






Grazing Capacity, Sheep Gains: Cheatgrass, Bunchgrass Ranges 
in Southern Idaho _________________________________________________-________--__________-___ Robert B. Murray 407 

410 Seasonal Beef Production from Russian Wildrye-Alfalfa Pastures ______ R. W. Lodge 

Effect of Time and Extent of Harvesting Basin Wildrye 
James L. Krall, James R. Stroh, Clee S. Cooper, and Stephen R. Chapman 414 

Defoliation Effects on Carbohydrate Reserves of 
Desert SpeciesaE ________ ______..___.__ __ ______ ________________ M. J. Trlica, Jr., and C. Wayne Cook 418 

Botanical and Chemical Composition of Cattle and Sheep Diets on Pinyon-Juniper 
Grassland RangenE __ Frank 0. Thetford, Rex D. Pieper, and Arnold B. Nelson 425 

Effects of Soils on Forage Utilization in the Desert 
GrasslandRE ____________ Jerry L. Vandermark, Ervin M. Schmutz, and Phil R. Ogden 431 

Oxygen Uptake 
Community 

and Nitrification by Soil Within a Grazed Atriplex vesicariu 
in Semiarid Rangeland ________________________----_-____----------_---________ A. J. 

Saponin Influence of Desert Saltbush on Germination 
Leonard R. Askham 

Rixon 435 

and Donald R. Cornelius 439 

Response of Four Perennial Southwestern Grasses to Shade 
Arthur R. Tiedemann, James 0. Klemmedson, and Phil R. Ogden 442 

Range Seedings Versus Climax Vegetation on Three 
Sites in Idaho ____________________ ____ ________________________________ ____ ____ ____ _____ __._.._ Walter B. Rumsey 447 

Medusahead Invasion as Influenced by Herbicides and Grazing 
on Low Sagebrush Sites ________________________ James A. Young and Raymond A. Evans 451 

454 Effect of a February Burn on Lehmann LovegrassRE ___________.__._..________ Charles P. Pase 

Interseeding for Range 
Great Plain@ _______ 

Improvement in the Northern 
.__ Walter R. Houston and Robert E. Adams 457 

Cost-Size Relationships of Utah 
Cattle Ranches ______________________----------_-----_----- John P. Workman and Jack F. Hooper 462 

Technical Notes 
Small Alternating Temperature 

Germinator ___._______.__.____.________.__.__._ W. C. Robocker and Benjamin A. Zamora 
Freeze Branding Cattle for Individual 

Identification ___________________________-_________________-- Floyd W. Pond and H. A. Pearson 
Cliffrose Reproduction After Pinyon-Juniper Control _...______ Clay Y. McCulloch 
Improved Heat Pulse Velocity 

Meter ____________________-------_--.----------------- Gerald F. Gifford and Gary D. Frodsham 

465 

466 
468 

469 

Management Notes 
Flexibility to Combat Fluctuating Forage Production ____ Harmon S. Hodgkinson 
Plastic Pipelines for Livestock Water in Northwest Nebraska ..__ Warren Peden 

471 
473 

476 

478 

481 

Book Reviews ______________________._____________-____________________-___--___________________________---------------------_---_------__ 

Program, 25th Annual Meeting, Washington, D. C. ____________________-----_-_---_-___-------_-------_---_ 

Index, Volume 24, 197 1 ____________________--------.__.___._._____._..______._______.__._.__._.__._.._.__..__..__..__.._.______ 

RE = Con Resumen en Espafiol 

cover Photo-Resting while Being Moved in a 
Rotation-Deferred Grazing System, 
Republic, Washington. 

See Management Note by Harmon S. Hodgkinson, page 470. 



Grazing Capacity, Sheep Gains: Cheatgrass, 
Bunchgrass Ranges in Southern Idaho1 

ROBERT B. MURRAY2 

Associate Range Scientist, Intermountain Forest and Range Experiment Station, 
Forest Service, U. S. Department of Agriculture, Ogden, Utah; stationed in 

Boise, Idaho. 

Highlight 

Comparisons were made of grazing capacities and sheep gains on both cheat- 
grass range and on native bunchgrass range during early spring. Capacities 
were similar on these two range types in wet years, but were almost 60% greater 
on bunchgrasss range during dry years. Sheep gained an average of 0.32 lb. 
per head per day over three spring periods on the two vegetation types. In 2 of 
the 4 study years, they lost weight during the first 2-week grazing period. Sheep 
gains per acre were similar on the two range types. 

The dearth of information on 
cheatgrass range led to a coopera- 
tive research project initiated by 
the Bureau of Land Management, 
U. S. Department of the Interior, 
and the Intermountain Forest and 
Range Experiment Station, Forest 
Service, U. S. Department of Agri- 
culture. The Saylor Creek Exper- 
imental Range was established in 
1960 near Glenns Ferry, Idaho. 

One of the major objectives of 
the research at Saylor Creek Experi- 
mental Range is to determine 
whether it is desirable and feasible 
to convert cheatgrass (Bromus tec- 
torum) range to perennial grass 
range. Comparisons were made of 
grazing capacities and sheep gains 
on cheatgrass range and on native 
needle-and-thread (St i@z coma ta) 
bunchgrass range under heavy use 
during early spring in the years, 
1960-1964. 

Ordinarily, cheatgrass and bunch- 
grass ranges in southern Idaho are 
grazed by sheep from late March 
to early June, before forage ma- 
tures. Consequently, comparison of 
the two range types during this part 
of the grazing season is appropriate. 
Bunchgrass ranges with extended 
green-feed periods may offer addi- 
tional forage and result in greater 
overall gains and capacities. 

l Received December 30, 1970. 
2 Acknowledgment is made to Dr. J. 

0. Klemmedson, now Professor, De- 
partment of Watershed Management, 
University of Arizona, Tucson, for 
design of the study. 

Cheatgrass grows over a wide area 
in southern Idaho, but little is 
known about the forage quality for 
sheep or the grazing capacity of 
these ranges. Murray and Klem- 
medson (1968) reported on these 
aspects for yearling cattle over a 
7-month season (April-November). 
In Utah, Cook and Harris (1952) 
found that sheep gained 0.05 lb. per 
head per day on cheatgrass that 
ranged in age from boot to matur- 
ity. 

Description of the Area 

The experimental range is on a 
level to gently undulating site typi- 
cal of many range areas on the 
Snake River Plain. Soils, which 
were derived from sedimentary and 
windblown materials deposited 
over basalt (Malde and Powers, 
1962), vary in texture from sandy to 
silty loams. 

Precipitation records for the 
1905-1959 period show a yearly 
average of 8.84 inches at Glenns 
Ferry. During the study period 
(1960-1964), precipitation at the 
experimental range averaged 9.48 
inches annually. The low and the 
high were 7.18 and 13.43 inches in 
196 1 and 1963, respectively. 

Average annual air temperature 
at the experimental range during 
the 1960-1964 period was 5 1.9 F. 
Temperatures during the spring 
may drop below freezing and, oc- 
casionally, reach the nine ties. 
Table 1 gives precipitation; maxi- 
mum, minimum, and average tem- 
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peratures; and cheatgrass yield at 
Saylor Creek. 

