay with irrigation or spring flooding. 

Conclusions 
Aerial photo interpretation proved to be a useful 

early step in a soil survey in the Interior Plateau 
region of southern British Columbia. It was pos- 
sible to identify photo patterns which correlated 
well with soil and vegetation units, in a similar 
way to that used by Dormaar and Lutwick (1966) 
and the Soils Survey Staff (1966). In our study 
correlation was usually obtained at the Great 
Group level. Three major landscape units were 
distinguished and described in the Princeton basin. 

The first unit (A) was the grass- or tree-covered 
uplands and plateau area which was subdivided 
into four subunits, each with distinct terrain, soil, 
and vegetation characteristics. 

The first subunit, the till plain at lower eleva- 
tions, was separated on the photograph by a uni- 
form tone and distinct landform pattern. It was 
found mostly on Black, Dark Brown, and Dark 
Gray soils associated with the idaho fescue-eriog- 
onum and ponderosa pine-fescue plant com- 
munities. 

In the second subunit a pattern of gullies and 
low knolls dissect the till plain. They, however, 

lack an integrated drainage pattern and form a 
light-toned speckled image on the photograph. The 
soils belonged to the Podzo Regosol group and 
supported plant communities of the douglasfir 
zone. 

The higher elevations on the till plain formed a 
third subunit distinguished by tone, texture, and 
a linear pattern on the photograph. The soils were 
mostly Acid Brown Wooded associated with the 
‘subalpine fir-pinegrass plant community. 

The drumloidal landscape of the fourth subunit 
shows a dark color but with considerable contrast 
in the photograph. The characteristic Gray 
Wooded soil supported a moist phase of the doug- 
lasfir-pinegrass plant community. 

The second major subdivision (B) was considered 
to be the steeply sloping valley walls. Irregular 
tones on the photograph are caused largely by 
abrupt changes in vegetation, slope, and aspect. 
The dominant soils were Regosols associated with 
the douglasfir-pinegrass community although Dark 
Gray soils supporting the douglasfir-fescue com- 
munity were common on the drier sites. 

The third subdivision (C) was that of the valley 
bottoms and low terraces. The level terraces and 
surfaces scarred by meander marks and patterns 
of agricultural use were distinct on the photograph. 
The terraces adjoining the till plain had a distinc- 
tive grayish tone. Dark Gray soils predominated 
along with Regosols and supported the ponderosa 
pine-fescue and douglasfir-fescue communities re- 
spectively. 

Although subunits C 1 and A 1 have similar 
vegetation and are both areas of chernozem soils, 
the soil associates, parent materials, and landscape 
units are quite different and, therefore, have to be 
separated. 

The recent alluvial terraces appeared on the 
photographs as narrow patchwork units along 
streams. The soils were mostly Regosols and the 
vegetation was an unstabilized complex of decidu- 
ous trees and shrubs usually with some conifers. 

Aerial-photo interpretation was a very useful 
technique, prior to and in conjunction with a 
ground survey, in classifying land. Correlation of 
soils, vegetation and terrain was generally good. 
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Highlight 
An important, yet overlooked aspect of public land 

management involves the economic significance to rural 
areas of grazing and lumber production on federal lands. 
To illustrate the relative importance of these two uses, a 
mathematical technique was used to quantify the economic 
interdependence of all business activity in an eastern 
Oregon county. In addition to a description of the existing 
situation, changes in magnitude of grazing and logging 
use in the county were simulated to illustrate likely impact 
on the local economy. 

Through the years, the Journal has carried many 
articles concerned with economic problems. The 
grazing fee issue and the economics of range im- 
provements seem to prevail as standard fare. One 
area receiving little attention is the relationship of 
ranching and logging interests, both dependent 
upon public lands, to other economic activities in 
a rural area. As the demand for competing uses 
of the public domain and national forests increases, 
the identification of this economic interdependence 
takes on added significance. 

In a recent study sponsored by the Forest Service 
.and the Bureau of Land Management, the U.S. 

1 The author is indebted to H. H. Stoevener and Dillard 
H. Gates for critical review of the original manuscript, and 
to H. H. Stoevener and G. E. Blanch for guidance in the 
research from which this article is drawn. Oregon Agricul- 
tural Experiment Station Technical Paper No. 2440. 
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Department of Agriculture’s Economic Research 
Service investigated the effects on gross ranch 
income from a grazing fee increase and a 20% 
reduction in federal grazing. That the respective 
agencies are concerned about these changes on 
ranch incomes is heartening. But administrators 
would be the first to admit they know little of the 
indirect impact upon those who buy from, and sell 
to, the ranching community. By overlooking these 
secondary effects, a much too incomplete picture 
is presented. 

To help bridge this void, a study was undertaken 
by the Department of Agricultural Economics at 
Oregon State University in 1965. Its purposes were 
threefold: 1) to depict the extent of grazing of 
domestic livestock on public lands in Oregon; 
2) to ascertain the extent of economic activity at- 
tributable to the use of public lands as a source of 
feed for cattle operations in Grant County, Oregon; 
‘and 3) based upon the findings of objective 2, to 
project the impact of adjustments in federal grazing 
on total sales of businesses in the County and the 
resultant changes in household income of the area’s 
residents (Bromley, 1967). In addition, the ex- 
pected economic impact from an increase in re- 
ceipts of the County’s lumber industry was detailed 
(Bromley, Blanch, and Stoevener, 1968). 

The account will emphasize the importance of 
grazing and logging on public lands to a rural 
economy. However, the significance also lies in 
acquainting decision-makers with a technique for 
detailing the interrelationships between commer- 
cial uses of federal lands and economic activity in 
a local area. 

Grant County, in central eastern Oregon, lies in 
a transition zone between the deserts of southeast- 
ern Oregon and the mountainous northeastern por- 
tion of the state. Federal lands comprise about 
60y0 of the land area of the County. The agricul- 
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.and the Bureau of Land Management, the U.S. 

1 The author is indebted to H. H. Stoevener and Dillard 
H. Gates for critical review of the original manuscript, and 
to H. H. Stoevener and G. E. Blanch for guidance in the 
research from which this article is drawn. Oregon Agricul- 
tural Experiment Station Technical Paper No. 2440. 
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Department of Agriculture’s Economic Research 
Service investigated the effects on gross ranch 
income from a grazing fee increase and a 20% 
reduction in federal grazing. That the respective 
agencies are concerned about these changes on 
ranch incomes is heartening. But administrators 
would be the first to admit they know little of the 
indirect impact upon those who buy from, and sell 
to, the ranching community. By overlooking these 
secondary effects, a much too incomplete picture 
is presented. 

To help bridge this void, a study was undertaken 
by the Department of Agricultural Economics at 
Oregon State University in 1965. Its purposes were 
threefold: 1) to depict the extent of grazing of 
domestic livestock on public lands in Oregon; 
2) to ascertain the extent of economic activity at- 
tributable to the use of public lands as a source of 
feed for cattle operations in Grant County, Oregon; 
‘and 3) based upon the findings of objective 2, to 
project the impact of adjustments in federal grazing 
on total sales of businesses in the County and the 
resultant changes in household income of the area’s 
residents (Bromley, 1967). In addition, the ex- 
pected economic impact from an increase in re- 
ceipts of the County’s lumber industry was detailed 
(Bromley, Blanch, and Stoevener, 1968). 

The account will emphasize the importance of 
grazing and logging on public lands to a rural 
economy. However, the significance also lies in 
acquainting decision-makers with a technique for 
detailing the interrelationships between commer- 
cial uses of federal lands and economic activity in 
a local area. 

Grant County, in central eastern Oregon, lies in 
a transition zone between the deserts of southeast- 
ern Oregon and the mountainous northeastern por- 
tion of the state. Federal lands comprise about 
60y0 of the land area of the County. The agricul- 
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Table 1. Dollar flows from sectors across top to those listed along left margin, Grant County, Oregon, 1964. 

Dependent Other 
ranches Lumber 

Item No. 
Agric. 

(1) (2) 
Mining 

(3) (4) 

Dependent ranches 

Other agriculture 

Lumber 

Mining 

Lodging 

Cafes & taverns 

Agricultural services 

Automotive 

Communications % transportation 

Professional 

Financial 

Construction 

Product oriented 

Service oriented 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Dollars 

42,713 76,373 
(-01) (-07) 

41,529 17,278 
(-01) (*02) 

(.OOY (.OOjl 

(.OOY (.OOY 
1,680 1,200 

(Trace) (Trace) 

(.OO;) (.OOY 
197,982 37,926 

(-05) (*04) 
991,910 201,120 

(-27) (*19) 
1,735 517 

(Trace) (Trace) 
73,321 41,243 

(-02) (-04) 
113,816 30,256 

(-03) (-03) 
33,829 5,839 

(-01) (-01) 
181,571 63,926 

(*05) (-06) 
112,453 49,617 

(-03) (-05) 

42,570 
(Trace) 

1,722 
(Trace) 

1,154,776 
(*OS) 

(.OOY 
4,488 

(Trace) 

(.OOj) 
45,000 

(Trace) 
1,088,086 

(-08) 
43,750 

(Trace) 
11,670 

(Trace) 
72,036 

(-01) 
3,440 

(Trace) 
749,265 

(-05) 
87,52 1 

(-01) 

(.OOj) 
(.OOf) 
(.OOjl 
c.00; 
c.00; 
(.OOY 

30,000 
(-08) 

10,089 
(-03) 

692 
(Trace) 

(.OOj) 

(.OOY 
1,720 

(Trace) 
5,876 
(-02) 

(.OOY 

Totals 1,792,539 525,295 3,304,324 48,377 
(-48) (*51) (-23) (-13) 

ture is primarily livestock oriented with 86% of 
the total agricultural sales during 1964 coming 
from cattle and calves. Crops consist primarily of 
hay, wheat, barley, and oats. The majority of the 
forested regions of the County are covered by 
ponderosa pine with lesser amounts of larch, Doug- 
las fir, lodgepole pine, and spruce. Range vegeta- 
tion is characterized by sagebrush-grass commu- 
nities. The mountainous regions provide summer 
range while the foothills are used during spring 
and fall. 

Methods 
The technique used to trace the flow of money through 

an economy is input-output analysis. The economic model 
is a system of simultaneous equations, one equation for 
each sector in the economy under study. Each equation 
will have as many variables as there are sectors in the 
economy. Thus, the complete model is a square matrix, 
with as many unknowns as equations. 

In Grant County, 14 economic sectors were defined and 
thus, the model used was a 14 x 14 system of simultaneous 

equations. Twelve of the 14 sectors were for commercial 
businesses, and two for agricultural firms. Each of the 
commercial business sectors consisted of firms selling some- 
what similar products or services. The 12 commercial 
sectors were: Lumber, Mining, Automotive, Lodging, Cafes 
and Taverns, Agricultural Services, Communications and 
Transportation, Professional, Financial, Construction, Prod- 
uct Oriented, and Service Oriented. There were 288 
firms in the above categories in 1964. 

The two remaining sectors were for agricultural firms. 
The Dependent Ranches sector was comprised of all 
cattle ranches in the County possessing a permit or license 
to graze cattle on the federal range. The Other Agriculture 
sector consisted of all other agricultural producers in the 
County. Of the 225 full-time agricultural enterprises in 
the County, 143 had federal grazing privileges and 82 did 
not. 

Interviews were conducted with randomly selected firms 
in each of the 14 sectors. By accounting for income 
sources and expenditure destinations, it was possible to 
construct the 14 x 14 matrix, part of which is presented in 
Table 1. 
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Table 2. Sectors of the Grant County economy showing gross receipts, value of exports, and household incomes paid, 
1964. 

Exports as Household 
a percent coefficient 

Total of gross Payments to Column 4 + 
receipts Exports receipts households Column 1 

Item No. (1) (2) (3) (4) (5) 

$ $ % 3 
Dependent ranches (1) 3,721,243 3,084,097 83 363,792 .lO 
Other agriculture (2) 1,066,298 836,869 78 190,650 .18 
Lumber (3) 13,886,670 12,567,OOO 90 4,180,952 .30 
Mining (4) 358,000 358,000 100 70,907 .20 
Lodging (5) 415,600 306,050 74 72,700 .17 
Cafes & taverns (6) 763,500 305,900 40 233,161 .31 
Agricultural services ii; 384,000 0 0 36,000 .09 
Automotive 8,027,277 902,578 11 800,805 .lO 
Communications & transportation (9) 1,088,453 513,889 47 457,309 .42 
Professional (10) 1,110,118 62,596 6 544,832 .49 
Financial (11) 922,83 1 0 0 134,040 .15 
Construction (12) 780,135 25,783 3 130,227 .17 
Product oriented (13) 11,812,485 1,787,672 15 1,097,45 1 .09 
Service oriented (14) 1,002,819 50,86 1 5 403,399 .40 

Totals 45,339,429 20,801,295 8,716,225 

In terindus try Analysis 

The dollar figures in Table 1 indicate the flow of money, 
in exchange for goods and services, from firms in those 
sectors listed across the top to firms in those sectors listed 
along the left margin. The table is read in the following 
manner: the dollar figures going down, say, column 1, 
reveal that ranches in the Dependent Ranches sector spent; 
$42,713 for the purchase of supplies from ranches within 
the same sector; $41,529 for these types of purchases form 
ranches in the Other Agriculture sector; $1,680 in the 
Lodging sector; $197,982 for supplies from the Agricultural 
Services sector; and similarly down column 1. Likewise, 
those firms classified as Other Agriculture spent $76,373 
within the Dependent Ranches sector for supplies; $17,278 
was paid to firms within the same sector and so on down 
column 2. Thus, the column entries show the purchasing 
pattern of firms in the four sectors listed across the top 
and how they spent money for the purchase of supplies 
from firms in sectors listed down the left side. 

While the dollar figures are interesting, a more meaning- 
ful picture is revealed by the coefficient immediately 
under each dollar entry. This is the “trade coefficient” 
and each entry shows the proportion of every dollar of 
gross receipts of the sectors listed across the top which 
went for the purchase of supplies from those sectors listed 
at the left. For example, for every dollar of gross receipts 
of the Dependent Ranches sector, its firms spent $0.01 for 
supplies from ranches in the same sector; $0.01 was spent 
in the Other Agriculture sector; $0.05 was spent in the 
Agricultural Services sector; $0.27 in the Automotive sector 
and so on down column 1. 

The total amount of money spent within the County 
by firms in each of the four sectors listed across the top 
is found at the bottom of the respective columns. The 
coefficient below this figure is the sum of the coefficients 
in that column and reflects what proportion of the sector’s 

gross receipts (how much out of every dollar) was spent 
in the County for the purchase of supplies to be used in 
the further production of goods and services. 

Table 1 shows that the Lumber industry was 
responsible for more than $3 million in purchases 
from the County’s businesses, although the propor- 
tion of its gross receipts spent locally (0.23) was 
less than half of the proportion spent by either 
agricultural sector. 

Table 2 presents some additional characteristics 
of Grant County commercial and agricultural busi- 
nesses. Exports are the value of goods leaving the 
economy (Grant County), generating a flow of in- 
come into the area. Column 3 indicates the propor- 
tion of each sector’s income which consisted of 
receipts from outside Grant County. The “House- 
hold Coefficient” is merely the total wages and 
salaries, as well as dividends and interest, paid by 
the sector divided by that sector’s gross receipts. 
This indicates the approximate quantity of labor 
and management services required per one dollar 
worth of receipts in that sector. 

With the information in Tables 1 and 2 it is 
possible to discuss the trade relationships which 
exist in Grant County and to draw some inferences 
about the relative importance of those economic 
activities which depend upon federal lands. 

In 1964, the Dependent Ranches and Lumber 
sectors accounted for almost 40yo of the total busi- 
ness receipts in the County ($17.6 million out of 
$45.3 million). The Dependent Ranches sector 
generated over $3 million worth of new money in 
the County (value of exports) while the Lumber 
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Table 3. Business and household income multipliers for 
Grant County, 1964. 

Item 

Dependent ranches 
Other agriculture 
Lumber 
Mining 
Lodging 
Cafes & taverns 
Agricultural services 
Automotive 
Communications & 

No. 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
!8> 

Business Household 
income income 

multipliers multipliers 
(1) (2) 

1.56 1.80 
1.60 1.53 
1.28 1.17 
1.15 1.08 
1.52 1.48 
1.60 1.26 
1.06 1.09 
1.19 1.25 

transportation (9) 1.20 1.07 
Professional (10) 1.04 1.02 
Financial (11) 1.01 1.02 
Construction (12) 1.29 1.22 
Product oriented (13) 1.08 1.14 
Service oriented (14) 1.12 1.05 

sector brought in $12 million. These two activities 
accounted for over 75yo of the new money brought 
into Grant County in 1964. 

The $5 million spent by the Dependent Ranches 
and Lumber sectors (sum of columns 1 & 3, Table 
1) accounted for 57yo of the total spent by all 
businesses in the County for purchases of necessary 
goods and services. The Lumber sector alone ac- 
counted for 40yo of the total wage and salary pay- 
ments made in the County in 1964 (column 4, 
Table 2). 

Changes in Land Use 

Two types of multipliers for Grant County are 
presented in Table 3: a business income multiplier 
and a household income multiplier. The business 
income multiplier reveals how much total business 
receipts in the County would change for a $1.00 
change in receipts of the sector at the left. For 
example, a $1 .OO increase in gross receipts of the 
Automotive sector would cause total receipts in 
the County (businesses in addition to those in the 
Automotive sector) to increase $0.19. 

The household income multiplier indicates how 
much all household incomes in the County would 
change for a $1 .OO change in the household in- 
comes of the sectors listed at the left. For example, 
when household incomes in the Construction 
sector increase by $1 .OO, household incomes in the 
rest of the economy will increase by $0.22. Those 
sectors with the larger multipliers will have a greater 
secondary effect upon the health of the economy 
per dollar change in their total receipts than will 
the sectors with the smaller multipliers. 

To illustrate the use of these multipliers, a 
change in gross receipts of two sectors dependent 
upon federal lands will be simulated. In addition 

to estimating the total impact, the distribution of 
this effect by sectors within the Grant County 
economy will be illustrated. 

Reduction in Federal Grazing 

A TO70 reduction in federal grazing has been 
estimated to cause an 11 y0 decrease in gross ranch 
income (Caton, 1965).2 To simulate this reduction 
in Grant County, ranches were categorized by size 
to correspond to Caton’s classification. The in- 
come reduction in each of five size-groups was 
totaled to arrive at an estimate for all Dependent 
Ranches in the County. The estimated reduction 
is $399,578. With lower gross receipts, the firms 
in the Dependent Ranches sector could be ex- 
pected to curtail purchases of supplies from other 
firms in the County. As those businesses serving 
ranchers experience reduced sales, they in turn will 
reduce purchases from their suppliers. Because of 
this interdependence, the original reduction in the 
ranching sector is increased to $404,691 as firms 
in the County now buy less from the Dependent 
Ranches sector. 

The total expected loss in business receipts for 
the other 13 sectors in the County is $2 19,048. 
Thus, the reduction in the Dependent Ranches 
sector, plus this reduction in the other 13 sectors, 
brings the total reduction in business receipts to 
$623,739. Multiplying the business income mul- 
tiplier for the Dependent Ranches sector times the 
direct reduction in that sector (1.56 x $399,578) 
yields a total reduction in receipts of $623,342. 
This number is slightly smaller than the previous 
figure due to different computation procedures. 

The use of the business income multiplier gives 
no indication of the sectoral distribution of this 
reduction. The solution of the system using a 
computer consists of first finding the reduction in 
each sector, and then finding the sum of the sector 
changes. The results of the computer solution 
showing allocation of the reduction by sector are 
presented in Table 4. The greatest absolute loss, 
though not percentage loss, occurs in the Automo- 
tive sector. The Agricultural Services sector ex- 
periences the greatest proportionate loss in gross 
receipts--57’,. 

The reduction in business incomes in the County 
would not be the only ramification from changes 
in grazing use. As gross receipts of the Dependent 
Ranches sector decline, the income of households 
in that sector (the ranch family) could be expected 

21t is recognized that ranchers might undertake improve- 
ment of private lands if faced with a reduction in grazing 
and thus, gross receipts may not change in the long run. 
However, the concern here is to illustrate how grazing 
and logging uses influence a rural economy. The results 
are still relevant; an 11% reduction in receipts of the 
ranching sector, from whatever the cause, could be expected 
to precipitate the secondary effects detailed. 
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Table 4. Effects and distribution of changes in gross 
receipts of all County businesses resulting from changes 
in receipts of 2 sectors dependent upon federal lands, 
Grant County, 1964. 

Item No. 

Gross Expected Expected 
receipts decrease increase 

1964 (ranches) (lumber) 
(1) (2)” (Vb 

Dependent ranches 
Other agriculture 
Lumber 
Mining 
Lodging 
Cafes & taverns 
Agricultural services 
Automotive 
Communications & 

transportation 
Professional 
Financial 
Construction 
Product oriented 
Service oriented 

dollars 

(1) 3,721,243 
(2) 1,066,298 
(3) 13,886,670 
(4) 358,000 
(5) 415,600 
(6) 763,500 
(7) 384,000 
(8) 8,027,277 

(9) 1,088,453 2,625 7,770 
(10) 1,110,118 8,47 1 1,819 
(‘1) 922,83 1 12,705 8,271 
(12) 780,135 3,754 454 
(13) 11,812,485 23,949 88,948 
(14) 1,002,819 12,858 10,339 

404,691 
4,667 

4,844 
311 

1,514,612 

212 503 

21,705 5,196 
128,102 141,176 

Totals 45,339,429 623,739 1,784,243 

B Expected decrease in receipts by sector, caused by reduction 
in receipts of dependent ranches sector. 

bExpected increase in receipts by sector, caused by increase 
in receipts of lumber sector. 

to drop also. The household coefficient in Table 
2 indicates that portion of a dollar of gross receipts 
which is paid to households for labor and manage- 
ment services, dividends and interest, so a reduc- 
tion in gross receipts of $404,691 would be ex- 
pected to cause household incomes to fall $40,469 
(404,691 x .lO). When this is multiplied by the 
household income multiplier for the Dependent 
Ranches sector (1 JO), a total loss of $72,844 re- 
sults, $32,375 of which occurs in households out- 
side of the Dependent Ranches sector. 

Increase in Receipts of the Lumber Sector 

A similar procedure was followed to derive the 
economic impact from an increase in the gross 
receipts of the Lumber sector. The lumber in- 
dustry in Grant County, like ranching, is depen- 
dent upon federal lands as over 75% of the logs 
harvested in 1964 were from national forests. 
A 10% increase in receipts would amount to 
$1,388,667. This would cause an increase of 
$269,63 1 in the receipts of the other 13 sectors in 
the economy and a $125,945 increase in trade 
within the Lumber sector. The total increase for 
all County businesses (including the Lumber 
sector) would be $1,784,243. The distribution of 
this increase by sector is presented in Table 4. 

County household incomes would increase $1.17 

for every $1 .OO increase in household income in 
the Lumber sector. The 10% increase in receipts 
would cause a $456,013 increase in household in- 
comes in that sector, and a subsequent additional 
increase in household incomes in the other 13 
sectors of $77,408 bringing the total impact on 
household incomes in the County to $553,414. 

Discussion 

The primary significance of the above account 
lies not with the indicated results for Grant 
County but rather with the methodology. HOW- 
ever, the figures presented for Grant County are, 
with certain qualifications, reasonably indicative 
of the relationships in many other rural economies 
in the West. Since production of beef cattle in- 
volves approximately the same combination of 
inputs among somewhat similar regions, ranchers 
with federal grazing in much of the Intermountain 
area can be expected to purchase approximately 
the same proportion (i.e., per dollar of gross re- 
ceipts) of supplies from the Agricultural Services 
sector, the Automotive sector, and the other sectors, 
as do ranchers with federal grazing in Grant 
County. 

There are certain differences, however. The 
first is the relative importance of federal lands to 
the beef industry in the area. Another considera- 
tion is the relative importance of beef production 
in the total economic environment of the region. 
The lumber industry in Grant County is more 
important to the local economy than in most other 
regions of the Intermountain area so changes in 
receipts of this sector will be more significant than 
would be the case in general. In regions where 
range livestock production is the dominant activity, 
changes in the ranching sector would have a more 
pronounced effect on the local economy. A third 
consideration is the self-sufficiency of the economy 
in question. The economy studied here is not 
large geographically, nor is it a very developed one; 
rail transportation is non-existant and there are 
several large towns within easy driving distance. 
These and other factors have tended to inhibit the 
development of small manufacturing and proc- 
essing industries. As a result, a considerable amount 
of intercounty trade exists, termed “leakage.” If 
the economy under study covered a larger geo- 
graphic area, more of the necessary business pur- 
chases would likely be made within the economy. 
This would have the effect of increasing the pro- 
portion of gross receipts spent for supplies in the 
economy. With larger coefficients in Table 1, 
the resulting business income multipliers would 
be larger. Therefore, while the trade coefficients 
and income multipliers cannot be assumed exactly 
applicable to every county in the Intermountain 
region, they would seem to be a good first approxi- 
mation. 
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In conclusion, it should not be inferred from the 
two changes in land use investigated here that they 
necessarily represent the expected future trend in 
Grant County. The reduction in federal grazing 
was utilized because of available information on 
reductions in gross ranch incomes from such action. 
The increase in receipts in the Lumber sector was 
purely arbitrary; a reduction could also have been 
discussed. Recent research in northeastern Oregon 
indicates that improved timber management prac- 
tices are generally conducive to greater forage pro- 
duction. Thus increased timber harvests could 
occur simultaneously with increased carrying capac- 
ity for livestock (Hedrick et al., 1968). 

The model used here did not permit the isola- 
tion of recreation expenditures but it should be 
recognized that this is another use of federal 
lands which can be significant to the rural econ- 
omy. The expenditures of these users are usually 
well publicized while much less attention is paid 
to expenditures by ranchers, loggers, or mining 
interests. If administrators are made aware of the 
relative importance to the local economy of all 

uses of federal lands, policy decisions could be 
made in the light of more complete knowledge 
than is now the case. 
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Highlight 

Rumen-fistulated steers were employed to study the 
botanical composition of the diet on a desert grassland 
range. Botanical composition of the major plant species 
in the diet was determined on a qualitative and quantita- 
tive basis using a microscope point technique. The botani- 
cal composition of the diet changed greatly with time of 
year and was considerably different quantitatively com- 
pared to the available forage. Crude protein content of 
the rumen samples was considerably greater than the 
protein content of the whole hand-clipped major plant 
species identified in the rumen samples. 

l Arizona Agri cultural Experiment Station Technical Paper 
No. 1315. This study was supported in part by U.S. Forest 
Service Cooperative Aid Grant and conducted in coopera- 
tion with Western Regional Research Project W-34, Range 
Livestock Nutrition. 

Composition Botanica de la Dieta de Novillos 

Pastoreando en un Pastizal Desertico de 

Gramineas 

Resumen2 

Para estudiar la composici6n botinica de la dieta en un 
pastizal desPrtico de gramineas en Arizona, se emplearon 
novillos con fistula ruminal. La composici6n botinica de 
la dieta de 10s novillos vari6 cualitativa y cuantitativamente 
dentro de 10s cuatro meses de1 period0 de colecci6n. La 
dieta con el tiempo no solo varii> grandemente en la 
cantidad de ciertas especies de zacates y a fines de otoiio y 
principios de invierno ciertos arbustos y cactus llegaron a 
ser parte de la dieta. La composicii>n de las especies de las 
muestras de1 rumen difirieron marcadamente en forma 
cuantitativa al compararse con el forraje disponible. 

Los novillos fueron muy selectivos no solamente en la 
elecci6n de las especies de plantas disponibles sino tambibn 
en la parte de la planta que ellos pastoreaban. El contenido 
de proteina cruda de las muestras de1 rumen fue marca- 
damente mas grande que el contenido de proteina cruda 
estimado basado en un promedio de peso de1 porciento 
de composici6n de las especies de plantas predominantes 
en la dieta y 10s valores de proteina para las especies 
cortadas a mano. El contenido mayor de proteina en las 
muestras de1 rumen parece ser debido a la selectividad de 
10s animales a partes especificas de la planta. 

Estos resultados reflejan la dificultad en estimar el 
contenido de proteina cruda la dieta de novillos pastoreando 
por medio de muestras de plantas cortadas a mano. En 

2Por Ing. Edmund0 L. Aguirre, Dep. de Zootecnia, ITESM, 
Monterrey, N. L., Mexico. 
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In conclusion, it should not be inferred from the 
two changes in land use investigated here that they 
necessarily represent the expected future trend in 
Grant County. The reduction in federal grazing 
was utilized because of available information on 
reductions in gross ranch incomes from such action. 
The increase in receipts in the Lumber sector was 
purely arbitrary; a reduction could also have been 
discussed. Recent research in northeastern Oregon 
indicates that improved timber management prac- 
tices are generally conducive to greater forage pro- 
duction. Thus increased timber harvests could 
occur simultaneously with increased carrying capac- 
ity for livestock (Hedrick et al., 1968). 

The model used here did not permit the isola- 
tion of recreation expenditures but it should be 
recognized that this is another use of federal 
lands which can be significant to the rural econ- 
omy. The expenditures of these users are usually 
well publicized while much less attention is paid 
to expenditures by ranchers, loggers, or mining 
interests. If administrators are made aware of the 
relative importance to the local economy of all 

uses of federal lands, policy decisions could be 
made in the light of more complete knowledge 
than is now the case. 
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Highlight 

Rumen-fistulated steers were employed to study the 
botanical composition of the diet on a desert grassland 
range. Botanical composition of the major plant species 
in the diet was determined on a qualitative and quantita- 
tive basis using a microscope point technique. The botani- 
cal composition of the diet changed greatly with time of 
year and was considerably different quantitatively com- 
pared to the available forage. Crude protein content of 
the rumen samples was considerably greater than the 
protein content of the whole hand-clipped major plant 
species identified in the rumen samples. 
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Composition Botanica de la Dieta de Novillos 

Pastoreando en un Pastizal Desertico de 

Gramineas 

Resumen2 

Para estudiar la composici6n botinica de la dieta en un 
pastizal desPrtico de gramineas en Arizona, se emplearon 
novillos con fistula ruminal. La composici6n botinica de 
la dieta de 10s novillos vari6 cualitativa y cuantitativamente 
dentro de 10s cuatro meses de1 period0 de colecci6n. La 
dieta con el tiempo no solo varii> grandemente en la 
cantidad de ciertas especies de zacates y a fines de otoiio y 
principios de invierno ciertos arbustos y cactus llegaron a 
ser parte de la dieta. La composicii>n de las especies de las 
muestras de1 rumen difirieron marcadamente en forma 
cuantitativa al compararse con el forraje disponible. 

Los novillos fueron muy selectivos no solamente en la 
elecci6n de las especies de plantas disponibles sino tambibn 
en la parte de la planta que ellos pastoreaban. El contenido 
de proteina cruda de las muestras de1 rumen fue marca- 
damente mas grande que el contenido de proteina cruda 
estimado basado en un promedio de peso de1 porciento 
de composici6n de las especies de plantas predominantes 
en la dieta y 10s valores de proteina para las especies 
cortadas a mano. El contenido mayor de proteina en las 
muestras de1 rumen parece ser debido a la selectividad de 
10s animales a partes especificas de la planta. 

Estos resultados reflejan la dificultad en estimar el 
contenido de proteina cruda la dieta de novillos pastoreando 
por medio de muestras de plantas cortadas a mano. En 

2Por Ing. Edmund0 L. Aguirre, Dep. de Zootecnia, ITESM, 
Monterrey, N. L., Mexico. 
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adicion, estimaciones obtenidas por la observation de 10s 
novillos cuando pastoreaban proveyo una information cuali- 
tativa general acerca de que especies de plantas fueron 
seleccionadas, pero tales estimaciones no fueron cuantitativa- 
mente confiables. 

Advances in range animal nutrition have been 
limited by a lack of knowledge of the botanical 
composition of the animal’s diet. Range nutri- 
tional investigations of recent years have success- 
fully employed fistulated animals to qualitatively 
determine the botanical composition of the diet 
of grazing sheep and cattle (Cook et al., 1958; 
Heady and Torell, 1959; Conner et al., 1963). 
More recently Van Dyne and Heady (1965) deter- 
mined qualitative and quantitative botanical 
analyses of cattle and sheep diets by employing 
a microscope point technique. Their investiga- 
tions showed that the botanical composition of 
the diet varied with the time of year and that ani- 
mals grazed selectively. Galt et al. (1968) reliably 
estimated the weights of plant species in known 
mixtures of forage samples recovered from fistu- 
lated animals with a similar method. 

The primary objective of this study was to 
make qualitative and quantitative botanical 
analyses of forage samples obtained from rumen 
fistulated steers and to compare the botanical com- 
position of the diet with that of the range over 
various grazing intervals. A secondary objective 
was to compare the protein content of the rumen 
forage samples with the protein of the predominant 
plant species of the diet. A preliminary report of 
these studies has been made (Galt et al., 1966). 

Methods and Materials 
Two rumen fistulated, 3-year-old Hereford steers were 

placed on an approximate S-acre tract of desert grassland 
on the Santa Rita Experimental Range of the U.S. Forest 
Service, near Tuscan, Arizona. Rumen samples were col- 
lected from each steer in the morning at approximately 
Z-week intervals from September 21 to December 31, 1964 
(13 collections). Samples of the diet for botanical analyses 
were obtained by the rumen evacuation method (Lesper- 
ante et al., 1960a). 

The steers were penned the evening before the collections 
were made with access to water, but without feed. The 
steers were completely evacuated the following morning 
and allowed to graze freely for approximately one hour. 
The animals were then penned and the forage samples 
were removed, placed in plastic bags and quick frozen. 
The previously removed ingesta was replaced into the 
rumen before the steers were allowed to return to the 
pasture. 

The botanical composition, by weight, of the available 
forage in the pasture was measured at the end of the 
growing season in November. Three vegetation types were 
recognized in the pasture. Forage production in two of 
the types were estimated by the double-sampling method 
(Hilmon, 1958) and by clipping and weighing the forage 
in 9.6 ft2 quadrats on a relatively homogenous vegetative 
type. Foliage above 5 ft on shrubby species was not 
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Results and Discussion 

The percent plant composition of the available 
forage remained relatively constant throughout the 
study with the exception of plains bristlegrass 
(Setaria macrostachya H.B.K.) which was heavily 
utilized by early December. Total forage produc- 
tion of the pasture was approximately 900 lb/acre 
in November. 

The species composition of the rumen samples 
was considerably different from the available forage 
on the range (Table 1). Lehmann lovegrass 
(Eragrostis lehmanniana Nees.), which was clearly 
the dominant grass species, constituted only ap- 
proximately one-fourth of the overall average 
rumen samples. Black grama (Bou teloua eriopoda 
Torr.), the second most abundant grass, was only 
a small part of the rumen samples. Plains bristle- 
grass, which made up a rather small percentage 
of the available forage, was the predominant 
species in the rumen samples. Arizona cottontop 
(Trichachne californica (Benth.) Chase) also com- 
prised a greater percentage of the plant species 
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Table 1. Botanical composition of study area and average 
steer diet for entire period of study (data in percent 
composition, dry weight). 