The study area includes pastures 
that are predominantly cheatgrass 
or bunchgrass types; both vegeta- 
tion types are seral stages of the 
big sagebrush-Thurber needlegrass 
(Artemisia tridentata-Stipa thurber- 
iana) climax .s Repeated burning 
and excessive grazing have reduced 
the climax to the present vegeta- 
tion. Cheatgrass range includes 
cheatgrass as the dominant species 
and varying amounts of Sandberg 
bluegrass (Pea secunda), stream- 
bank wheatgrass (Agropyron ripa- 
rium), and annuals such as Russian- 
thistle (Salsola kali v. tenuifolia) 
and mustards (Sisymbrium altissi- 
mum and Descurainia pinnata). 
Bunchgrass range is dominated by 
needle-and-thread, but contains 
Thurber’s needlegrass (Stipu thur- 
beriana), Indian ricegrass (Oryzop- 
sis hymenoides), and big squirrel- 
tail (Sitanion hystrix), as well as 
cheatgrass and other annual forb 
species. Table 2 gives the estimated 
percent species composition of pas- 
tures in the cheatgrass and bunch- 
grass types (data taken from 20 
quadrats per pasture). 

Study Methods 
Yearling sheep, mostly dry ewes 

of mixed range-breeds (Rambouil- 
let, Targhee, and Columbia) pro- 
vided by local sheepmen, were al- 
lowed to graze for three consecutive 
2-week periods beginning in early 
April each test year (Table 3). 
Each 2-week treatment was repli- 
cated once on each vegetation type. 
A total of twelve 5-acre pastures 
was grazed. Individual pastures 
were grazed at the same time each 
year. The nearest bunchgrass pas- 
tures were located approximately 2 
miles from the corrals and scales, 
while the cheatgrass pastures were 
less than one-half mile distant. 

Pastures were heavily grazed and 
the stocking was regulated by a put- 
and-take system, so as to remove at 
least 75% of the available forage 

3 Proposed classification by E. W. Tis- 
dale and M. Hironaka, College of 
Forestry, Wildlife and Range Sci- 
ences, University of Idaho, Moscow. 
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Table 1. Precipitation (inches), temperatures (“F), and cheatgrass yields 
ounds/acre) at 

Ermds 1960-1964 
Saylor Creek Experimental Range during spring grazing . 

, . 

Year 

Temperature1 Confidence 
Cheatgrass interval 

Precipitation Maximum Minimum Average yields” (t.05 x SE> 

19603 0.38 73.7 39.6 56.6 
1961 .39 64.6 38.0 51.3 240 Z!I 21 
1962 .80 67.8 39.0 53.4 505 + 21 
1963 2.55 60.5 38.7 49.6 654 + 34 
1964 2.24 59.7 34.3 47.0 443 If: 45 

1 Average maximums and minimums for period. 
2 Average ovendry (70 C) weight in July on ungrazed areas. Data from another study. 
3 Glenn; Ferry, Idahb, records.- - . 

favorably with sheep gains made 
on heavily grazed crested wheat- 
grass pastures in Utah (Bleak and 
Plummer, 1954). Differences be- 
tween sheep gains on cheatgrass 
range and those on neeedle-and- 
thread range over the 4 years were 
not significant. However, I found 
that sheep response varied with 

by the end of the grazing period. 
The degree of use was determined 
by ocular estimate. Sheep were 
shrunk overnight (16 hr) and then 
weighed. 

Records were kept on sheep 
weights and sheep-days of use. Ani- 
mals were weighed at the beginning 
and end of each period from 1961- 
1964. Records of sheep-days of use 
included 1960 as well. Data for 
each year were analyzed by analysis 
of variance. 

Results and Discussion 

Sheep Weight Gains and Losses 

Sheep gained an overall average 
of 0.32 lb. per head per day from 
early April to mid-May over the 4 
years of study. This gain compares 

Table 2. Estimated percent composi- 
tion of cheatgrass and bunchgrass 
pastures based on basal area mea- 
surements in 1962. 

Species Cheatgrass Bunchgrass 

Cheatgrass’ 50.0 18.7 
Sandberg bluegrass 38.2 31.7 
Streambank 

wheatgrass 4.7 2.0 
Needle-and-thread 0 16.4 
Thurber’s 

needlegrass 0 1.3 
Big squirreltail 0 2.7 
Indian ricegrass 0 Trace 
Russian-thistle1 5.6 26.3 
Tansymustardl 1.5 .8 

Total 100.00 100.00 

1 Density values converted to average basal 
area using O.l-in. diameter as basis. 

period, year, and (in 1962) vegeta- 
tion type (Table 3). 

During the first period, the av- 
erage daily loss for sheep on cheat- 
grass range was 0.05 lb. per head 
compared to the 0.14 lb. per head 
lost on bunchgrass range, but most 
of this loss can be attributed to the 
large loss in 1961 and smaller loss 
in 1963 (Table 3). The losses and 
small gains in the first period were 
attributed to stresses developed in 
the animals. Stresses could have 
been caused by transport, handling, 
adjustment to forage, lack of shelter, 
short grazing period, and sparse 
forage. Animals were delivered the 
day before they were weighed and 
distributed in the pastures. Most 
years, they came directly from win- 
ter lots on which they had shelter 
and a different diet. During subse- 
quent periods, gains were similar on 
cheatgrass and bunchgrass ranges. 

In 1963, sheep lost weight during 

Table 3. Daily sheep gains (pounds) and days’ use per acre by year, period and 
vegetation type. 

Dates 

Daily sheep gains Sheep days’ use per acre 

Cheatgrass Bunchgrass Cheatgrass Bunchgrass 

1960 

Average 

1961 
Apr. 7-Apr. 14 
Apr. 15-Apr. 28 
Apr. 29-May 12 

Average 

1962 
Apr. 5-Apr. 17 
Apr. 18-May 1 
May 2-May 15 

Average 

1963 
Apr. 4-Apr. 17 
Apr. 18-May 1 
May 2-May 15 

Average 

1964 
Apr. 8-Apr. 17 
Apr. 18-Apr. 29 
Apr. 30-May 13 

Average 

Overall average 

-0.76 -0.78 7.0 11.2 
.82 .83 14.0 22.4 
.41 .64 14.0 22.4 
.16 .23 11.7 18.7 

- 

.31 .07 19.4 19.4 

.73 .61 38.4 32.1 

.66 .38 46.9 50.2 

.57 .35 34.9 33.9 

.05 - .08 22.4 31.6 
.Ol - .16 29.4 33.4 
.73 .80 36.8 44.8 

.23 .18 29.5 36.6 

.31 .24 32.4 30.6 

.29 .48 33.6 28.8 

.55 .48 54.4 57.6 

.38 .40 40.1 39.0 

.34 .29 25.8 29.7 

10.0 12.0 
14.0 24.0 
15.0 25.0 
13.0 20.3 
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the second period in three of the 
four pastures. The net result was 
an overall loss of 0.16 lb. per head 
per day on bunchgrass range and a 
slight net gain on cheatgrass range. 
A heavy, wet snow, approximately 
12 inches deep, covered pastures for 
2 or 3 days the first week of the 
period; so sheep were unable to 
graze. Lack of forage and cold 
weather undoubtedly influenced 
animal performance. 

Mean sheep gains were 0.19 lb. per 
head per day in 196 1, 0.46 in 1962, 
0.21 in 1963, and 0.39 in 1964. Dif- 
ferences between years are largely 
related to factors associated with 
each first period. The gains that 
followed each initial period reflect 
increased availability of cheatgrass 
and perennial grasses. 

Sheep gains were similar on 
cheatgrass and bunchgrass ranges 
in 3 of the 4 years (Table 3). In 
1962, sheep performed exception- 
ally well on cheatgrass range. Aver- 
age gains over the three periods 
were 63% greater than on bunch- 
grass. Increased gains are attrib- 
uted to the quality of forage avail- 
able in the cheatgrass pastures that 
year. Cheatgrass growth is often 
slow during all of April and, some- 
times, part of May. During this 
slow-growth period, sheep graze 
almost exclusively on Sandberg 
bluegrass. However, cheatgrass was 
available in April 1962 and con- 
tinued to be nutritious throughout 
the spring. Although some green 
cheatgrass was available in the 
bunchgrass pastures, the animals 
were forced to ingest the dry needle- 
and-thread from the previous year’s 
residue; so gains were lower. As the 
season progressed, cheatgrass grew 
rapidly, particularly in the bunch- 
grass pastures. By the time the 
sheep were put into the pastures 
for the third period, cheatgrass was 
tall, rank, and dry, Sandberg blue- 
grass was dry, and needle-and-thread 
provided the only source of green 
feed. On cheatgrass range, vegeta- 
tion was shorter and less rank. The 
difference between growth of cheat- 
grass in the two types may be at- 
tributed to differences in competi- 

Grazing Capacity of Cheatgrass 
Bunchgrass Range 

and 

Table 3 gives the grazing capac- 
ity by year, period, and range type. 
Bun&grass range, generally more 
productive for sheep than cheat- 
grass range, allowed 15% more use. 

Grazing capacity increased as the 
season advanced on both range 
types. Sheep-days of use averaged 
19.5 per acre the first period, 27.0 
the second, and 36.7 the third. How- 
ever, the bunchgrass range had a 
greater grazing capacity in every 
period than the cheatgrass range. 
Data collected at Saylor Creek Ex- 
perimental Range when yearling 
cattle grazed on similar pastures 
over the same periods and years 
also indicate that bunchgrass ranges 
have greater grazing capacity. 

The grazing capacity of 2.7 sheep 
approximates that of one yearling 
cow on either cheatgrass or bunch- 
grass range. The average weight of 
cattle during the time of the study 
was approximately 375 lb., while 
that of sheep was about 100 lb. 
Further consideration of cattle will 
not be given here. 

Sheep-days of use in 1960 and 
1961 were much lower than in sub- 
sequent years due to reduced forage 
production. However, bunchgrass 
range provided 56% and 60% more 
grazing capacity in 1960 and 1961, 
respectively, than cheatgrass range 
during these 2 dry years. 

Sheep Gains per Acre on Cheatgrass 
and Bunchgrass Range 

On the average, sheep gains per 
acre were similar on the two range 
types (Table 4) and resulted from 
greater capacity and lower daily 
gains on bunchgrass range and 
lower capacity and greater daily 
gains on cheatgrass range. 

The seasonal effect on gains per 
acre follows that of daily gains and 
carrying capacity. Gains were low- 
est in the first period and highest 
in the last period. Over the 4 
study years, total weight gain aver- 
aged 0.9 lb. per acre during the 
first period, 12.1 lb. per acre during 
the second period, and 24.0 lb. per 
acre during the third. 

Table 4. Sheep gains per acre 
(pounds) on cheatgrass and bunch- 
grass range by year and period. 

Year and 
period Cheatgrass Bunchgrass 

1961 
1 -5.3 
2 11.4 
3 5.8 
Average 4.0 

1962 
1 6.1 
2 29.3 
3 31.0 
Average 22.1 

1963 
1 -1.2 
2 .4 
3 26.8 
Average 8.7 

1964 
1 10.0 
2 9.6 
3 30.2 
Average 16.6 

Overall average 12.9 

-8.7 
18.7 
14.4 
8.1 

1.4 
19.9 
20.1 
13.8 

-2.6 
-5.6 
35.8 
9.2 

7.3 
13.9 
27.6 
16.3 
11.9 

Summary 
Sheep were grazed at heavy rates 

on cheatgrass and bunchgrass ranges 
for three consecutive Z-week periods 
each spring (April to mid-May) 
from 1960-1964. Animals grazed a 
new pasture each period. 

Daily gains averaged 0.32 lb. 
per head per day and are compara- 
ble to those made on crested wheat- 
grass elsewhere. Sheep lost weight 
during the earliest period at the 
average rate of 0.09 lb. per day, but 
gained 0.58 lb. per day the last 
period. Differences between daily 
gains of sheep on cheatgrass range 
and daily gains of sheep on bunch- 
grass range were detected in only 1 
(1962) of the 4 years. That year, 
sheep gained better on cheatgrass 
range, apparently because the for- 
age was available throughout the 
spring. 

Grazing capacities were slightly 
greater (29.7 days per acre) on the 
bunchgrass type than on the cheat- 
grass type (25.8 days per acre). 
Whether on cheatgrass or bunch- 
grass range, the grazing capacity tion for moisture. 
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of 2.7 sheep equaled that of one larger daily gains, greater grazing COOK, C. W., AND L. E. HARRIS. 1952. 
yearling cow. Capacities were in- capacity, and higher gains per acre Nutritive value of cheatgrass and 
fluenced by growth of vegetation. may be obtained from the bunch- crested wheatgrass on spring ranges 

During the dry years, 1960 and grass range. of Utah. J. Range Manage. 5:331- 

1961, grazing capacities were about Over the 4 study years, total 337. 

one-half those in subsequent wet sheep gains per acre averaged 12.9 
Bunchgrass provided almost lb. on cheatgrass range and 11.9 lb. 

M~~~;RLAR~~2E.’ AND HoWARD A’ 
. years. 

Upper Cenozoic 

60% more grazing capacity than on bunchgrass range, but these fig- 
stratigraphy of western Snake River 

Geol. Sot. Amer. 
cheatgrass in the dry years. ures are not significantly different. 

Plains, Idaho. 
Bull. 73: 1197-1220. 

During comparatively wet years, 
cheatgrass range is equally as good Literature Cited 

MURRAY, R. B., AND J. 0. KLEMMEDSON. 
1968. Cheatgrass range in southern 

as native needle-and-thread bunch- BLEAK, A. T., AND A. PERRY PLUMMER. Idaho: seasonal cattle gains and 
grass range for spring sheep gains. 1954. Grazing crested wheatgrass by grazing capacities. J. Range Manage. 
However, in dry years, such as 196 1, sheep. J. Range Manage. 7:63-68. 21:308-313. 

Seasonal Beef Production from 
Russian Wildrye-Alfalfa Pastures 

R. W. LODGE 

Research Station, Research Branch, Canada 
Agriculture, Swift Current, Saskatchewan. 