Plant Species 
Desert grassland Steer diet 

(Percent) (Percent) 

Grasses 
Lehmann lovegrass 69 23 
Black grama 13 6 
Plains bristlegrass 7 36 
Arizona cottontop 8 17 

Shrubs 
Velvet mesquite 2 -a 
False-mesquite Trace 3 
Engelmann pricklypear Trace 2 
Wright’s eriogonum 1 Trace 

Other species b Trace 13 
Total 100 100 

a Percent weight undetermined for this species, average was 2% 
points by the microscope point method. 

bIncluded 8 grass species, 7 shrub species, and 7 forb species. 

in the rumen samples than on the range. Shrub 
species constituted only a small percentage of the 
total forage on the range, with velvet mesquite 
(Prosopis juliflora var. velutina (Woot.) Sarg.) being 
the most abundant. Generally shrub species were 
of minor quantities in the rumen samples. Forb 
species also contributed little to the total forage 
production and to the composition of the rumen 
samples. 

The botanical composition of the rumen samples 
varied greatly between certain periods and to a 
lesser degree among sampling dates (Table 2). 
Steer preferences 
evident. 

for certain species were very 
Plains bristlegrass was the most pre- 

dominant grass of the rumen samples for the 
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period of September to early November, however, 
it was only a minor part of the rumen samples for 
the period from late November through December. 
It seems clear that the steers selected plains bristle- 
grass as long as it was available and that its con- 
tribution to the diet decreased as it became heavily 
utilized. Arizona cottontop followed much the 
same pattern as plains bristlegrass, being more of 
an intermediate part of the diet until late Novem- 
ber. On the other hand, Lehmann lovegrass was 
not grazed to any extent until late November and 
December, when it was the major species of the 
diet. A probable reason for this shift was not only 
because of its abundance but later in the season 
this species remained partly green after the other 
species were dormant. Black grama was not grazed 
appreciably until December. It appears that black 
grama was not particularly sought after, and that 
grazing of this species in December may represent 
an attempt by the steers to get variety by grazing 
something other than the predominant lovegrass. 
Shrub species such as velvet mesquite and Engel- 
mann pricklypear were grazed in late November 
and December, while false-mesquite (Calliandra 
eriophylla Benth.), prairie zinnia (Zinnia pumila 
Gray), and Wright’s eriogonum (Eriogonum 
wrightii Torr.) were selected intermittently. 

Differences between steers in consumption of 
‘plains bristlegrass, Arizona cottontop, Lehmann 
“lovegrass, and the total predominant grasses in the 
diet (Table Z), were not significant (P < .05). It 
was realized that two animals constituted a mini- 
mum sample but variability among animals for 
certain species was not considered excessive. It 
was calculated that six animals would be needed 
to sample Arizona cottontop, Lehmann lovegrass, 
or total predominant grasses on a given date to 

Table 2. Botanical composition (percent by weight) of rumen samples collected from fistulated steers on experimental 
pasture.a 

Sept. 21 Oct. 2 Oct. 23 Nov. 6 Nov. 20 Dec. 4” Dec. 30 
Steer Steer Steer Steer Steer Steer Steer Steer Steer Steer Steer Steer Steer 

Collection Date: 1 2 1 2 1 2 1 2 1 2 2 1 2 

Grasses 
Plains bristlegrass 66 48 69 76 47 56 60 33 75 5 TT 
Arizona cottontop 26 24 15 8 43 35 11 22 9 9 17 6 T 
Lehmann lovegrass T 6 T 8 5 T 8 16 60 54 44 40 54 
Black grama - - - T TT T5 T5 6 38 24 

Total grasses 92 78 84 92 95 91 79 76 76 73 72 84 78 

Shrubs 
False-mesquite T 19 T T T - T 15 - T - - - 
Engelmann prickly-pear - - - T - - - - - - 15 3 8 

Other plant speciesb 8 3 16 8 5 9 21 9 24 27 13 13 14 

*T refers to trace amount less than 5% weight and not considered in the total. 
bValues were determined by difference, since weight was not determined for individual species. This group includes 5 grass species, 

5 forb species and 5 shrub species. 
c Sample from steer number 1 for December 4 was lost in storage. 
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ORUMEN ANALYSES -OCULAR ESTIMATE 

FIG. 1. Comparison of an ocular estimate of percent weight for 
the major grass species consumed by individual steers with 
corresponding rumen sample analyses. 

within 10% of the mean (at the 95% level with a 
90% assurance of detecting a true difference of 
this size). Because of a high steer x date interac- 
tion, however, it appeared that 30 animals would 
be needed to estimate plains bristlegrass with the 
same precision. Van Dyne and Heady (1965) have 
also detected large variations between animals in 
estimating species composition of the diet of steers 
and wethers. These workers estimated that as 
many as nine animals would be required to sample 
major plant groups in middle and late summer on 
a California range. 

The unidentifiable portion of the rumen samples 
ranged from 11 to 230/, points with an average of 
17yo of all samples examined. The percent un- 
identifiable in four-species samples of known plant 
weight ranged from 3 to 19% points, with an aver- 
age of 16% (Galt et al., 1968). Destruction of 
identifying characteristics during mastication ac- 
counted for most of the unidentifiable fraction in 
known and unknown samples. 

It was apparent that steers selected certain plant 
parts as well as certain species. Because insufficient 
points were accumulated to reliably estimate 
weight composition of plant parts, plant part 
composition was based on the numbers of identifi- 
able points. Seedheads were a minor part of total 
hits, stem parts accounted for 50 to 75yo of the 

Table 3. Crude protein (percent dry matter) of the four 
predominant grass species and of rumen forage samples 
on various collection dates.8 

Source of Forage 

Date Clipped (1964) 

g/21 10/Z lo/23 11/6 11/20 12,‘30 

Clipped Plant Species 
Plains bristlegrass 10.2 7.1 6.1 7.2 7.2b - 
Arizona cottontop 6.1 6.1” 4.0 4.5 3.5 3.5b 
Lehmann lovegrass 5.2b 5.2 3.4 4.4 6.1 2.5 
Black grama - - - 4.1b 4.1b 4.1 

Rumen Forage 
Steer 1 11.4 10.4 8.0 7.3 7.4 5.6 
Steer 2 12.6 9.9 8.1 8.8 7.5 5.7 

B Value for December 4 not reported since one rumen forage 
sample was lost for this date. 

bValues estimated from highest adjacent value. 

points on Lehmann lovegrass and black grama, but 
leaf parts made up from 70 to 90yo of points ob- 
served on Arizona cottontop and plains bristle- 
grass. Shrub species, recognized in the rumen 
samples mainly by leaves, were velvet mesquite, 
desert zinnia, and false-mesquite. 

The botanical composition of the diet as deter- 
mined from the ocular observations showed con- 
siderable differences in quantities of species when 
compared with the corresponding rumen sample 
analyses (Fig. 1). The purpose of the ocular esti- 
mate in this study was to obtain information on 
the plant species consumed rather than exact 
amounts consumed by an individual steer. The 
difficulty of arriving at the composition of the 
animal’s forage intake with observer estimates is 
apparent and has been recognized by other in- 
vestigators (Hardison et al., 1954; Lesperance et al., 
1960b). It is evident that the ocular estimates 
provided only general information on the botanical 
composition of the steer diets. 

The crude protein content of the four major 
plant species in the diet varied considerably be- 
tween the species within collection dates and gen- 
erally decreased as the season progressed (Table 
3). Hand-clipped plant samples were not obtained 
for certain species on specific dates since some 
species either were not observed to be consumed or 
were grazed in rather small quantities. In most 
cases, these amounts were only a small part of the 
total composition of the rumen forage samples. 
The percent crude protein of the rumen forage on 
each date collected was considerably higher than 
the corresponding protein content for any of the 
four major plant species available on the range. 
Other investigators have reported fistula forage 
samples to be greater than the protein content of 
the predominant forage species on native ranges 
(Cable and Shumway, 1966; Bredon and Torell, 
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FIG. 2. Comparison of protein in rumen samples from grazing 
steers with estimated average protein based on percent weight 
of plant species and protein content of hand-clipped species. 

1967). They hypothesized that the additional pro- 
tein was a result of the animal’s selectivity for 
higher-protein plant parts of grass species and to 
other plant species containing higher protein. 

A comparison was made between a weighted 
estimate of the protein content of the clipped 
forage with the rumen forage protein to determine 
what extent this increase in protein could be ac- 
counted for by selective grazing of the various 
plant species. The weighted estimate of percent 
crude protein in the diet was derived from the 
species composition of the rumen samples (Table 
2) and the protein content of hand-clipped whole 
plants (Table 3). The only other plant species 
grazed to any extent other than the four major 
grass species were false-mesquite and Englemann 
prickly-pear. The crude protein value for false- 
mesquite was 13.9yo for September 21 and Novem- 
ber 6 while samples of Engelmann prickly pear 
contained 3.7yo crude protein on December 30. 
The weighted estimate of percent protein in the 
diet did not account for the protein contained in 
the “other plant species” given in Table 2, which 
results in some underestimation of the total pro- 
tein. 

(r2) showed that 92yo of the variation in estimated 
protein was associated with changes in the protein 
content of the rumen forage. Although there was 
a high correlation between the two components, 
the weighted estimate based on the predominant 
plant species of the diet and protein content of 
hand-clipped plant samples did not account for all 
the protein of the rumen forage samples. 

The higher protein content of the rumen samples 
may be due to several factors. A major factor may 
be the differences in protein content among dif- 
ferent parts of the plant species as well as the ani- 
mal’s choice of certain plant parts in preference 
to others. The two major grass species in the 
rumen samples collected through early November 
(plains bristlegrass and Arizona cottontop) were 
primarily made up of leaf parts as previously dis- 
cussed. On the other hand, the two major grass 
species in the late November and December col- 
lections (black grama and Lehmann lovegrass) were 
composed primarily of stem parts. Analyses of 
the parts for these species (at the end of the next 
year’s growing season in November 1965) showed 
leaves and seedheads to contain almost twice the 
protein as stem parts. It is apparent that selection 
of specific plant parts may significantly alter the 
protein content of the diet. The higher protein 
content of rumen samples, due to steer selectivity 
of various plant parts, could not be accounted for 
in this study, since the protein of the forage species 
was determined on the basis of whole plant analy- 
ses. Further research is needed in order to deter- 
mine the protein contribution by plant part. 

The “other plant species” (Table 2) may be an- 
other factor influencing the higher protein content 
of the rumen samples. These species included 
higher protein containing shrubs such as velvet 
mesquite, prairie zinnia, and Wright’s eriogonum. 
Salivary nitrogen could also have increased the 
crude protein content of the rumen samples over 
forage samples. However, Cook ( 1964) reported 
negligible amounts of nitrogen in saliva samples 
from cattle and sheep on Utah ranges, suggesting 
that salivary nitrogen contamination was only a 
minor contribution to the total protein of the 
rumen samples. 

The estimated protein content, based on the 
major plant species in the diet, was consistently 

Conclusions 

lower than the crude protein obtained directly by The botanical composition of the steer diet 

chemical analysis of the rumen samples (Figure varied qualitatively and quantitatively over the 4- 

2). The ratio of rumen protein to the estimated month collection period. Not only did the diet 

protein of the forage species was much the same 
vary greatly in quantity of certain grass species 

over all dates. As the estimated protein decreased 
with time, but certain shrubs and cactus species 
became a part of the diet in the late fall and early 

from September to December, a similar decrease winter. 
was noted for the protein content of the rumen 
samples. A regression was made of weighted esti- 

The species composition of the rumen samples 

mated protein on the crude protein of the rumen 
differed markedly from that of the available forage 
on the range. 

forage samples. 
The steers were very selective not 

The coefficient of determination only in their choice of available plant species but 
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Highlight. 

Eleven ungrazed shallow limy range sites were studied 
as to species composition, edaphic characteristics, and range 
condition. These stands were located in the shale-limestone 
region of north-central Kansas. The sites were dominated 
by little bluestem and big bluestem. Edaphic conditions 
were marked by high surface rockiness, basic pH, low 
mulch, and low water-retaining capacity. Range condition 
as assessed by the Dyksterhuis method placed all stands 
in excellent range condition. 

lThis research was partially financed by National Science 
Foundation grant GB-3409. 

Intelligent management practices must be based 
on sound knowledge of range sites within the 
management area. An understanding of soil, plant, 
and climatic interrelationships is essential to 
proper range condition evaluation and thus to 
proper stocking and utilization. 

One of the major sources of knowledge of such 
relationships is available in remnant grasslands 
that have not been subjected to the pressures of 
livestock grazing. Such areas represent a point of 
departure for management practices (Dyksterhuis, 
1949) and tend to provide rationale for many con- 
cepts in range management. Mason et al. (1967) 
demonstrated this point for a relict grassland in 
Utah and referred to other studies of a similar 
nature in Utah and elsewhere. Remnant grass- 
lands have also been investigated in North Dakota 
(Hanson and Whitman, 1938) and Wisconsin 
(Curtis 1955; Dix 1959). 

In Kansas, few studies of remnant grasslands have 
been made. Tomanek and Albertson (1957) re- 
ported on ungrazed prairies in two locations in 
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Highlight. 

Eleven ungrazed shallow limy range sites were studied 
as to species composition, edaphic characteristics, and range 
condition. These stands were located in the shale-limestone 
region of north-central Kansas. The sites were dominated 
by little bluestem and big bluestem. Edaphic conditions 
were marked by high surface rockiness, basic pH, low 
mulch, and low water-retaining capacity. Range condition 
as assessed by the Dyksterhuis method placed all stands 
in excellent range condition. 

lThis research was partially financed by National Science 
Foundation grant GB-3409. 

Intelligent management practices must be based 
on sound knowledge of range sites within the 
management area. An understanding of soil, plant, 
and climatic interrelationships is essential to 
proper range condition evaluation and thus to 
proper stocking and utilization. 

One of the major sources of knowledge of such 
relationships is available in remnant grasslands 
that have not been subjected to the pressures of 
livestock grazing. Such areas represent a point of 
departure for management practices (Dyksterhuis, 
1949) and tend to provide rationale for many con- 
cepts in range management. Mason et al. (1967) 
demonstrated this point for a relict grassland in 
Utah and referred to other studies of a similar 
nature in Utah and elsewhere. Remnant grass- 
lands have also been investigated in North Dakota 
(Hanson and Whitman, 1938) and Wisconsin 
(Curtis 1955; Dix 1959). 

In Kansas, few studies of remnant grasslands have 
been made. Tomanek and Albertson (1957) re- 
ported on ungrazed prairies in two locations in 
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FIG. 1. Location of shale-limestone parent material region in Kansas. Adjacent resource regions are also given. 

Western Kansas and Linnell (1961) studied soil- 
vegetation relationships on chalkflat range sites 
in the same region. Ankle (1963) investigated an 
ungrazed breaks range site in the shale-limestone 
area of Kansas. 

The present project was initiated to secure 
quantitative data on vegetation and soils of rem- 
nant shallow limy range sites in the shale-limestone 
region of North Central Kansas. The shallow limy 
range site includes what was formerly termed the 
breaks range site. Therefore, the technical de- 
scription as used by the U.S. Soil Conservation 
Service for breaks range sites is used in describing 
the shallow limy site. According to the SCS, this 
site occurs mainly on nearly level to steeply rolling 
lands with slopes averaging 12 to 15%. The soil 
depth is characteristically less than 20 inches and 
the soils are poorly developed A-C soils. A specific 
site location is found in part of the Fort Hays 
Kansas State College pasture (W-36, T3S, R 19W). 

The documentation of remnant prairies repre- 
senting such sites is essential since they are rapidly 
disappearing as man finds new ways to utilize these 
previously ungrazed areas. Also, the structural 
aspects described in this project will provide infor- 
mation needed for further investigations on the 
functional nature of grassland communities and 
a more complete understanding of the grassland 
ecosystem. 

Study Area and Procedure 
The stands selected for study are located within the 

confines of the shale-limestone section of the Central 
Kansas Rolling Plains Region (Fig. 1). This area of the 

Mixed Prairie includes nearly 5,000,OOO acres (Fly, 1946), 
extending from near the Nebraska line south to the 
Arkansas Valley. 

The climate of the area is classified as semiarid and is 
typically continental with large fluctuations in tempera- 
ture. Rainfall averages from 21 to 25 inches annually from 
west to east across the study area. Long-time records show 
extremes of 43.34 inches in 195 1 to 9.21 inches in 1956 
for the wettest and the driest year, respectively. The aver- 
age annual temperature ranges from 53 to 55 F from north 
to south. 

During 1965 and 1966, eleven remnant shallow limy 
stands located upon shale-limestone derived soils were 
selected. These stands were ungrazed by domestic stock 
and had not been subjected to regular mowing or burning. 
Within each of the stands the vegetation was sampled by 
100 systematically-placed point frames to measure per- 
centage composition and basal cover. Forty rectangular 
0.25 m2 quadrats were also examined in each stand in 
sampling the vegetation. Absolute frequency and percent. 
age presence were calculated from these data. 

Topographical characteristics, including exposure, slope, 
and position on slope were recorded on each stand. In 
addition, subjective ratings on a scale from 1 to 5 (1 = low 
and 5 = high) were made on mulch, dusting susceptibility, 
and rodent disturbance. 

Five soil samples were collected from each stand at a 
depth of 0 to 6 inches and were pooled into a composite 
sample. Soil texture was determined by the hydrometer 
method. Percentage rock was obtained by sieving the soil 
samples through a 2-mm sieve and separating rocks larger 
than 2 mm. The rock content was then expressed as a 
percentage of the weight of the soil sample. Wilting point 
at 15 atm was determined, using a pressure membrane 
apparatus, while water-retaining capacity was determined 
with Hilgard cups. 
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Table 1. Mean percentage composition and basal cover 
of major grass species on eleven remnant shallow limy 
stands in Western Kansas. 

Composition (%) Basal Cover (“/o) 

Species Mean Range Mean Range 

Little bluestem 
Andropogon scoparius 34.56 (o-70.56) 4.04 (O-l 1.4) 
Big bluestem 
Andropogon gerardi 25.70 (O-65.63) 2.40 (O-4.9) 
Side-oats grama 
Bouteloua curtipendula 21.29 (8.82-39.72) 1.90 (.6-2.8) 
Plains muhley 
Muhlenbergia cuspidata 1.11 (O-7.77) 0.16 (O-1.5) 
Hairy grama 
Bouteloua hirsuta 4.42 (O-14.46) 0.45 (O-l .5) 
Blue grama 
Bouteloua gracilis 5.57 (o-18.07) 0.55 (O-2.2) 
Hairy dropseed 
Sporobolus pilosus 0.93 (O-4.7) 0.10 (O-.7) 
Switch grass 
Panicum virgatum 0.05 (O-.55) 0.01 (O-. 1) 
Red Three-awn 
Aristida longiseta 0.27 (O-41.19) 0.02 (O-2.8) 
Sand dropseed 
Sporobolus cryptandrus 0.13 (O-1.47) 0.01 (O-.1) 
Tall dropseed 
Sporobolus asper 0.13 (O-1.47) 0.0 1 (O-. 1) 
Others 5.84 0.59 

Totals 100.00 10.24 

Percentage organic matter, available phosphorus, avail- 
able potassium, and pH were determined at the Kansas 
State University Soil Testing Laboratory. 

Results 

The grass vegetation on the remnant stands 
was dominated by little bluestem and big blue- 
stem (Table 1). These species plus side-oats grama 
account for over 80% of the vegetation. Although 
these three species were dominants when the 11 
stands were considered in composite, there was 
considerable variability in the composition of the 
individual stands. One stand did not have any 
little bluestem recorded in the point or quadrat 
sampling, however, it was present in the stand. 

Two shortgrasses, blue grama and hairy grama 
were the other major associated species found on 
the shallow limy habitat. However, the importance 
of blue grama on this site is much less than on 
heavier textured clay-upland range sites (Albert- 
son and Tomanek, 1965). The low importance of 
the shortgrasses was accompanied by a relatively 
low basal cover, a typical situation on the imma- 
ture A-C soils of shallow limy range sites. 

In addition to the dominant grasses on the shal- 
low limy stands, there were many associated forbs 

2See Tables 1 and 2 for scientific names of grasses and 
forbs. 

Table 2. Percentage absolute frequency, relative fre- 
quency, and presence of 25 forbs on eleven remnant 
shallow limy stands in Western Kansas. 

Species 
Ab. 

Freq . 
Rel. 
Freq. Presence 

- 

Western ragweed 
Ambrosia psilostachya 

Black Samson 
Echinacea angustifolia 

Green thread 
Thelesperma gracile 

Broom snakeweed 
Gutierrezia sarothrae 

Blazing star 
Liatris punctata 

Oblong-leaved aster 
Aster oblongifolius 

Narrow-leaved tetraneuris 
Tetraneuris stenophylla 

Purple-prairie clover 
Petalostemon @@urea 

Resinous skullcap 
Scutellaria resinosa 

Wavy-leaved thistle 
Cirsium undulatum 

Annual sunflower 
Helianthus annuus 

James’ whitlowwort 
Paronychia jamesii 

White-prairie clover 
Petalostemon candidum 

Serrate-leaved evening primrose 
Oenothera serrulata 

Many-flowered aster 
Aster ericodes 

Rigid-leaved goldenrod 
Solidago rigida 

Few-flowered scurfpea 
Psoralea tenuiflora 

Narrow-leaf houstonia 
Houstonia angustifolia 

Cat claw sensitive briar 
Shrankia uncinata 

Lead plant 
Amorpha canescens 

Stinging spurge 
Tragia ramosa 

Heath aster 
Aster arenosus 

Narrow-leaved puccoon 
Lithospermum linearifolium 

Indian breadroot 
Psoralea esculenta 

Toothed euphorbia 
Euphorbia dentata 

20.0 

37.2 

16.3 

13.8 

12.5 

07.7 

09.7 

07.5 

38.4 

06.1 

10.6 

17.5 

02.7 

18.2 

12.7 

07.5 

11.4 

22.3 

13.6 

03.8 

27.7 

09.5 

03.6 

01.8 

03.9 

02.99 81.8 

05.58 90.9 

02.45 90.9 

02.07 54.5 

01.87 81.8 

01.15 54.5 

01.46 54.5 

01.12 81.1 

05.76 90.9 

00.92 63.6 

01.60 54.5 

02.62 72.7 

00.40 36.4 

02.72 72.7 

01.90 72.2 

00.12 45.5 

01.70 54.5 

00.34 81.8 

02.02 72.7 

00.57 36.4 

04.15 54.5 

01.43 54.5 

00.54 81.8 

00.27 45.5 

00.57 45.5 

(Table 2). The mean number of species per stand 
was 60 with a range from 43 to 75. Many forbs 
were present on most of the stands, but did not 
have a high frequency within the stand; they were 
resinous skullcap, narrow leaf houstonia, narrow 
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Table 3. Mean and range of environmental characteristics 
for eleven remnant shallow limy stands in the shale- 
limestone parent material region of Western Kansas. 

Characteristic Mean 

Wilting point (%) 14.00 
Water-retaining capacity (%) 68.61 
Rock (%) 33.84 
Sand (%) 29.19 
Silt (%) 48.55 
Clay (%) 22.25 
Slope (degrees) 16.56 
Organic Matter (%) 3.39 
Available P (ppm) 1.5 
Available K (ppm) 193 
Depth to lime (inches) < l1 
PH 8.01 
Mulch 11 
Dusting Possibility 41 
Rodent Disturbance 51 

1 These figures represent modal values. 

Range 

9.05-19.72 
55.66-82.98 
11.93-66.33 
17.90-44.00 
38.50-72.30 

9.80-36.70 
3.2 -28 
2.5 - 4.2 

o-5 
104-303 

0 
0 

l-3 
4-5 
4-5 

leaf puccoon, blazing star, blacksamson and slender 
green thread. These forbs characterize ungrazed 
shallow limy stands floristically. 

Some environmental characteristics in the 11 
stands were uniform while others showed consider- 
able variability (Table 3). The three most distin- 
guishing features of the shallow limy range site 
are related to the limestone out-crops upon which 
this site usually occurs. The percentage of rock 
was high in most of the stands. A minimum of 
1 1.93y0 was recorded, which is much higher than 
on other range sites; e.g., clay uplands. The rocky 
nature of the stands is also indicated by the ef- 
fervescence reaction to hydrochloric acid at the 
surface on all 11 stands. Associated with the sur- 
face rockiness was a moderately high and con- 
sistent pH. 

Moisture relationships on the shallow limy stands 
are perhaps the most influential factor affecting 
the vegetation. The water-retaining capacity and 
wilting point reflect the low amount of organic 
matter and clay particles in the soil surface. These 
two features coupled with the low mulch cover 
should result in the sites being xeric. Augmenting 
this tendency towards a xeric environment are the 
relatively steep slopes upon which most shallow 
limy stands are situated. The shallow limy stands 
are usually located near the crest of the slope thus 
resulting in an unfavorable moisture runoff-ac- 
cumulation ratio for the site. All these features 
imply that this range site is a dry and unfavorable 
habitat for bluestem grasses. However, there is 
another factor of the habitat that was not measured 
in this project that should be considered. The 
presence of limestone fragments on the soil sur- 
face and the highly fissured parent materials result 

in increased infiltration of precipitation into the 
soil (Albertson, 1937). The result is a mesophytic 
environment that is not in phase with the surface 
organic matter and clay content levels. Albertson 
(1937) also reported extensive rooting of plants in 
fissures on limestone outcrops and speculated on 
the competitive effects of such differential rooting. 

Shallow limy range sites are generally not sub- 
jected to rodent disturbances. Rodent activity 
was low on all stands, since the textural qualities 
of the soils are not conducive to the burrowing 
animals such as the plains pocket gopher (Geomys 
bursarius). 

There was little evidence of dusting (deposition 
of wind blown material from adjacent cultivated 
land) on the remnant stands, which is expected 
since most of the immediate surrounding terrain 
is in pasture rather than cultivation. It is doubtful 
that dusting is of any ecological significance in 
determining the specific composition of the stands 
investigated. 

Range Condition of the Stands 

There has been interest recently (Tomanek, 
1967) in establishing a flexible system of range 
condition evaluation. The Dyksterhuis (1949) 
method is widely used and in all but a few areas 
(Coupland et al., 1960) seems to work well in de- 
fining correct stocking rates. When the range 
condition of the 11 breaks stands was calculated 
(according to the Dyksterhuis method) it was found 
that they all were in excellent condition. How- 
ever, there was considerable variation in the range 
condition values. The lowest condition was 777,, 
which occurred on a stand dominated by big blue- 
stem and side-oats grama. Of the remaining 10 
stands, two had rance condition evaluations be- 
tween 80 and 90%. The last group was dominated 
by the two bluestems. The average range condition 
of the stands was 91%. 

The conclusion is that the Dyksterhuis method 
did satisfactorily place all 11 stands in excellent 
range condition, which is the expected since these 
stands were ungrazed and should represent the 
climax condition. There was also no evidence 
of the range condition decreasing with non-use, a 
phenomenon that is suspected to occur on clay- 
upland range that is ungrazed or used very lightly. 
On clay-upland range sites near Hays, Kansas, 
which have been protected for nearly 35 years, it 
has been observed that the range condition degen- 
erates into a weedy state. 

Conclusions 
Grass vegetation on the stands was dominated 

by little bluestem, big bluestem, and side-oats 
grama. Blue grama and hairy grama were the 
major associated species. 
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Forb populations on the sites were floristically 
diverse. Characteristic or indicator forbs included 
resinous skullcap, black samson, and narrow leaf 
puccoon. 

Edaphic conditions were marked by high surface 
rockiness, basic pH, low mulch, and low water- 
retaining capacity . Mesophytic conditions prob- 
ably result from increased infiltration rates due to 
fragmented and fissured parent material. 

Range condition as assessed by the Dyksterhuis 
method placed all stands in excellent range condi- 
tion, even though considerable variability existed 
in the specific composition of the stands. 

LITERATURE CITED 

ALBERTSON, F. W. 1937. Ecology of mixed prairie in west 
central Kansas. Ecol. Monogr. 7 :48 l-547. 

ALBERTSON, F. W., AND G. W. TOMANEK. 1965. Vegeta- 
tion changes during a 30-year period on grassland com- 
munities near Hays, Kansas. Ecology 46:714-720. 

ANKLE, DAVID D. 1963. Vegetation and soil comparisons 
among three areas: mowed, relict, and moderately grazed. 
Unpublished M.S. thesis. Fort Hays Kansas State College. 

COUPLAND, R. T., N. A. SKOGLUND, AND A. J. HEARD. 1960. 
Effects of grazing in the Canadian Mixed Prairie. Proc. 
VII Inter. Grassland Cong. 212-215. 

9 

A Review of Browse in the 
Nutrition of Grazing Animals 

A. D. WILSON 

Drylands Research Institute Fellow, University of 
California, Davis; and Research Scientist, 

Division of Plant Industry, C.S.Z.R.O., 
Riverina Laboratory, Deniliquin, 

N.S. W., Australia. 

Highlight 

Literature on the chemical analyses, animal preference, 
digestibility, and intake of browse and on the production 
of animals grazing on browse is examined. It is concluded 
that browse has not yet been shown to make a major con- 
tribution to the nutrition of domestic or most game animals 
and further study of browse-grass comparisons is needed. 

Revision Bibliografica de 10s Arbustos en la 
de 10s Animales en Pas tore0 

N utricion 

Resume& 
Este articulo revisa el progreso que se ha logrado en las 

evaluaciones de arbustos respect0 a: analisis quimicos, 
preferencia para pastoreo, digestibilidad y consume, y su 
production medida en animales. 

Se concluyo que no se ha mostrado todavia que 10s 

lPor Ing. Edmund0 L. Aguirre, Dep. de Zootecnia, ITESM, 
Monterrey, N. L., Mexico. 

CURTIS, J. 1955. A prairie continuum in Wisconsin. 
Ecology 36:558-566. 

DIX, RALPH L. 1959. The influence of grazing on the 
thin soil prairies of Wisconsin. Ecology 40:36-44. 

DYKSTERHUIS, E. J. 1949. Condition and management of 
range land based on quantitative ecology. J. Range 
Manage. 2: 104-l 15. 

FLY, C. L. 1946. Natural agricultural resource areas of 
Kansas, Soil Conservation in Kansas. Kans. State Board 
Rep. 271. 199 p. 

~[ANSON, H. C., AND W. WHITMAN. 1938. Characteristics 
of major grassland types in Western North Dakota. Ecol. 
Monogr. 8:57-l 14. 

LINNELL, LYLE D. 196 1. Soil-vegetation relationships on 
a chalk-flat range site in Gove County, Kansas. Trans. 
Kans. Acad. Sci. 64:293-303. 

MASON, LAMAR R., HORACE M. ANDREWS, JAMES A. CARLEY, 
AND E. DWAIN HAACKE. 1967. Vegetation and soil of 
No Man’s Land Mesa relict area, Utah. J. Range 
Manage. 20:45-49. 

TOMANEK, G. W. 1967. Community ecology and range 
management. Paper presented at Twentieth Annual 
Meeting, American Society Range Management, Seattle, 
Washington. Abstr. of Papers, p. 40. 

TOMANEK, G. W., AND F. W. ALBERTSON. 1957. Varia- 
tions in cover, composition, production and roots of 
vegetation on two prairies in Western Kansas. Ecol. 
Monogr. 27:267-281. 

8 9 

arbustos tengan una contribution importante en la 
nutriciiin de 10s animales domesticos 0 animales silvestres 
mayores. En algunas zonas aridas se ha estado demostrando 
que no tienen contribution, pero existen otras situaciones 
climaticas y vegetales en las cuales pueden ser importantes 
forrajeras. Conformarse con estos estudios en la evaluation 
de solo la calidad puede ser engafioso porque 10s arbustos 
tienen deficien cias en materia seca la cual persiste con el 
pastoreo. Discusiones sobre el diseiio de las investigaciones 
futuras relativas a evaluaciones de arbustos son presentadas. 

In areas of low or intermittent rainfall, the 
leaves of shrubs and trees (browse) are often re- 
garded as important for the nutrition of grazing 
animals. Browse provides supplements of protein 
and energy when grasses are mature and of low 
value and a reserve of feed that can be utilized in 
time of drought. Experimental support for these 
views comes principally from chemical analyses 
of browse and grasses and from pen feeding trials 
and there is surprisingly little supporting evidence 
in the form of production response by grazing ani- 
mals. 

The purpose of this article is to assess the 
progress that has been made in browse evaluation 
and to make suggestions for the future direction 
of this work. Some reference is made to game ani- 
mals, but the principal conclusions refer to use 
of browse by domesticated sheep, cattle, or goats. 
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Forb populations on the sites were floristically 
diverse. Characteristic or indicator forbs included 
resinous skullcap, black samson, and narrow leaf 
puccoon. 

Edaphic conditions were marked by high surface 
rockiness, basic pH, low mulch, and low water- 
retaining capacity . Mesophytic conditions prob- 
ably result from increased infiltration rates due to 
fragmented and fissured parent material. 

Range condition as assessed by the Dyksterhuis 
method placed all stands in excellent range condi- 
tion, even though considerable variability existed 
in the specific composition of the stands. 
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8 9 

arbustos tengan una contribution importante en la 
nutriciiin de 10s animales domesticos 0 animales silvestres 
mayores. En algunas zonas aridas se ha estado demostrando 
que no tienen contribution, pero existen otras situaciones 
climaticas y vegetales en las cuales pueden ser importantes 
forrajeras. Conformarse con estos estudios en la evaluation 
de solo la calidad puede ser engafioso porque 10s arbustos 
tienen deficien cias en materia seca la cual persiste con el 
pastoreo. Discusiones sobre el diseiio de las investigaciones 
futuras relativas a evaluaciones de arbustos son presentadas. 

In areas of low or intermittent rainfall, the 
leaves of shrubs and trees (browse) are often re- 
garded as important for the nutrition of grazing 
animals. Browse provides supplements of protein 
and energy when grasses are mature and of low 
value and a reserve of feed that can be utilized in 
time of drought. Experimental support for these 
views comes principally from chemical analyses 
of browse and grasses and from pen feeding trials 
and there is surprisingly little supporting evidence 
in the form of production response by grazing ani- 
mals. 

The purpose of this article is to assess the 
progress that has been made in browse evaluation 
and to make suggestions for the future direction 
of this work. Some reference is made to game ani- 
mals, but the principal conclusions refer to use 
of browse by domesticated sheep, cattle, or goats. 
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The reader is also referred to articles in Joint 
Publication No. 10 of the Imperial Agricultural 
Bureau (1947) and to a review on range research 
in the dry tropics by Naveh (1966). For a descrip- 
tion of some browse plants the reader is referred 
to Dougall and Bogdan (1958) (Kenya), Sampson 
and Jesperson (1963) (California), and Knowles 
(1951), Condon and Knowles (1952) and Stannard 
and Condon (1958) (Australia). 