Highlight 

Russian wildrye (Elymus junceus F&h.)-Rambler alfalfa 
(Medicago sativa L.) pastures were grazed for 28 days by 
yearling steers from various starting dates of use, early 
May, mid-May, early June and for a longer period, June to 
September, to determine the influence on pasture produc- 
tion and beef cattle performance. Steer gain per acre from 
Russian wildrye-alfalfa pasture was greatest under early 
June grazing use. Daily gain per head was greatest when 
the pasture was grazed from early June. Forage production 
was-highest from the early June and early June-summer 
use period pastures. The trial indicates that the most pro- 
ductive season of use of Russian wildrye-alfalfa pastures in 
southwest Saskatchewan is from early June. Such use will 
result in maximum production in terms of beef production 
either per acre or individual animal daily weight gain 
in maintenance of the Russian wildrye-alfalfa stand. 

and 

Russian wildrye (Elymus junceus Fisch.) is an 
introduced bunchgrass which has shown out- 
standing character&tics of productivity, drought- 
resistance and longevity. It and crested wheatgrass 
(Agropyron desertorum (Fisch.) Schult.) are the 
principal grass species used in the Northern Great 
Plains for range reseeding. Several grazing studies 
(Campbell, 1961; Campbell, 1963; Smoliak, 1968; 

Rogler and Lorenz, 1970) indicate its usefulness for 
pasture. Among its demonstrated attributes is its 
characteristic of early spring growth which makes 
it valuable as spring pasture. Lodge (1970) has 
shown the advantages of complementary <grazing 

l Received December 30, 1970. 

systems in the management of rangelands in the 
Northern Great Plains. These systems are based on 
the use of introduced grass species as spring pas- 
ture. A study was conducted at the Research Sta- 
tion, Canada Department of Agriculture, Swift 
Current, Saskatchewan, from 1966 to 1969 to in- 
vestigate the influence of various seasons of use of 
Russian wildrye-alfalfa pastures on pasture produc- 
tion and beef cattle performance. 

Methods 

The trial was located on a gently rolling upland 
typical of that which might be converted from 
native range to cultivated pasture. The soil of the 
area is a light loam. It is developed over gravelly 
calcareous till and has a thin 5- to 6-inch (12 to 15 
cm) light brown surface horizon with an average 
nitrogen content of 0.19%, pH 6.5, organic matter 
3.7y0, and 22 ppm of available phosphorus. 

Native vegetation of the area is of the mixed 
prairie type. Mid-grasses present include needle- 
and-thread (Stipu corn&a Trin. and Rupr.), west- 
ern wheatgrass (Agropyron smithii Rydb.), thick- 
spike wheatg-rass (Agropyron dasystachyum (Hook.) 
Scribn.), and June grass (Koeleria cristata (L.) 
Pers.). Blue grama (Bouteloua gracilis (HBK.) Lag. 
ex Steud.) and dryland sedges (Carax spp.) are im- 
portant components of the vegetation. Several forbs 
of which the principal one is fringed sagewort 
(Artemisia frigida Willd.) are also normally present 
in the vegetative cover. 

The climate of southwest Saskatchewan is semi- 
arid. Average annual precipitation near the study 
area was 12.1 inches (30.7 cm) for the four years of 
the study compared with the 48-year average of 
13.7 inches (34.7 cm). Precipitation during the 
study was 1966-13.0 inches (33.0 cm), 1967-12.9 
inches (32.8 cm), 1968-9.4 inches (24.0 cm), and 
1969-12.9 inches (32.8 cm). 

The site, a cultivated field, was summer fallowed 
in 1959 and 1960 and seeded in August 1960 to 
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native range to cultivated pasture. The soil of the 
area is a light loam. It is developed over gravelly 
calcareous till and has a thin 5- to 6-inch (12 to 15 
cm) light brown surface horizon with an average 
nitrogen content of 0.19%, pH 6.5, organic matter 
3.7y0, and 22 ppm of available phosphorus. 

Native vegetation of the area is of the mixed 
prairie type. Mid-grasses present include needle- 
and-thread (Stipu corn&a Trin. and Rupr.), west- 
ern wheatgrass (Agropyron smithii Rydb.), thick- 
spike wheatg-rass (Agropyron dasystachyum (Hook.) 
Scribn.), and June grass (Koeleria cristata (L.) 
Pers.). Blue grama (Bouteloua gracilis (HBK.) Lag. 
ex Steud.) and dryland sedges (Carax spp.) are im- 
portant components of the vegetation. Several forbs 
of which the principal one is fringed sagewort 
(Artemisia frigida Willd.) are also normally present 
in the vegetative cover. 

The climate of southwest Saskatchewan is semi- 
arid. Average annual precipitation near the study 
area was 12.1 inches (30.7 cm) for the four years of 
the study compared with the 48-year average of 
13.7 inches (34.7 cm). Precipitation during the 
study was 1966-13.0 inches (33.0 cm), 1967-12.9 
inches (32.8 cm), 1968-9.4 inches (24.0 cm), and 
1969-12.9 inches (32.8 cm). 

The site, a cultivated field, was summer fallowed 
in 1959 and 1960 and seeded in August 1960 to 
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Table 1. Beef production (lb./acre) from yearling steers 
grazing various season of use Russian wildrye-alfalfa pas- 
tures. 

Beef production 

Season of use 1966 1967 1968 1969 Average 

Early May 69 a1 56 b 48a 70a 61 a 
Mid-May 92 b 30 a 53 a 66 a 60 a 
Early June 93 b 94 c 77 b 83 a 87 b 
Early June-summer 85 b 67 b 46a 72a 68 a 

l Within each year, means followed by the same letter do not 
differ significantly at the 5% level (Snedecor and Cochran, 
1967). 

Russian wildrye and Rambler, a creeping-rooted 
alfalfa (Heinrichs and Bolton, 1958). Seeding was 
done in cross-drilled 14-inch (36 cm rows). Crested 
wheatgrass was abundant in adjacent areas. 

The area was not grazed in 196 1, and lightly 
grazed from 1962 through 1965 by yearling steers. 
In late 1965 it was subdivided to give three repli- 
cates each containing three 2.5-acre (1.0 ha) pas- 
tures and one 7.5-acre (3.0 ha) pasture. 

Four grazing use periods based on date of turn-in 
were used. The initial stocking was at the rate 
of three yearlings per pasture with the length of 
grazing period adjusted each year on the basis of 
available forage and animal gains. Grazing use for 
the first period began in early May when the aver- 
age leaf length of Russian wildrye was 4 to 5 inches 
(10 to 13 cm). Dates of turn-in were; 1966-May 3, 
1967-May 8, 1968-April 30, and 1969-April 29. 
The second period of grazing began two weeks 
later (about mid-May) and the third (early June) 
after a further two weeks. The fourth use period 
(early June-summer) began on the same date as the 
early June pastures and was stocked at the rate of 
one yearling steer on 2.5 acres (1 .O ha). The grazing 
period was to be 28 days in the early May, mid-May, 
and early June pastures. This was reduced to 22 
and 18 days in the early May and mid-May pastures, 
respectively in 1966. The early June pasture was 
grazed for 27 days in 1966 and in 1968 for 23 days. 
In 1967 all three pastures were grazed for 30 days. 
The early June-summer pasture was grazed for 102 
days in 1966, 75 days in 1967, 65 days in 1968, and 
91 days in 1969. 

Forage production and utilization was estimated 
by the difference method from the yield biweekly 
during the grazing period of 10 paired caged and 
uncaged 9.6 ft2 (0.9 m2) plots in each pasture. 

Good commercial yearling steers overwintered 
on a standard ration to gain 1.0 to 1.5 lb. per day 
(0.45 to 0.68 kg per day) were used. Weight of 
steers was approximately 600 pounds (272 ‘kg) at 
the start of the early May grazing period. They 
were weighed prior to turning the animals into the 
pastures and at two-week intervals while on pas- 

Table 2. Stocking rate (steers/acre), average (1966-69) 
steer weights (lb.), number of days of grazing and animal 
unit1 (days/acre) provided by Russian wildrye-alfalfa 
pastures. 

Stocking 
Season of use rate Steer weight Days grazed A.U. 

Early May 1.2 615 27 19.9 
Mid-May 1.2 630 26 19.7 
Early June 1.2 655 27 21.2 
Early June-summer 0.4 690 83 23.0 

l Animal unit = A.U. = 1000 lb. 

ture. Total digestible nutrients (TDN) for each 
treatment were determined by the nutritional 
needs of the animals for maintenance and gain in 
accordance with the requirements of the National 
Research Council (1963). 

The basal area of the swards of the various treat- 
ments was estimated using the point-quadrat 
method of Clarke et al. (1942). Five hundred 
points were taken in each pasture in the fall of 
1965 and in each year of the study. 

Results and Discussion 

During the four years Russian wildrye-alfalfa 
produced more liveweight gain per acre under early 
June grazing use than it did when grazed earlier 
in the spring (early May or mid-May use) or when 
grazed for a longer period in the late June-summer 
period (Table 1). In 1966 the early May period 
produced significantly less (P < 0.05) beef per acre 
than the other three periods. In 1967 and in 1968 
the early June period produced significantly more 
(P < 0.05) liveweight gain per acre than did any 
other period. Growing season rainfall (May, June, 
and July) was below average in all four years, but 
there was apparently no relationship between rain- 
fall in this period and production of beef per acre. 

Russian wildrye-alfalfa pastures grazed at one- 
third the intensity in early June-summer for a 
longer period (avg 83 days) provided approximately 
11% more animal unit (A.U.) days per acre (Table 
2) than the average of the spring use periods (26 
to 27 days). 

Estimated total digestible nutrient (TDN) pro- 
duction per acre from Russian wildrye-alfalfa pas- 
tures when grazed from early June was greater 
than from the early May or mid-May pasture 
periods (Table 3). Estimated TDN production was 
345 lb./acre (387 kg/ha) and 341 lb./acre (382 kg/ 
ha) for early May and mid-May use, and 456 lb./ 
acre (511 kg/ha) and 422 lb./acre (473 kg/ha) for 
early June and early June-summer use, respectively. 
Daily gain per head was greater on Russian wildrye- 
alfalfa pastures when grazed from early June than 
in the other periods. 
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Table 3. Average (1966-69) beef production (lb./acre), 
TDN production (lb./acre), and daily gain (lb./steer) 
from Russian wildrye-alfalfa pastures. 

Beef TDN Daily 
Season of use production production gain 

Early May 61 a1 345 a 1.9 a 

Mid-Ma) 60 a 341 a 1.9 a 

Early June 87 b 356 b 2.8 b 

Early June-summer 68 a 322 b 2.2 ab 

1 Means followed by the same letter do not differ significantly 
at the 5% level (Snedecor and Cochran 1967). 

Forage production estimates from clipped plots 
indicate considerable differences in average forage 
production and utilization (DM lb./acre) from dif- 
ferent periods (Table 4). The early May use pas- 
tures produced the least forage, and the early June 
and early June-summer pastures the most. Utiliza- 
tion as a percent of production was approximately 
equal for the three spring season-of-use pastures 
but it was greater under early June-summer use. 

The results of the point-quadrat analysis of 
percent basal area and percent composition of 
Russian wildrye-alfalfa pastures in 1965 and 1969 
are given in Table 5. Basal area of Russian wildrye 
increased under all period uses. In view of the age 
of the stand, the high initial basal area percentage 
of Russian wildrye resulting from the narrow row 
space seeding and cross-seeding and the below aver- 
age rainfall during the trial period, the increase in 
percent basal area of Russian wildrye is of interest. 
It suggests that the potential productivity of the 
swards was reduced by intraplant competition. 
The value of wider row spacings in increasing 
forage yields of Russian wildrye has been shown by 
Kilcher (1961). Alfalfa basal area percentage gen- 
erally decreased when subjected to the several 
periods of use. In 1969, alfalfa was, however, more 
abundant in the swards of the early May and mid- 
May use pastures than in those of the early June 
and early June-summer use pastures. This did not 
affect rate-of-gain of the steers. Crested wheatgrass, 
an invader from adjacent swards, increased in per- 
cent basal area in swards subjected to early May 

Table 4. Average (1966-69) forage production (DM lb./ 
acre), utilization (DM lb./acre) and utilization (%) of 
Russian wildrye-alfalfa pastures. 

Forage Forage 
Season of use production utilization Utilization 

Early May 695 a1 450 a 65 a 

Mid-May 800 a 500 a 62 a 

Early June 1075 b 650 b 60 a 

Early June-summer 1275 b 1080 c 85 b 

1 Means followed by the same letter do not differ significantly at 
the 5% level (Snedecor and Cochran 1967). 

grazing and was reduced under the other three 
periods of use. Russian wildrye appears to be less 
competitive to crested wheatgrass when used early 
in the spring than when used after the first of June. 

Comparison of the changes in sward composition 
between the area in 1965 and those of the pastures 
after being subjected to the various periods of use 
for four years indicates an increase in the propor- 
tion of Russian wildrye with the greater increase 
being under early June and early June-summer 
grazing use (Table 5). Alfalfa decreased in its con- 
tribution to total composition under all periods of 
use. Crested wheatgrass was less abundant in 1969 
than in 1965 except in the early May period. Under 
all season-of-use periods studied crested wheatgrass 
invasion was not serious. 

The swards did not have a high protein content 
at any time (Table 6). The variation in crude pro- 
tein content from early spring through summer was 
similar to that reported by Campbell (1961) for 
comparable Russian wildrye-alfalfa swards. Higher 
percentage levels of crude protein in the early May 
use pastures did not increase the liveweight gains 
of the animals grazed thereon. There were no 
significant differences between protein content of 
grazed and ungrazed herbage. 

Conclusions 

During a four-year period (1966 to 1969) of 
below average rainfall, Russian wildrye-alfalfa pas- 
tures produced more gain per acre under early 
June grazing use than when grazed in early May, 

Table 5. Basal area (%) and composition (%) of vegetation of Russian wildrye-alfalfa pastures grazed by yearling steers. 

Basal area Composition 

1965 1969 1965 1969 

Species 
Early Early 

Early May Mid-May 
Early Early 

June .June-summer Early May Mid-May June June-summer 

Russian wildrye 8.8 11.6 10.2 10.4 11.3 76.9 85.7 89.1 92.5 92.0 

Alfalfa 1.9 1.1 1.1 0.6 0.7 17.0 8.2 9.7 5.0 5.7 

Crested wheatgrass 0.7 0.8 0.1 0.3 0.3 6.1 6.1 1.2 2.5 2.3 

Totals 11.4 13.5 11.5 11.2 12.3 100.0 100.0 100.0 100.0 100.0 
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Table 6. 
grazing. 

Crude protein content (“/o) of herbage of Russian wildrye-alfalfa pastures as influenced by season of use and 

Date sampled 

April-May June July Aug. Sept. 