Chemical Analyses 

There are many reports of the chemical analyses 
of browse plants, either on the Weende system of 
proximate analysis or for crude protein alone. 
Many of these have been gathered together by the 
Imperial Agricultural Bureau (1947, 894 entries) 
and some of the recent analyses are listed in articles 
by Hellmers (1940), Cook and Harris (1950), 
Bissell and Strong (1955), Innes and Mabey (1964a), 
and Khajuria (1965). Because of the great variety 
of results, it is difficult to draw any conclusions 
from these. However, one may concur with the 
conclusion of Bohman and Lesperance (1967) that, 
in general, browse has a more consistent crude 
protein content than grasses, which are typically 
high in protein at the beginning of the growing 
season and low in protein when mature. On the 
other hand, browse consistently has a higher fiber 
and lignin content than grasses. Leguminous 
shrubs differ from other shrubs in that they often 
contain more than 20% crude protein (Hutton and 
Bonner, 1960; Innes and Mabey, 1964a). 

However, all these analyses have been done on 
hand-collected material. A recent observation with 
esophageal fistulated cattle showed that the diet 
contained 66% more crude protein than hand- 
collected samples (Bredon et al., 1967) and this 
has been the consistent observation of other 
workers (Weir and Torell, 1959; Arnold, 1960). 
With browse, it is probable that the same selectivity 
occurs since Reynolds and Sampson (1943) ob- 
served a range of 7 to 17% crude protein between 
the old and young leaves of the one species. 
Furthermore, many of these analyses do not con- 
sider seasonal and maturity variations which are 
known to occur in some browse species (Gordon 
and Sampson, 1939). 

On the basis of crude protein content, browse 
can be considered as a supplement to protein- 
deficient grasslands and, in pens, responses to the 
supplementation of roughages with browse have 
been obtained (Wilson, 1966). However, no re- 
ports can be cited in which responses were obtained 
to the supplementation of grazing animals with 
naturally occurring browse. In future work on 
supplementation with browse, it would be of value 
to make comparisons with alternative protein 
sources, such as protein concentrates (Harris et al., 

1956), or introduced legumes (Jones and Winans, 
1967; Shaw, 1961). 

Browse may also be of value as a source of 
vitamin A. Cook et al. (1954) analyzed 8 species 
of browse and found that they contained a mean 
of 7.2 mg/lb of carotene. Gartner and Anson 
(1966) found that the leaves of mulga (Acacia 
aneuru) contained from 5 to 38 mg/lb of B-carotene 
and that sheep maintained on mulga for 3 to 16 
months had adequate vitamin A reserves. 

In terms of mineral composition browse may be 
deficient in phosphorus (Cook et al., 1954; Innes 
and Mabey, 1964a) and responses to phosphorus 
supplementation on an arid range containing 
browse have been obtained (Harris et al., 1956). 
However, this does not necessarily apply to all 
species as Sampson and Jesperson (1963) found 
that deciduous trees and shrubs were adequate in 
phosphorus (0.87’, in spring, declining to 0.2y0 in 
fall), whereas nondeciduous shrubs were low in 
phosphorus (0.22% in spring, declining to 0.11 y0 
in fall). Cook and Harris (1950) noted that the 
leaves of browse are higher in phosphorus than 
the stems. 

In calculating energy values for browse, it should 
be noted that the essential oils contained in some 
species are poorly utilized by animals and are 
largely excreted in the urine (Cook et al., 1952). 

Animal Preference 

Studies of the proportion of browse in the diet 
of grazing animals have been conducted with 
cattle (Connor et al., 1963; Payne and MacFarlane, 
1963; Cook et al., 1967), sheep (Leigh and Mul- 
ham, 1966, 1967; Cook et al., 1967), goats (Knight, 
1965), antelope (Ferrel and Leach, 1950) and deer 
(Leach, 1956; Browning and Lauppe, 1964; Allen, 
1968). The methods used have included esophageal 
and rumen fistulae, observation of grazing time, 
and examination of rumen contents. It is possible 
that browse intake is overestimated when examin- 
ing the rumen contents of slaughtered animals, 
because of the high fiber and slower digestion of 
browse, but there is not yet any experimental 
evidence on this point. 

The above studies show that the intake of browse 
varies widely with the season, the alternative vege- 
tation, and the type of animal, and because of 
variation in the availability and palatability of 
the ground flora it is often not possible to predict 
from past observations, the proportion of browse 
that will be eaten. In each locality, the availability 
of browse and herbaceous material is important in 
determining the relative intakes of these two 
classes of forage. For instance, Biswell et al. (1952) 
observed that deer ate 95 to 99% browse in heavy 
brush areas, but only 3 to 50% in open brush 
areas. It can generally be concluded that browse 
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is eaten in greatest quantity at the height of the 
dry season when green grasses and herbs are sparse, 
although in areas with severe winters the reverse 
may be true. 

The various species of livestock and game also 
differ in the amounts of browse that they eat. 
Goats eat more browse than sheep, which in turn 
eat more than cattle (Staples et al., 1942; Campbell 
et al., 1962; Cook et al., 1967) and these animals 
may be ranked in the same order for effectiveness 
in reducing heavy brush. Wild animals, such as 
deer and elk, and some of the wild ruminants 
of Africa, also eat much browse. There is a simi- 
larity in the preferences of all these animals 
(Julander, 195S), but there are important differ- 
ences that have relevance in studies on competi- 
tion between wild and domesticated animals. For 
instance, Severson and May (1967) found that 
antelope ate more of the shrubs rabbitbrush 
(Chrysothamnus viscidiflorus) and sagebrush (Arte- 
misia tridentata) than did sheep and Griffiths and 
Barker (1966) found that kangaroos never ate the 
leaves of mulga and berrigan (EremophiZa Zongi- 
folia) which are browsed by sheep. However, evi- 
dence of consumption of browse should not be 
equated with a requirement for browse, nor be 
used as an indication of nutritive value. 

Many differences, some large, exist in the rela- 
tive palatabilities of the many browse species and 
no attempt has been made in this review to list 
these. Little is known of the basis of these differ- 
ences in palatability and the recent attempts by 
Longhurst and Jones (1967) to define the chemical 
factors affecting palatability in browse plants are 
of considerable interest. It has been found that 
the unpalatable factors in Douglas fir (Pseudotsuga 
menziessii), blue gum (Eucalyptus globulus) and 
bay (Umbellularia californica) are associated with 
the essential oils contained in the leaves and fur- 
ther work is proceeding on the separation of the 
unpalatable volatile components. 

Inhibition of Digestion 
The leaves of a number of shrubs and trees con- 

tain poisonous compounds and others contain a 
high proportion of sodium chloride, but no at- 
tempt has been made to tabulate these. A more 
recent discovery has been that the essential oils 
contained in the leaves of some browse species 
inhibit digestion in the rumen (Nagy et al., 1964; 
Oh et al., 1967). Oh et al. (1967) have isolated the 
various essential oils in Douglas fir needles and 
examined their effect on the rate of digestion in 
vitro. The oxygenated monoterpenes were the 
principal group inhibiting digestion. However, 
after continued ingestion, there was some evidence 
that the rumen microorganisms became adapted to 
these inhibitory essential oils, so that the field im- 

portance of these observations remains to be de- 
termined. 

Digestibility and Intake 
In a number of studies, the leaves or twigs of 

individual browse species have been harvested and 
fed to penned deer, sheep or cattle. Of the species 
from temperate climates, intakes of chamise 
(Adenostoma fnsciculatum), live-oak (Quercus 
wislezenii), aspen (Po~ulus grandidentata), balsam 
(A bies balsamea) and jack pine (Pinus banksiana) 
(Bissell et al., 1955; Ullrey et al., 1964, 1967, 1968) 
were extremely low and to achieve higher intakes, 
Bissell and Weir (1957) mixed chamise and live-oak 
with alfalfa. Nevertheless, the highest digestibility 
of dry matter recorded was 56%. The intakes of 
northern white cedar (Thuja occidentalis), scrub 
oak (Quercus gambelii), curl leaf mahogany 
(Cercocarpus Zedifolius), bitterbrush (Purshia tri- 
dentata) and juniper (Juniperus utahensis) by deer 
were found to be more satisfactory (1.2 to 2.0 lb/ 
100 lb body weight), but with the exception of 
curl leaf mahogany (60yb) digestibilities were be- 
low 50% (Smith, 1952, 1959; Ullrey et al., 1967, 
1968). These trials underestimate value, because 
of the restriction of selectivity, and this may be 
more important with small-leafed species, such as 
chamise, than with larger-leafed species. 

Higher intakes have been recorded with sheep 
fed on the arid-area species sagebrush (1.9 to 2.5 
lb/ 100 lb, Smith, 1950) and bladder saltbush 
(Atriplex vesicaria) (3.3 lb,/100 lb, Wilson, 1966). 
A digestibility of 70y0 was recorded with oldman 
saltbush (A triplex nummdaria) (Wilson, 1966), 
although intake was only 1.8 lb/lOOlb. The as- 
sociation of low intake with high digestibility 
could occur frequently with browse, owing to the 
occurrence of unpalatable and inhibitory factors 
mentioned earlier. With tropical browse plants, 
Mabey and Innes (1966a, 1966b) found digest- 
ibilities up to 70% and intakes of up to 2.3 lb/ 100 
lb in cattle feeding studies with Antiarus, Grewia, 
Baphia, and Griffonia. In India, Mia et al. (1960a, 
1960b) and Majumdar and Momin (1960) fed a 
number of tree fodders (Ficus spp.) to goats and 
recorded intakes as high as 5.2 lb/100 lb body 
weight and organic matter digestibilities up to 
61%. However, when fed to bullocks, the highest 
intake recorded was 2.0 lb/100 lb. Joshi and 
Ludri (1966) fed kharik (Celtis tetrenda) leaves to 
sheep and found intake to be 4.1 lb/ 100 lb and 
organic matter digestibility to be 5 1%. 

These results suggest that arid and tropical 
browse plants have more potential as ruminant 
feeds than those from temperate areas, although 
such a generalization may merely reflect the dif- 
ficulties of collecting samples representative of 
grazed forage in some species. 
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With grazing animals, the diet is rarely 100% 
browse. Nevertheless, there have been several mea- 
surements of the food intake of sheep on arid shrub- 
lands which were made when browse was essentially 
the whole diet. In these instances, intake was mea- 
sured by total fecal collection, together with esti- 
mates of digestibility made by lignin ratio (Cook 
et al., 1952, 1967) or by in vitro digestibility of 
esophageal fistula samples.2 The intake of digest- 
ible dry matter was generally sufficient for main- 
tenance of the animals in question, which is prefer- 
able to the loss of weight that often occurs in the 
dry season. A report that the intake by cattle 
eating a combination of Griffonia and grass (40 : 
60) was 40% higher than that of cattle eating grass 
alone (Innes and Mabey, 1964b) may not be reli- 
able, as the grass alone comparisons were pen fed. 

Production Measurements on Grazing Animals 
There are a few experiments in which the long- 

term productivity of animals on browse areas has 
been compared to that on neighboring areas with- 
out browse. Leigh, Wilson, and Mulham (1968) 
could find no production response (body weight 
and wool growth) to the presence of small amounts 
of cottonbush (Kochia aphylla) in an arid grassland. 
Larger amounts of oldman saltbush were also 
generally without effect on body weight or wool 
growth, although a small improvement in body 
weight was obtained in a year of low rainfall. 
These results were explained on the basis that at 
no time were these grasslands deficient in protein 
and that the dry matter contribution of the bushes 
was small. Year-long grazing on a bladder saltbush 
shrubland and on a grassland pasture (Dunthoniu 
cuespitosu) at 0.5 sheep/acre2 showed that pro- 
ductivity in the first year was slightly higher on 
the shrub pasture than on the grassland, but in the 
second year it was considerably lower. This arose 
because at the grazing intensity used, the shrubs 
died, but the grassland remained in good condition. 
Long-term carrying capacity on the grassland was 
twice that of the shrub pasture. In a similar cli- 
mate, Cook (1966) recorded a four-fold increase 
in carrying capacity following the replacement of 
sagebrush with grasses, although later there was 
difficulty with invasion by other poor-quality 
woody plants. 

These observations emphasize the need for in- 
formation on browse productivity and persistence 
under grazing, as well as the more common mea- 
surements of quality. A few studies of browse 
production have been made (Hubbard et al., 1960; 
Hutton and Bonner, 1960; Oakes and Skov, 1962), 
but these cover few of the plants under considera- 
tion and present no comparisons with grasses 

2 Wilson, A. D., J. H. Leigh, and W. E. Mulham. 1968. 
Australian J. Agr. Res. 

grown under the same conditions. This is prob- 
ably because of the difficulty of measuring growth 
where the establishment of a baseline by complete 
defoliation may significantly reduce growth or kill 
the plant, but it could be argued that a plant that 
will not withstand defoliation has no place in a 
grazing system. 

These observations also emphasize that browse 
evaluation should be made comparative to the 
alternative vegetations of that area. Browse is 
generally not of high quality, but owing to its 
retention of protein or digestible energy in dry 
seasons, it may be higher in quality than the alter- 
native grasslands. However, the improvement of 
grasslands is generally achieved by the introduc- 
tion of legumes and there is, as yet, no support for 
the contention of Innes (1965) that for tropical- 
savanna areas grass-browse combinations have 
greater promise than grass-legume combinations. 

The leaves of some trees are used as a drought 
reserve in arid areas, but there is little informa- 
tion available on the amounts of fodder accumu- 
lated or its nutritive value. In Australia, the leaves 
of mulga have been successfully used to maintain 
sheep over lon g droughts (Gartner and Anson, 
1966). 

Methodology of Evaluation 
It has not yet been shown that browse has an 

important contribution to make to the nutrition 
of domestic or most game animals. In some arid 
areas browse has been shown to make no contribu- 
tion, but there remain many other plant and 
climatic situations in which a place for browse 
may be found. These studies have also shown that 
evaluation in terms of quality alone can be mis- 
leading, since many browse plants have deficiencies 
in dry matter production and persistence under 
grazing. 

At this point it would be appropriate to examine 
the design of future work on browse evaluation. 
Until it has been shown that browse, as a whole, 
has a place in grazing systems, it would seem ap- 
propriate to direct attention to comparisons of 
browse and grassland areas, rather than to com- 
parisons between browse species. Since browse is 
used as a grazed plant, the most important informa- 
tion will come from grazing studies and from 
grazing studies that use the system of grazing ap- 
propriate to the region. Ideally these studies 
would involve paired areas, one with browse and 
the other without, although such trials present 
certain difficulties. The development of a stable 
grassland in areas previously occupied by shrubs 
or trees may take many years and grazing studies 
can be both costly and time consuming. Con- 
sequently, the breakdown of browse-grass compari- 
sons into quality and quantity measurements on 
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small areas and over shorter periods of time would 
be desirable. 

Studies of quality require sampling by fistulated 
animals at various levels of utilization and encom- 
passing the range of seasons in which browse use 
occurs. Evaluation of these samples should include 
analysis for nitrogen and estimates of digestibility. 
The latter may be obtained by in vitro digestion 
(Tilley and Terry, 1963) or in vitro digestion of 
cell-wall constituents (Van Soest, 1967), which have 
given good estimates for forages. However, there 
is a need to evaluate the validity of these methods 
for browse by in vivo-in vitro comparisons. Quanti- 
tative studies of dry matter production and of 
browse persistence under grazing are also required. 
Studies such as those of Lay (1965) which measure 
dry matter production under various intensities 
of defoliation, with the addition of measurements 
on alternative grasslands, should be attempted. 
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Highlight 
The effect of inorganic nitrogen and phosphorus fer- 

tilizers on the seedling vigor of two important but dissimilar 
grass species, Lolium multiflorum and Oryzopsis miliacea 
is reported. There was significant reduction in seedling 
growth at high concentrations of NH,NO, + NH,H,PO, 
but with NH,NO, alone the high concentrations neither 
increased nor decreased seedling growth. Nitrogen uptake 
of seedlings increased as the level of nitrogen increased. 
Rapid depletion of endosperm starch and low concentra- 
tions of total sugars and reducing sugars in seedlings were 
associated with the high levels of nitrogen fertilization. 

In pasture and range seedings it is often recom- 
mended to band-fertilize with moderate amounts 
of nitrogen fertilizer. Under this condition, high 
concentrations of nitrogen or other fertilizer salts 
can easily develop around the seedlings. The 
question arises therefore as to whether such con- 
centrations might be unfavorable during the early 
seedling stage of some grass species. Does nitrogen 
increase seedling vigor during the nonphotosyn- 
thetic stage of development and what is the rela- 
tionship of external nitrogen to the utilization of 
carbohydrate reserves in grass seeds? These ques- 
tions invited investigations and are discussed in 
this report. 

Most of the factors in seedling vigor were re- 
cently reviewed by Whalley et al. (1966). In 
particular, the amount and nature of food reserves 
in the seed were found to influence seedling per- 
formance. Nadvornik (1927) found that germina- 
tion percentage and seedling vigor of ryegrass in- 
creased for large seeds within a species. Blaser et al. 
(1956) noted that nitrogen fertilizers increased the 
aggressiveness of orchardgrass seedlings relative 
to alfalfa in spring seedings. Yemm and Willis 
(1956) showed that when barley plants were sup- 
plied with ammonium, nitrite, or nitrate nitrogen 
sources, the synthesis of amino acids and amides 
was closely associated with high rates of respira- 
tion and rapid loss of carbohydrates from the 
tissues. 

l Contribution from Department of Agronomy, University 
of California, Riverside. Part of a thesis submitted by the 
senior author in partial fulfillment of the requirements 
for the MS. degree. 

Materials and Methods 
In the first of two experiments seeds were grown under 

various levels of NH,NO, + NH,H,PO,; in the second 
experiment, various levels of NH,NO,, alone, were used. 
Two ecologically different grass species, Italian ryegrass 
(Lolium multiflorum L.) and smilo (Oryzopsis miliacea) 
(L.) Benth. eC Hook.), were chosen for study. They are 
characterized as follows: ryegrass has high seedling vigor, 
as evidenced by its high competitive ability, fast rate of 
growth, and high requirement for nitrogen; smilo is 
characterized by moderately low seedling vigor, drought 
resistance, and low response to nitrogen. 

Uniform seed was obtained by using a “South Dakota” 
specific gravity seed separator. Germination of smilo was 
improved by a 30-min treatment with 70% v/v H,SO, 
to remove the palea and lemma. The mean weight of 
ryegrass seeds was 1.99 mg and the seeds of smilo .56 mg. 
Seeds were germinated under alternating temperatures of 
ZOC-30C for 16 and 8 hr, respectively. These were then 
placed with the embryo end downward on absorbent 
paper in plastic dishes inclined about ZOO from the 
vertical. Eighty ml of the nutrient solution, consisting of 
fractions of the amount of N and P present in full strength 
Hoagland’s nutrient solution in de-ionized water, were 
added to each germination dish. The concentrations used 
included 0 N, 0.25 N, 0.5 N, 1 N, and 2 N, where 1 N = 
0.841 ppm N and 0.619 ppm P, (N P), or 0.841 ppm N 
alone (N). Seeds were kept in the dark except for short 
periods each day during which seedlings were measured 
and samples were removed for nitrogen and carbohydrate 
analysis; 5 to 20 seedlings of ryegrass and 10 to 40 seedlings 
of smilo were used. Samples were immediately lyophylized 
and, when dry, were stored in a desiccator under reduced 
pressure over CaCl,. Nitrogen was determined by the 
Micro-Dumas method of the Coleman nitrogen analyzer. 
Carbohydrates were studied for two components: alcohol- 
soluble sugars and starch. The following methods were 
used for carbohydrate analyses: extraction with 80% 
ethanol (Nowakaski, 1962); total sugars (Yemm and Willis, 
1954); reducing sugars (Nelson, 1944); and starch (Pucher 
et al., 1948). Results were expressed as glucose equivalents. 

Results 
Experiment 1 

Seedlings of Italian ryegrass were significantly 
heavier and longer than those of smilo at all 5 
levels of NH4N03 + NH,H2P0, (Fig. 1). Fer- 
tilizer concentrations from 0 NP to 0.5 NP were 
found to increase significantly seedling growth of 
ryegrass, but fertilizer levels greater than the 0.5 
NP did not cause further increases in seedling 
growth. Growth of smilo seedlings, on the other 
hand, was obviously hampered by fertilizer levels 
of 0.5 NP, 1 NP and 2 NP. In both species good 
growth of seedlings was obtained with low con- 
centrations of nitrogen and phosphorus, but high 
levels of fertilizer significantly inhibited root 
growth. 

The fertilizer-treated seedlings of ryegrass began 
to increase in nitrogen content about the third 
day after radicle emergence. On the contrary, 
smilo did not increase in nitrogen content as 
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FIG. 1. Seedling, top, and root growth means 5 days after 
radicle emergence. * Growth means differing significantly 
at the 1% level are indicated by different numerals. ** Letter 
subscripts are used to indicate significant difference between 
root and top growth means. 

germination progressed. The uptake of nitrogen 
from the medium can be represented by the dif- 
ference in nitrogen content between the 0 NP- 
treated seedlings and the fertilizer-treated seed- 
lings. Nitrogen uptake of ryegrass, 4 days after 
radicle emergence, was 17.1, and 11 .O pg/seedling, 
respectively for the 0.5 NP, and 2 NP concentra- 
tions. Conversely, uptake of nitrogen by smilo 
whole seedlings was not significant. 

Experiment 2 

Seedling growth in this experiment was less 
affected by high fertilizer concentrations than in 
Experiment 1 (Fig. 2). Two points are apparent. 
First, root growth of ryegrass was not inhibited by 
the high levels of N in the absence of P; second, 
both top and root growth of smilo were as long at 

150 
L. multiflorum 

& 54-N iN iii 2N 
Fertilizer rates 

“x- & iN lh iN 
Fertilizer rates 

FIG. 2. Root and top growth means 6 days after radicle 
emergence. * Growth means differing significantly at the 5% 
level are indicated by different letters. 

the 1 N as at the 2 N concentration of N. In Ex- 
periment 1 the higher concentrations of N + P 
resulted in shorter seedlings. 

Seedling N content increased as growth pro- 
gressed for 6 days in both species (Table 1). Seed- 
lings of each species doubled their original N con- 
tent but the absolute increase in N content was 
greater in ryegrass (12.7, 20.5, 22.1 pg/seedling) 
than in smilo (7.2, 13.5, and 13.2 pg/seedling, 
respectively for the 0 N, 0.5 N or 2 N levels). While 
the N content of the seedlings increased with the 
advancement in growth, the N content of endo- 
sperm-seed remains was found to decrease in both 
ryegrass and smilo. These decreases were uniform 
across all treatments and apparently not affected by 
increased concentrations of N fertilizer. 

Six days after radicle emergence the original 
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Table 1. Effect of N,H,NO, on nitrogen content of root-top and endosperm-seed remains of two grass species. Data 
in Pg N per portion of seedling. 

Con- 
centra- 

tion 2 

L. multiflorum 0. miliacea 
Days from radicle Days from radicle 

emergence emergence 

3 4 6 Mean1 ’ 2 3 4 6 Mean’ 

Root-top 
0 13.6 21.3 24.0 26.3 2.13, 11.5 15.9 17.3 18.7 15.9, 
0.5 24.2 33.6 37.7 44.7 35.1,, 16.5 19.1 27.8 30.0 
2 27.9 39.4 44.3 

23.4, 
50.0 40.4, 15.8 22.1 27.6 29.0 23.6, 

Endosperm- 
seed remains 

0 17.4 10.5 8.5 6.6 10.8, 7.7 4.5 2.8 1.9 4.2, 
0.5 16.7 11.9 9.4 8.8 11.7, 6.9 5.4 1.5 0.7 3.6, 
2 17.7 11.4 11.1 8.4 12.2, 6.3 4.4 1.3 0.9 3.2, 

1 Means differing significantly at the 1% level are indicated by different letters. 

starch content in ryegrass seedlings had decreased 
about 76, 87, and 89% for the 0 N, 0.5 N and 2 N 
concentrations, respectively (Table 2). The cor- 
responding decrease in starch content of smilo 
seedlings was 78, 83, and 90%. Total sugars and 
reducing sugars increased with the decrease in 
starch content of both ryegrass and smilo. How- 
ever, these increases in sugars were much smaller 
in the high N treatments than in the 0 N treat- 
ment. 

Discussion 
Increasing concentrations of NP apparently 

cause greater reductions in seedling growth than 
N alone for both species. Root growth of ryegrass 
appears to be more affected than smile by high 
levels of fertility since ryegrass roots were only half 
as long in the 2 NP treatment as in the control. 

Nitrogen alone in increasing concentrations does 
not produce the beneficial effect of increased seed- 
ling growth as is normally observed when applied 
at later stages of plant development. Generally, 
there appears to be no greater top or root growth 
of either species at the highest level of fertility 
than at the 0 level. 

The possibility that the high fertilizer con- 
centrations might be producing an adverse osmotic 
effect was considered. To test this possibility a 
small study was conducted using varying concen- 
trations of manitol in germination dishes with the 
two species. No reduction in growth of seedlings 
was noted even though osmotic concentrations 
were over two times as high as those of the NP and 
N treatment concentrations. Thus, any adverse 
osmotic effect on seedling growth from the fer- 
tilizer treatments can be ruled out. 

In the absence of growth reduction or promotion 
by the fertilizer concentrations in Experiment 2 
there were other indications of modified plant 
response. The increased accumulation of nitrogen, 
rapid conversion of starch, and reduced levels of 

total and reducing sugars all appear to be associated 
with the higher levels of fertility. The recent work 
of Naylor (1966), in which he reported that the 
synthesis of a-amylase could be induced by supply- 
ing either gibberellic acid or a mixture of amino 
acids and sugars, appears pertinent to the observa- 
tions made in this study that high fertilizer levels 
can cause an increase in starch hydrolysis. Inas- 
much as the reduced levels of starch, total sugars, 
and reducing sugars occurred without a correspond- 
ing increase in seedling growth, it appears that the 
high levels of N or of NP increased the rate of 
respiration at the expense of growth processes. 

In both experiments ryegrass had a high top- 
root ratio when given additional fertilization. In 
contrast, smilo seedlings always had a low top/root 
ratio regardless of the level of fertility. Once the 
seedling is established rapid top growth is an 
advantage to the plant in terms of competition 
with other plants. However, increased top growth 
during the nonphotosynthetic stage of seedling 

Table 2. Daily changes in carbohydrate content of seed- 
lings of two grass species as affected by 3 levels of 
NH,NO,. Data in mg per seedling. 

Days 
from 

radicle 
Rates of 

L. multiflorum 0. miliacea 
emer- 

NH,NO, gence S1 TS RS s TS RS 

0 N 0 1.54 0.07 0.02 0.40 0.02 0.00 
3 0.67 0.10 0.05 0.34 0.03 0.01 
6 0.37 0.40 0.21 0.09 0.08 0.05 

0.5 N 0 1.58 0.07 0.03 0.40 0.01 0.00 
3 0.64 0.11 0.06 0.32 0.03 0.01 
6 0.20 0.28 0.18 0.07 0.06 0.03 

2N 0 1.53 0.06 0.02 0.40 0.01 0.01 
3 0.54 0.09 0.05 0.31 0.02 0.01 
6 0.17 0.10 0.06 0.04 0.04 0.02 

1 S = starch; TS = total sugars; RS = reducing sugars. 
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development may be a disadvantage. Reserve ma- 
terials may be used up in top growth resulting in a 
root system insufficient to provide water and nu- 
trient in time of stress. Success of smilo in environ- 
ments where drought and low fertility levels are 
common may be explained partly on the basis of its 
high ratio of root/top growth. 

Application of results from these two experi- 
ments to field operations should be done only 
with caution. First, it should be borne in mind 
that the study was concerned only with dark-grown 
seedlings, comparable with early growth beneath 
the soil surface where seed-contained reserves are 
being used. At this time little, if any, new carbo- 
hydrate is being produced. Further, the time 
period of the study was only for the first 6 days 
of seedling growth. Whereas in this study, seed- 
ling roots were in direct contact with the nutrient 
solutions all of the time, under field conditions 
the concentration of fertilizer solutions could be 
fluctuating constantly. Not all seedlings or even 
all seedling roots would be in close contact with 
excessively high fertilizer concentrations, however, 
the effects on those that do may be harmful. 

In summation, increased rates of nitrogen plus 
phosphorus or nitrogen alone do not appear to 
significantly increase the early seedling growth of 
either ryegrass, a species known for its high seed- 

AND BOX 

ling vigor, or smilo, a species known for low seed- 
ling vigor. 
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Nitrogen at four rates, 100, 300, 600, and 900 lb/acre, 
and a combination of 900 lb N, 100 lb P20Jacre were 
applied to a bunchgrass-annual forb community in a 
randomized complete block design in 1965. Fertilization 
with nitrogen and nitrogen with phosphorous increased 
the total production in all cases, although grass produc- 
tion decreased in 1967. Nitrogen content and protein 
content of forage increased with all rates of fertilization. 
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Phosphorous content increased only when phosphorous 
was added to the nitrogen fertilizer. There was no change 
in potassium content with any treatment. Residual amounts 
of phosphorous occurred in the soil one year after fertiliza- 
tion. Cattle grazed fertilized strips more heavily than the 
control plots. Both the percent utilization and pounds of 
herbage increased with fertilization rate. There was no 
difference in the amount of residual material left after 
grazing. 

Commercial fertilizers have long been used to 
improve forage quality and increase yield on cul- 
tivated pastures. In recent years considerable in- 
terest has been expressed in the use of fertilizers to 
increase the production of rangelands. 

Applications of extremely heavy rates of fer- 
tilizer have been used by Dee and Box (1964), and 
Lutwick, Smith, and Johnston, (1965). Lutwick 
et al. (1965) f ound that at rates up to 800 lb/acre, 
there was a season-dependent increase in yield and 
an accompanying change in botanical composition 
at high rates. There was marked increase in yield 
over the control in the second year by species not 
killed the first year. 

The present study was designed to evaluate the 
effects of high rates of nitrogen fertilization on a 
bunchgrass-annual forb community on the Coastal 
Prairie of Texas. 
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bunchgrass-annual forb community on the Coastal 
Prairie of Texas. 
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Methods and Procedures 
The study area was a portion of Zavala Fine Sandy Loam 

(Dean et al., 1960; Kovar, 1963) on the Welder Wildlife 
Refuge approximately 9 miles northeast of Sinton, Texas. 
The climate of the area is subtropical, semi-arid. Frosts 
occur most years between December and February. The 
average length of the frost free period is approximately 
283 days. Average annual rainfall is 30.62 inches. The 
plant community was a typical bunchgrass-annual forb 
community described by Box (1961) and Box and Chamrad 
(1966). 

Treatments of ammonium sulphate alone and in com- 
bination with treble superphosphate were applied to the 
bunchgrass-annual forb community in June 1965. Treat- 
ments were a control plot with no fertilizer, nitrogen at 
the rate of 100 lb, 300 lb, 600 lb, and 900 lb/acre, and 
900 lb N plus 100 lb P,OB/acre. All treatments were 
replicated three times. 

Fertilizer was scattered uniformly over the surface with 
a six-foot drill-type fertilizer spreader. Plots were 6 x300 ft, 
and were parallel to each other with a 6 ft buffer strip 
between. A fence bisected all fertilizer treatments with 
150 ft of each plot subjected to moderate grazing by 
Hereford steers and white-tailed deer. The fence excluded 
cattle grazing from the other 150 ft of each plot. 

Species composition and yield of forage were sampled 
in August each year in 1965, 1966, and 1967. Forage pro- 
duction from 40 plots each 2.4 ft2 was estimated by species 
on each fertilizer plot at each date. Forty-two additional 
2.4 ft2 plots were sampled on the grazed area in 1966. 

Composite samples of soils and grasses were taken in 
each plot at the end of the first year (December 1965) 
and analyzed for chemical content. 

Results 
Herbage Production 

Fertilization with nitrogen and with nitrogen 
and phosphorous combined increased the total 
herbage production in all treatments (Table 1). 
The 900 lb N plus 100 lb P20,/acre plot produced 
significantly more total herbage than any other 
treatment in 1965. Significance is P < .05 unless 
stated otherwise. The 900 lb N, 100 lb P20C/acre 
plot produced significantly less forbs and signifi- 
cantly more grass than any other treatment. Those 
plots receiving 300, 600, and 900 lb N produced 
significantly less forbs and significantly more grass 
than plots receiving no fertilizer or 100 lb N. 
There appeared to be a steady increase in grass 
production and a decrease in forb production with 
each added increment of N up to the 600 lb/acre 
rate. The addition of 100 lb of phosphorous to 
the nitrogen significantly increased grass yield. 

In 1966, plots receiving 900 lb N, and 900 lb N 
and 100 lb P205 produced significantly more total 
herbage than all other plots. Plots receiving 300 lb 
N and 600 lb N produced significantly more total 
herbage than those receiving no fertilizer or 100 
lb N/acre. 

Plots receiving. 900 lb N with or without Dhos- 

Table 1. Herbage production three months after fertiliza- 
tion (1965), one year and three months after fertiliza- 
tion (1966), and two years following fertilization (1967).* 

1965 
Grass 
Forbs 
Total 

1966 
Grass 
Forbs 
Total 

1967 
Grass 
Forbs 
Total 

Control IOON 300N 600N 9UON 900N IOOP 

1421 1526 1773 2065 1965 2870 
693 609 412 212 321 95 

2114 2135 2185 2277 2286 2965 

1226 1550 1959 2412 2643 2715 
808 647 721 547 1030 1055 

2034 2197 2680 2959 3673 3770 

1711 1427 1558 1291 1262 925 
535 392 463 604 963 1781 

2246 1819 2021 1895 2225 2706 

*Numbers connected by a solid line are not significantly dif- 
ferent at the .05 level. 

phorous, produced significantly more forbs in 1966 
than any other treatment. There were no differ- 
ences in other treatments. 

The addition of 100 lb P20B to 900 lb N/acre 
produced significantly more grass in 1966 than any 
other plot. Those plots receiving 300, 600, and 
900 lb N produced significantly more grass than 
plots receiving no fertilizer or 100 lb N /acre. 

Botanical Composition 

Between 1966 and 1967, considerable change in 
botanical composition had taken place on the fer- 
tilizer plots (Table 2). There was a steady decrease 
in the amount of grass produced on plots receiving 
high amounts of nitrogen fertilizer. Likewise, the 
forb production increased as nitrogen fertilization 
increased. In 1967, the plot receiving 900 lb N and 
100 lb P20,/acre still produced significantly more 
total herbage than any other plot. There was no 
difference in the other plots. However, the plot 
receiving phosphorous in addition to nitrogen 
produced significantly more forbs than any other 
plot. The plot receiving 900 lb N alone produced 
significantly more forbs than each of the other 
four treatments. 

The high level nitrogen plot with additional 
phosphorous produced significantly less grass than 
any other treatment. Plots receiving 600 and 900 
lb N produced s_@ificantly less grass than those 
receiving no fertilizer, 100 or 300 lb/acre. 

The immediate effect of application of fertilizer 
in June, 1965, was a herbicidal type burn on broad- 
leafed plants. In those plots receiving 600 or more 
lb N, there was a noticeable kill of broad-leafed 
plants from fertilizer burn. Almost all of the forbs 
were killed in the nlots receiving 900 lb N /acre. 
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Table 2. Change in percent composition of nine species showing greatest change on fertilizer plots on the Welder Wild- 
life Foundation. 

Control 1OON 300N 600N 900N 900N/lOOP 

Species 1965 1966 1967 1965 1966 1967 1965 1966 1967 1965 1966 1967 1965 1966 1967 1965 1966 1967 

Andropogon scoparius 5 3 9 8 9 11 8 15 24 4 12 16 12 12 19 5 7 7 

Brachiaria ciliatissima 9 13 6 7 24 10 9 24 10 8 32 9 5 24 6 21 33 7 

Cenchrus incertus 7 11 11 6 13 7 16 8 7 12 12 5 26 16 3 18 19 2 

Elyonurus tripsacoides 15 4 18 12 6 16 8 7 13 11 6 9 12 6 9 9 2 3 

Setaria f irmula 16 13 13 22 5 16 28 6 7 44 5 8 31 3 5 35 4 3 

Croton capitatus 2 1 8 2 2 8 3 2 10 2 2 17 3 1 11 1 1 5 

Croton texensis T T 2 T T 3 1 2 11 T 2 11 1 2 11 1 T 20 

Heterotheca Zatifoliu 30 31 3 16 18 5 9 19 3 2 6 4 1 3 1 T 4 1 

Ximenesia enceloides 1 T 11 6 2 11 T T 3 T T 3 6 13 28 T 17 48 

In 1966, a year and three months after the fertiliza- 
tion, forb populations on the fertilizer strips 
seemed about equal. However, on those receiving 
high levels of fertilization, there was a noticeable 
increase in both yield and vigor of forbs. 

In 1967, much of the grass on plots receiving 
high levels of fertilization had died and had been 
replaced by forbs. Plots receiving 900 lb N or 900 
lb N and 100 lb P20s/acre showed up as strips 
of forbs in a grassland community. 

There was no significant change in species com- 
position of the flora in the control plots or those 
treated with 100, or 300 lb N/acre. However, 
above 600 lb N, there was a significant decrease 
each year in the percent of grasses in the com- 
position and a significant increase in the per- 
centage of forbs. For instance, with 600 lb N, 
the grass content declined from 89% in 1965, to 
78yo in 1966, to 55% in 1967. Under 900 lb N the 
grass composition declined from 940/, in 1965, to 
677, in 1966, to 447, in 1967. With the addition 
of 100 lb P205 to the 900 lb N grass composition 
declined from 97% in 1965, to 7 1 y0 in 1966, to 
23yo in 1967. Most of this change can be attributed 
to a few species. For instance, Sandhill panic 
(Setaria firmula (Hitch and Chase) Pilger) de- 
creased significantly from 1965 to 1967 on all plots, 
except the control. Likewise, coast sandbur 
(Cenchrus incertus M.A. Curtis) decreased with 
increased rates of fertilization. The decrease in 
percentage grass declined in climax grasses such 
as seacoast bluestem as well as in the lower succes- 
sional species, although the percentage change was 
not as great. 

The percentage of forbs in total production in- 
creased in all plots receiving over 600 lb N/acre. 
Forbs made up about one third the production in 
the control, 100 lb N, and 300 lb N plots, but 
accounted for 457, of the production in the 600 
lb N plot, 56% in the 900 lb N plot, and 77% 
in the 900 lb N, 100 PZOB treatment in 1967. 

Chemical Composition of Herbage 

Crude protein and nitrogen content of herbage 
increased with each additional increment of N. 
Crude protein varied from 100 lb/acre on the 
control to 574 lb on the plot receiving 900 lb N 
and 100 lb PaOs/acre (Table 3). 

There was a significant difference in percent 
nitrogen content of forage on all treatments except 
the 600 and 900 lb N/ acre rate (Table 4). There 
was no difference in phosphorous content of forage 
from any plot except the one receiving 100 lb P205 
in addition to nitrogen. Potassium content of 
forage varied slightly but there was no significant 
difference in either potassium or calcium content. 

Manganese content of forage collected two 
months following fertilization increased with rate 
of fertilization. Rates receiving 900 lb N and 100 
lb P20r, contained significantly more manganese 
than all other treatments. Plots receiving either 
600 or 900 lb N were not different in forage pro- 
duction from each other but produced significantly 
more than plots receiving 100 or 300 lb N or no 
fertilizer. Forage samples from plots receiving 
100 and 300 lb N were not different from each 
other, but contained more manganese than samples 
from the control. Plants from the control plot 

Table 3. Percent protein and pounds of protein per acre 
in 1966 in grass from six fertilizer plots. 

Pounds Crude 
Treatment Percent Protein* Protein 

Control 8.12a 1OOa 
1OON 9.37b 143b 
300N 13.75c 244~ 
600N 18.12d 372d 
900N 18.12d 356d 
900N/ 1OOP 20.00e 574e 

*All treatments significantly different at .05 level except that 
numbers followed by the same letter are not significantly 
different from each other. 
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Table 4. Chemical composition of grass from treated 
plots two months following fertilization.* 

YOON/ 
Nutrient C 1OON 300N 600N 900N 1OOP 

Nitrogen (%) 1.3 1.5 2.2 2.9 2.9 3.2 
~ ~ ~ 

Phosphorous (o/o) 0.15 0.12 0.13 0.15 0.14 0.41 

Potassium (%) 1.8 1.8 2.1 2.3 2.1 2.2 

Calcium (%) 0.16 0.12 0.09 0.12 0.07 0.06 

Manganese (ppm) 11.7 29.3 35.0 66.3 66.3 95.7 

Iron (PPm) 98.3 72.3 66.3 59.7 72.7 68.3 

*Values connected by a solid line are not significantly different 
from each other at the .05 level. 

contained significantly more iron than those from 
fertilized plots. 

Soil was sampled at the end of the first growing 
season following fertilization, and analyzed for 
residual fertilizer. There was no difference in 
residual calcium or potassium in any of the plots 
(Table 5). Only the plot receiving the 100 lb 
P,O,/acre in addition to the nitrogen contained 
significantly more phosphorous than the other 
treatments. Plots receiving 900 lb N contained 
significantly more residual nitrogen than other 
plots within the study. Plots receiving 600 lb N 
and 900 lb N and 100 lb P205 were not different 
from each other, but contained significantly more 
residual nitrogen than the control, 100 lb N or 300 
lb N plots. 

The amount of residual nitrogen followed closely 
the amount applied with the exception of the 900 
lb N and 100 lb PzOr, acre plot. Evidently the 
increased herbage yield utilized more nitrogen 
from this plot than the herbage extracted from 
the 900 lb N plot. 

Residual amounts of the four major nutrients 
in the soil did not explain the change in species 
composition. Unfortunately, soils were not ana- 
lyzed for trace elements. The content of manganese 
and iron in the herbage indicated that change in 
species composition might possibly be related to 

Table 5. Pounds per acre of four major elements in 
soil at end of first growing season following fertilization.1 

Treatment N P Ca K 

Control 27a 15a 1720a 290a 
1 OON 20a lla 1653a 280a 
300N 26a lla 1423a 233a 
GOON 53b 12a 1677a 243a 
9OON 113c 14a 1363a 253a 
900N/ 1OOP 53b 20b 1517a 260a 

1 Numbers in the same column followed by the same letter are 
not different from each other (P < .05). 

Table 6. Calculated pounds of mineral elements ex- 
tracted per acre. 

900N/ 
Nutrient C IOON 300N 600N 900N IOOP 

Nitrogen 44 45 52 66 68 92 
Phosphorous 3 3 3 4 4 10 
Potassium 34 43 33 39 41 53 
Calcium 6.0 5.0 3.0 215 2.1 2.6 
Manganese .03 .07 .I3 .26 .29 .47 
Iron 0.6 0.5 0.3 0.3 0.4 0.3 

trace elements, particularly manganese. The 
amount of each element extracted from the herbage 
was estimated by multiplying the percentage in the 
forage by the total yield (Table 6). There was no 
difference in the amount of nitrogen extracted 
between the control and 100 lb N plot. However, 
the amount increased with all other plots. 

Only the plot receiving phosphorous in addition 
to nitrogen extracted significantly more phos- 
phorous from the soil than the other treatments. 
The plot receiving 900 lb N and 100 lb P20.,/acre 
also extracted more potassium. However, it was 
proportionate to the increased yield of herbage. 

The amount of calcium and iron extracted from 
the soil decreased with the increase in nitrogen 
fertilization. Manganese content of herbage from 
treated plots increased significantly with the addi- 
tion of each increment of nitrogen. Plots receiving 
900 lb N and 100 lb P20s/acre extracted almost 
16 times as much manganese from the soil as the 
control. The change in species composition be- 
tween 1965 and 1967 appeared to be associated 
with the trace element content of the soil. 

Utilization 

In 1966, Hereford steers at the rate of 1 animal 
unit to each 15 acres, grazed half of the fertilized 
strips. There was a significant increase in the 
amount of grass utilized with each added increment 
of nitrogen (Table 7). There was no difference 
in the amount of grass residue remaining under 
the various treatments. Plots receiving 100, 300 
and 600 lb N/ acre were utilized significantly 
heavier than the control. The plots receiving 900 
lb N were utilized heavier than those receiving 
less fertilizer. The addition of 100 lb P205, 900 
lb N increased forb utilization significantly over 
all other plots. There was no significant difference 
in the amount of forb residue remaining. Although 
the percent utilization and the total amount of 
herbage utilized increased significantly with each 
increment of fertilizer, the residue remaining on 
the ground was the same under all treatments. 

Grass utilization generally increased on all 
species with the amount of fertilizer added. For 
instance, the heavier rate of fertilization increased 



36 BEATY AND POWELL 

Table 7. Pounds of grass and forbs produced and utilized 
per acre under six treatments.* 

SOON/ 
C IOON 300N 600N 900N 1OOP 

Grass produced 1266 1550 1959 2412 2643 2715 
-- 

Grass utilized 331 660 908 1319 1500 1710 - - __ - - 
Grass remaining 935 890 1051 1093 1143 1005 

Forbs produced 808 647 721 547 1030 1055 

Forbs utilized 333 110 154 238 570 750 - - 
Forbs remaining 475 537 567 309 460 305 

Total residue 1410 1427 1618 1402 1603 1310 

Total utilized 664 770 1062 1557 2070 2460 -- - - - - 
Percent utilized 32 35 40 53 56 65 - - - - 

*Values connected by a solid line are not significantly different 
from each other at the .05 level. 

Texas croton (Croton texensis (Klotzch) Muell. 
Arg.) was increased with the addition of fertilizer. 
The utilization of camphor weed (Heterotheca 
Zatifolia Buckl.) was decreased with the addition 
of fertilizer. 

Fertilized plots appeared as mowed strips in the 
prairie. In general, plants on the fertilized strips 
were taken irrespective of their palatability under 
unfertilized conditions. 
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Highlight 
In an experiment completed at the Americus Plant Ma- 

terial Center, Americus, Georgia, amclo clover, T. vesiculo- 
sum, was grown on Pensacola bahiagrass and Coastal 
bermudagrass sods at 6 fertility levels and crimson clover 
was grown at one fertility level on the same sods. Data 
showed that amclo with adequate fertilization would make 
a contribution to the forage production of Pensacola bahia- 
grass when stands of the clover were obtained in the fall 
(with procedures used in this research). Stand failures 

l Journal Series Paper No. 150 University of Georgia 
College of Agriculture Experiment Stations, College Sta- 
tion, Athens, Georgia Cooperating with the Soil Conserva- 
tion Service. 

occurred 50% of the time and further research on obtain- 
ing stands of amclo on bahiagrass and bermudagrass sods 
would appear to be in line. The data in this investigation 
showed that amclo was not as productive on Coastal ber- 
mudagrass sod as was crimson clover. Neither clover was 
as productive on Coastal as on bahiagrass. While fertilizer 
application had a positive effect on clover production, it 
did not necessarily assure high clover production. 

Amclo clover, a variety of Trifolium vesiculosum 
(Savi), when grown on clean-tilled soil has produced 
relatively high yields of high quality forage when 
harvested at or before the full bloom stage (Beaty 
et al., 1963; Stanley, 1968). It has volunteered 
for a number of years at the Americus Plant Ma- 
terials Center when grown for seed and the soil 
has been scarified by light disking in the fall. 

Amclo seedlings have been slow to establish and 
do not appear to have high seedling vigor. How- 
ever, once established, the plant is capable of 
rapid growth. While amclo produces high forage 
yields on non-sod soils (Beaty et al., 1965), its 
performance on sod is almost completely unknown. 
The purpose of this investigation was to establish 
the forage production potential of amclo on 
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application had a positive effect on clover production, it 
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(Savi), when grown on clean-tilled soil has produced 
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scarified and nonscarified Pensacola bahiagrass 
(Paspalum notatum (Flugge)) and Coastal bermuda- 
grass (Cynodon dactylon (L.) Pers.) sods when 
grown at six fertility levels. A second objective 
was to compare the forage production of amclo . 
wrth that of crimson clover, T. incarnatum, at one 
fertility level. 

Table 1. Effect of fertilizer rate on forage yield (lb dry 
forage per acre) of Pensacola bahiagrass overseeded 
with amclo and crimson clovers. 

Soil and 
Fertilizer 

Treatment 

Increase 
for clover 
and fertil- 

1964 1965 1966 Av. ization 

Procedure 
The investigation was conducted on Eustis loamy sand 

at the Americus Plant Materials Center during the period 
November 1, 1963, to September 15, 1966. The first 
seeding of clover was made on October 29, 1962, but due 
to clover stand failure, clipping was delayed until after 
establishment of the clover following the fall seeding of 
1963. Treatments were replicated four times on plots 6 x 
10 ft and separated by plowed furrows. Whole plots con- 
sisted of scarification treatments in a randomized block 
design with 8 fertility and clover treatments in split plots 
(Table 1). Soil was scarified before clover planting in 
late October or the first week in November by vigorously 
raking the soil surface after a rain. Raking exposed the 
mineral soil but was not severe enough to damage the sod. 
Inoculated Amclo seed were broadcast on the soil surface 
at 10 lb/acre. Innoculated crimson clover was seeded at 
30 lb/acre. After seeding, the fertilizer treatments were 
broadcast on the soil surface. 

Scarified 
1. Amclo clover + 4673 2553 1433 

0 fertilizer 
2. Amclo + 500 5710 4090 1638 

lb O-12-12 
3. Amclo + 500 6298 5868 2281 

lb 4-12-12 
4. Amclo + 500 4280 2616 1565 

lb 0-12-O 
5. Amclo + 500 5218 3652 1641 

lb O-O-12 
6. Amclo + 1000 5560 3769 1858 

lb O-12-12 
7. Crimson clover + 4274 2428 1531 

500 lb O-12-12 
8. No clover or 3482 1817 1386 

fertilizer 

2886 

3813 

4816 

2820 

3504 

3729 

2744 

2228 

658 

1585 

2588 

592 

1276 

1501 

516 

Starting on May 15 and continued at monthly intervals 
until September 15, 40 ft2 of area from each treatment 
were mowed using a sickle bar mower. Forage was dried 
in a forced air dryer to obtain yields. 

The bahiagrass and bermudagrass sods were located ap- 
proximately 3/s mile apart and yields are not directly com- 
parable. During the fall and early spring the soil on which 
the bahiagrass was grown tended to hold more available 
moisture than did the soil on which the bermudagrass 
was grown. During the summer when the grasses were 
growing both areas were comparable as to moisture con- 
ditions. 

Results and Discussion 

At the May 15 harvest, the grass had done little 
growing and forage harvested was primarily clover. 
Clover yields when grown on bahiagrass sod are 
given in Table 1. Variation in clover yields re- 
flected both a fertility effect and a year effect. 
During 1964 and 1965 clover production on bahia- 
grass sod was significant in terms of total produc- 
tion during the year and forage production during 
May. In 1966 an almost complete clover failure 
occurred. The clover yields on bahiagrass in 1964 
and 1965 indicates the potential that amclo has of 
increasing forage production. By the same indica- 
tion the low clover production in 1966 when com- 
bined with the stand failure in 1963 indicates the 
risk involved in growing amclo on bahiagrass. 

Not scarified 
1. Amclo+O 4457 2549 1464 

fertilizer 
2. Amclo + 500 5698 3398 1897 

lb O-12-12 
3. Amclo + 500 5268 5116 2234 

lb 4-12-12 
4. Amclo + 500 5037 2673 1741 

lb 0-12-O 
5. Amclo + 500 4605 2404 1512 

lb O-O-12 
6. Amclo + 1000 5745 3363 1955 

lb O-12-12 
7. Crimson clover + 4477 2578 1644 

500 lb O-12-12 
8. No clover or 3553 1787 1428 

fertilizer 

2823 

3664 

4206 

3150 

2840 

3688 

2900 

2256 

567 

1408 

1950 

894 

584 

1432 

644 

LSD 05 
Scarification NS 
Years 810 
Fertility trts. 618 

01 

1100 
830 

The relatively low yield of crimson clover on 
bahiagrass (treatment 7) has been experienced 
previously (unpublished data) and indicates that 
amclo is much better adapted to grow on a bahia- 
grass sod than is crimson. When treatments 2 and 
7 are compared, amclo averaged 692 lb/acre more 
forage per year than did crimson. The advantage 

in forage production due to fertilizers is not as 
clear cut. Amclo with no added fertilizer produced 
481 lb more forage at the May harvest than did 
the no-clover no-fertilizer check. The application 
of 500 lb O-l 2-l 2 increased forage production 50 1 
lb over the same clover with no fertilizer. The 
addition of 20 lb N (treatment 3) increased forage 
production 956 lb over the no-fertilizer check with 
clover and 455 lb over the same P and K treatment 
with no N. Doubling the P and K in treatment 6 
as compared to treatment 2 did not increase the 
forage production. Adding P without K (treatment 
4) did not significantly increase forage production 
as compared to the no fertility check and the addi- 
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Table 2. Effect of fertilizer rate on forage yield (lb dry 
forage per acre) of coastal bermudagrass overseeded 

Table 3. Effect of fertilizer rate on May forage harvest 

with amclo and crimson clovers. 
(lb dry forage per acre) of amclo and crimson clover 
growing on Pensacola bahiagrass. 

Soil and 
Fertilizer 

Treatment 

Increase 
for clover 
and fertil- 

1964 1965 1966 Av. ization 

Scarified 
1. Amclo + 0 

fertilizer 
2. Amclo + 500 

lb o-12-12 
3. Amclo + 500 

lb 4-12-12 
4. Amclo + 500 

lb 0-12-O 
’ 5. Amclo + 500 

lb O-O-12 
6. Amclo + 1000 

lb O-12-12 
7. Crimson clover + 

500 lb O-12-12 
8. No clover or 

fertilizer 

Not scarified 
1. Amclo + 0 

fertilizer 
2. Amclo + 500 

lb O-12-12 
3. Amclo + 500 

lb 4-12-12 
4. Amclo + 500 

lb 0-12-O 
5. Amclo + 500 

lb O-O-12 
6. Amclo + 1000 

lb O-12-12 
7. Crimson clover + 

500 lb O-12-12 
8. No clover or 

fertilizer 

2505 3296 2314 

2764 3519 2302 

3315 4414 2726 

2817 3103 2266 

2781 2991 2080 

3319 3448 2396 

3538 3719 2622 

2497 2832 2041 

2718 3102 1989 2603 

2520 2972 2072 2521 

3155 4347 2606 3370 

2934 3266 2588 2929 

2364 2688 2089 2380 

3136 3274 2099 2836 

3833 4224 2462 3506 

2602 2683 2062 2449 

2705 

2862 

3485 

2729 

2617 

3054 

3293 

2457 

248 

405 

1028 

272 

160 

597 

836 

154 

72 

921 

510 

69 

387 

1057 

Soil and 
Fertilizer 

Treatment 

Increase 
for clover 
and fertil- 

1964 1965 1966 Av. ization 

Scarified 
1. Amclo clover + 1299 651 

0 fertilizer 
2. Amclo + 500 2137 1779 

lb O-12-12 
3. Amclo + 500 2205 3145 

lb 4-12-12 
4. Amclo + 500 1101 653 

lb 0-12-O 
5. Amclo + 500 1698 1564 

lb O-O-12 
6. Amclo + 1000 1727 1355 

lb O-12-12 
7. Crimson clover 582 597 

500 lb O-12-12 
8. No clover or 296 185 

fertilizer 

Not scarified 
1. Amclo clover + 1231 617 

0 fertilizer 
2. Amclo + 500 1759 1124 

lb O-12-12 
3. Amclo + 500 1717 2442 

lb 4-12-12 
4. Amclo + 500 1459 686 

lb 0-12-O 
5. Amclo + 500 1009 618 

lb O-O-12 
6. Amclo + 1000 1835 1071 

lb O-12-12 
7. Crimson clover + 824 665 

500 lb O-12-12 
8. No clover or 279 173 

fertilizer 

18 656 

24 1313 

48 1799 

18 591 

12 1091 

20 1034 

13 397 

12 164 

26 625 

28 970 

19 1393 

31 725 

28 552 

21 976 

17 502 

12 155 

492 

1149 

1635 

427 

927 

870 

233 

470 

815 

1238 

570 

397 

821 

347 

LSD 05 01 LSD 05 
Scarification NS Scarification NS 
Years 819 NS Years 762 
Fertility trts. 387 514 Fertilizer trts. 618 

01 

981 
897 

tion of K without P (treatment 5) failed to give a 
consistent response. 

The effect of the fertilizer on total forage yield 
followed rather closely the relationship between 
clover and fertility. The highest total yield of 
clover and grass was produced when bahiagrass 
was fertilized with 500 lb 4-l 2-12 and overseeded 
with amclo. The next highest yields were pro- 
duced by bahiagrass when fertilized with 500 or 
1000 lb O-12-12 and overseeded with amclo. Adding 
K with soil scarification increased forage produc- 
tion but adding K without soil scarification did 
not. 

Clover production on Coastal bermudagrass was 

far less striking than that on bahiagrass Table 2. 
The highest clover yield on Coastal bermudagrass 
was obtained by fertilizing crimson with 500 lb 
O-12-12. The next highest yield was obtained by 
fertilizing amclo with 500 lb 4-12-12. Other clover 
and fertilizer treatments produced little or no more 
forage than did the no-clover and no-fertilizer 
check. 

Total yields of Coastal bermudagrass, clover, 
and fertilizer followed the same pattern as did the 
clover. Highest yields were obtained when Coastal 
was overseeded with amclo and fertilized with 
500 lb 4-12-12 or crimson clover was fertilized with 
500 lb O-12-12. Treatment 7, where amclo was 
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Table 4. Effect of fertilizer rate on May forage harvest 
(lb dry forage per acre) of amclo and crimson clover 
growing on Coastal bermudagrass sod. 

Soil and 
Fertilizer 

Treatment 

Increase 
for clover 
and fertil- 

1964 1965 1966 Av. ization 

sizeable contribution about 50% of the time when 
grown on bahiagrass. It appears that crimson 
clover is not likely to produce much forage under 
similar conditions. When Coastal bermudagrass 
is the sod crop, amclo is not likely to produce much 
forage while crimson clover will. 

Average forage yield data by seasons are shown 
in Table 3’ for Pensacola bahiagrass and Table 4 
for Coastal bermudagrass. Over the 3-year period, 
average production of the two grasses without 
fertilization or clover (treatment 8) was essentially 
equal. The bahiagrass averaged 2242 lb/acre dry 
forage while the bermudagrass averaged 2453 lb. 
More year to year variation was obtained with 
bahiagrass than with bermudagrass. In 1964 the 
average yield of bahiagrass was approximately 3500 
lb dry forage. In 1965 the average bahiagrass yield 
without clover was approximately 1800 lb and the 
1966 average yield was approximately 1400 lb. 
The average yield by years for Coastal bermuda- 
grass ranged between 2050 and 2750 lb/acre dry 
forage for the 3 years. The year to year variation 
in bahiagrass forage yield is related both to clipping 
and differences in distribution of rainfall (Beaty 
et al., 1960; Burton et al., 1957). The relatively 
stable forage production of the Coastal bermuda- 
grass indicates that the seasons were relatively 
equal overall. 

Scarified 
1. Amclo clover + 

0 fertilizer 
2. Amclo + 500 

lb O-12-12 
3. Amclo + 500 

lb 4-12-12 
4. Amclo + 500 

lb 0-12-O 
5. Amclo + 500 

lb O-O-12 
6. Amclo + 1000 

lb O-12-12 
7. Crimson clover + 

500 lb O-12-12 
8. No clover or 

fertilizer 
Not scarified 
1. Amclo + 0 

fertilizer 
2. Amclo + 500 

lb O-12-12 
3. Amclo + 500 

lb 4-12-12 
4. Amclo + 500 

lb O-12-12 
5. Amclo + 500 

lb O-O-12 
6. Amclo + 1000 

lb O-12-12 
7. Crimson clover + 

500 lb O-12-12 
8. No clover or 

fertilizer 

558 1014 801 791 

658 1178 863 900 

832 1965 1146 1314 

634 905 873 804 

699 867 728 765 

736 935 1025 899 

1432 1387 1016 1278 

509 656 692 619 

638 917 737 764 

623 804 789 739 

708 1861 1105 1225 

604 989 837 610 

434 659 795 629 

569 903 829 767 

1467 1530 1026 1341 

599 649 695 648 

172 

281 

695 

185 

146 

280 

659 

116 

91 

577 

162 

19 

119 

693 

LSD 05 
Scarification NS 
Years 530 
Fertility trts. 449 

01 

632 

fertilized with 1000 lb O-12-12, produced 291 lb 
more than the amclo no fertilizer check. Other 
fertilizer treatments were not significantly better 
than the clover no fertilizer check. 

While the two areas are not directly comparable, 
data obtained would indicate that amclo with 
proper fertilization can be expected to make a 

Soil scarification has little effect on yield of 
either grass or clover. Average yields of both grass 
and clover were increased by 50 to 150 lb/acre 
dry forage by soil scarification at time of planting 
clover. That increase in forage yield due to soil 
scarification was not significant and a considerably 
larger increase in yield would have been required 
for economic justification. 
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Highlight 

In current twigs of American beautyberry and rusty 
blackhaw, fiber content increased during spring and re- 
mained high for the remainder of the year. Old twigs 
usually contained more fiber than current twigs. Levels 
of protein, nitrogen-free extract, and cell contents-the 
most digestible fractions-were highest in spring, and 
new twigs contained higher levels than old twigs. Leaves, 
particularly those of beautyberry, were more nutritious 
than twigs or fruit. Beautyberry fruit was most succulent 
and nutritious when it ripened in early autumn. 

This paper reports the nutrient composition 
of twigs, leaves, and fruit of American beautyberry 
(Callicarpa americana) and of twigs and leaves of 
rusty blackhaw (Viburnum rufidulum). These 
deciduous shrubs are common in southern forests, 
where they are eaten by deer and other animals. 

To compare methods of analysis, plant samples 
were assayed both by standard proximal analysis 
(Maynard and Loosli, 1962) and by their solubility 
in detergent solutions. The latter determinations 
are thought to be the more meaningful in animal 
nutrition studies (Van Soest, 1963). 

Methods 
The terminal 4 inches of the current year’s twigs, 

the distal 4 inches of the previous year’s twigs, 
and the leaves, when present, were sampled 
monthly from American beautyberry and rusty 
blackhaw. In addition, fruit of American beauty- 
berry was picked monthly in late summer and 
autumn to obtain immature, ripe, and overripe 
fruit. Collections were made from April 1965 
through April 1966, usually during the first week 
of the month. Samples were cornposited from 5 
to 10 individual plants. They were collected at 
the Stephen F. Austin Experimental Forest near 
Nacogdoches, Texas. 

Samples were ovendried at 45 C. Plant tissue 
was then ground in a Wiley mill and analyzed at 
the Fertilizer and Feedstuffs Laboratory, Louisiana 
Agricultural Experiment Station, Louisiana State 
University, Baton Rouge. Crude protein, crude 
fat, ash, crude fiber, and nitrogen-free extract were 

lDr. Short is stationed at the Wildlife Habitat and Silvicul- 
ture Laboratory, which is maintained by the Southern 
Forest Experiment Station in cooperation with Stephen 
F. Austin State College. 

determined by standard proximal analysis. Cell 
wall and cellular constituents were determined by 
the procedure of Van Soest and Wine (1967); acid 
detergent fiber and acid detergent lignin, by the 
technique of Van Soest (1963); and cellulose, by 
procedures of Crampton and Maynard (1938). The 
nutrient contents of the forage samples are ex- 
pressed as percents of ovendry weight. 

Results 

Chemical Composition of Twigs 

Seasonal Trends.-In rusty blackhaw and Ameri- 
can beautyberry, stem elongation ceases and ter- 
minal buds are formed after a rapid flush of 
growth in early spring (Halls and Alcaniz, 1965). 
During the period of very rapid growth, current 
twigs of rusty blackhaw were lowest in fibrous 
constituents such as cell wall contents, crude fiber, 
acid detergent fiber, lignin, and cellulose (Fig. 
1). Fibrous contents increased as twigs became 
less succulent, and, by the time the terminal buds 
appeared and twig elongation ceased, fiber levels 
were reached that remained high for the remainder 
of the year. Dry matter content of current twigs 
varied widely but generally increased from early 
spring to summer. It was highest in late summer, 
frequently a drought period in east Texas. Fibrous 
constituents of old twigs varied little throughout 
the year. Fig. 1 shows changes in fibrous con- 
stituents in current and old twigs of rusty black- 
haw. Similar trends occur in beautyberry. 

In both species, protein, nitrogen-free extract, 
and cell contents of current twigs gradually di- 
minished from early spring until early summer and 
then changed little for the remainder of the year. 
The proportions of these constituents in old twigs 
remained relatively constant throughout the year. 

Comparing Current and Old Twigs.-Current 
twigs of rusty blackhaw, including those sampled 
after elongation ceased, contained higher propor- 
tions of protein, crude fat, ash, nitrogen-free ex- 
tract, and cell content than did l-year-old twigs 
(Table 1). The cellulose content was about the 
same in current and old twigs, but current twigs 
contained slightly more lignin. Crude fiber, cell 
wall content, and acid detergent fiber content were 
significantly greater in old than in current twigs. 

The dry matter content of both current and old 
twigs of rusty blackhaw varied throughout the 
year, but the average dry matter values for new 
and old twigs were not significantly different. 

Current twigs of American beautyberry sampled 
after the cessation of annual growth had higher 
protein, ash, nitrogen-free extract, and cell con- 
tents than old twigs. Old twigs had larger propor- 
tions of crude fiber, cell wall content, acid deter- 
went fiber, acid detergent lignin, and cellulose. h 

The current twigs of the two species had similar 
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FIG. 1. Monthly changes in dry matter content as a percent 
of fresh weight and in various measures of fibrous con- 
stituents as percents of ovendry weight 
blackhaw. 

Table 1. Means and standard errors for 
are percentages of ovendried weight.) 

in twigs of rusty 
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nutrient contents, except for a higher protein (P < 
0.01) and lower fat (P < 0.01) content in beauty- 
berry. 

In both species, current twigs are the only ones 
that appear to be useful food to animals, and they, 
only briefly in the spring when, paradoxically, de- 
mand for browse is least because of the great 
abundance of other food. 

Chemical Composition of Leaves 

The protein content of leaves of both species 
gradually decreased from early spring until autumn 
leaf drop. Leaf dry matter of both species fluctu- 
ated throughout the summer. The crude fat con- 
tent of blackhaw leaves increased somewhat during 
the growing season. The other measured leaf 
components varied little during and after June, 
when the leaves were fully developed. 

Beautyberry leaves had higher protein (P < 0.01) 
and lignin (P < 0.05) contents but lower nitrogen- 
free extract (P < 0.01) content than did blackhaw 
leaves (Table 2). Other measured components were 
present in similar proportions in both species. 
Higher protein content of leaves and a growth 
form in which they are more readily accessible 
probably make beautyberry leaves, if palatable, a 
more desirable forage than blackhaw leaves. 

The higher levels of nitrogen-free extract, cell 
contents, protein, fat, and ash in leaves indicate 
that they are more nutritious than twigs. 

expressions of chemical composition of twigs. (Values other than dry matter 

Rusty Blackhaw American Beautyberry 
Fraction Current Twigs Old Twigs Current Twigs Old Twigs 

% % % % 

Dry matter 54.3 + 1.6 57.9 + 1.3 54.1 + 2.0 61.2 - + 2.2 - - - 

Crude protein 3.6 + 0.2-F 3.0 + 0.1 5.9 0.3t 4.2 + 0.3 
Crude fat 3.2 + 

+ 
0.2t 2.2 T 0.2 1.9 + 0.2 1.5 T 0.2 

Ash 5.2 + 0.2" 4.6 + 0.2 4.7 T 0.2 3.8 + 0.2 
Crude fiber 43.6 + 1.1 49.0 T 0.5-F 43.6 T 1.0 54.1 + 1.8t 
Nitrogen-free extract 44.4 F 0.7t 41.3 T 0.5 43.9 r 0.71 36.4 + - 1.2 - 

Cell wall content 69.9 + 1.3 75.1 + 0.8-F 70.5 + 0.8 78.1 + 1.4t 
Cell content 30.15 1.3t 24.9 z 0.8 29.5 r 0.8t 21.9 T 1.4 - 

Acid detergent fiber 53.0 + 0.6 55.9 + 0.2t 53.7 + 0.5 60.3 + 1.2t 
Acid detergent lignin 14.4 + 0.6* 12.9 T 0.4 14.5 T 0.4 17.9 0.8t - - - z 

Cellulose 34.4 + 0.9 36.5 2 0.6 34.7 + 1.0 38.7 - - + 1.4* 

t Means of current and old twigs significantly different (P < 0.01). 

* Means of current and old twigs significantly different (0.01 < P < 0.05). 
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Table 2. Means and standard errors for expressions of 
chemical composition of rusty blackhaw leaves and 
American beautyberry leaves and fruit. (Values other 
than dry matter are percentages of ovendried weight.) 

-____---~ __--__ -_ ~- .- 
Rusty Blackhaw American Beautyberry 

Fraction Leaves Leaves Fruit 
% % % ____ _______ 

Dry matter 40.2 2 2.2 35.2 5 1.4 32.1 t 2.7 

Crude protein 8.1+ 0.7 14.8 + 0.9 6.8 + 0.3 
Crude fat 7.3 T 0.8 8.6 T 0.6 8.6 T 1.4 
Ash 9.0 T 0.2 8.9 + 0.3 5.5 T 1.2 
Crude fiber 14.5 T 0.6 15.1T 0.5 32.9 T 3.0 
Nitrogen-free extract 61.1+ 0.4 53.4 T 1.1 46.2 + 2.2 - - - 

Cell wall content 31.7 + 1.9 31.5 + 1.7 52.7 + 3.7 
Cell content 68.3 + 1.9 68.5 5 1.7 47.3 T 3.7 _ 

Acid detergent fiber 24.5 + 1.3 24.3 t 1.6 36.6 + 2.8 
Acid detergent lignin 6.2 + 0.2 7.1+ 0.3 13.4 T 1.0 - - 

Cellulose 21.3 + 1.0 18.5 + 0.9 19.2 + 2.2 - - 
--~~ 

Chemical Composition of Fruit 

American beautyberry bears fruit abundantly, 
and the berries persist for several months. In 
August, before the berries ripened, proportions of 
dry matter and of all fiber fractions were high. 
When they ripened in September to early Novem- 
ber, the berries were succulent. Levels of all 
fiber components dropped, while levels of cell 
content, nitrogen-free extract, and crude fat in- 
creased. In December, when berries were overripe, 
proportions of fiber and ash increased and those 
of cell content, crude fat, and nitrogen-free extract 
decreased. Protein content did not vary substanti- 
ally in the fruit samples. 