- Season of use 29-5 12-18 24-29 7-13 21-28 7-13 21-30 13-19 13-20 

Early May 
ungrazed 
grazed 

Mid-May 
ungrazed 
grazed 

Early June 
uqrazed 
grazed 

Early June-summer 
ungrazed 
grazed 

14.01 13.6 13.4 
13.6 13.2 

13.3 12.1 11.1 
11.9 10.3 

12.0 10.9 8.6 
10.4 8.1 

11.4 10.1 9.0 8.1 8.9 8.0 9.2 
10.0 9.2 8.3 8.0 7.3 7.4 

1 Each figure is a mean of harvests from three replicates in each year 1966 through 1969. 

mid-May, or for a longer period under early June- 
summer use. 

Estimated TDN /acre production was highest 
when Russian wildrye-alfalfa pastures were used 
after early June or early June-summer. Daily gain 
per head was greater when pastures were grazed 
from early June than when grazed after early May, 
mid-May, or in early June-summer periods. 

There were significant differences in forage 
production between periods of use. Forage produc- 
tion was highest from the early June and early 
June-summer use periods and lowest from the mid- 
May and early May period use pastures. Average 
percentage utilization ranged from 60 to 65 on the 
early May, mid-May, and the early June use periods 
and 85% under the early June-summer use period. 

Protein content of the forage of these Russian 
wildrye-alfalfa pastures was generally adequate. 
Protein content ranged from an average high of 
14.0% in late April and early May to less than 8.0% 
after mid- June. Lawrence and Troelsen (1964) 
found that the average crude protein content of 
Russian wildrye was lower (12.4%) in 196 1 a dry 
year than in 1960 (17.9%) a year of normal precipi- 
tation. 

The nutritive value of the forage as measured by 
crude protein content levels in the three spring 
use pastures appeared to be adequate for beef pro- 
duction. In the later part of the early June-summer 
use period low nutritive value reduced beef produc- 
tion. 

Increased beef production per acre appeared to 
be a function of higher daily rate of gain for indi- 
vidual animals. Higher daily rate of gain was re- 
lated to availability of forage providing the nutri- 
tive content of the forage was adequate. 

Point-quadrat analysis of the sward indicated 

that Russian wildrye increased in basal area under 
all periods of use. Alfalfa basal area decreased 
under all periods of use. It remained more abun- 
dant in the early May and mid-May treatments. 
Bloat did not occur during the course of the trial. 
However, it is sometimes a problem in grass-alfalfa 
pastures in the area. The relative abundance of 
alfalfa in the pastures was related to the period of 
use being less under early June and early June- 
summer use periods. The reaction of alfalfa to 
different seasons of use in this trial suggest that 
grazing management which includes early May use 
might increase the bloat hazard. Crested wheat- 
grass invasion from adjacent stands occurred. Rus- 
sian wildrye was less competitive to crested wheat- 
grass when subjected to early May use, but crested 
wheatgrass invasion was not significant. 

The trial indicates that the optimum season of 
use of Russian wildrye-alfalfa pastures in southwest 
Saskatchewan is in June. Use at this time will re- 
sult in maximum production in terms of steer gains 
either per acre or individual animal daily weight 
gain and in maintenance of the Russian wildrye- 
alfalfa stand. 
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Highlight 

Single clipping treatments of basin wildrye during the period of growth initia- 
tion to full bloom followed by removal of all growth to a 5 cm stubble at the end 
of the growing season reduced yields in the year of clipping and the year fol- 
lowing. Growth reduction was greatest when plants were clipped at the boot 
stage. Removal of l/4, lh, 3/4 or all of the herbage at any one of three dates in the 
spring of one year reduced yield the following year. Growth decreased as the 
level of herbage removal increased and with years of treatment or delay in 
harvest time when % or all of the herbage was cut. Growth reduction was great- 
est when herbage was cut at the boot stage which coincided with the period 
of rapid elevation of growing points above the soil surface and with a decrease 
in total available carbohydrates @AC). Grazing of basin wildrye in early 
spring, based on data presented, would probably be quite detrimental just as 
cutting was. 

Basin wildrye (Elymus cinerus 
Scribn. and Merr.) has often at- 
tracted the range manager because 
of its early growth and good pro- 
duction. The species is often con- 
fused with giant wildrye (Elymus 
condensatus Presl.). The two spe- 

l Joint contribution from the Montana 
Agricultural Experiment Station, 
Bozeman, Montana, the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Argicul- 
ture and the Plant Materials Center, 
Soil Conservation Service, Bridger, 
Montana. Published with the ap- 
proval of the Director of the Molntana 
Agricultural Experiment Station as 
Journal Series No. 2 18. Received 
October 28, 1970; accepted for publi- 
cation February 24, 1971. 

ties differ mainly in pubescence of 
lemmas, compoundness of spike, 
width of leaf blades and area of 
adaptation (Hitchcock, 1950). Giant 
wildrye is found on sandy areas 
mostly near the coast from Alameda 
county to San Diego county Cali- 
fornia; whereas basin wildrye is 
found on river banks, in ravines, 
on moist or dry slopes and on the 
plains from Minnesota to British 
Columbia, and south to Colorado 
and California. 

Most descriptiolns of basin wild- 
rye have been given under the 
heading of giant rather than basin. 
In all future reference in this paper 
basin wildrye will be used whether 

the literature cited refers to giant or 
basin. 

Perhaps the best description of 
basin wildrye is given in the Range 
Plant Handbook (Anonymous, 
1937). Excerpts from this descrip- 
tion are as follows: “It is a coarse, 
robust plant with stems up to 12 
feet high and growing in large 
bunches, often several feet in diam- 
eter, from short, thick, knotted, pe- 
rennial rootstocks. This bunchgrass 
usually grows in moist or wet saline 
situations in bottomlands, along 
stream and ditch banks, and in 
gullies and canyons. It is also found 
in moderately dry, rich soils, not 
uncommonly associated with wheat- 
,grass and sagebrush. Basin wildrye 
is grazed to some extent while 
young, but soon becomes coarse and 
tough and is not utilized as summer 
forage if more palatable feed is 
available. However, the plants pro- 
duce an enormous amount of forage 
and, where allowed to stand, pro- 
vide a considerable amount of 
winter feed for cattle and horses. 
Formerly this species was very im- 
portant as a winter forage plant in 
parts of Nevada, but overgrazing, 
especially during the spring months 
when growth was starting, has 
greatly reduced or eliminated it.” 

“In Oregon and Washington, 
where basin wildrye occurs in con- 
siderable abundance, this species is 
extensively cut for hay and, if 
mowed early, provides fair rough- 
age. It is moderately palatable to 
cattle and horses in California and 
the Northwest, except during the 
fall when it becomes very hard and 
dry. After winter rains begin it 
softens and is again grazed. Basin 
wildrye rates as an inferior forage 



414 KRALL ET AL. 

KILCHER, M. R. 1961. Row spacing affects yields of forage ROGLER, G. A., AND R. J. LORENZ. 1970. Beef production 
grasses. Can. Dep. Agr. Pub. 1100. 

LAWRENCE, T., AND J. E. TROELSEN. 1964. An evaluation 
from Russian wildrye (Elymus junceus F&h.) in the 
United States. Proc. XI Int. Grassland Congr. 835-838. 

of 15 grass species as forage crops for Southwestern Sas- 
katchewan. Can. J. Plant Sci. 44:301-310. 