Fruit of American beautyberry appears to con- 
tain more fiber and less of several desirable nutri- 
ents than do leaves (Table 2). Most of the fiber 
in the fruit is probably in the hard coats of the four 
small seeds, which may pass intact through many 
animal digestive tracts. The fleshy portion, on the 
other hand, is probably readily digestible. Analyses 
of the fleshy portion and the seeds together may 
not indicate the true value of the fruit. 

Comparison of Measurements 

Van Soest (1963) noted two weaknesses of the 
proximal analysis. One, the nitrogen-free extract 
fraction, which is assumed to contain the digestible 

carbohydrates, also includes most of the hemicellu- 
lose and lignin as well as some cellulose. Two, the 
crude fiber fraction, which is assumed to contain 
the indigestible carbohydrates, is sometimes more 
digestible than the nitrogen-free extract. Cell con- 
tent, cell wall content, acid detergent fiber, and 
acid detergent lignin values of grasses and legumes 
appear, therefore, to have nutritional sigmflcance 
for domestic ruminants. The present study is the 
first to compare the results of proximal and acid 
detergent analyses for southern browse plants. 

Fibrous components measured by proximal 
analysis and by acid detergent techniques are dif- 
ferent, although the seasonal changes for each 
fraction are similar (Fig. 1). In current twigs, crude 
fiber values were 81 to 837& of those for acid 
detergent fiber and 62y0 of those for cell wall 
content (Table 3). Van Soest and Moore (1966) 
found even larger differences between crude fiber 
and acid detergent fiber contents. Cellulose con- 
tent estimated by the Crampton and Maynard 
(1938) t ec nl ue h ‘q was only about 90% of that 
determined by subtracting acid detergent lignin 
content from acid detergent fiber content. 

Both nitrogen-free extract from proximal analy- 
sis and cell contents from the acid detergent analy- 
sis represent remainders after other components 
have been removed. Because cell wall content is 
the more conservative measure, cell content is the 
smaller expression of readily digestible compo- 
nents. Its value was only about two-thirds of that 
for nitrogen-free extract in current twigs, and even 
less in old twigs (Table 3). 

Digestion trials will be needed to precisely 
evaluate the relative merits of the two systems of 
analysis. Since deer utilize little fiber (Short, 1963), 
cell contents may prove a better indicator than 
nitrogen-free extract of readily digestible material 
in plant tissue. Short and Remmenga (1965) and 
Short (1966) f ound meaningful inverse relations 
between cellulose content of forage and energy 
and dry-matter utilization by deer. Therefore, the 
acid detergent fiber fraction, which represents the 
combined lignocellulose portion of forages, may 
usefully predict forage quality for deer. 

Both systems of analysis indicate that leaves were 

Table 3. Comparative values of different measures of the nutrient content of twigs. 
ages of ovendried weight. 

Measures compared were percent- 

Comparison 

Crude fiber/acid detergent fiber 
Cellulose/acid detergent fiber-liguin 
Crude fiber/cell wall contents 
Cell contents/nitrogen-free extract 

Rusty Blackhaw American Beautyberry 

Current Old Current Old 
Twigs Twigs Twigs Twigs 

% % % % 

83 88 81 90 
89 85 89 91 
62 65 62 69 
68 60 67 60 
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the most nutritious portions of the two species 
studied. Leaves were highest in nitrogen-free ex- 
tract, cell contents, protein, and fat. American 
beautyberry fruit may also be useful when it ripens 
in September to early November. Among twigs, 
only the current ones of the two species appear to 
have any forage value, and they, only during rapid 
elongation in the spring. Blair and Epps (1967) 
have found that the extreme tips of blackhaw twigs 
have significantly higher protein contents than 
other portions of the twigs. By browsing only the 
terminal buds and tips of twigs, deer might obtain 
forage of higher quality than that indicated by the 
present study. 
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Highlight 

Seeds in the crested wheatgrass complex were placed 
under favorable germination conditions for periods of 10 
to 90 hr, superficially dried and then planted in a green- 
house. Root lengths 3 to 6 days after planting indicated 
a 1 to Z-day advantage from preplanting treatment. On 
the basis of present data, near maximum response should 
result from treatments at 50 to 70F for as much as 40 
to 70 hr duration. There was considerable variation in 
the response of different seed sources. 

Leads provided by McKee (1935) and Chippen- 
dale (1934) led Keller and Bleak (1968) to demon- 
strate with Agropyrons that seedlings emerge 
sooner after a partial germination treatment of the 
seed. “Treated” seeds produced greenhouse seed- 
lings which emerged from a 0.5-inch planting 
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depth in Provo sand about 40 hr ahead of those 
from non-treated seeds. 

In range seeding the early emergence of seedlings 
is certainly important, but the earliest initiation 
of root penetration into the soil, under conditions 
favorable for seedling emergence, may be of greater 
importance. The present paper reports both root 
and shoot length of seedlings from both treated 
and non-treated seeds. 

Materials and Methods 

Six lots of Agropyron seed were used, four large-seeded 
lots and two small-seeded lots. The large seeded lots were: 
(1) A. desertorum (Fisch. ex Link) Schult. commercial 
‘Nordan’ grown in northern Utah in 1965 (a sub-lot (01) 
receiving a different preplanting treatment); (2) certified 
Nordan grown in North Dakota in 1965; (3) induced 
tetraploid A. cristatum (L.) Gaertn. x A. desertorum ob- 
tained from Dr. D. R. Dewey; and (4) A. desertorum 
‘Summit’ F. C. 38332. The small-seeded lots were: (5) A. 
cristatum commercial Fairway F. C. 38561 and (6) Nebraska 
3576 Fairway. 

Preplanting treatment with tap water involved wetting, 
but not submerging the seeds in covered boxes placed in 
constant temperature cabinets for varying periods of time. 
In each study treatments were all scheduled to end on the 
same morning. Following treatment, seeds were superficially 
dried by exposure for 2 min to a warm air blast except lot 
01 which was planted without drying. The treated seeds 
to be planted were wrapped in aluminum foil to prevent 
further dehydration. Planting was completed the same 
afternoon. The soil was kept moist at all times. 

To measure root and shoot length, a section of soil 
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the most nutritious portions of the two species 
studied. Leaves were highest in nitrogen-free ex- 
tract, cell contents, protein, and fat. American 
beautyberry fruit may also be useful when it ripens 
in September to early November. Among twigs, 
only the current ones of the two species appear to 
have any forage value, and they, only during rapid 
elongation in the spring. Blair and Epps (1967) 
have found that the extreme tips of blackhaw twigs 
have significantly higher protein contents than 
other portions of the twigs. By browsing only the 
terminal buds and tips of twigs, deer might obtain 
forage of higher quality than that indicated by the 
present study. 
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Seeds in the crested wheatgrass complex were placed 
under favorable germination conditions for periods of 10 
to 90 hr, superficially dried and then planted in a green- 
house. Root lengths 3 to 6 days after planting indicated 
a 1 to Z-day advantage from preplanting treatment. On 
the basis of present data, near maximum response should 
result from treatments at 50 to 70F for as much as 40 
to 70 hr duration. There was considerable variation in 
the response of different seed sources. 

Leads provided by McKee (1935) and Chippen- 
dale (1934) led Keller and Bleak (1968) to demon- 
strate with Agropyrons that seedlings emerge 
sooner after a partial germination treatment of the 
seed. “Treated” seeds produced greenhouse seed- 
lings which emerged from a 0.5-inch planting 
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depth in Provo sand about 40 hr ahead of those 
from non-treated seeds. 

In range seeding the early emergence of seedlings 
is certainly important, but the earliest initiation 
of root penetration into the soil, under conditions 
favorable for seedling emergence, may be of greater 
importance. The present paper reports both root 
and shoot length of seedlings from both treated 
and non-treated seeds. 

Materials and Methods 

Six lots of Agropyron seed were used, four large-seeded 
lots and two small-seeded lots. The large seeded lots were: 
(1) A. desertorum (Fisch. ex Link) Schult. commercial 
‘Nordan’ grown in northern Utah in 1965 (a sub-lot (01) 
receiving a different preplanting treatment); (2) certified 
Nordan grown in North Dakota in 1965; (3) induced 
tetraploid A. cristatum (L.) Gaertn. x A. desertorum ob- 
tained from Dr. D. R. Dewey; and (4) A. desertorum 
‘Summit’ F. C. 38332. The small-seeded lots were: (5) A. 
cristatum commercial Fairway F. C. 38561 and (6) Nebraska 
3576 Fairway. 

Preplanting treatment with tap water involved wetting, 
but not submerging the seeds in covered boxes placed in 
constant temperature cabinets for varying periods of time. 
In each study treatments were all scheduled to end on the 
same morning. Following treatment, seeds were superficially 
dried by exposure for 2 min to a warm air blast except lot 
01 which was planted without drying. The treated seeds 
to be planted were wrapped in aluminum foil to prevent 
further dehydration. Planting was completed the same 
afternoon. The soil was kept moist at all times. 

To measure root and shoot length, a section of soil 
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Table 1. Mean root and shoot length in mm, average of 8 
treatment durations 20 to 90 hr, inclusive, vs. controls, 
6 and 7 days after planting. 

Days After Planting 

containing the roots was removed from the greenhouse 
bench, laid horizontally on an +&inch mesh wire screen 
and sprayed with water under low pressure until the sand 
was washed from the roots. All measurements were in 
millimeters. 

In the first study seeds of commercial Nordan (No. 1 
above) were held at 40, 63 and 82F for intervals varying 
from 10 to 90 hr in IO-hr increments. Fifty seeds were 
planted per row in 3 replications. Four rows, located at 
random, in each replication, were planted to 50 untreated 
seeds to provide a control by which to evaluate the treat- 
ments. One replication was dug for root and shoot mea- 
surements on each of 2 successive days, the 6th and 7th 
after planting. We chose every 3rd plant until 10 had been 
measured. 

In the second study all 6 seed sources were used. Treat- 
ment was at 63F only, with time at IO-hr increments from 
40-90 hr. Twenty-five seeds were planted in each row, 
in 4 replications. In each replication one row of untreated 
seed of each seed source was planted as a control. One 
replication was dug for root and shoot measurements on 
each of 4 successive days, the 3rd to 6th after planting. 
From each harvested row we measured the 10 longest 
rooted plants. 

Results 
First Study 

Treatment at 63 or 82F resulted in roots and 
shoots at least 10 mm longer than controls on both 
harvest days. Seeds treated at 40F yielded roots 
and shoots approximately intermediate between 
controls and those from treatment at 63 or 82F. 

Rather marked differences in seedling emer- 
gence were associated with different treatment 
durations (Keller and Bleak, 1968), particularly 
at 63F and at the first counting date, 3rd day after 
planting. However, by the first root and shoot 
measuring date, 6 days after planting, treatments 
for 20 through 90 hr yielded no significant differ- 
ences. Only the control plants and those from 
the lo-hr seed treatment had roots and shoots 
shorter than the others. The average response in 
root and shoot length, following preplanting treat- 
ments from 20 through 90 hr and controls, is pre- 
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FIG. 1. Average root and shoot length for the four large-seeded 
Agropyrons 3 to 6 days after planting. 

sented in Table 1. At both 40 and 63F the longer 
treatment time gave longer roots and shoots than 
the shorter treatment time while at 82F shoots 
were no different and roots averaged longer from 
the shorter treatments. 

The data in Table 1 were examined before 
averaging treatment durations. At 82F treatments 
lasting 10 to 40 hr produced the longest roots and 
shoots. In contrast, at either 40 or 63F the longest 
roots and shoots were from 50 to 90-hr treatments. 
Treatment at 63F initiated root growth in less 
time than treatment at 40F. These data are in 
agreement with many biological reactions in which, 
within limits, activity is hastened by an increase 
in temperature. 

From the first study we conclude that root and 
shoot growth would probably be initiated in the 
least time by treatments lasting 50 to 90 hr at 63F. 
A fuller analysis of these data does not seem 
justified because measuring every third plant was 
not the best method of demonstrating the effective- 
ness of the preplanting treatment. In addition, 
since emergence was good by the 4th day, our 
measurements of root and shoot length should have 
been made 2 or 3 days earlier. 

Second Study 

Root and shoot length for the four large seeded 
Agropyrons on four successive days is presented 
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FIG. 2. Root and shoot length of the two small-seeded 
Agrofiyrons 3 to 6 days after planting. 

in Fig. 1. The depth to which roots are assumed 
to have penetrated is indicated by the length of 
measured roots added to the depth of seeding, 
while the length of shoots begins at the seeding 
depth and not at the soil surface. Each point for 
treated seeds is an average of four accessions at 
each of six treatment durations ranging from 40 
to 90 hr, inclusive. Each point for controls is an 
average of the four accessions. Seedlings from 
treated seeds harvested 3, 4 or 5 days after planting 
had roots averaging 19 mm longer, and shoots 
averaging 15 mm longer than those from untreated 
seeds. In each case, by the 6th day after planting, 

SHOOT GROWTH 45 

the difference was markedly reduced. During the 
first 3 harvest days, 19 mm root growth gave the 
treated a little more than 1 day’s advantage over 
untreated. Both grew an average of 16 mm/day. 
Roots from treated seeds had reached an average 
depth of 88 mm on the 4th harvest day. Shoot 
growth averaged 14 mm per day during the same 
period. 

Root and shoot length for the two Fairway 
strains are presented in Fig. 2. They are too dif- 
ferent to be averaged. Root and shoot growth 
of Nebraska 3576 were each about 1 day ahead 
of the commercial source. Treated Nebraska 3576 
was about 1 day ahead of the control. Treated 
commercial and the control for Nebraska 3576 
were each 2 days ahead of untreated commercial. 
The latter had barely emerged the 4th day of 
harvest. The 10 longest roots of untreated com- 
mercial had reached an average depth of only 32 
mm, while treated Nebraska 3576 had reached 
51 mm the 4th harvest day, 6 days after planting. 

A comparison of root and shoot length from 
treated seeds that were superficially dried before 
planting vs treated seeds that were not dried before 
planting is presented in Fig. 3. Drying had a 
small but consistent effect in delaying start of root 
growth. Roots from controls required 40 addi- 
tional hr to reach the length attained by treated 
and dried seeds on the first harvest date, the 3rd day 
after planting, and 46 hr to reach the length 
attained by roots from treated but not dried seeds. 
Three days after planting shoot length from 
treated and dried seeds was 39 hr ahead, and from 
treated but not dried seeds 46 hr ahead of those 

Table 2. Root length in mm for six seed lots of Agropyrons 3 to 6 days after planting when given preplanting treat- 
ments of 40 to 90 hr (averaged) and controls. 

Days After Seeding Four-day 
3 4 5 6 mean gain 

from treat- 
Seed Lot1 Treated Control Treated Control Treated Control Treated Control ment 

012 32.2aa 51.5a 62.9bc 78.913 30.0 
1 26.4a 1.0 46.la 19.4 56&d 31.8 77.0b 53.5 25.2 
2 26.6a 5.0 41.6a 24.9 52.3~1 45.0 65.1~ 68.9 11.0 
3 29.4a 15.5 49.3a 36.2 72.5a 58.8 89.2a 61.8 17.0 
4 27.la 13.4 47.6a 27.6 66.4ab 43.9 75.6b 84.2 11.9 

Treatment gain 
l-4 18.7 19.2 17.2 9.6 16.2 
5 9.3b 4.0 15.6~ 4.9 28.le 9.8 30.4e 18.4 11.5 
6 15.0b 11.2 27.6b 18.9 35.8e 27.1 38.0d 37.2 5.5 

Treatment gain 
5-6 4.5 9.7 13.5 6.4 8.5 

I(1 and 01) A. desertorum commercial Nordan grown in Northern Utah in 1965; (2) certified Nordan grown in North Dakota in 
1965; (3) induced tetrapoloid A. cristatum x A. desertorum obtained from D. R. Dewey; (4) A. desertorum ‘Summit’ F. C. 38332; 
(5) A. cristatum commercial fairway F. C. 38561 and (6) Nebraska 3576 fairway. 

“01 was not superficially dried following treatment. 
3 Within each column different letters identify significant differences (5%) by Duncan’s test. 
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FIG. 3. Root and shoot length of Nordan crested wheatgrass 
from seed grown in northern Utah, 3 to 6 days after planting. 

from controls. Nordan grown in northern Utah 
gave a greater response to treatment than Nordan 
from North Dakota, the induced tetraploid or 
Summit with which it was averaged in Fig. 1. But 
untreated seeds of this Nordan also had the shortest 

Table 3. Root length in mm 3 to 6 days after seeding in 
response to seed pre-treatments ranging from 40 to 90 
hr, and controls. Each value is an average of 6 seed lots 
of Agropyron. 

Hours Days After Planting 
treatment 3 4 5 6 4-day mean 

0 8.4br 22.0d 36.1~ 54.0b 3O.lc 
40 23.2a 43.9ab 55.2ab 68.8a 47.5a 
50 25.8a 46.4a 58.5a 67.7a 49.6a 
60 23.5a 43.9a 50.3ab 68.4a 46.5a 
70 24.9a 40.3ab 58.8a 69.4a 48.4a 
80 23.0a 35.6bc 47.0b 58.7b 41.lb 
90 22.0a 32.3~ 5 1.3ab 56.4b 40.5b 

Mean 21.5 37.6 51.0 63.4 43.4 

1 Within each column different letters identify significant dif- 
ferences (5y0) by Duncan’s test. 

roots of the four accessions. All of the data for 
root length from which Figures 1 to 3 are con- 
structed are presented in Table 2. These data 
reveal that at the first harvest date there were no 
significant differences among the treated seeds 
of the large seeded lots (1 to 4, inclusive). These 
differences developed during the following 3 days. 
The Fairway lots (5 and 6) were clearly slower to 
initiate root and shoot growth. When the treat- 
ment durations are considered separately, and the 
6 seed sources averaged (Table 3), it becomes ap- 
parent that there were no significant differences 
between treatments ranging from 40 to 70 hr 
inclusive. After the first harvest day, 80 and 90-hr 
treatments generally had shorter roots. The con- 
trols were shorter at each harvest date. 

Discussion and Conclusions 
Data obtained up to this time suggest that there 

is no specific best treatment duration. The range 
from 40 to 70 hr yielded no significant differences. 
Likewise, although 63F gave longer roots and 
shoots than either 40 or SZF, it is likely that good 
results would be obtained from treatments over a 
range of from about 50 to 70F or possibly wider. 

The data suggest that single seeds within a 
source differ in response to preplanting seed treat- 
ment. Some will be overtreated at a temperature 
and duratiop that will leave other seeds under- 
treated, as expressed in time to emergence and 
length of roots and shoots. A highly critical time 
and temperature for treatment may, therefore, 
have little significance. The data indicate con- 
clusively that shoots emerge, and roots penetrate 
the soil in less time following preplanting treat- 
ment. 

During the critical period of germination and 
initial root and shoot elongation, moisture near 
the soil surface may be rapidly depleted by high 
soil temperatures and dry air. Roots from treated 
seeds remained nearly 1 inch longer for 3 days 
after seedling emergence. This advantage may 
under some conditions represent the difference 
between success and failure in range seeding. 
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Highlight 

Mineral and crude protein contents 
of blue grama and western wheatgrass 
were influenced by stage of maturity 
and precipitation at the Archer Sub- 
station near Cheyenne, Wyoming dur- 
ing the growing season in 1965. 
Mineral and crude protein levels of 
the two grasses generally declined with 
maturity. 

Contenido de Minerales y Proteinas 
en el Navajita Azul (Bouteloua 
grads) y Western Wheatgrass 

(Agropyron smithii) 

Resume& 
Este estudio se llev6 a cabo en la 

Subestacion de ARCHER cerca de 
Cheyenne, Wyoming, EUA. El con- 
tenido de proteina de cada especie 
decline generalmente con el desarrollo. 
Sin embargo, el navajita azul mostrci 
variaciones en el contenido de proteina 
por el crecimiento nuevo despues de 
las lluvias a6n durante el otono y 
despues de algunos dias con heladas. 
Se observe un aumento ripido en el 
contenido de proteina con el cre- 
cimiento nuevo per0 este no ocurrio 
para el Western Wheatgrass. 

A mediados de agosto el contenido 
de fosforo en ambas especies decline 
por abajo de 10s requisitos alimenticios 
dados por el National Research Council 
(NRC). Esto sugiere la necesidad de 

l Contribution from Northern Plains 
Branch, Soil and Water Conservation 
Research Division, Agricultural Re- 
search Service, USDA, and the Wyo- 
ming Agricultural Experiment Sta- 
tion, Journal Article No. 355. 

2Por Ing. Edmund0 L. Aguirre, Dep. 
de Zootecnia, ITESM, Monterrey, N. 
L., Mexico. 

empezar la suplementacion de fosforo 
e_n agosto. El conteniclo de co&e-en e_! 
mes de julio para ambas especies 
estuvo abajo de 10s requisitos ali- 
menticios de1 NRC, pero 10s borregos 
no mostraron sintomas de deficiencias. 
Cada especie tuvo bastante calcio, man- 
ganeso, magnesio y hierro para toda 
la estacion de pastoreo. 

The chemical composition of native 
grass species can vary with soil fertility, 
stage of growth, climate, and the in- 
herent characteristics of the species. 
Phillips et al. (1954) reported that the 

quantity of protein, acid-soluble ash, 
avd ether extract declined during mat- 
uration of eight different grasses. The 
amounts of lignin and crude fiber 
which are assumed to be undigestible, 
increased with maturity. 

Evidence indicates that the food 
value of range forage species declines 
during the growing season. Reid et al. 
(1959) emphasized that the stage of 
maturity is directly related to con- 
sumption as well as nutritive value 
of forages. During 1965, a study to 
evaluate the mineral and crude protein 

Table 1. Daily precipitation (inches) and average monthly day and night 
temperatures (F) for June, July, August, September, and October. Archer 
Substation, Wyoming 1965. 

Date June July Aug. Sept. Oct. 

Precip. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

.03 

.27 .57 

.08 .08 

.02 

.Ol 

.19 

.90 

.42 

.58 

.Ol 

.ll 

.02 
.03 

.19 

.03 

.05 
1.29 

.36 

.14 

.06 

.07 
.46 

.Ol 

.Ol 
.03 
.03 .19 

.26 

.12 

.24 

.20 

.26 

.20 

.34 

.05 

.46 

.lO 

.08 

.23 

.42 

.02 .20 

Total 5.09 1.67 .78 1.98 

Av. Day Temp. 65.4 76.1 73.1 57.1 

Av. Night Temp. 52.3 60.4 56.7 43.1 

.lO 

.06 

.05 

.02 

.15 

.I5 

.38 

54.5 
38.7 

47 
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FIG. 1. Percentage chemical composition 
from the Archer Substation, Wyoming. 

of blue grama and western wheatgrass 
1965. 

content of blue grama grass and west- 
ern wheatgrass was conducted at the 
Archer Substation near Cheyenne, 
Wyoming. 

Study Area and Procedures 

Vegetation on the area was chiefly 
blue grama (Bouteloua gracilis), buf- 
falograss (Buchloe dactyloides), and 
western wheatgrass (Agropyron smithii). 
The area was open to grazing by sheep. 
Because of preferential grazing, only 
blue grama was grazed. The western 
wheatgrass on the collection area pro- 
duced no seed heads during the 1965 
season, and remained green and in a 
vegetative stage throughout the col- 
lecting period. 
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Blue grama and western wheatgrass 
were clipped to ground level approxi- 
mately every two weeks from June 29 
through October 29 on a native pasture 
moderately grazed by sheep. Blue 
grama produced numerous seed heads 
that were included in the samples. 
Plant materials were air-dried and 
ground with a stainless steel Wiley 
mill with 60-mesh opening. Minor 
elements were determined by the 
atomic absorption method.3 Phos- 

3Plants were digested with nitric, per- 
chloric, and sulfuric acid and analyzed 
in accordance with “Analytical Meth- 
ods for Atomic Absorption Spectro- 
photometry.” Perkin Elmer Corpora- 
tion. Norwalk, Conn. Jan. 1962. 

phorous and crude protein were deter- 
mined by techniques described by A. 
0. A. C. (1955). 

The 45-year average annual and sea- 
sonal (April 1 to September 30) pre- 
cipitation at the Archer Substation is 
14.71 and 11.52 inches, respectively. 
Annual and seasonal precipitation dur- 
ing 1965 were 16.39 and 13.04 inches, 
respectively. Table 1 shows the 
amount and date of precipitation for 
June, July, August, September and 
October 1965. Average day and night 
temperatures for June, July, August, 
September, and October are also shown 
on Table 1. During the period Septem- 
ber 15 to September 30, eleven day- 
time temperatures between 20 F to 30 
F were recorded. The average daytime 
and nighttime temperatures were deter- 
mined from the following equations: 

Average day temperature = 
Tmax - 0.25 (Tmax - Tmin) 

Average night temperature = 
Tmin + 0.25 (Tmax - Tmin) 

Results and Discussion 

The stage of maturity and climate 
influenced mineral uptake. Phospho- 
rous, potassium, copper, and zinc de- 
creased with maturity as expected 
(Fig. 1). Calcium and magnesium de- 
creased with maturity in blue grama 
but not in western wheatgrass. Iron 
content of western wheatgrass re- 
mained fairly constant during the 
growing season, and manganese con- 
tent increased after September 30. The 
decline in iron and manganese con- 
tents in the blue grama after Septem- 
ber 18 was halted later in the season 
by periods of precipitation. 

The calcium, manganese and magne- 
sium contents of both grasses were ade- 
quate for livestock nutrition through- 
out the grazing season, according to 
the standards set by the National Re- 
search Council (1964). According to 
Morrison (1956), the iron content 
necessary for adequate nutrition is 
one-tenth or less of that of copper. 
Thus, the iron content was more than 
adequate in both species. 

Phosphorous became deficient before 
the August 17 clipping date in west- 
ern wheatgrass and shortly after that 
date in blue grama. The N.R.C. has 
suggested that .Ol% zinc in forage is 
adequate for livestock nutrition. Thus, 
the zinc content of the blue grama and 
western wheatgrass did not meet the 
N.R.C. nutritional requirements of ani- 
mals throughout the growing season. 
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FIG. 2. Percentage crude protein of blue 
grama and western wheatgrass collected 
at nine dates. Archer Substation. 1965. 

According to N.R.C. requirement of 
.0050/o, the copper content was de- 
ficient after the first clipping date in 
blue grama and throughout the sea- 
son in western wheatgrass. 

No minimum requirement for potas- 
sium has been established by the 
N.R.C. 

Crude protein content of blue grama 
during June was 15.4% but decreased 
to 5.3% by the end of October (Fig. 
2). These results are similar to those 
described by Whitman et al. (1951), 
in North Dakota. 

The crude protein content of blue 
grama varied considerably during the 
nine collection dates throughout the 
growing season. This upland warm 
season grass responded to small amounts 
of precipitation by additional growth, 
which coincided with sharp increases 
in protein content of blue grama 
forage. 

Blue grama also may respond to 
early fall precipitation by production 
of new growth, thus increasing crude 

protein content. The abrupt crude 
protein increase at the end of Septem- 
ber was preceded by nine days of mini- 
mum temperatures below 32 F, during 
which 1.68 inches of precipitation were 
received as rain and snow. The large 
increase in crude protein content was 
not accompanied by significant changes 
in mineral content. 

Western wheatgrass declined steadily 
in crude protein content from 14.5% 
on June 29 to 4.7% on October 29, 
with no major fluctuations (Fig. 2). 
Apparently, western wheatgrass does 
not respond to fall precipitation. The 
percentage protein in June was identi- 
cal to that reported for western wheat- 
grass by Whitman et al. (1951), who 
also reported a steady decline in pro- 
tein throughout the growing season. 

By September, blue grama and west- 
ern wheatgrass had lost over 46% of 
their original protein value. This loss 
amounted to 66% by the last of Oc- 
tober. According to the N.R.C., crude 
protein requirements are 7.5 to 8.0% 
for mature animals and 10.5 to 11.0% 
for growing animals. After mid-August 
the crude protein content was insuf- 
ficient to meet the N.R.C. require- 
ments. 

The mineral and crude protein 
levels of the clipped samples of west- 
ern wheatgrass and blue grama gen- 
erally declined with maturity. In some 
instances the levels were below the rec- 
ommended N.R.C. levels for adequate 
nutrition. However, by selectively 
grazing plant parts or other grasses 
and forbs present on the area, the 
sheep may have consumed sufficient 
minerals and protein to meet their 
productive needs. 

Since the phosphorous levels of the 
two grasses dropped off sharply in 
August, it is possible that phospho- 
rous declined in other grazed plants. 
Thus, it is suggested that supplemental 
feeding of phosphorous may be neces- 
sary in late summer for this area. 
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TEMPERATURE (OF.1 

FIG. 1. Germination of Isleta-source fourwing saltbush seeds at constant and al- 
ternating temperatures in a 30-day period. 

were standardized. Four replicates of 
50 seeds each were put in petri dishes. 
Each dish was filled with 100 ml of 
vermiculite and 50 ml of distilled 
water. Seeds were dusted with fungi- 
cide and placed on top of the moist 
vermiculite. All tests were made under 
controlled temperatures, either in a 
modified refrigerator or in a germina- 
tor programmed for specific tem- 
perature conditions. Seedlings were 
counted at 1 or 2-day intervals. A seed 
was classed as germinated when the 
cotyledons and radicle were one-half 
inch long. 

Optimum temperatures for germina- 
tion were from 55 to 75 F (Fig. 1). 
The singular feature of the solid curve 
shown in Fig. 1 is the fairly wide 
range in temperature at which germina- 
tion exceeded 90%. Germination was 
appreciably less at temperatures from 
39 to 55, and from 75 to 100 F. For 
the comparisons given in Fig. 1, al- 
ternating temperatures (tabulated be- 
low) are expressed as weighted means; 
e.g. (86 Fx8 hr+68 FX 16 hr)+ 
24 = 74 F. 

Corresponding 
alternating 

Weighted temperatures 
means (OF) 

66 76(12)-56(12) 
68 78(12)-58(12) 
69 76(12)-62(12) 
70 80(12)-60(12) 
71 82(12)-60(12) 

74 86( 8)-68( 16) 
75 86( lo)-68( 14) 
76 88( 8)-70( 16) 
80 92(10)-72(14) 
84 9q IO)-78( 14) 

Germination at weighted mean tem- 
peratures generally averaged less than 
at the corresponding constant tempera- 
tures. The higher temperature in the 
alternation, particularly temperatures 
exceeding 80 F, apparently had a 
depressing effect on germination. The 
germination behavior at alternating 

0 4 6 12 16 20 24 26 
DAYS FROM START OF TEST 

FIG. 2. Speed of germination of Isleta- 
source fourwing saltbush seeds at dif- 
ferent constant temperatures. 

temperatures seems to be related to the 
separate effects of the two component 
temperatures and the time of exposure 
to each. 

Temperature influenced the onset 
and rate of germination (Fig. 2). Seeds 
began germinating within 2 days at 
81 and within 3 days at 65 and 73 F. 
At temperatures less than 55 F, the 
onset of germination was delayed ap- 
preciably and the rate was lower. 

Though somewhat difficult to trans- 
late to field conditions, these labora- 
tory results suggest optimum tem- 
peratures for germination of fourwing 
saltbush are likely to occur during the 
cooler periods of the year in the South- 
west; that is, when the mean tempera- 
ture of the top inch of soil is within 
the range of 55 to 75 F. Such periods 
of relatively low soil temperatures may 
or may not coincide with the periods 
of optimum soil moisture. Results of 
other studies have indicated germina- 
tion of four-wing saltbush is highest 
when moisture approximates field ca- 
pacity but that moisture stress may be 
a less important factor in germination 
when temperatures are near optimum 
(Springfield, 1966). 
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An Improved Technique for 
Identification of Plant Frag- 

ments in Herbivore Feces1 
OWEN B. WILLIAMS 

Division of Animal Physiology, Ian 
Clunies Ross Animal Research Lab- 

oratory, C.S.I.R.O., Prospect, 
N.S. W., Australia. 

Highlight 
An improved bleaching, staining and 

mounting procedure for fecal samples 
permits the identification of plant 
fragments to be made with the projec- 
tion microscope in addition to the 
usual binocular types. Small modifica- 
tions to existing techniques of pre- 
paring standard plant material facili- 
tate direct comparison of plant frag 
ments in feces with these standards. 

Heady (1964) has drawn attention 
to the importance of knowing the food 
preferences of different herbivores 
grazing the same area. Indeed, studies 
of dietary selection by herbivores on 
rangeland, and the ecological con- 
sequences of this selection for both 
animal and plant populations are es- 
sential if we are to understand how to 
manipulate the flora and fauna in a 
predictable manner. 

Occasionally the composition of the 
diet can be estimated by examining 
the extrusa from esophageal fistulas 
either visually (Leigh and Mulham, 
1966) or at low (16x) magnification 
(Harker, Torell, and Van Dyne, 1964). 
Frequently, however, the extrusa con- 
tain a substantial proportion of fine 
material and further treatment is re- 
quired before identification is possible 
(Cook et al., 1958). Unfortunately, 
the microscopic identification of small 
plant fragments and the assessment of 
species contribution whether in esoph- 
ageal and rumen extrusa, stomach con- 
tents, or feces, are laborious and time- 
consuming (Stewart, 1967). 

Projection microscopes are used ex- 
tensively in wool metrology (Chap- 
man, 1960) and have largely replaced 

lThe technique reported here was 
developed by the author whilst a 
Visiting Scientist at the Monkswood 
Experimental Station of The Nature 
Conservancy, Abbots Ripton, Hunts., 
England. Suggestions made by M. D. 
Hooper of Monkswood, F. Richard- 
son, Jodrell Laboratory, Kew Gardens, 
Richmond, England, and the Staff 
of the Histology Section, Division of 
Animal Physiology, C.S.I.R.O., Pros- 
pect, are gratefully acknowledged. 

other optical systems. Similarly, the 
use of projection microscopy for the 
assessment of species contribution 
should make for easier working and 
greater productivity. However, exist- 
ing methods of treating feces do not 
always permit the preparation of slides 
which are suitable for projection. 

This paper describes a method which 
facilitates the production of perma- 
nent preparations of fecal particles from 
herbivores such as cattle, sheep, rabbit 
(Oryctolagus cuniculus), European hare 
(Lepus europaeus) and millipede (Glo- 
merus sp.) of sufficient clarity to be 
used with a projection microscope: 
e.g. Reichart ‘Lanameter’. It also in- 
dicates small modifications to existing 
techniques for preparing slides of 
standard plant material. Ideas from 
the following authors have been in- 
corporated either directly or indirectly 
into the procedures outlined in this 
paper: Baumgartner and Martin (1939), 
Dusi (1949), Martin (1954), Croker 
(1959), Metcalfe (1960), Storr (1961), 
Stewart (1965), and Griffiths and 
Barker (1966). 

Methods 
A 2 to 3-g sample of fresh feces or 

feces preserved in a mixture of alcohol, 
formalin, and acetic acid (A.F.A.) to 
Davenport’s F2 (1961, p. 165) formula- 
tion is carefully fragmented in 2 to 3 
times its volume of 70% alcohol. 
Ideally, the existing fragments should 
be dispersed but not subdivided. The 
slurry is transferred to a 500 ml conical 
flask and allowed to stand for several 
hours to extract the chlorophyll. The 
flask is then filled with boiling water 
and allowed to stand overnight. The 
supernatant fluid is decanted in the 
following morning and the treatment 
with boiling water is repeated. After 
decanting 3 to 4 hr later, 10 to 15 ml 
of 5% solution of sodium hypochlorite 
(domestic bleach) is added. Several 
hours is sufficient to bleach the fecal 
solids. The bleaching agent is removed 
by two washings with cold water using 
either filtration through a Buchner 
funnel or centrifugation (500 rpm for 
5 min). 

The fecal solids are placed in 10 ml 
of 70% alcohol in a specimen tube 
and 10 to 15 drops of 1% safranin (in 
50% alcohol) are added. Staining time 
varies with the amount of fecal ma- 
terial, but approximately 10 days is 
sufficient. 

A few drops of the stained fecal 
material are placed on a microscope 

slide which has been treated with a 
small quantity of Mayer’s albumen 
(Davenport, 1961, p. 12 1) and air dried. 
Excessive albumen may result in strong 
background staining. Slides are then 
dried overnight at 45 C. 

When cool, the slide is quickly 
washed with a little 70% alcohol to 
remove the background stain. A simi- 
lar wash of 95% alcohol is given and 
the sample is then mounted in Euparal 
and dried on a hot-plate at 45 C for 
several days. In mounting the particles, 
the cover slip can be applied safely 
and rapidly if it is first placed on a 
small block and the mountant-treated 
slide is turned upside down. The 
surface of the mountant and coverslip 
are touched, and the slide is quickly 
turned the correct side up. 

Existing procedures for the prepara- 
tion of standard slides of the grasses 
and sedges have been checked on a 
range of species, and the scraping 
method outlined by Metcalfe (1960) 
has been adopted. Small modifications 
that appear valuable include (i) fixing 
the laminae in A.F.A. for 1 week or 
more, (ii) extending the bleaching 
period to 3 hr, and (iii) staining the 
resulting epidermis for several weeks 
with safranin as described above. 

Dicotyledons are satisfactorily treated 
along the lines suggested by Storr 
(1961) and by Stewart (1965). However, 
greater control of the digestion process 
is gained by omitting the boiling acid 
treatment and leaving the lamina in 
the nitric-chromic acid mixture in an 
oven at 45 C for 5 hr or more, de- 
pending on the species. After separa- 
tion of the epidermal surfaces and 
washing in water and 70% alcohol, 
the material is stained as described 
for the grasses. The alcohol treat- 
ment which precedes mounting must 
not be excessive, otherwise it will re- 
move most of the dye. 

Photographs of the appropriate 
epidermal structures, preferably in 
color, can be used as standard refer- 
ences. 

Conclusions 
The procedures outlined above im- 

prove the existing methods insofar as 
the clarity of the fecal preparations 
permits the use of the projection micro- 
scope as an alternative to the other 
optical microscopes, and estimates of 
species contribution are easier to make. 
Further, the direct comparison of plant 
fragments in feces with the standard 
plant slides is aided by the common 
bleaching, staining and mounting 
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procedure. Because the method is 
geared to diagnostic features such as 
cell walls and stomata, and not only 
to silica bodies, prickle hairs and 
asperities, young plant material is now 
amenable to treatment. 
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More-Significant Digits 
GEORGE M. VAN DYNE 

Fort Collins. 

shows a suggested alternative method 

the number of digits printed, but in 

of presentation. 

some cases there also is a saving of 
having to set the decimal point in 

In rounding numbers in many in- 
stances not only is there a saving in 

Highlight 
print. By rounding the data -to fewer 
digits I believe the message still is 

v ..a 

Using data from this journal, the 
transmitted, but more concisely and 

author shows how considerable savings 
more clearly. In the examples in Table 

can be made in space and in reading 1, the original presentation of the data 
time by rounding tabulated data. required 259 digits and decimals to be 

printed. By rounding, only 150 were 
In a scientific world that is being required. This is a saving of 42% of 

deluged by more and more published work for the printer not to mention 
information, a weary but interested 
reader makes a plea for fewer digits. 
It is my contention that if we round 
our data to present fewer numbers 

strain for the reader! Still, an equiva- 
lent amount of comparative informa- 

the saving in eye strain and memory 

tion is presented. 
and if we describe more completely 
how we obtained these data, then we 

How Many Digits Are Justified? 

will have fewer but more-significant How many significant digits do we 
digits in our literature. have in our range research data? Cer- 

Examples of Too Many Digits 
tainly, the number of digits depends 
upon the technique and upon the 

I have excerpted data from several 
articles in the January issue of Volume 
21 of the Journal of Range Manage- 
ment (Table 1) and arranged the data 
in paired columns. The left-hand 
column of each pair shows the way the 
data were represented in the Journal 
article, and the right-handed column 

design of the investigation. Some sug- 
gested guidelines are presented here 
as examples for a few commonly 
measured variables. 

Botanical composition. It is absurd 
to represent visual estimates of botani- 
cal composition by four significant 
digits, to the nearest .Ol%! Yet this 
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can be found in reports on range 
studies. In most instances percentage 
data can adequately be represented 
to the nearest 1%. 

Herbage yield. Considering sampling 
errors and variability involved, yield 
data to the nearest 10 lb/acre often 
would be sufficient. Seldom is the 
sampling scheme sufficiently intensive 
to be able to precisely measure yield 
to the nearest 0.1 lb/acre as is re- 
ported in many articles. 

Frequency data. Another factor af- 
fecting the number of significant digits 
is the number of samples taken. For 
example, if frequency data are based 
on 25 plots, then data are good to 
only the nearest 4%. Then in repre- 
senting frequencies in that case, even 
if averaged over replicates, there is no 
justification in presenting data to the 
nearest 0.1 “/o. 

Precipitation. Meteorological data, 
especially precipitation, frequently are 
reported in range research articles. 
Considering the variability in rainfall 
patterns and considering the errors in 
measurement, it seems questionable 
that values to the nearest 0.01 inch/ 
year are meaningful. Perhaps annual 
precipitation data to the nearest inch, 
and certainly to the nearest 0.1 inch 
would be sufficient for most purposes. 

Chemical composition. Often labora- 
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procedure. Because the method is 
geared to diagnostic features such as 
cell walls and stomata, and not only 
to silica bodies, prickle hairs and 
asperities, young plant material is now 
amenable to treatment. 

LITERATURE CITED 
BAUMGARTNER, L. L., AND A. C. MARTIN. 

1939. Plant histology as an aid in 
squirrel food-habitat studies. J. 
Wildlife Manage. 3: 266-268. 

CHAPMAN, R. E. 1960. Measurement 
of wool samples in The biology of 
the fleece. Appendix III. C.S.I.R.O. 
(Austral.) Anim. Res. Laboratories, 
Tech. Paper No. 3, p. 97-108. 

COOK, C. W., J. L. THORNE, J. T. 
BLAKE, AND J. EDLEFSEN. 1958. 
Use of an oesophageal fistula can- 
nula for collecting forage samples 
by grazing sheep. J. Anim. Sci. 17: 
189-193. 

CROKER, BARBARA H. 1959. A method 
of estimating the botanical com- 
position of the diet of sheep. New 
Zeal. J. Agri. Res. 2:72-85. 

9 

DAVENPORT, H. D. 196 1. Histological 
and histochemical technics. H. B. 
Saunders, Philadelphia. 401 p. 

DUSI, J. L. 1949. Methods for the 
determination of food habits by 
plant microtechniques and histology 
and their application to cottontail 
rabbit food habits. J. Wildlife 
Manage. 13:295-298. 

GRIFFITHS, M., AND R. BARKER. 1966. 
The plants eaten by sheep and by 
kangaroos grazing together in a 
paddock in south-western Queens- 
land. C.S.I.R.O. Wildlife Res. 11: 
145-167. 

HARKER, K. W., D. T. TORELL, AND G. 
M. VAN DYNE. 1964. Botanical ex- 
amination of forage from esophageal 
fistulas in cattle. J. Anim. Sci. 23: 
465-469. 

HEADY, H. F. 1964. Palatability of 
herbage and animal preference. J. 
Range Manage. 17: 76-82. 

LEIGH, J. H., AND W. E. MULHAM. 
1966. Selection of diet by sheep 
grazing semi-arid pastures on the 
Riverine Plain. 1. A bladder salt- 

9 

College of Forestry and Natural Re- 

A Plea for Fewer but 

sources, Colorado State University, 

More-Significant Digits 
GEORGE M. VAN DYNE 

Fort Collins. 

shows a suggested alternative method 

the number of digits printed, but in 

of presentation. 

some cases there also is a saving of 
having to set the decimal point in 

In rounding numbers in many in- 
stances not only is there a saving in 

Highlight 
print. By rounding the data -to fewer 
digits I believe the message still is 

v ..a 

Using data from this journal, the 
transmitted, but more concisely and 

author shows how considerable savings 
more clearly. In the examples in Table 

can be made in space and in reading 1, the original presentation of the data 
time by rounding tabulated data. required 259 digits and decimals to be 

printed. By rounding, only 150 were 
In a scientific world that is being required. This is a saving of 42% of 

deluged by more and more published work for the printer not to mention 
information, a weary but interested 
reader makes a plea for fewer digits. 
It is my contention that if we round 
our data to present fewer numbers 

strain for the reader! Still, an equiva- 
lent amount of comparative informa- 

the saving in eye strain and memory 

tion is presented. 
and if we describe more completely 
how we obtained these data, then we 

How Many Digits Are Justified? 

will have fewer but more-significant How many significant digits do we 
digits in our literature. have in our range research data? Cer- 

Examples of Too Many Digits 
tainly, the number of digits depends 
upon the technique and upon the 

I have excerpted data from several 
articles in the January issue of Volume 
21 of the Journal of Range Manage- 
ment (Table 1) and arranged the data 
in paired columns. The left-hand 
column of each pair shows the way the 
data were represented in the Journal 
article, and the right-handed column 

design of the investigation. Some sug- 
gested guidelines are presented here 
as examples for a few commonly 
measured variables. 

Botanical composition. It is absurd 
to represent visual estimates of botani- 
cal composition by four significant 
digits, to the nearest .Ol%! Yet this 

bush (A triplex vesicaria) cottonbush 
(Kochia aphylla) community. Austral. 
J. Exp. Agri. and Anim. Husb. 6: 
460-467. 

MARTIN, D. J. 1954. Features of 
plant cuticle: an aid to the analysis 
of the natural diet of grazing ani- 
mals, with especial reference to 
Scottish hill sheep. Trans. Proc. 
Bot. Sot. Edinb. 36:278-288. 

METCALFE, C. R. 1960. Anatomy of 
the monocotyledons. 1. Gramineae. 
Clarendon Press, Oxford. 731 p. 

STEWART, D. R. M. 1965. The epi- 
dermal characters of grasses, with 
special reference to East African 
plains species. Bot. Jaarb. 84:63-174. 

STEWART, D. R. M. 1967. Analysis 
of plant epidermis in faeces: a tech- 
nique for studying the food prefer- 
ences of grazing herbivores. J. 
Applied Ecol. 4: 83-l 11. 

STORR, G. M. 1961. Microscopic anal- 
ysis of faeces, a technique for ascer- 
taining the diet of herbivorous 
mammals. Austral. J. Biol. Sci. 14: 
157-164. 

9 
can be found in reports on range 
studies. In most instances percentage 
data can adequately be represented 
to the nearest 1%. 

Herbage yield. Considering sampling 
errors and variability involved, yield 
data to the nearest 10 lb/acre often 
would be sufficient. Seldom is the 
sampling scheme sufficiently intensive 
to be able to precisely measure yield 
to the nearest 0.1 lb/acre as is re- 
ported in many articles. 

Frequency data. Another factor af- 
fecting the number of significant digits 
is the number of samples taken. For 
example, if frequency data are based 
on 25 plots, then data are good to 
only the nearest 4%. Then in repre- 
senting frequencies in that case, even 
if averaged over replicates, there is no 
justification in presenting data to the 
nearest 0.1 “/o. 

Precipitation. Meteorological data, 
especially precipitation, frequently are 
reported in range research articles. 
Considering the variability in rainfall 
patterns and considering the errors in 
measurement, it seems questionable 
that values to the nearest 0.01 inch/ 
year are meaningful. Perhaps annual 
precipitation data to the nearest inch, 
and certainly to the nearest 0.1 inch 
would be sufficient for most purposes. 

Chemical composition. Often labora- 



TECHNICAL NOTES 53 

Table 1. Comparison of reported and suggested data extracted from Journal of Range Management, Vol. 21 (1). In 
each set a description of the data is given followed by paired tabulations of the format published (left) vs. the sug 

gested (right) and brief comments on sampling conditions. 

Page 1 Page 6 Page 10 Page 10 Page 22 Page 26 
Table 1 Table 1 Table 1 Table 1 Table 2 Table 2 
Cal. 2 Cal. 5 Cal. 4 Cal. 4 Cal. 5 Cal. 7 

% germination “/o cover “/o frequency density % crude protein mg nitrogen 

76.75 77 91.0 91 35.0 35 653.4 k 483.0 653 rt 483 15.51 16 172.8 173 
69.25 69 93.5 94 22.5 22 563.2 k 96.3 563 t 96 10.51 11 191.6 192 
50.25 50 95.0 95 30.0 30 627.3 t 94.1 627 + 94 7.04 7 392.2 392 
39.00 39 96.0 96 7.5 8 446.5 _+ 52.6 446 + 53 5.59 6 470.3 470 
18.50 18 97.0 97 2.5 2 222.2 _+ 222.3 222 Z!Z 222 5.67 6 89.9 90 

100 seeds/rep insufficient 40 plots 49 to 99 plots probably based 3 samples 
4 rep explanation on 4 samples 

of sampling 
scheme 

Page 29 
Table 2 
Cal. 2 

% germination 

14.6 15 
24.0 24 
20.6 21 
42.0 42 
42.6 43 

3 to 4 reps 
unspecified 
no. /rep 

Page 33 Page 49 
Table 2 Table 5 
Cal. 3 Cal. 5 

lb /acre herbage % basal area 

5134 5130 4.18 4.2 
4358 4360 1.84 1.8 
2438 2440 1.00 1.0 
2480 2480 0.87 0.9 
3603 3600 1.11 1.1 

first 4 values are insufficient ex- 
averages for 3 planation to 
plots, last value is determine sam- 
average of first 4 pling intensity 

Page 52 Page 54 
Table 2 Table 1 
Cal. 7 Cal. 3 

% basal cover % calcium 

9.6 10 1.46 1.5 
22.6 23 1.80 1.8 
62.8 63 1.65 1.6 

5.0 5 1.89 1.9 
100.0 100 1.51 1.5 

10 transects two analyses for 
each of two seasons 

tory techniques are sufficiently ac- 
curate and precise that they justify 
several significant digits in reporting 
the data. But range research field 
sampling methods seldom justify that. 
In most instances the modified proxi- 
mate constituents can be represented 
adequately to the nearest 0.1%. Gross 
energy data can easily be rounded to 
the nearest 10 kcal/kg without loss of 
information. Better yet would be to 
present energy data to the nearest 0.1 
kcal/g. Individual mineral composi- 
tion data are seldom good to more 
than three or four digits &&most. 

Most range research data are re- 
ported for com@zrutive purposes. That 
is, we are comparing grazing treat- 
ments, comparing management treat- 
ments, a@d so forth. Our methodology 
and sampling intensity is such that 
seldom are we trying to present ab- 
solute values. As a result we lose little 
if we round our data to two or three 
truly-significant digits. 

How Were the Data Collected and 
Analyzed? 

Another problem in presenting data 

is related to the vagaries of the sam- 
pling scheme. For example, for chemi- 
cal composition data, were these data 
obtained on duplicate samples, were 
the samples for various plots in the 
field composited before analyses, were 
the samples composited for various 
replicates in the field, were the samples 
cornposited for various animals? All 
too frequently these sampling and 
analysis conditions are not specified. 

A plea is made for explicit state- 
ment of the sampling and measure- 
ment scheme. Range research methods 
are not highly standardized. It is not 
sufficient to say simply that some 
variable “was measured by the method 
of (some author).” That may mean 
you used his equipment or it might 
mean you used his specific sampling 
plan. It would be more specific to 
say the variable was measured by the 
method of (some author) using (some 
number of) plots, lines, points, and so 
forth. 

Frequently authors indicated “the 
data were subjected to analysis I of 
variance.” This is insufficient informa- 
tion if there is a non-trivial design. 

To be meaningful it is necessary to 
state what factors were considered fixed 
effects, which were random effects, and 
what error terms were used. 

The computer causes a problem in 
our modern literature. With many 
computers, as many as 11 significant 
digits may be carried routinely in the 
calculations and printed in the output. 
This many be true even though the 
input data had only two significant 
digits. Many researchers seem to feel 
the computer can produce more signifi- 
cant digits than they had initially and 
publish means, standard deviations, 
and regression coefficients with six or 
eight digits! 

In conclusion, keep in mind these 
two bits of advice from the AIBS Style 
Manuall: “Determine the significant 
number of digits . . .” and “Avoid 
presenting numerical data of greater 
precision than accuracy of the method 
justifies.” 

1 Conference of Biological Editors, 
Committee on Form and Style. 1964. 
Style manual for biological journals. 
2nd Ed. Amer. Inst. Biol. Sci., Wash- 
ington, D.C. p. 55-56. 
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pieces were rolled into conical sections 
while cold and tack welded before cut- 
ting and facing the dam cut-aways. 
Welding and polishing were completed 
before filling the unit with concrete. 
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Table 1. Percentage composition of the vegetation in three range condition 
classes. Data are averages of 150 samples taken during the summers of 
1949 and 1964. 

Excellent Good Fair 
Species 1949 1964 1949 1964 1949 1964 

Decreasers: 
Big bluestem (Andropogon gerardi) 32.7 24.2 17.3 12.0 5.9 5.7 
Little bluestem (Andropogon scoparius) 39.0 33.1 28.1 30.2 1.0 3.6 
Tall dropseed (Sporobolus asper) 5.4 0.9 0.5 0.6 - 1.9 
Prairie dropseed (Sporobolus heterolepis) 2.4 1.1 0.6 - - - 
Indiangrass (Sorghastrum nutans) 1.4 4.0 0.4 3.3 - - 
Porcupinegrass (Stipa spartea) 0.2 - - - - - 

Total decreasers 81.1 63.3 46.9 46.1 6.9 11.2 

Increasers: 
Kentucky bluegrass (Pea pra tensis) 11.4 28.6 28.4 41.8 36.3 29.8 
Purple lovegrass (Eragrostis spectabilis) 2.4 0.1 14.8 0.8 3.0 3.2 
Sideoats grama (BouteZoua curtipendula) 1.8 6.0 4.9 6.1 8.1 14.0 
Blue grama (Bouteloua gracilis) - - - - 13.8 7.4 
Sedges (Carex spp.) 1.8 0.5 1.3 0.5 3.6 2.0 
Scribner panicum (Panicurn scribnerianum) 0.4 0.3 0.3 2.5 0.3 2.4 
Buffalograss (Buchloc dactyloides) - - - - 0.6 - 
Hairy grama (Bouteloua hirsuta) - - - - 0.1 0.2 

Total increasers 17.8 35.5 49.7 51.7 65.8 59.0 

Invaders: 
Sand dropseed (Sporobolus crytandrus) 0.1 - 0.7 0.1 12.1 2.4 
Sand paspalum (Paspalum stramineum) 0.1 0.2 0.4 0.5 3.4 13.6 
Hairy chess (Bromus commutatus) - - 0.2 0.1 2.2 1.6 
Little barley (Hordeum @sillurn) - - - - 2.9 0.3 
Prairie threeawn (Aristida oligantha) - - - 0.5 0.2 8.3 
Western wheatgrass (Agropyron smithii) - - - - 0.1 0.7 
Tumblegrass (Schedonnardus paniculatus) - - - - 0.1 0.3 
Windmillgrass (Chloris verticillata) - - - - - 0.9 

Total invaders 0.2 0.2 1.3 1.2 21.0 28.1 

Forbs: 0.9 1.0 2.1 1.0 6.3 1.7 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

(Weaver and Hansen, 1941). In 1949, 
when the previous survey was made, 
this area had benefited by 8 years 
(194148) of more than normal pre- 
cipitation; with average annual pre- 
cipitation of 29.04 inches, or 1.41 inches 
above the mean of 27.63 inches. This 
was not enough time to erase all of the 
effects of the great drought. By 1964, 
after 15 more years that averaged 1.65 
inches above normal precipitation, 
most of the xeric aspects resulting from 
drought were eliminated. 

Changes in the excellent condition, 
the most stable condition class, have 
been brought about by increased 
grazing pressure. There was a signifi- 
cant decrease in the amount (17.8%) 
of decreasers and a significant increase 
(17.7%) in the amount of increasers 
(Table 1). These changes are typical 
of the early stages of degeneration 

brought about by excessive grazing 
(Weaver and Hansen, 1941). 

The changes in the good condition 
area have not been great. Grazing 
pressure on this area has not increased 
and there is no significant change in 
total amounts of decreasers or in- 
creasers. Invading plants have not be- 
come important. There has been a 
significant decrease in the amount of 
purple lovegrass. This species became 
extremely abundant in the years im- 
mediately following the great drought. 
In 1949 it still persisted and was show- 
ing considerable stability (Weaver, 
1950). The competition from more 
mesic grasses during the favorable 
moisture years of 1950-64 has reduced 
this grass to its predrought status of 
minor importance. 

Changes in the fair condition area 
have been brought about by the above- 
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normal moisture and by the change 
in grazing pattern. Little bluestem 
has increased from an insignificant 
1.0% to a more significant 3.6% of the 
total grass composition. As pointed 
out by Weaver (1950), little bluestem 
was the first major dominant to de- 
crease greatly in drought, it suffered 
the greatest losses, and it was the last 
to reappear. The more favorable mois- 
ture pattern since 1949, and the fact 
that grazing has not been so con- 
centrated in the southern part of the 
pasture has permitted a small increase 
of this species. Sideoats grama has 
made a significant increase, from 8.1% 
to 14.0% of the total composition. 
Sideoats grama withstands grazing 
very well and is classed as an increaser. 
Seedlings of this species are drought- 
tolerant and tolerant of shade. There- 
fore this grass is capable of increasing 
under a wide range of moisture con- 
ditions. 

There has been a significant in- 
crease in the two invaders, sand 
paspalum and prairie threeawn. These 
two grasses, as shown by their distribu- 
tion pattern (Hitchcock, 1951), are 
adapted to a humid or subhumid 
climate and not to arid conditions. 
Both species are affected very little 
by grazing pressure; prairie threeawn 
because it is so unpalatable to live- 
stock and sand paspalum because its 
mat-forming habit allows many leaves 
and seed heads to escape grazing by 
cattle. The increase of these two weedy 
species is the result of better moisture 
conditions as well as the close grazing 
of competing grasses. Perhaps the most 
significant shift in plant population 
occurred in the two xeric species, blue 
grama and sand dropseed. These 
grasses were insignificant in the true 
prairie before the great drought. Fol- 
lowing the early years of drought and 
consequent losses of the true prairie 
grasses, sand dropseed and blue grama 
increased from the status of occasional 
invaders to species of major importance 
(Weaver and Hansen, 1941). When 
the first study of this pasture was 
made (1949) these two grasses still 
composed 25.9% of the vegetation in 
the fair range condition class. After 
15 more years of favorable moisture, 
the same grasses were reduced to 9.8% 
of the total composition. 

Discussion 

The most important range manage- 
ment practice is the proper use of 
forage. Livestock should be distributed 
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uniformly to achieve even use of 
vegetation. Even though this pasture 
was only 290 acres, had two livestock 
watering facilities, and no major 
topographical limitations, there was 
very little or no use in some parts and 
evident overgrazing in others. Proper 
quantity and distribution of salt go a 
long way toward controlling the grazing 
of livestock and obtaining satisfactory 
use and maintenance of the forage. 

Topography, distance from water, 
direction of prevailing winds, the 
placement of salt, and selection of 
bedding grounds have all played a 
part in affecting the behavior of the 
cattle. This has resulted in scanty 
forage in places and overabundance 
in others. 

The condition of a range almost 
wholly depends upon the management 
applied and climatic conditions. There 
is no control over climatic conditions. 
There can be a control of management. 
The proper use of a range cannot be 
accomplished by using all the current 
growth of a plant. To preserve the 
important species, much of the plant 
must remain unharvested. It is gen- 

erally conceded that, in this area, not 
more than half of the current year’s 
growth should be removed by the end 
of the grazing season. Otherwise, there 
is usually a reduction in plant vigor 
and subsequent reduction in forage 
yield. 

Conclusion 

A followup study of plant com- 
munities was made in a 290-acre native 
pasture near Lincoln, Nebraska. The 
study compared the averages of 150 
samples taken during the summers of 
1949 and 1964. 

The addition of a new livestock 
pond in 1951 improved the distribu- 
tion of livestock grazing. This resulted 
in a reduction of big and little blue- 
stem (72% versus 57%) in the excellent 
condition area, which formerly had 
limited livestock use. The good con- 
dition area remained essentially the 
same with 45% versus 42%. Also, 
there was no major change in these 
two grasses in the fair condition. 

The continued above average annual 
precipitation during the period 1949- 
64 favored the cool season grass-Ken- 
tucky bluegrass. 
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The culture, management, and me- 

chanical seed harvest of fourwing salt- 
bush grown under irrigated farm crop 
conditions has been developed. The 
phenology and internal moisture re- 
gime of this plant bears directly on 
seed harvest operations and timing. 
Manipulation of plant growth habit 
from a branching shrub type to single 
upright stems is essential for adapta- 
tion to mechanical harvest. This is 
accomplished by cutting the plant to 
a two-inch stubble height and leaving 
decumbent branches intact on the 
plant, from which the erect branches 
arise the following year. 
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The value of fourwing saltbush 
(Atriplex canescens (Pursh) Nutt.) 
as a range forage plant for live- 
stock and game animals has been 
known for many years (Wilson, 1928). 
Despite its wide distribution, strong 
seedling vigor, abundant seed produc- 
tion, and the knowledge available on 
its culture and management for forage 
(Dayton, 193 1; Judd, 1962; Plummer, 
Monsen and Christensen, 1966; Wilson, 
1928) little use has been made of this 
plant in the range reseeding programs 
of Federal and State agencies and 
private individuals. An important 
reason is the lack of adequate quan- 
tities of high-quality seed. Most seed 
used in experimental work and in the 
limited range plantings have been 
harvested by hand stripping wild 
plants. Only recently have concerted 
efforts been made to develop machines 
to aid in harvesting and these, too, are 
for use on wild stands (Plummer et al., 
1966). 

The Bridger, Montana SCS Plant 
Materials Center has developed cul- 
tural and management methods for 
harvesting fourwing saltbush seed, 
using standard farming practices and 
commercially available farm machinery. 

The methods were developed using 
the low-growing northern desert shrub 
type as described by Judd (1962) and 
Plummer et al., (1966). The principles 
described here should also apply to 
the taller forms found in the southern 
regions of the West. 

Culture and Management 

Tourwing saltbush can be seeded as 
a farm crop with no difficulty in 
establishing adequate stands for seed 
production. Row spacings of 28 to 36 
inches are recommended to allow for 
tractor cultivation and furrow irriga- 
tion. Seeding is done with cotton 
planters or bean and beet planters. 
Seeding should be done during late 
winter or early spring to meet the 
cool temperature requirements for 
germination of the seed (Plummer 
et al., 1966; Wilson, 1928). The seed 
should be placed between 0.5 and 1 
inch deep (Plummer et al., 1966; 
Springfield and Bell, 1967). Seeding 
rate is determined from the percent- 
age of filled utricles required to pro- 
vide six seedlings/linear ft of row. 
High seeding rates are usually neces- 
sary because of normally low percent- 
ages of filled utricles (Plummer et al., 
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uniformly to achieve even use of 
vegetation. Even though this pasture 
was only 290 acres, had two livestock 
watering facilities, and no major 
topographical limitations, there was 
very little or no use in some parts and 
evident overgrazing in others. Proper 
quantity and distribution of salt go a 
long way toward controlling the grazing 
of livestock and obtaining satisfactory 
use and maintenance of the forage. 

Topography, distance from water, 
direction of prevailing winds, the 
placement of salt, and selection of 
bedding grounds have all played a 
part in affecting the behavior of the 
cattle. This has resulted in scanty 
forage in places and overabundance 
in others. 

The condition of a range almost 
wholly depends upon the management 
applied and climatic conditions. There 
is no control over climatic conditions. 
There can be a control of management. 
The proper use of a range cannot be 
accomplished by using all the current 
growth of a plant. To preserve the 
important species, much of the plant 
must remain unharvested. It is gen- 

erally conceded that, in this area, not 
more than half of the current year’s 
growth should be removed by the end 
of the grazing season. Otherwise, there 
is usually a reduction in plant vigor 
and subsequent reduction in forage 
yield. 

Conclusion 

A followup study of plant com- 
munities was made in a 290-acre native 
pasture near Lincoln, Nebraska. The 
study compared the averages of 150 
samples taken during the summers of 
1949 and 1964. 

The addition of a new livestock 
pond in 1951 improved the distribu- 
tion of livestock grazing. This resulted 
in a reduction of big and little blue- 
stem (72% versus 57%) in the excellent 
condition area, which formerly had 
limited livestock use. The good con- 
dition area remained essentially the 
same with 45% versus 42%. Also, 
there was no major change in these 
two grasses in the fair condition. 

The continued above average annual 
precipitation during the period 1949- 
64 favored the cool season grass-Ken- 
tucky bluegrass. 
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A B C 

FIG. 1. Schematic growth forms of natural and manipulated plants of fourwing 
saltbush; A, seedling year; B, first crop year; C, subsequent crop years. Dotted line - . 
indicates a 2 to 4-inch cutting height. 

1966; Springfield, 1967). Soil moisture 
must be maintained near the soil sur- 
face by supplemental irrigation during 
the seedling year for maximum ger- 
mination and growth. 

The first seed crop is produced in 
the second growing season. This is 2 
to 3 years earlier than reported by 
Plummer et al. (1966) on noncultivated 
plants. Irrigation of the established 
stand is not critical. Six acre-inches of 
supplemental water are adequate for 
maximum production at Bridger, Mon- 
tana, under 10 inches of natural pre- 
cipitation, falling mostly during the 
spring months. No growth response 
has been observed from applying 70 
lb/acre actual N and 70 lb/acre P,O, 
on the highly calcareous soils at 
Bridger. 

The growth form of this highly- 
branching shrub must be manipulated 
to facilitate harvesting with a com- 
bine. Establishment of the proper 
growth form is initiated in the first 
crop year. The seedling stem pro- 
duced during the first season forms 
the axis from which the lateral, seed- 
bearing branches arise the second year 
(Fig. la and lb). The lower lateral 
branches may be decumbent for half 
their length. A cutting height of 2 to 
4 inches above ground level established 
during harvest operations will leave 
these lower laterals intact for 6 to 10 
inches. During the third year erect 
branches arise from the decumbent 
second-year laterals as well as the orig- 
inal crown (Fig. lc). Continued har- 
vesting at this established cutting height 
leaves sufficient plant material intact 
to produce a new set of seed-bearing 
shoots the following year. Three years 
of this treatment at the Bridger PMC 
has shown no adverse effect on plant 
vigor or seed production. It is not 
known how long a stand might be kept 

in production using this treatment. Un- 
less the plant is managed in such a 
way to present only new shoots to the 
harvesting machine, the woody 2- or 
3-year-old nonseed-bearing material be- 
comes too large and coarse to go 
through a combine without damaging 
it. There is no machine developed to 
selectively harvest the seed-bearing 
branches and reject the nonseed-bear- 
ing ones. Thus, it is paramount with 
this harvesting method to keep the 
plants essentially “l-year old.” 

Harvesting 

The utricles of fourwing saltbush 
appear mature in late summer, but the 
rest of the plant contains too high a 
moisture content to lend itself to 
machine harvest until late October. 
The seeds, or utricles, do not absciss 
easily during this drying period. Mois- 
ture contents of seed-bearing branches 
during the period from August 1 to 
October 18 are shown in Fig. 2. The 
moisture contents of the utricles, stems 
and branches, and leaves at the time 
of harvest are shown in Fig. 3. The 
wide differences in moisture content 
of the different plant parts are the 
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FIG. 2. Percentage moisture in one-year- 
old seed-bearing shoots of fourwing 
saltbush from August 1 to October 18, 
1967, air dry basis. 
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FIG. 3. Percentage moisture in utricles, 
stems and branches, and leaves of four- 
wing saltbush harvested October 18, 
1967, air dry basis. 

causes of most of the difficulties en- 
countered in direct combining. The 
very dry utricles are easily removed 
from the stems. In fact, considerable 
shatter loss may occur at the pickup 
reel. The stems and branches are 
moist enough to prevent their breaking 
up into fine pieces and contaminating 
the clean seed, but they present some 
problems by lodging in cracks and 
holes in the separator and preventing 
an even flow of incoming material. 
This is not serious, however. 

The high moisture content of the 
leaves causes the greatest problems in 
threshing and storing the harvested 
product. The leaves are effectively 
stripped off the stems in the cylinder 
of the combine. They are separated 
from the stems along with the utricles. 
The specific gravity of the moist leaves 
is so close to the specific gravity of 
the dry utricles that air separation is 
not possible. Serious problems arise 
from this combination of utricles and 
leaves in the sacking and return eleva- 
tors of the combine. An even flow of 
material within the capacity of the 
elevators is essential to prevent their 
plugging. When plugging occurs the 
moist leaves form a tightly compressed 
cake which is very difficult to remove 
and can damage the combine. 

Once harvested, the utricle-leaf ma- 
terial must be spread out to dry. 
Molding of sacked material can begin 
within 12 hr in warm weather. The 
leaves give up their moisture slowly 
and provisions for a IO-day drying 
period should be made. A 4-inch 
thick layer of material requires turning 
and mixing every 12 hr. Artificial 
drying rooms or bins are helpful in 
drying this material. 

Two methods of harvesting fourwing 
saltbush have been used at the Bridger 
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PMC-windrow-combining and direct 
combining. The windrow-combining 
method is the least satisfactory. Wind- 
rowing leaves, the stems tangled and 
intertwined with each other. The 
pickup reel on the combine shakes the 
windrow for 2 to 4 ft in front of the 
machine causing up to 50% shatter 
loss. On the other hand, the dry 
windrowed material allows better air 
separation of utricles and leaves and 
reduced plugging of the elevators. 

The direct combining method re- 
duces shatter loss on the pickup reel 
to less than 20%. The critical factor 
in reduction of shatter loss is the 
ground speed/pickup reel speed ratio. 
The closer this ratio is to 1 the lower 
the shatter loss will be. High moisture 
content of the leaves is the singular 
disadvantage of this method. 