SMOLIAK, S. 1968. Grazing studies on native range, crested 

LODGE, R. W. 1970. Complementary grazing systems for wheatgrass and Russian wildrye pastures. J. Range Man- 

the Northern Great Plains. J. Range Manage. 23:268-271. age. 2 1:47-50. 

NATIONAL RESEARCH COUNCIL. 1963. Nutrient require- SNEDECOR, G. W., AND W. G. COCHRAN. 1967. Statistical 
ments of beef cattle. Nat. Res. Council, Washiniton. methods, p. 273. 
1137:l. Iowa. 

9 % 

6th ed. Iowa State Univ. Press, Ames, 

Effect of Time and Extent of Harvesting 
Basin Wikkye~ 

JAMES L. KRALL, JAMES R. STROH, CLEE S. COOPER, AND 
STEPHEN R. CHAPMAN 

Superintendent, Huntley Branch Experiment Station, Huntley; Manager, 
Bridger Plant Material Center, Soil Conservation Sewice, Bridger; Agronomist 

Crops Research Division, Argicultural Reseach Seroice, U. S. Department of 
Agriculture, Bweman; and Associate Professor, PCant and Soil Science 

Department, Montana State University, Bozeman, Montana. 

Highlight 

Single clipping treatments of basin wildrye during the period of growth initia- 
tion to full bloom followed by removal of all growth to a 5 cm stubble at the end 
of the growing season reduced yields in the year of clipping and the year fol- 
lowing. Growth reduction was greatest when plants were clipped at the boot 
stage. Removal of l/4, lh, 3/4 or all of the herbage at any one of three dates in the 
spring of one year reduced yield the following year. Growth decreased as the 
level of herbage removal increased and with years of treatment or delay in 
harvest time when % or all of the herbage was cut. Growth reduction was great- 
est when herbage was cut at the boot stage which coincided with the period 
of rapid elevation of growing points above the soil surface and with a decrease 
in total available carbohydrates @AC). Grazing of basin wildrye in early 
spring, based on data presented, would probably be quite detrimental just as 
cutting was. 

Basin wildrye (Elymus cinerus 
Scribn. and Merr.) has often at- 
tracted the range manager because 
of its early growth and good pro- 
duction. The species is often con- 
fused with giant wildrye (Elymus 
condensatus Presl.). The two spe- 

l Joint contribution from the Montana 
Agricultural Experiment Station, 
Bozeman, Montana, the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Argicul- 
ture and the Plant Materials Center, 
Soil Conservation Service, Bridger, 
Montana. Published with the ap- 
proval of the Director of the Molntana 
Agricultural Experiment Station as 
Journal Series No. 2 18. Received 
October 28, 1970; accepted for publi- 
cation February 24, 1971. 

ties differ mainly in pubescence of 
lemmas, compoundness of spike, 
width of leaf blades and area of 
adaptation (Hitchcock, 1950). Giant 
wildrye is found on sandy areas 
mostly near the coast from Alameda 
county to San Diego county Cali- 
fornia; whereas basin wildrye is 
found on river banks, in ravines, 
on moist or dry slopes and on the 
plains from Minnesota to British 
Columbia, and south to Colorado 
and California. 

Most descriptiolns of basin wild- 
rye have been given under the 
heading of giant rather than basin. 
In all future reference in this paper 
basin wildrye will be used whether 

the literature cited refers to giant or 
basin. 

Perhaps the best description of 
basin wildrye is given in the Range 
Plant Handbook (Anonymous, 
1937). Excerpts from this descrip- 
tion are as follows: “It is a coarse, 
robust plant with stems up to 12 
feet high and growing in large 
bunches, often several feet in diam- 
eter, from short, thick, knotted, pe- 
rennial rootstocks. This bunchgrass 
usually grows in moist or wet saline 
situations in bottomlands, along 
stream and ditch banks, and in 
gullies and canyons. It is also found 
in moderately dry, rich soils, not 
uncommonly associated with wheat- 
,grass and sagebrush. Basin wildrye 
is grazed to some extent while 
young, but soon becomes coarse and 
tough and is not utilized as summer 
forage if more palatable feed is 
available. However, the plants pro- 
duce an enormous amount of forage 
and, where allowed to stand, pro- 
vide a considerable amount of 
winter feed for cattle and horses. 
Formerly this species was very im- 
portant as a winter forage plant in 
parts of Nevada, but overgrazing, 
especially during the spring months 
when growth was starting, has 
greatly reduced or eliminated it.” 

“In Oregon and Washington, 
where basin wildrye occurs in con- 
siderable abundance, this species is 
extensively cut for hay and, if 
mowed early, provides fair rough- 
age. It is moderately palatable to 
cattle and horses in California and 
the Northwest, except during the 
fall when it becomes very hard and 
dry. After winter rains begin it 
softens and is again grazed. Basin 
wildrye rates as an inferior forage 
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species, insofar as palatibility and 
nutritive quality. The following 
chemical analysis compares the 
composition of basin wildrye with 
the average of 67 common western 
range grasses (Knight et al., 1911):” 

n 

Basin Average com- 
wildrye position, 67 

(%‘o) grasses (%) 

Ash 9.81 7.48 
Ether extract 1.13 2.051 
Crude fiber 40.82 35.92 
Crude protein 9.01 8.02 
Nitrogen-free 

400 40 

z! 
Crude Protein 

z 300 30 
z 

iTi a % 
200 

iii 

9 ” 100 

Oli 
0 ,8 

extract 39.15 46.53 

The seasonal growth pattern of 

FIG. 1. Yield at time of clipping (hatched bars), regrowth yield (plain bars) and 
crude protein content of basin wildrye in 1966 at Bridger, Montana. 

basin wildrye differs from those of 
other dryland cool-season grasses. 
The phenological events of this spe- 
cies occur over an extended period 
of time. Winter dormancy is bro- 
ken in early March at Bridger, 
Montana, with the first leaves 
emerging between March 10 and 
hIarch 20. Growth is retarded at 
this time by continued cool tempera- 
tures. Basin wildrye starts spring 
growth five days earlier than blue- 
bunch wheatgrass (Agropyron spi- 
catum (Pursh.) Scribn. and Smith) 
but reaches the heading stage 13 
days later. It blooms 13 days later 
and matures seed 16 days later.2 
The very long vegetative stage de- 
lays other phenological stages and 
causes this early spring growing spe- 
cies to be classed as a late maturing 
plant. The extended vegetative 
stage and prolific vegetative pro- 
duction would seem to make basin 
wildrye an ideal spring grazing 
plant. 

Seasonal Growth Patterns, 
Regrowth and Protein Content 

Procedure 

All plants were again clipped to a 
5-cm stubble height to measure re- 
growth on November 2, 1966. 

Basin wildrye was planted in 150 
hills spaced on S-foot centers at 
Bridger, Montana, in April, 1965. 
Ten seeds were planted in each 
hill. In 1966 one hundred vigorous 
hills were selected for study and di- 
vided into four replications of 25 
hills each. Each hill within a repli- 
cation was assigned one of 25 
clipping dates at which time it was 
clipped to a 5-cm stubble height. 
The data from these treatments 
provided a seasonal growth curve 
over a 25-week period. The herb- 
age harvested on these dates was 
analyzed for crude protein content. 

On June 19, 1967, plants were 
harvested at the boot stage. Yields 
obtained were used to evaluate the 
effect of clipping treatments in the 
previous year. During the study 
the experimental area was not fertil- 
ized, but was adequately supplied 
with water and was kept weed free. 