Internal adjustments of the combine 
are not critical. Slow rub bar cylinder 
speeds of 3000-4000 fpm are used. A 
cylinder spacing of 3/4 inch is suf- 
ficient to remove all utricles from the 
stems and will leave up to 30% of 
the leaves intact. 

Data from observational studies at 
the Bridger PMC show that fourwing 
saltbush grown under the culture and 
management described here, has a seed 
production potential of 3600 lb/acre 
of utricles. These utricles were hand 
stripped from S-year-old plants with- 
out cutting the plants back to a 2-inch 
height. Yields from a quarter-acre 
seed production field were 748, 740, 
and 804 lb/acre in 1965, 1966, and 
1967, respectively. The harvesting pro- 
cedures described above were used on 
this seed production field. 

The use potential of this range 
forage plant has been described (Day- 
ton, 193 1; Judd, 1962; Plummer et al., 
1966; Wilson, 1928). This potential 
can be realized providing sufficient 
quantities of high quality seed is com- 
mercially available at reasonable prices. 
The seed production potential of this 
plant has been examined and its suit- 
ability for culture, management, and 
harvest as a domesticated farm crop 
has been established. There remains 
now the task of selecting and develop- 
ing ecotypes and varieties which will 

A Gate Latch for Electric 
Fences 
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Agronomist, Agricultural Division, 
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Oklahoma. 

Crossfencing is important for sub- 
dividing pasture units of one species 
or to separate improved pastures from 
native range. One type of crossfencing 
that has been effective at the Noble 
Foundation is a 2-strand barbwire 
electric semi-suspension fence. How- 
ever, there was dissatisfaction with the 
commercial electric fence gate latches. 
The commercial latches would not 
expand sufficiently for easy gate 
opening and closing. The latch springs 
were very susceptible to over-expansion 
and the insulator material was prone 
to cracking and breaking (Fig. la). 
These characteristics rendered the 
handle ineffective for live wires. To 
correct this general dissatisfaction, a 
homemade gate latch and handle was 
assembled. 

Few materials are needed for simple 
and rapid assembly of the gate latch 
and handle with nominal cost of ap- 
proximately 454 or less for each com- 
pleted latch (Figure 2a and Table 1). 

a 

be best suited to regions, soils, climates, 
and uses where it is needed. 
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UVERSTRETCZ? PREVENTIVE 

GATE WIRE 

FIG. 1. (a) B ro en and overexpanded commercial latch. (b) A completed homemade k 
latch with overexpansion preventative. 

Table 1. Materials and approximate retail cost for electric fence gate latch 
and handle. 

Size Number cost 
Item (inches) needed each (3) 

Screen door spring 3/s!/ x 16” 1 0.20 
(galvanized or painted) 

Flat washer %” ID 1 0.05 
Steel key ring 1” to 1.5” 1 0.10 
Insulator material l/2” ID x 8” 1 0.10 

(rubber or plastic hose) 
Total cost of material per latch 0.45 
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FIG. 2. The components of the homemade latch; (a) Disassembled, (b) Assembled 
and in use. 

Cost can be reduced by utilizing items 
on hand. This cost compares well with 
commercial latches which retail for 40& 
to SO& each and have not been satis- 
factory. 

The main body of the latch, the 
screen door spring, is available from 
hardware suppliers in numerous diam- 
eters, lengths and tension strengths. 
The 3/s” x 16” spring has proven 
quite satisfactory to hold the 1%ft 
barbwire gate with adequate tension. 
If a light smooth wire was used for the 
gate, the spring could possibly be 
lighter. The spring should be gal- 
vanized or painted to retard rust and 
corrosion. Higher tension springs 
may be needed for heavier wire or 
wider gate spans. 

The s/r screen door spring will 
stretch up to 75% of its contracted 
spring length before becoming overex- 
panded, thus a 16”’ spring will stretch 
12 inches. Overexpansion of the spring 
by livestock or overzealous “gate 
openers” can be prevented by affixing 
a strong hook wire through the spring 
as depicted in Fig. lb. Generally, this 
is an unnecessary accessory. The wire is 
affixed to the front ring or spring eye- 
let and protrudes through the rear of 
the spring far enough to allow suf- 
ficient spring expansion for easy gate 
opening and closing. 

Handle insulator material such as 
rubber or plastic hose enables the gates 
to be opened or closed while the 
charger is in operation. Rubber hose 
seems more satisfactory due to its all- 
weather flexibility and insulator char- 
acteristics. The length of the insulator 
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material should be about 8 inches; 
sufficient for convenient handgripping. 
The hose ID should be slightly larger 
than the diameter of the spring to 
enable easy movement of the spring 
in the hose when the latches are used. 
The loose hose fitting also prevents 
binding of the spring as the spring 
contracts or expands. 

To prevent eventual breaking of the 
electric fence gate wires at the hinge 
end, the wires should be loop spliced 
(Fig. 3a). The loop serves as a hinge. 

The insulator hose may be prevented 
from slipping off the spring and onto 
the electrical wire by using a large 
loop in the gate wire or by turning 
the ends of the gate wire at right angles 
to the spring (Fig. 3b). A key ring at 
both ends of the spring will serve the 
same purpose, but will increase the 
cost. 

The flat washer serves as a butt for 
the insulator hose as well as a mecha- 
nism to firmly hold the key ring. This 
facilitates hooking the latch to the 
electric fence “hook” (Fig. Zb). 

The steel key ring or spring washer 
is used due to its ease of fastening 
into the spring eyelet. A common “0” 
ring can be used but it is more difficult 
to fasten directly onto the spring. The 
key ring or “0” ring serves as the eye- 
let for the gate hook which is the 
end of the electrical wire at the gate 
post. 

FIG. 3. (a) Hinge loops in 
slipping off the spring. 

gate wire. (b) Large gate wire loops prevent handle from 
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Don’t Fence Us In 
“Give me land lots of land ‘neath 

the starry skies above, don’t fence me 
in” are familiar words of a western 
song. The American Society of Range 
Management has land-lots of land- 
to be concerned about-providing it 
doesn’t fence itself in too tightly. 

Fences can be both physical and 
mental. Mental fences may be more 
difficult to properly relocate than 
physical ones. Some fencing is neces- 
sary-to give control, yet provide the 
needed flexibility to carry out manage- 
ment objectives. 
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interdependent kinds of lands are 
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Society of Range Management in ful- 
filling its destiny as a professional 
society. 
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more than others, but professional 
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lands are-their nature, location, ex- 
tent, and interdependence-is much 
less than it should be. Such under- 
standing of rangeland and related 
lands will determine whether ASRM 
is to be a regional, national, or inter- 
national professional society. Range- 
land, grazed woodland, and “native 
pastures” are important across the 
nation. 

Lack of firm data OIL the importance 
of rangeland and pasture in the United 
States has long been recognized. The 
Census of Agriculture was modified 
to provide a somewhat sharper picture, 
but it has obvious limitations. One 
of the major limitations is the category 
“Other Pasture Not Woodland or 
Cropland” and the absence of “Range- 
land” as a specific category. 

Nevertheless, census figures give us 
the best information available OIL range 
and pasture “in farms.” To these 

Table 1. Range and pasture “in farms” (acres), 1964 Census of Agriculture- 
Preliminary. 

NO. State 

Cropland Other Pasture 
Used Only Improved Woodland 

For Pasture Pasture Pastured' 
Not Woodland2 
or Cropland Total 

1 Alabama 1,243,080 1,215,076 2,897.065 2,554,979 7,910,200 
2 Alaska 3,516 293 16,821 1,751,934 1,772.564 
3 Arizona 162,802 668,767 5.293,343 31,913,767 38.038,679 
4 Arkansas 1,840,161 813,009 2,922,158 2,373.002 7,948,330 
5 California 2,052,678 933,291 2,803,967 20.446,945 26,236.881 
6 Colorado 1,213,257 962,347 1.435.945 24,968,704 28,580,253 
7 Connecticut 56,265 18,732 67.137 97,793 239,927 
8 Delaware 32,220 3.407 8,537 12,403 56,567 
9 Florida 741,139 1,686,327 4,976,675 4,305,874 11,710,015 

10 Georgia 1,050,623 1,022,064 2,607,179 1,808,894 6,488,760 
11 Hawaii 52,185 504,747 30,755 1.202,873 1,790.560 
12 Idaho 708,870 565,050 1,137,719 7,420,860 9,832,499 
13 Illinois 1,669,106 443,802 1,501.171 1.746,072 5,360,151 
14 Indiana 1,334.520 264,472 1,018,493 1,101,690 3,719,175 
15 Iowa 2,632,490 691,507 1,550,549 3.248.045 8,122,591 
16 Kansas 1,345,652 1,370,124 469,608 18,524,169 21,709,553 
17 Kentucky 4,571,854 453,899 1,433,320 1,824,178 8.283.251 
18 Louisiana 1,739,197 781,135 1,719,026 2,003,709 6,243,067 
19 Maine 142,560 14,886 128,722 98,124 384,292 
20 Maryland 225,657 128,955 111,383 341,323 807,318 
21 Massachusetts 79,943 11,618 86,373 73,025 250.959 
22 Michigan 1,147,426 57,025 908,090 576,808 2,689.349 
23 Minnesota 1,307,409 248,044 2,410,099 2,117,862 6,083.414 
24 Mississippi 1,294,478 1.319.080 3.843.135 3.716,872 10,173,565 
25 Missouri 4,426,830 1.293,954 5,213,606 5,834.825 16.769,215 
26 Montana 1,159,134 1,040,901 1,867,261 47,251,211 51.318,507 
27 Nebraska 1,031,016 1,114,597 356,693 23,727.895 26,230,201 
28 Nevada 191,332 393,858 37,555 9,441,381 10,064.126 
29 New Hampshire 62,235 6,782 109,672 46,928 225,617 
30 New Jersey 88,260 17.927 19,126 83,718 209,031 
31 New Mexico 384,529 393,611 3,231,740 41,188,571 45,198,451 
32 New York 990,781 222,939 815,531 2,301,851 4,331,102 
33 North Carolina 600,585 554,343 951,001 1,180.088 3,286,017 
34 North Dakota 848,376 378,368 237,293 12,988,063 14.452.100 
35 Ohio 1,164,147 383,939 929,648 2,177,032 4,654,766 
36 Oklahoma 1,983.171 2,360,913 3,411,614 18.406.631 26.162,329 
37 Oregon 976,116 593,630 2,631,614 11.527.556 15,728,916 
38 Pennsylvania 685,936 281,269 572,749 1.519,255 3,059,209 
39 Rhode Island 12,117 1,704 5,117 7,489 26,427 
40 South Carolina 591,672 207,903 803,329 479,989 2,082,893 
41 South Dakota 934,280 588,741 207,034 25.432.240 27,162,295 
42 Tennessee 3,059.139 510,953 1,738,115 1,808,202 7.116,409 
43 Texas 7,089.773 8,711,289 10,138,972 94,339.745 120,279.779 
44 Utah 447,692 491,545 762,307 9,781.974 11,483,518 
45 Vermont 183,188 50,724 406,614 405.703 1,046,229 
46 Virginia 864,577 836,420 1,142.915 2,574.698 5,418,610 
47 Washington 836,237 296,157 3,051,561 6,685,392 10,869,347 
48 West Virginia 360,298 319,132 910,094 1,604,857 3,194,381 
49 Wisconsin 1,765,320 246,601 2,802,455 1,845,103 6,659,479 
50 Wyoming 567,223 642,091 581,108 32.703,231 34,493,653 

TOTALS 57,951,052 36,117,948 82.311.994 489,573,533 665,954,527 

1 Does not include acreage of large private company lands that are grazed. 

2 
Estimated to be Rangeland and "Native Pasture" acreage. 

figures must be added the acreage of 
public lands properly called rangeland 
or related lands and the woodland or 
forest areas owned by large timber 
companies and that are grazed. Only 
then do we have a complete picture 
of land grazed by livestock. 

Table 1 shows the acreage of the 
different census categories of grazing 
land “in farms” in the United States 
by States. If we add all public lands 
used by livestock and big game range 
in Alaska and elsewhere, the acreage 
is much larger. It is safe to say that 
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over 50% of all land is used by live- 
stock and big game animals. 

The American Society of Range 
Management considers rangeland to be 
“all land producing native forage for 
animal consumption, and lands that 
are revegetated naturally or artificially 
to provide a forage cover that is 
managed like native vegetation. Gen- 
erally considered as land that is not 
cultivated.” 

Thus rangeland includes natural 
grasslands, natural savannas, and wet- 
lands suitable for grazing use by virtue 
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of the natural plant communities they 
support. 

Grazable woodland can be con- 
sidered as that forested land on which 
the understory vegetation includes, as 
an integral part of the forest plant 
community, plants which can be grazed 
without significantly impairing other 
forest values. On grazable woodland, 
judicious grazing is compatible with 
timber management. Some examples 
of grazable woodland include the 
ponderosa pine and certain aspen 
forests of the West, and the longleaf 
and slash pine forests of the South. 

The concept of native pasture em- 
braces those lands which support a 
climax or natural potential plant com- 
munity which is forest but which are 
managed to produce native or natu- 
ralized plants for forage. Such land 
includes cutover forest land, aban- 
doned cropland originally cleared from 
forest, or improved pastures which 
have reverted to communities of native 
grasses in the early stages of secondary 
succession back to forest. Examples 
of native pasture are some hill pastures 

and stump pastures of the West, cut- 
over pastures of the Northern Great 
Lakes area, and some of the rougher 

For the sake of this discussion total 

hill pastures 

acreage of “Other Pasture Not Wood- 
land or Cropland” in Table 1 can best 

and mountain grazing 

be considered as “rangeland” with an 

boundaries of Appalachia. 

inclusion of roughly 5% “native pas- 
ture.” In some States, as in the North- 
east, this acreage is probably pre- 
dominantly “native pasture.” 

Each broad kind of land used for 
grazing has from one to several al- 
ternate systems of management and 
treatment that are best suited to each 
unique environment and the plant 
communities involved. These alter- 
nate systems of management and treat- 
ment are independent of any “land use 
name” that might be used. A particu- 
lar kind of grazing management best 
suited to land supporting an open 
stand of ponderosa pine with an 
herbaceous ground cover is the same- 
whether we call it grazable woodland, 
forest range, pine-grassland, range, or 

Perhaps the greatest difference be- 

what have you. 

tween managing native grazing land 
such as range, grazable woodland, and 

The kind of manage- 

native pasture and “sown impeoved 

ment best suited to accomplish the 

pastures” is that range techniques are 

management objectives in terms of 

geared to manage plant communities 
as compared to a population of a 
single species. 

use and treatment is more important 
than the name. 

The significant thing about the 
figures in Table 1 is that there is land 
in every categoy in each of the 50 
states. Lands‘supporting native vege- 
tation-rangeland, grazed woodland, 
“native pasture”-outrank other cate- 
gories manyfold in total and at least 
2 to 1 in practically every state. The 
place of the rangeman is indicated by 
the occurrence and abundance of the 
kinds and combinations of land with 
which he is competent to deal. Don’t 
fence us in!--R. E. Williams, Soil Con- 
servation Service, USDA, Washington, 
D.C. 

Range, Range Men, Range 
Management, and ASRM 

President Dyksterhuis’ letter in the 
May issue (JRM 21(3):191-192, 1968), 
did a good job of identifying some 
concerns of the ASRM. Certainly he 
touched on many points that should 
be discussed by the membership. How- 
ever, there are points in his letter that 
either I fail to understand or with 
which I must take issue. It may be 
that my apparent disagreements are a 
matter of semantics. If so, we should 
do a better job of communicating and 
get on with our business. However, as 
I interpret President Dyksterhuis, it 
seems not a matter of semantics but a 
difference of opinions or philosophies 
as to what constitutes range, range 
men, range management, and the 
ASRM. 

President Dyksterhuis indicates that 
advances in rangelands have resulted 
from advances in ranching and then 
mentions “a category of professionals 
known as range men” who are con- 
cerned with range science. It seems 
to me that one of the problems 
plaguing the ASRM is the lack of a 
clear definition of a professional. 
What level of training and/or ex- 

perience does it take to qualify as a 
professional? Is a college graduate 
whose education stopped the moment 
he donned the mortarboard a profes- 
sional? Is a rancher without a degree 
who digs out, reads, assembles, and di- 
gests available information and knowl- 
edge concerning rangelands a profes- 
sional? Is the “cowboy-rancher” who 
runs his ranch, with all its resources, 
by the seat of his pants and who 
continues to hang on using the same 
management techniques that grandpa 
used a professional? All may belong 
to the ASRM. Certainly membership 
in the ASRM does not make a man 
a professional. Does it? 

Dyke states that “acquainting the 
general public with these (5) facts”- 
regarding rangelands is a duty of each 
member. I agree. However, it seems to 
me that much more than an acquaint- 
ance is necessary to get action or sup- 
port from the general public. If prob- 
lems concerning management and use 
of rangelands are to receive support 
from the general public, that public 
must be made to feel it has a vested 
interest in the lands and that they are 
somehow meaningful to their well- 
being. Maybe the 15 sciential com- 
mittees will be a step in this direction, 

though I doubt it. Important as they 
may be, they will result primarily in 
a group of “scientists” talking to one 
another. The general public, with 
whom we must relate, will remain 
virtually ignored, uninformed, and 
unconcerned about rangelands, about 
the 15 sciential committees, or about 
the Society made up of 4,000 people 
dedicated to the vast rangelands (what- 
ever they are) of the world. 

Dr. Dyksterhuis referred to “dele- 
gates” to other groups of scientists or 
societies. A responsibility of the dele- 
gate is to be alert and that “Any 
matters coming to his attention that 
may affect ASRM policy, tend to con- 
found rangelands, timberlands, crop- 
lands, or barren deserts or tend to 
confound volunteer native pastures 
with cultivated pastures of arable lands 
shall promptly be brought to the atten- 
tion of the ASRM.” This statement is 
a bit frustrating to me as I feel that 
the ASRM has yet to clearly define 
the various categories of land to which 
Dyke refers. What will or should the 
ASRM do if such matters are brought 
to their attention? 

The viewpoint of President Dyk- 
sterhuis seems to imply that we are 
able to draw neat and precise lines 
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of the natural plant communities they 
support. 

Grazable woodland can be con- 
sidered as that forested land on which 
the understory vegetation includes, as 
an integral part of the forest plant 
community, plants which can be grazed 
without significantly impairing other 
forest values. On grazable woodland, 
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timber management. Some examples 
of grazable woodland include the 
ponderosa pine and certain aspen 
forests of the West, and the longleaf 
and slash pine forests of the South. 
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braces those lands which support a 
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munity which is forest but which are 
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forest, or improved pastures which 
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east, this acreage is probably pre- 
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Each broad kind of land used for 
grazing has from one to several al- 
ternate systems of management and 
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unique environment and the plant 
communities involved. These alter- 
nate systems of management and treat- 
ment are independent of any “land use 
name” that might be used. A particu- 
lar kind of grazing management best 
suited to land supporting an open 
stand of ponderosa pine with an 
herbaceous ground cover is the same- 
whether we call it grazable woodland, 
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pastures” is that range techniques are 
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geared to manage plant communities 
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than the name. 

The significant thing about the 
figures in Table 1 is that there is land 
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servation Service, USDA, Washington, 
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concerns of the ASRM. Certainly he 
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ever, there are points in his letter that 
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a professional. Does it? 

Dyke states that “acquainting the 
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regarding rangelands is a duty of each 
member. I agree. However, it seems to 
me that much more than an acquaint- 
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The viewpoint of President Dyk- 
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around portions of the landscape and 
label these delineations rangelands. 
Lands falling outside these lines must 
be considered secondary by the range 
man and primary responsibility for 
their management relegated to others 
such as foresters and agronomists. 

Certainly the “professional” range 
man cannot and should not attempt 
to be all things to all people. How- 
ever, the “professional range man” 
by experience and training should have 
some attributes that qualify him to 
make land use and management de- 
cisions on broader segments of the 
landscape than are apparently allo- 
cated to him under Dr. Dyksterhuis’ 
philosophy. It seems to me that among 
other things (watershed, wildlife, recre- 
ation, etc.) the range man must be 
concerned with management that will 
provide a year around forage supply 
for grazing animals, domestic or wild. 
If this is true, the range man must 
use his talents to manipulate factors 
at his disposal to integrate land re- 
sources, or products of land resources, 
to provide this year around forage 
supply. Failure to be concerned with 
the year around forage supply greatly 
restricts the scope for the real range 
manager. 

Are rangelands merely a station on 
an assembly line occupied by a “range 
man” who fits one piece onto the 
product, as it moves by, and who 
never sees or is not concerned with 
that which comes off the end of the 
line as a finished product? To be 
effective, the range man must have 
the expertise to provide superior ser- 
vice at his station on the assembly 
line. In addition, the “professional” 
range man must have the training and 
vision to see how all parts of the 

Role of Animals in Resource 
Management-A Unique Con- 

tribution of the Range 
Scientist? 

It’s an understatement to say that 
our Society is currently struggling with 
problems of professional development! 
However, we have been more success- 
ful in strengthening our academic re- 
quirements than in identifying the 
uniqueness of a range scientist. When 
forced to pinpoint what a range man 
does that is different from anyone 

landscape fit together and function 
as a whole. 

Far be it for me to detract from the 
importance of the agronomist or the 
forester. They have expertise in areas 
which certainly are not the primary 
concern of the range man. I for one 
am pleased that there are many 
foresters and agronomists in the ASRM 
and hope the association is mutually 
beneficial. My point, however, is that 
President Dyksterhuis seems to be 
greatly restricting the value of the 
range man in land management and 
relegating some of his just respon- 
sibility to others no more or maybe 
less qualified. In my opinion, the one 
thing that may tend to set the “range 
man” apart is his orientation or tend- 
ency to concern himself with the 
whole “system.” 

The “professional” range manager 
must have a degree of competence 
that uniquely qualifies him in matters 
concerning rangeland. However, it 
must be recognized that all members 
of the ASRM are not, and according 
to the founding fathers, need not be 
range men. Membership in the ASRM 
(despite feelings to the contrary) does 
not necessarily carry a connotation of 
professionalism. 

I just don’t know what amount of 
cultural practices or the size of unit 
that changes the range to a cultivated 
or some other kind of pasture. I don’t 
know the number of trees per acre 
it takes to make a forest. The extreme 
ends of the scales are easy to identify 
and thus categorize responsibility. The 
wide gray area in the middle is not 
so easily categorized. Contrary to 
President Dyksterhuis’ statement, I be- 
lieve there are large segments of the 
landscape with trees on the horizon or 
lands seeded to forage grasses that are 

not best “specified” by foresters or 
agronomists. Professional range men 
must include the management of these 
lands in their repertoire. Of course, 
a mark of any professional is to be 
discriminating and to know the limits 
of his competency. On the other hand, 
it seems to me there is a point be- 
yond which one cannot pull back or 
restrict himself and still be considered 
a professional. 

Toward the end of his letter, Dyke 
states: “Our goals are, . . . .” Are 
these really “our goals?” If so, they 
appear to severely restrict the scope 
and effectiveness of the professional 
range manager. If followed closely, 
the range man will soon be restricted 
to that part of the landscape that in 
fact “has little or no use for other 
primary purposes.” 

It would appear that the philosophy 
expressed by President Dyksterhuis is 
not consistent with that of long stand- 
ing objectives of the ASRM. Dyke’s 
apparent position seems to severely 
restrict the scope of the range manager. 
However, the ASRM is open to all 
“who are interested in grazing land 
management or grazing livestock prob- 
lems.” 

The ASRM cannot be all things to 
all people, but it does tend (right or 
wrong) to be an “umbrella” society 
that accommodates a wide divergence 
of people and ideas. So long as the 
ASRM embraces these broad concepts, 
its “goals” must also remain broad. 

With all due respect, President Dyk- 
sterhuis as a range man may set goals 
as restrictive or as broad as he sees fit. 
However, goals or restrictions as ad- 
vanced by any individual need not 
limit the scope and effectiveness of 
the ASRM.-Dillard H. Gates, Oregon 
State University, Corvallis. 

else, we inevitably stumble and mumble 
around over physiology, ecology, etc. 
until we finally settle on management. 
Why we are so bashful to admit that 
management is important, I wouldn’t 
know unless it connotes more art and 
less science. For purpose of the 
present discussion, our objective is to 
answer an important and timely ques- 
tion-what is unique about a range 
scientist? 

Management of the forage crop on 
rang-elands has been traditionally the 
domain of range people. However, in 

recent years many of our productive 
natural resource scientists have re- 
ceived advanced training in a special- 
ized field such as botany, animal nu- 
trition, and economics. These workers 
have contributed understanding im- 
portant in managing the range forage 
crop and it is not surprising that we 
have come to regard forage manage- 
ment, per se, as less important. Para- 
doxically, we have stressed basic un- 
derstanding and unconsciously given 
ground in a field where our expertise 
is the strongest. The question is “how 
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else, we inevitably stumble and mumble 
around over physiology, ecology, etc. 
until we finally settle on management. 
Why we are so bashful to admit that 
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less science. For purpose of the 
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answer an important and timely ques- 
tion-what is unique about a range 
scientist? 

Management of the forage crop on 
rang-elands has been traditionally the 
domain of range people. However, in 

recent years many of our productive 
natural resource scientists have re- 
ceived advanced training in a special- 
ized field such as botany, animal nu- 
trition, and economics. These workers 
have contributed understanding im- 
portant in managing the range forage 
crop and it is not surprising that we 
have come to regard forage manage- 
ment, per se, as less important. Para- 
doxically, we have stressed basic un- 
derstanding and unconsciously given 
ground in a field where our expertise 
is the strongest. The question is “how 



VIEWPOINTS 67 

can we regain and maintain a stronger 
hand in the management area?” Per- 
haps by stressing the ability of range 
people, based on their broad back- 
ground in training and multiple-use 
philosophy, to use animals as a tool 
in resource management we can be- 
come more effective land managers. 
My espousing of this point of view for 
nearly a year now has generally met 
with favorable response except for one 
authority in the field who regards this 
as the province of wildlife manage- 
ment. If wildlife managers were all 
knowledgeable re the basic resource 
(soils) and the raw materials (plants) 
and were effective in controlling num- 
bers, I would agree. On the contrary, 
they are more commonly wildlife 
biologists. Range managers (despite 
the fact that some Federal agencies 
masquerade range as wildlife habitat 
as though it were something different 

The Uniqueness of Range 
Management 

While it is encouraging to see there 
is an effort within the Society to de- 
velop expertise, and while it is true 
that we need to identify the expertise 
that is unique to range management, 
I cannot agree with Dr. Hedrick that 
the uniqueness of range management 
is limited to “the ability of using ani- 
mals as a tool in modifying natural 
environments.” Nor do I think this 
identity will help our professional de- 
velopment. Doctors are not profes- 
sionals because they happen to special- 
ize in obstetrics or pediatrics. Neither 
are dentists professionals because they 
use drills. To say we, as range man- 
agers, are professional because we 
specialize in ecosystems where the pri- 
mary emphasis is on herbivores, or to 
say our uniqueness comes from the fact 
that we use animals as a tool in re- 
source management, is too restrictive 
a view of range management. (I per- 
sonally prefer the terminology “range 
science” over “range management” but 
the discussion of this controversial sub- 
ject will have to wait until another 
time.) 

I am troubled by the public and 
even our colleaques’ limited knowledge 
of the range manager’s scope of ac- 
tivities. I am even more troubled 
when, within our own discipline, we 
build a fence (as Dr. Hedrick does) 

when used by a wild animal) generally 
are more capable in the use of animals 
as a tool in land management and 

Perhaps at this point your question 

have at their disposal animals that 

is-“what advantage have we gained in 
becoming identified with the ability of 

can in fact be managed. 

using animals as a tool in modifying 
natural environments?” The strongest 
asset of this identity is to be able to 
pinpoint something different in the 
capability of a range scientist that 
cannot, as a rule, be obtained from 
other professional land managers. In 
no sense are we detracting from the 
value of physiology, ecology, nutrition, 
economics, etc. in getting the job done. 
We’re merely hanging our hat on a 
peg with a minimum of overlap and 
confusion with other scientists with 
whom we work: agronomists, animal 
scientists, foresters, wildlife biologists, 

around one phase of range manage- 
ment and try to stay within it. In 
addition to being knowledgeable about 
the role of domestic livestock and 
wildlife in altering natural environ- 
ments, we need to be knowledgeable 
about, and actively involved in, other 
aspects of the management of range 
lands such as (but not limited to) 
watershed (with its attendant problems 
of water production and pollution), 
recreation, conservation, natural beauty 
and “people problems.” 

Range management, like forestry, 
came into being as a protector of our 
natural resources. Range management 
was cast in the heroic role of the 
savior or preserver of our natural re- 
sources, not a manager of resources. 
Much of the vitality of range manage- 
ment stemmed from being identified 
with the conservation crusade. Most 
range positions are still identified 
as “range conservationist” positions. 
However, we now tend to be closely 
tied to animal production in the 
domestic livestock industry. The pub- 
lic doesn’t regard livestock production 
in the same light as it did protection. 
The public we are dealing with is 
more urban oriented than the public 
we dealt with in the days of the great 
conservation crusade. The public to- 
day is worried about natural beauty, 
stream pollution, and the price of food. 
They have little direct concern for the 
costs of livestock production (Califor- 

and watershed managers to name a 
few. Yet we can and do manage ani- 
mals in ways that are helpful to the 

Range scientists viewed in this light 
have an increasingly important role 

objectives of all these allied profes- 

to play in the intensive management 
of our natural resources. 

sionals. 

Animals 
using this range forage crop will 
continue to be one of our most effec- 
tive tools in resource management. If 
we realize this fact, we will discover 
that range people have puttered 
around in the dark ages long enough 
and can make a long awaited and 
needed transition into the space age 
by asserting their capability of man- 
aging animals as a tool in the achieve- 
ment of multiple-use goals.-D. W. 
Hedrick, Professor of Range Manage- 
ment, Oregon State University, Cor- 
vallis. 

nia Cattlemen’s Assoc. “Hot Irons” 
June 3, 1968), the plight of the live- 
stock operator or the lack of profes- 
sionalism in range management. To 
quote Charles Connaughton (J. For- 
estry 65( 12):876. 1967), our problem is 
that we are not “in tune with the 
times.” The blame for lack of profes- 
sional status is not the fault of the 
public. The blame can be placed 
squarely on the shoulders of range 
management for not keeping current 
in our ideas. 

Until we realize that range manage- 
ment includes a broad cross section 
of resource and “people” problems, 
we do not stand to advance in profes- 
sional stature. To quote Steve Spurr 
(J. Forestry, 66(1):26. 1968) “what sets 
the professional apart in our field is 
his overall education and training 
which hopefully give him a broad base 
of knowledge upon which to build 
his practice, and an understanding of 
creative processes that permits him to 
tackle new problems that constantly 
beset him.” It is not the ability to 
use the animal that sets range manage- 
ment apart. If this were the case, 
there would be no difference between 
a professional range manager and 
technicians and sub-professionals or 
husbandmen. 

What sets the range manager apart 
is the particular set of “concepts” 
which, taken together, are the essential 
content of range management (Bentley, 
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J. Forestry 66(5):402. 1968). A concept 
is an idea, a generalized abstraction. 
For example, competition is an abstrac- 
tion which, with minor variations, is 
useful in understanding and predicting 
the ecological dynamics of all biota, 
including man in his social interactions. 
Equilibrium, climax, succession, pri- 
mary production, optimum yield, to 
name a few, are concepts which are 
encompassed by range management. 
There is considerable overlap with 
other disciplines in the use of these 
concepts, but this overlap is not a 
deterrent to range management being 
a profession. Physiologists and doctors 
both study the same organism (namely 
people), there is some overlap in con- 
cepts in their training and in the 
practice of their professions. What 
sets them apart is the particular set 
of concepts with which they are identi- 
fied. It is this particular set of con- 
cepts (a demonstrated area of expertise) 
that should set range managers apart. 
Range management involves more than 
the one concept of using animals as 
a tool (Heady, J. Range Manage. 20(5): 
283. 1967). 

To answer Dr. Hedrick, I don’t 
think we have “given ground in a 
field where our expertise is the strong- 
est because we have stressed basic un- 
derstanding.” We unquestionably still 
have the best qualified group to con- 
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serve or preserve the range lands. But 
this is not the expertise needed. To 
answer Dr. Hedrick’s question “how 
can we regain and maintain a stronger 
hand in the management area?” I 
would answer we never have had a 
strong hand in the management area. 
Range managers have traditionally 
been conservationists, not managers. 
We have often alluded to the fact 
that economics was important, but only 
recently have we begun to implement 
the serious economic study of range 
problems. 

To say that “in no sense are we 
detracting from the value of physiol- 
ogy, ecology, nutrition, economics, etc.” 
is misleading. Dr. Hedrick implies 
they are less important to the profes- 
sion than “using the animal as a 
tool.” To say “we’re merely hanging 
our hat on a peg with a minimum of 
overlap and confusion” is also mis- 
leading. As I have stated previously, 
there is nothing wrong with the over- 
lap of concepts. Viewing disciplines 
in this manner would get away from 
speaking about wildlife biologists (as 
Dr. Hedrick does) or other disciplines 
in a derogatory fashion and help re- 
move the misunderstandings among 
range managers about wildlife habitat 
management. Some range managers 
are managers of wildlife habitat and 
rightfully so. Wildlifers have a set 

of concepts which overlap with those 
of range management. But taken as a 
whole, it is a different set of concepts 
than that set unique to range manage- 
ment. 

To summarize, range management 
is more than managing animals. It is 
a particular group of concepts encom- 
passing many aspects of the biological 
and social sciences. It is this particular 
group of concepts that sets range 
management apart. However, because 
of the overlap of concepts with other 
disciplines, our only lasting salvation 
is to demonstrate better performance 
within the area encompassed by the 
particular set of concepts and not just 
within the concept of using animals as 
tools. By demonstrating better per- 
formance, we can better meet the 
challenges outlined in our Journal by 
Cook (20(4):277-278. 1967) and Wool- 
folk (21(3): 185. 1968) among which are 
lack of public image, encroachment by 
other disciplines, and a failure to have 
range management accepted abroad. 

To sell the uniqueness of range 
management, two tasks remain before 
us: (1) to identify the area of expertise 
(the concepts which are encompassed 
by range management); and (2) to 
demonstrate our expertise through per- 
formance.--Jack F. Hooper, Depart- 
ment of Range Science, Utah State 
University, Logan. 
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Underg-raduate Education in the 
Biological Sciences for Students 
in Agriculture and Natural Re- 
sources. Proceedings of a Con- 
ference by Commission on Educa- 
tion in Agriculture and Natural 
Resources. National Academy of 
Sciences Publication 1495 (Wash- 
ington, D.C.). 86 p. 1967. $3.00. 

The proceedings contain presenta- 
tions made at the November 11-12, 
1966, conference on undergraduate 
education in the biological sciences 
for students in agriculture and natural 
resources. The conference brought to- 
gether 167 educators from U.S. colleges, 
universities, and organizations relating 
to the work of: (1) Commission on 
Education in Agriculture and Natural 

Resources (CEANAR); (2) Commis- 
sion on Undergraduate Education in 
the Biological Sciences (CUEBS); (3) 
CUEBS’ Panel on Preprofessional 
Training in the Agricultural Sciences 
(PPTAS), and (4) seven action com- 
mittees jointly appointed by CEANAR 
and CUEBS representing major dis- 
ciplines or programs in agriculture. 

Dean Glenn S. Pound’s keynote 
address on trends in agriculture sug- 
gested general directions which course 
content and curricula might take as a 
result of changes in agriculture. These 
changes require considerable reorienta- 
tion of vocational agricultural educa- 
tion in high schools. And for college 
staffs he advised, “We in agriculture 
must show students that we can give 
them as strong an interdisciplinary 
background in biology as can the 

colleges of letters and sciences. But 
we cannot do this if we maintain 
separate majors in agronomy and 
horticulture or in poultry science and 
animal science.” Dean Pound favored 
a core curriculum in biological sciences 
at the undergraduate level for students 
in agriculture, but questioned the 
desirability of a “core faculty” in basic 
biology. 

Dean J. H. Meyer’s paper, “Will 
There be a Second Era?,” dealt with 
changes in agricultural education and 
research during the past 100 years. 
He made a case for greater emphasis on 
basic research and for freedom of the 
scientist to choose his program. He 
concluded: “We should be attempting, 
unhampered by past constraints, to 
find the form our teaching and re- 
search should take so they can best serve 
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Dean J. H. Meyer’s paper, “Will 
There be a Second Era?,” dealt with 
changes in agricultural education and 
research during the past 100 years. 
He made a case for greater emphasis on 
basic research and for freedom of the 
scientist to choose his program. He 
concluded: “We should be attempting, 
unhampered by past constraints, to 
find the form our teaching and re- 
search should take so they can best serve 
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society and so we can act with broader 
vision.” 

The paper by Dr. Roy A. Young, 
“A New Look for a New Age,” in- 
cluded recommendations of the Panel 
on Preprofessional Training in the 
Agricultural Sciences. They suggest 
certain minimums in courses in biologi- 
cal sciences, physical sciences, and 
mathematics for curricula in agricul- 
ture and natural resources. For ex- 
ample, a two-year core of biology 
courses is recommended for most 
majors, with at least one year of the 
core curriculum for all. 

A review of the biological science 
action committee reports was made by 
Dr. George A. Gries. The conferees 
had been provided with action com- 
mittee reports as resource material. In 
addition, they had received copies of 
a “Summary of Action Committees’ 
Recommendations,” by J. R. Shay and 
R. E. Geyer; this summary is included 
in the Proceedings, and provides 
enough detail to whet one’s desire to 
see the full reports-which are not in 
the Proceedings, but are available 
elsewhere. 

Conferee reactions to the action 
committee reports and to question on 
curriculum content are reported so 
concisely in the Proceedings that one 
feels a bit cheated-until he realizes 
that additional detail and some of the 
conflicting ideas expressed at the con- 
ference are reported in a succeeding 
section on “Exerpts from Working 
Groups’ Reports.” 

Cross-referencing of the summary of 
working groups’ reports, excerpts from 
working groups’ reports, and the sum- 
mary of action committee recommenda- 
tions will give the reader a good idea 
of likely trends of curriculum changes 
now underway, or which should be 
soon. Perhaps one quote will provide 
a sample of suggested trends: 

“This need for flexibility suggests 
that in the biological sciences we 
should have one or both of the fol- 
lowing: 

1. A flexible ‘core’ program, if a 
core is to be developed, so that 
‘spin-off’ would be possible at 
various points. 

2. Alternative tracts.” 
Educators in agriculture and natural 

resources ought to include the Pro- 
ceedings on their list of “must” read- 
ing. Prospective students and high 
school counselors also would find it 
of interest and value.-D. I;. Hervey, 
Fort Collins, Colorado. 

Wilderness and the American 
Mind. By Roderick Nash. Yale 
University Press. New Haven 
and London. 256 p. 1967. $6.50. 

Dr. Nash, assistant professor of his- 
tory at the University of California 
at Santa Barbara, provides a scholarly 
treatment of the origin and conflict 
of two American attitudes about wil- 
derness. On the one hand, there is 
the attitude that the wilderness must 
be preserved in its natural condition 
as a resource for man’s aesthetic en- 
joyment and as a place for mental and 
moral stimulation. On the other hand, 
there is the attitude that wilderness 
must be conquered and developed by 
cultivation, grazing, logging, and home 
building as an economic resource for 
the improvement of man’s livelihood. 
This wilderness dilemma is highlighted 
in a short sentence in the epilogue: 
“National pride stems from both having 
and destroying wilderness.” 

This history of wilderness and the 
American mind begins with Old World 
beliefs and explains the background 
in religion and environment that led 
over centuries to the attitudes brought 
to the American colonies. From the 
standpoint of men engaged in wild- 
land management today, it may appear 
that the early history is overstressed. 
About half of the book is devoted to 
the centuries from biblical times to 
the era of John Muir. 

The prologue, chapters, and epilogue 
in the book are titled: The Condi- 
tion of the Wilderness, Old World 
Roots of Opinion, A Wilderness Con- 
dition, The Romantic Wilderness, 
The American Wilderness, Henry 
David Thoreau-Philosopher, Preserve 
the Wilderness, Wilderness Preserved, 
John Muir-Publicizer, The Wilder- 
ness Cult, Hetch Hetchy, Aldo Leo- 
pold-Prophet, Decisions for Perma- 
nence, Wilderness in Civilization. 

Dr. Nash gives evidence that early 
in American history the love of nature 
was promoted by authors and influ- 
ential city dwellers to the point that 
“The capacity to appreciate wilder- 
ness was, in fact, deemed one of the 
qualities of a gentlemen.” This cul- 
tural heritage explains, in large part, 
the rapidly rising use of wildlands by 
an increasingly better educated and 
more affluent urban population. How- 
ever, the author warns that “-wild 
country could well be loved out of 
existence-” for with heavy recreational 

usage the wilderness values that are so 
fragile will disappear.” 

The numerous footnotes that docu- 
ment this history can open new 
avenues for study to those concerned 
with wilderness problems.--Philip N. 
Know, Professor of Watershed Manage- 
ment, University of Arizona, Tucson. 

9 
Grass Systematics. By Frank W. 

Gould. McGraw-Hill Book Com- 
pany (New York). 382 p. 1968. 
Illus. 9F 14.50. 

Grass Systematics is the only text- 
book that covers both the elements of 
agrostology and characteristics of the 
genera of grasses in the United States. 
This combination of information would 
make a good addition to Range Science 
and Range Management curricula if 
it were supplemented with additional 
reading. The titles of the 6 chapters 
are: Introduction, The Grass Plant, 
Reproduction and the Cytogenetic 
Basis of Plant Differences, Grass 
Classification (which follows that of 
Stebbins and Crampton), United States 
Grasses (which includes an “original 
key” to the genera), and Grassland 
Associations in North America (which 
approximates that of Weaver and 
Clements). Each chapter includes a 
list of literature cited. 

Chapters 2 and 6 contain informa- 
tion that is greatly important to range 
scientists and conservationists, but both 
of these chapters appear inadequate 
to me. The review of morphological 
characteristics in Chapter 2 is ade- 
quately descriptive, but it stops short 
of the subject of developmental mor- 
phology as related to grazing manage- 
ment. Chapter 6 is even more deficient 
in its descriptions of 7 grassland as- 
sociations. In particular, the re-delega- 
tion of the Short-Grass Plains to 
“short-grass disclimax” of the Mixed 
Prairie still doesn’t make it true. This 
description essentially omits the physi- 
cal and floral characteristics of the 
Central Great Plains lying west of 
Kansas and Nebraska-omits a strip 
of Short-Grass Plains that is about 150 
miles wide. 

Most of all, I appreciated the re- 
view and integration of information 
on modern concepts of taxonomic 
groupings. The key to grass genera 
is easy to follow, and the subsequent 
descriptions are well illustrated.-D. 
N. Hyder, Fort Collins, Colorado. 
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NEW PUBLICATIONS 

Two new books are available to help 
you discover America. ROOM TO 
ROAM, prepared by the Bureau of 
Land Management, U.S. Department 
of the Interior, has 32 pages of infor- 
mation, photos, and maps. This is 
advertised as a guide to adventure-a 
guide for anyone traveling through 
the West and in Alaska. Get your 
copy for 50 cents. PARKS FOR 
AMERICA is a guide to nearly 5,000 
park and recreation areas. “No other 
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book offers so many facts on national, 
State, and local parks.” This one has 
485 pages of information, photos, and 
maps for $5.25. Both books can be 
ordered from the Superintendent of 
Documents, Government Printing Of- 
fice, Washington, D.C., 20402. 

The Soil Conservation Society of 
America (7515 Northeast Ankeny Road, 
Ankeny, Iowa 50021) has prepared a 
40-page booklet on MAKING RURAL 
AND URBAN LAND USE DECI- 
SIONS. It proceeds logically and in- 
formatively from the topic Limited 

Resources to Unlimited Demands, 
Common Problems, and finally to 
Action. Single copies cost 75 cents. 

If you have undeveloped land that 
might be developed for urban use, 
you need a copy of CONVERTING 
LAND FROM RURAL TO URBAN 
USES by A. Allan Schmid. As might 
be expected, this is a rather thorough 
economic treatment. Distributed by 
The Johns Hopkins Press, Baltimore, 
Maryland 21218. 103 p. $4.00, paper- 
back. 

NEWS AND NOTES 

Recognition of Range Management 
by NASULGC 

Each year the National Association 
of State Universities and Land-Grant 
Colleges compiles enrollment figures 
on students in agriculture and related 
curriculums in its member institutions. 
Included as a part of this annual com- 
pilation are the figures on graduate 
enrollment by specific curriculum, but 
“range management” has never before 
been listed as a separate field of study. 
Range students were usually classi- 
fied under “General Agriculture” or 
“Other.” 

However, at the request of Dr. Gerald 
W. Thomas, Dean of Agricultural 
Sciences at Texas Tech, either “Range 
Management” or “Range Science” will 
appear as a separate classification for 
the 1969 survey on graduate enroll- 
ment. 

In making the request to Dr. Louis 
M. Thompson, Associate Dean of Agri- 
culture at Iowa State, who is in charge 
of the annual NASULGC report, 
Thomas stated, “We are always talking 
about recognizing the need for change 
and updating of our programs in the 
agricultural colleges. It appears to me 
that one way to do this would be to 
recognize new professions that are na- 
tionally recognized in the American 
agriculture and natural resource scene.” 

Range and Wildlife Habitat 
Laboratory Dedicated 

The Forest Service’s new Range and 
Wildlife Habitat Laboratory located on 
the campus of Eastern Oregon College 

in La Grande, Oregon, was dedicated 
last October 11. The 13,000-square- 
foot laboratory is a part of the Pacific 
Northwest Forest and Range Experi- 
ment Station, and provides facilities 
for intensive scientific studies on the 
improvement of both livestock ranges 
and wildlife habitat. 

Research programs are conducted in 
cooperation with the livestock industry, 
state and federal agencies, colleges, 
and universities in both Oregon and 
Washington. Project leaders assigned 
to the new lab are George A. Garrison 
for range management and ecology, 
and Justin G. Smith for big-game 
habitat. 

Taking part in the dedication cere- 
monies were Kenneth W. Parker, di- 
rector of Range and Wildlife Habitat 
Research, Washington, D.C., and Philip 
A. Briegleb, director of the Pacific 
Northwest Forest and Range Experi- 
ment Station, Portland, Ore. 

White-Tailed Deer Symposium 

Received from Lowell K. Halls is an 
announcement of a forthcoming “Sym- 
posium on White-Tailed Deer in the 
Southern Forest Habitat.” Sponsored 
by the Southern Forest Experiment 
Station and the Stephen F. Austin 
College’s School of Forestry, the sym- 
posium will be held in Nacogdoches, 
Texas on March 25-26, 1969. 

The complete program and an ad- 
vance registration form may be ob- 
tained by writing to Nacogdoches 
Wildlife Habitat and Silvilculture Lab- 
oratory, Box 7600, SFA Station, Nacog- 
doches, Texas 75961. 

PLLRC 

Sen. Paul J. Fannin (R-Ariz.) has 
been appointed to the Public Land 
Law Review Commission to replace 
Sen. Thomas H. Kuchel (R-Calif.) who 
has resigned from the Commission. 

It has also been announced that the 
firm of Daniel, Mann, Johnson and 
Mendenhall of Los Angeles has been 
awarded a contract for the study of 
“Federal Public Land Laws and Pol- 
icies Relating to Use and Occupancy.” 
The study is to be completed by June 
30, 1969 at a price not to exceed 
$116,000. 

This study will cover the spatial uses 
of public lands, as distinguished from 
the resource uses that are covered in 
other studies being prepared for the 
Commission’s use. The spatial uses to 
be considered include transportation, 
utility-type transmission, water trans- 
mission, residential, industrial and com- 
mercial, Government administrative, 
education, reservoirs, and military in- 
stallations. 

There are now a total of 24 studies 
that have been assigned by the Com- 
mission to contractors or outside con- 
sultants. Five other special studies are 
being accomplished in-house by the 
Commission staff. 

Obituaries 

IF. M. Gory of Santa Ana, Calif., 
passed away last March 15. A member 
of ASRM since 1955, Mr. Cory had 
been Farm Advisor in Orange County, 
and later was self-employed as a con- 
sultant. 
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Range and Wildlife Now Separate 
Department at Texas Tech 

The Coordinating Board of the 
Texas College and University System 
recently granted approval for Texas 
Technological College’s newest depart- 
ment in agricultural sciences: the De- 
partment of Range and Wildlife 
Management. 

The new department, which pre- 
viously had been a part of the Depart- 
ment of Agronomy, has 115 under- 
graduate and 15 graduate students, and 
a faculty of eight. A special review 
team spent two days surveying the de- 
partment’s curriculum, research and 
teaching program; the team included 
Dr. Robert A. Darrow, U.S. Army Plant 
Sciences Laboratory, Fort Detrick, Md.; 
Dr. Martin Gonzalez, Ranch0 Experi- 
mental La Campana, Chihuahua: Dr. 
Clarence Cottam, Welder Wildlife 
Foundation, Sinton, Tex.; and Dr. 
W. J. Waldrip, Renderbrook-Spade 
Ranch, Colorado City, Tex. 

The review team expressed particu- 
lar interest in the brush control studies 
being conducted under the direction of 
the Range and Wildlife department. 
These studies involve research on bio- 
logical, mechanical, chemical and fire 
control, as well as after-treatment 
management of the rangelands. 

OSU Charter Day Convocation 
A Charter Day Convocation was held 

at Oregon State University on October 
27, 1968, commemorating the 100th 
anniversary of the University’s found- 
ing. Among the delegates of Learned 
Societies and Professional Organiza- 
tions was Dr. Frank W. Stanton, Port- 
land, who represented the American 
Society of Range Management. 

9 
Fellowships in Australia 

Fellowships for arid land studies in 
Australia are available with the Range- 
lands Research Programme of the 

to assist visiting scientists during a 
sabbatical year in Australia, the fellow- 
ships provide $1,500 (US) for non- 
salary expenses of the fellow and his 
family. The Organization provides an 
office, laboratory facilities, and internal 
travel requirements. 

The CSIRO Rangelands Research 
Programme is a new group established 
to study the various aspects of earth 
sciences and biological sciences relevant 
to production and management prob- 
lems on Australia’s vast arid range- 
lands. 

The Programme has its headquarters 
in Canberra, with field centers at Alice 
Springs in central Australia and at 
Deniliquin in southwestern New South 
Wales. 

Further information may be ob- 
tained by writing to Mr. R. A. Perry, 
Rangelands Research Programme, Box 
109, Canberra 200 1, Australia. 

People 
Amchem Products, Inc. of Ambler, 

Pa., has appointed Richard J. Mes- 
singer to a research position in its 
Agricultural Chemicals Division. Mes- 
singer, who earned his B.S. in range 
management from the University of 
Wyoming and M.S. in agronomy from 
the University of Nevada, has been at 
the latter institution working on 
phreatophyte control. 

C. Wayne Cook was a participant in 
a symposium on sheep nutrition held 
at Iowa State University on October 
8-9, 1968. The symposium was the 
fourth in a series of five under the 
Sheep Industry Development Program. 
Cook discussed the supplemental feed- 
ing of sheep on winter ranges. 

Tom Lasater and his Beefmaster 
operation at Matheson, Colo. were the 
subjects of a feature article in the 
October 20, 1968 Empire Magazine, 
Sunday supplement to the Denver 
Post. 

Larry D. White holds the position 

Embu, Kenya. Working with the 
Provincial and District Range Officers, 
he is concerned with advising and 
assisting in the establishment, planning 
and daily operations of new commercial 
ranching gnterprises. 

Jeff Powell has recently joined the 
Range Management staff at Humbbldt 
State College, Arcata, Calif., as an 
assistant professor. Powell, who earned 
his Ph.Dr in range science from Colo- 
rado State University, replaces Dr. 
Guy Donurt who transferred to Texas 
A 8c M University. Dr. Powell joins 
with Dr. Robert B. Turner in sharing 
the teaching of range management 
courses at Humboldt State. 

BRANLD(--NI;-IY WAY TO 
COLOR MARK ANIMALS 

NEL-SPOT “707” 
PELLET PISTOL 
AND NELSON 

MARKING PELLETS 
Color mark livestock and game for 

faster, easier counting, census taking 

or cutting out. CO2 gas shoots a mark- 

ing pellet up to 75 feet. Harmless pel- 

lets break on impact and leave a bright 

color mark. Details on request. 

THE NELSON PAINT COMPANY 
Commonwealth Scientific and Indus- of Range Management Advisbr with Department A, P.O. Box 349 
trial Research Organization. Designed the USAID/Near East Foundation at Iron Mountain, Michigan 49801 
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Donald L. Huss con un grupo de tknicos en la coleccibn de plantas. 

Mkxico Southern 

Patrocinado por la Section Mexico, 
ASRM, el Banco Agropecuario de1 
Norte, S.A., y el Ranch0 Experimental 
La Campana, INIP-SAG., se efectuo el 
Primer Curso Corto Sobre Manejo de 
Pastizales en Mexico 10s dias de1 1 al 
5 de Noviembre de 1968. 

La famosa Hacienda El Ojo, en el 
estado de Durango, fue el escenario 
para este acontecimiento. La variedad 
de tipos vegetativos, el excelente 
ganado Aberdeen-Angus y las instala- 
ciones en la hacienda fueron muy 
adecuadas para el desarrollo de1 curso. 
Este curso incluyo sesiones de clase y 
tambien practicas de campo. Los temas 
tratados incluyeron, desde taxonomia 
y fisiologia de gramineas y otras plantas 
forrajeras, hasta practicas de mejora- 
miento de pastizales. 

Forty members and four guests were 
in attendance at the 17th annual 
meeting of the Southern Section held 
at the Edgewater Gulf Hotel in Biloxi, 
Miss., on October 14-16, 1968. David 
Sanders was in charge of the local 
arrangements, while the program was 
under the direction of Cliff Comfort 
and Robert Gashwiler. 

The excellent program provided a 
different and-to some-a new view of 
the subject of range management. It 

Asistieron un total de 22 tecnicos 
de varios estados de1 Norte, principal- 
mente extensionistas de1 Sistema Banco 
Agropecuario. Los instructores de1 
curso fueron: Donald L. Huss, FAO- 
ITESM, Monterrey; Angel Ramos, 
COTECOCA-SAG., Mexico; Donald 
Johnson, Universidad de Sonora, Her- 
mosillo; Oscar Flores, CIANE, Mata- 
moros; y Martin H. Gonzalez, Ranch0 
Experimental La Campana, Chihua- 
hua, quien act& coma coordinador. 

Este primer curso fue todo un Cxito, 
y el proximo se efectuara a fines de1 
verano de 1969. Un grupo de tknicos identificando plantas. 
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was opened with a talk by Dr. Ben E. 
Dickerson, rural sociologist from Lou- 
isiana State University, on the human 
resource of the South, and a descrip- 
tion by Hank Leithead of the grazing 
resources of the South. The papers 
and discussions which followed melded 
these two topics into the general theme 
of the meeting-how the grazing re- 
source can make increased contribu- 
tions to the human resource. Ranging 
from plant mangement to livestock 
improvement to financial assistance, 
the several speakers pointed up the 
potential of good range management 
for helping to stabilize much of the 
South’s human resource, and the social 
importance of slowing the rural to 
urban migration. 

Entertainment at the banquet was 
provided by W. 0. Shepherd who pre- 
sented an extremely interesting slide 
talk on the range management prob- 
lems of Sudan. 

The last day of the meeting was 
given over to a tour of the Bigfoot 
Grazing Allotment, Biloxi Ranger Dis- 
trict, DeSoto National Forest. The 
stated management objective for this 
allotment is “to provide quantity and 
quality forage to serve the needs of 
local dependent residents,” again em- 
phasizing the important tie between 
the grazing resource and the human 
resource. This timberland grazing area 
also points up the complexity of man- 
agement practices under multiple use. 
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Alan A. Beetle leads discussion of big-game range and its management at an 
exclosure in Jackson Hole, Wyoming. 

Wyoming 

Some yeasty discussion of big-game 
range and its management was pro- 
voked during the summer tour of the 
Wyoming Section, held at Jackson on 
July 12-13, when about 60 members 
and guests had an opportunity to ex- 
amine seven big-game exclosures in the 
Jackson Hole area. The exclosures, 
ranging from less than one acre to 
360 acres in size and from 5 to 30 
years old, were built to study the effects 
of big-game grazing, chiefly by elk, on 
the range habitat. 

Under the direction of program 
chairman Alan A. Beetle, a brief re- 
view of the history and study of each 
cxclosure was presented by representa- 
tives of the Forest Service and the 
Wyoming Game and Fish Department, 
the major management agencies. An 
open discussion period was held at 
each stop which centered on the sig- 
nificance of the relative changes in 
soil and plant conditions induced by 
the exclosure, and on their relation to 
big-game populations. Cast against the 
background of the famous and con- 
troversial Yellowstone elk herd reduc- 
tions of recent years, the presentations 
and discussions were engaging and in- 
formative, and afforded the tour par- 
ticipants a greater understanding and 
appreciation of the complex land use 
problems associated with the north- 
western Wyoming elk herd. 

A new feature of the summer tour 
was a plant identification workshop 
under the direction of Herbert Fisser. 
This activity was extremely well re- 
ceived and will be repeated on future 
Section tours. 

Dr. Alan A. Beetle, head of the 
Range Management Section of the 
University of Wyoming, was honored 
during the summer tour by being 
presented with a special scroll of com- 
mendation. As a Charter and Life 
member of ASRM, Dr. Beetle has 
made outstanding contributions to the 
growth of both the Society and the 
Wyoming Section, and has been in- 
strumental in initiating several Society- 
wide programs, giving the Section the 
distinction of being a pioneer and 
benefiting the profession of range 
management. 

The annual winter meeting of the 
Section took place on the campus of 
Eastern Wyoming College, Torrington, 
on November 22-23. The meeting fea- 
tured a number of interesting and 
wide-ranging papers, highlighted by 
the opening address of Donald A. Cox, 
ASRM President Elect. Francis T. 
Colbert, Executive Secretary, presented 
a summary of current issues confront- 
ing the Society. Following the banquet 
Section members and guests had a 
fascinating tour of Alaska through the 
slide presentation given by Harold W. 
Cooper, State Conservationist, SCS. 
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Mr. Cooper previously held the same 
position in Alaska. 

It was announced that the exten- 
sively revised Section bylaws had been 
unanimously approved by the member- 
ship voting in the last election. Joseph 
F. O’Rourke, Sheridan, succeeded Don 
Sylvester as Section President; other 
new officers include Rex D. Colton, 
President Elect: Kendall L. Johnson, 
Secretary-Treasurer; Fred A. Fichtner, 
Brent J. Harrison, S. Wesley Hyatt, 
and Herbert G. Fisser, Councilmen. 

Colorado 

Perhaps the most important business 
of the Colorado Section’s annual meet- 
ing, held in Denver on November 29- 
30, 1968, was the initial planning done 
in preparation for the parent Society’s 
1970 annual meeting. The Section 
meeting was under the direction of 
Councilman Jack Smith, substituting 
for President Don Euler who recently 
suffered a heart attack and is con- 
valescing at home. 

Highlights of the program included 
a slide lecture by Richard S. Driscoll, 
Rocky Mountain Forest and Range 
Experiment Station, on the bright field 
of possible uses of infrared photog- 
raphy in rangeland analysis; a graphic 
presentation of the benefits of rotation 
and deferred grazing given by Robert 
Brownlee, rancher in the North Park 
area; and a talk by Executive Secretary 
Francis Colbert on the need for, and 
the possible means of achieving, better 
communications within the Society. 
The excellent BLM color movie en- 
titled “The Last Frontier,” shown by 
Royal Hall, vividly portrayed the need 
for wise management of the country’s 
remaining natural resources. 

The meeting also featured the pre- 
sentation of the Section’s Trail Boss 
Award to a long-time and faithful 
member of the Society, Lyman Linger, 
rancher from Loveland. 

The traditional banquet was held at 
“The Fort,” a unique establishment 
modeled after the original Bent’s Fort 
on the Arkansas River, and serving 
food prepared from authentic Indian 
and frontier-day recipes. 

The Section was honored in having 
as a guest of the meeting the parent 
Society’s President Elect, Don Cox 
from Mullen, Nebraska. New Section 
officers installed for the coming year 
included .John C. Clark, President; 
Wallace M. Johnson, President Elect; 
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On another matter, it is noted that 
the Pacific Northwest Section co- 
sponsors two different range camps for 
boys. One, held each summer in east- 
ern Oregon is sponsored jointly with 
the Oregon State University Coopera- 
tive Extension Service. The following 
paragraphs briefly describe the second 
range camp which is co-sponsored by 
the Pacific Northwest Section, ASRM, 
the Inland Empire Chapters of the 
Society of American Foresters, the Soil 
Conservation Society of America, and 
the Cooperative Extension Services of 
the University of Idaho and Washing- 
ton State University. 

This “Natural Resources Camp”- 
for boys 14 to 17 years of age-is held 
for one week each summer at Heyburn 
State Park near Plummer, Idaho. The 

purpose of the camp is to develop Other Section Meetings 
young leaders with a basic understand- 
ing of rangeland, forest land, recrea- Almost all of the Sections hold a 

tion, and wildlife as they relate to soil late fall or winter meeting. Recent 

and water resources. This short course meetings for which detailed reports 

gives these young people an oppor- had not yet been received include: 

tunity to consider a career in the nat- 
ural sciences. 

South Dakota (Winner)- 
November 25-26, 1968 

The boys who attend the camp re- 
ceive $30 scholarships from various 
sources, including local businesses, 
service clubs, SCD’s, livestock organiza- 
tions, and individuals interested in 

Idaho (Moscow)- 
December 2-3, 1968 

Texas (Austin)- 
December 5-7, 1968 

youth development. Approximately 
75 boys attend the camp each year. 
Each professional society sends three 
delegates to assist in the camp’s opera- 
tion, while the Extension Service pro- 

Arizona (Nogales)- 
December 13-14, 1968 

Nevada (Winnemucca)- 
January 8-9, 1969 

1 

vides one delegate from each state plus 
clerical help. 

New Mexico (Albuquerque)- 
January 10, 1969 

SOCIETY BUSINESS 

Elections 1969 Summer Meeting 

Approximately 3,750 ballots were 
mailed to Society members in late 
September. Of this number 1,773 were 
returned by the November 30 dead- 
line, representing about a 47% vote. 

The candidates receiving the largest 
vote for the offices indicated were- 

President Elect: William D. Hurst 
Director: Dillard H. Gates 

David G. Wilson 

Out of a possible 5,319 votes on the 
three referendum issues, 5,216 votes 
were cast as follows- 

Proposal No. 1: 
Emeritus Membership 
Yes 1,578 
No 143 

Proposal No. 2: 
Individual Sustaining Membership 

Yes 1,408 
No 295 

Proposal No. 3: 
Institutional Sustaining Membership 

Yes 1,529 
No 173 

Following the Board of Directors’ 
meeting in Calgary, a statement will 
be issued regarding the effective date 
and registration procedures for these 
new membership classes. 

The 1969 summer meeting of the 
American Society of Range Manage- 
ment is scheduled for June lo-12 at 
the University of Arizona, Tucson. It 
will be held in conjunction with “An 
International Conference on Arid 
Lands in a Changing World” sponsored 
by the American Association for the 
Advancement of Science. Organiza- 
tions cooperating with the AAAS in 
staging the Conference include ASRM, 
Arizona Academy of Sciences, New 
Mexico Academy of Sciences, and the 
United Nations Educational and Scien- 
tific Organization. W. G. McGinnies, 
Office of Arid Land Studies, University 
of Arizona, is a member of the Pro- 
gram Committee and is serving as 
ASRM’s liaison with the Conference. 

Although the Conference proper 
begins on June 3, the preliminary 
program calls for working groups and 
contributed papers on range manage- 
ment on June 10. Local field excur- 
sions will take place on June 11, and 
the regular ASRM meeting is set up 
for June 12. 

For additional information and a 
copy of the preliminary program write 
to: International Conference on Arid 
Lands, c/o Department of Geochro- 
nology, University of Arizona, Tucson, 
Arizona 8572 1. 

New Publication 

In the March 1967 issue of the 
Journal of Range Management an 
editorial by Charles E. Poulton, titled 
“What Are We Going To Do About 
It?” had this to say: “There is un- 
realized opportunity for qualified 
range people to write for laymen-to 
write voluminously about the wise use 
and management of range resources 
and what they mean to our national 
life and to the world.” 

This challenge prompted Past Presi- 
dent E. William Anderson “to do 
something about it” and the result is 
a most useful booklet-Quotable Range 
Quotes-published by ASRM. Rec- 
ognizing that members of the Society 
have many, many opportunities to 
write-and speak-to laymen, but fre- 
quently fail to do so because they may 
lack a certain facility with words, Bill 
Anderson felt it would be helpful to 
provide a ready reference of appro- 
priate words and ideas. 

Quotable Range Quotes is that refer- 
ence; it consists of a collection of 
passages gleaned from pertinent edi- 
torials, reports, and papers that have 
appeared in the first 20 volumes of the 
Journal of Range Management. As 
Anderson has stated in the Introduc- 
tion, “The authors are knowledgeable 
and widely recognized as authorities on 
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the Society and on all range-related 
resources. Take advantage of the care- 
ful thinking they put into their articles. 
You take it from there and put these 
quotations to good use.” 

It is to be hoped that this compila- 
tion of quotations from the Journal 
will inspire rangemen to speak out 
more often and more effectively about 
rangelands, range management, and 
range science. But regardless of 
whether this happens, QRQ should be 
read by every member of the Society- 
it will do much to refresh your memory 
and get you thinking about ASRM’s 
objectives and “about the wise use and 
management of range resources and 
what they mean to our national life 
and to the world.” 

This first edition of QRQ is an 
attractive spiralbound paperback vol- 
ume. It is priced at 60 cents and may 
be ordered from American Society of 
Range Management, 2120 South Birch 
St., Denver, Colorado 80222. 

ASRM Employment-Interview Service 

The Society’s Employment-Interview 
Service will have rooms available at 
the Palliser Hotel in Calgary for the 
purposes of making applications and 
arranging for employer-employee inter- 
views. 

Employment-Interview Service forms 
have been sent to most schools and 
agencies. Others seeking employment 
or having positions available, and who 
have not received a supply of the 
Service’s forms, may obtain them by 
writing to- 

ASRM Employment-Interview Service 
c/o Dr. John H. Ehrenreich 
Watershed Management Department 
University of Arizona 
Tucson, Arizona 8572 1 

In requesting forms, please indicate 
the form number(s) and the quantity 
desired. 

No. ASRM-la 
Part-Time Employment Available 

No. ASRM-lb 
Application for Part-Time Employment 

No. ASRM-2a 
Full-Time Employment Available 

No. ASRM-2b 
Application for Full-Time Employment 

Completed forms are to be 
the address shown above. 

returned to 

If an individual so desires, the Em- 
ployment-Interview Service will match 
his qualifications to employer require- 
ments and forward a copy of the com- 
pleted application form to the em- 
ployer. The employer may then make 
further contact with the individual 
as he desires. 

Executive Secretary’s Comments 

As this is being written I have 
served the Society in this position for 
just a little over 11 months. It has 
been a pleasure for me, as well as 
interesting, stimulating, and hard work. 

The year began with some uncer- 
tainty and justified concern. Commit- 
ments had been made for increased 
expenditures for reorganization and 
relocation of the Society’s office, and 
no one knew what the final effect of 
the recent 50% raise in dues would be. 
Estimates of possible membership loss 
ranged as high as 30%, and it was 
anticipated that it might well be neces- 
sary to dip into the Society’s reserve 
funds to carry out the proposed pro- 
grams. 

However, it now appears that by 
the end of 1968 our net decline in 
membership, compared to the 1967 
year-end figures, will be on the order 
of only 5% to 8%. (I have since found 
out that this is a fairly “normal” drop 
when an organization of this type 
effects an increase in dues.) Thus, 
even with the greater expenses in- 
curred we will have closed out the year 
with practically the same amount of 
operating cash that was on hand at the 
beginning. And at no time was it 
necessary even to think about going 
into the reserves. 

By the time you read this the data 
will be obsolete, but on December 7 
we counted 3,960 members (and, in- 
cidentally, more than 700 subscribers), 
of which 47% were already paid up for 
1969. I think it’s reasonable to assume 
that we will have started 1969 with 
4,000 members. 

The records indicate that the Society 
has been on a 4,000-member plateau 
for several years-climbing a bit above 
this mark during the early part of each 
year, then dropping below on the date 
delinquent members are suspended. 

This past year I had the opportunity 

to attend the meetings or tours of nine 
or ten different Sections. From my 
visits with many individual members 
in all parts of the country, I have 
reached the general conclusion that 
perhaps one of the primary-and cer- 
tainly one of the most called for- 
services the parent Society can offer is 
expanded, more complete, and more 
timely communications. All of us need 
to be better informed about what the 
Society, the Sections, and the members 
are doing. We also need to know 
more about what is happening outside 
the Society and the profession, but 
which directly or indirectly affects both 
the present and the future of rangeland 
resource management. 

There is some indication that better 
communications may be an important 
factor in getting ASRM past the 4,000- 
member plateau and on the upswing. 
Proposals on means of communication 
have been forthcoming from several 
sources; these ideas and suggestions 
warrant and are receiving serious con- 
sideration. 

All in all, I am fairly well pleased- 
but certainly not content-with this 
past year’s progress and the general 
status of ASRM’s affairs. Having made 
a fairly radical change with no appreci- 
able set-back presages a bright future. 
And the cooperation and support 
(moral and otherwise) I have received 
this first year from all segments of the 
Society are most encouraging indica- 
tions of future progress. President 
Dyksterhuis and the Board of Directors 
have initiated a number of programs 
that will begin to bear fruit this 
coming year. 

I look forward to seeing many of 
you in Calgary next month. 

FRANCIS T. COLBERT 

Longmont Seed Co. 
We Buy & Sell Western Range Grass 

& Legume Seeds 

CONFRONT US with your RANGE 
PROBLEMS: phone: 303 + 776-1320 

LONGMONT, COLORADO 80501 
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