Results and Discussion 

The growth curve of basin wild- 
rye, as shown by weekly interval 
harvests, was typical of that ex- 
pected for a grass (Fig. 1). Cutting 
prior to bloom reduced the total 
seasonal yield (first cutting plus re- 
growth). Yield reduction was most 
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The major problem in maintain- 
ing basin wildrye as pasture seems to 
be its lack of resistance to spring 
grazing. Because of the paucity of 
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Table 1. Yields1 (kg/hill) of basin wildrye in 1970 as influenced by years of 
herbage removal treatments in previous years at Hnntley, Montana. 

Amount of herbage previously removed2 
Years of 

treatment none % l/2 3/4 all 

One (1969) 1.263 1.14 .98 1.08 .72 
Two (1968 and 1969) 1.26 .93 .94 .75 54 
Three (1967, 1968 1.26 1.02 .81 .69 .47 

and 1969) 

1 LSD (.05) for comparing herbage removal treatments within a treatment duration 
period equal .13 kg; for comparing treatment duration periods within a level of herbage 
removal equal 25 kg. 

2 Values presented represent averages of 3 stages of harvests which were 18, 38 and 76 
cm of height. 

3 Year block effects were accounted for by adjusting all yield data to a common check. 

severe when the first cutting oc- 
curred a week prior to the boot 
stage or at boot stage. Crude pro- 
tein content declined from 3 1% in 
late April to near 10% when seed 
was in the milk stage and to near 
8% at the end of the season. The 
latter value is higher than normally 
found for range grasses at this time. 

In general, cutting anytime from 
the second week in May through 
seed maturation reduced the yield 
the following year (Fig. 2). Reduc- 
tion in yield was greatest from 
cutting at the boot or late boot 
stage. These data agree with those 
for tall wheatgrass where yields 
were lower the following year after 
cutting at the boot stage than after 
cutting at flowering (Stroh and 
Law, 1967). 

Effect of Time and Amout of 
Herbage Removal on Growth 

Procedure 

Basin wildrye was cut at three 
different dates in the spring, with 
five levels of defoliation within each 
date for a period of either 1, 2, or 3 
years. The experiment was con- 
ducted as a split-split plot random- 
ized block design with three repli- 
cations. The basic experimental 
unit consisted of one hill seeded 
with approximately 10 seeds of the 
strain Wy 107. One hundred and 
thirty-five hills spaced on S-foot 
centers were seeded at Huntley, 
Montana, in 1966 and allowed to 
establish one year. These were sub- 
divided into three replications of 45 
hills each. Each replicatioln was then 

divided into three groups of 15 
hills each. Durations of cuttings (1, 
2, or 3 years) were then randomly 
assigned to each group. The one- 
year duration cutting treatment was 
cut only in 1969, the two-year in 
1968 and 1969, and the three-year in 
1967, 1968 and 1969. Each group of 
15 was then further subdivided into 
three groups of five hills each. 
Three harvest dates, coinciding with 
plant heights of approximately 18, 
38, and 76 cm were randomly as- 
signed to each group of five hills. 
Each of the five hills was then as- 
signed a degree of herbage removal 
of (1) no herbage removed, (2) one- 
fourth of herbage removed, (3) one- 
half of herbage removed, (4) three- 
fourths of herbage removed and (5) 
all herbage removed. For treat- 
ments 2, 3, and 4 above, the crown 
was visually divided into four parts 
and the appropriate amount of 
herbage clipped to 5 cm. 

At the end of each growing sea- 

son all plants were cut back to a 
5-cm stubble height. In June, 1970, 
one year after the completion of the 
above harvest treatments, all plants 
were harvested at early bloom to 
measure the effect of the previous 
treatment. 

Results and Discussion 
In general, yields in 1970 de- 

creased as a result of increased 
amounts of herbage removal in 
previous years (Table 1). Yields 
decreased most with increased dura- 
tion of treatment when % or all of 
the herbage was removed. With % 
or % of the herbage removed yields 
were decreased, but the duration of 
treatment at these herbage removal 
levels had little effect on yield. 

When only % or % of the herbage 
was harvested, time of harvest (as 
determined by plant height) had 
little effect on subsequent yield 
(Table 2). However, removal of 
% or all of the herbage was most 
detrimental when plants were 76 
cm high and least detrimental when 
cut early, at an 18 cm height. The 
76 cm height corresponds to the 
boot stage of development shown 
to be critical in Figures 1 and 2 and 
to the period of rapid growing 
point elongation (Fig. 3). 

Seasonal Height of Growing Point 
and Total Available Carbohydrate 

Procedure 

In 1969, position of growing 
point and total available carbohy- 
drate (TAC) were measured at 
Bozeman, Montana, at weekly in- 
tervals on individual spaced plants 

Table 2. Yields1 (kg/hill) of basin wildrye in 1970 as influenced by degree of 
herbage removal at different heights in the three preceding years at Huntley, 
Montana. 

Amount of herbage previously removed2 
Height when3 

cut (cm) none l/3 %! 3h all 

18 1.264 1.04 .95 1.00 .78 
38 1.26 1.10 .88 .86 .62 
76 1.26 .97 .90 .66 .33 

1 LSD (.05) for comparing differences among herbage removal treatments within a 
cutting height equal .I3 kg; for comparing differences due to previous cutting height 
within a herbage removal treament equal .41 kg. 

2 Values presented are averages of treatments for one, two and three years duration. 
s Approximate values estimated to be within + 7 cm. 
4 Year block effects were accounted for by adjusting all yield data to a common check. 
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in crowns of basin wildrye during the 
Montana. 

early spring growing season at Bozeman, 

of the strain Wy 107 from the onset 
of growth until heading. Four or 
more plants were sampled weekly 
from April 23 to June 5. Five ran- 
dom tillers were selected from each 
plant for measurements at each 
sampling date. The height of the 
growing point and length of the 
tiller were measured from the point 
of tiller attachment to the root. At 
each sampling date basal stem tis- 
sue was separated from each plant 
for analysis of TAC by the enzyme 
hydrolysis technique (Smith, 1969). 

Results and Discussion 

Tillers increased in length in the 
manner expected in a normal 
growth pattern (Fig. 3). Growing 
points did not protrude above the 
soil surface until early boot stage on 
May 23. From this date until June 
5 heads in the boot elongated from 
1.2 to 13.2 cm. TAC was less than 
8% at growth initiation. It declined 
to less than 5% with the initiation 
of new growth, rose to nearly 8% 
at early boot and declined again 
during head development. The sea- 
sonal pattern of TAC was similar 
to that observed for bromegrass 
during similar stages of develop- 
ment (Okajima and Smith, 1964). 
The values reported are slightly 
lower than those reported for 
bromegrass (Okajima and Smith, 
1964), and are much lower than 
those reported for crested wheat- 

grass (Hyder and Sneva, 1959) 
during similar stages of develop- 
ment. Baker and Garwood (1961), 
however, report levels of 4 to 6% 
TAC in orchardgrass throughout 
April and May. The level of TAC 
in one species as compared to that 
of another may have little signifi- 
cance in determining susceptibilty 
to grazing intensity. Species seem 
to vary a great deal in levels of TAC 
stored and the seasonal pattern 
within a particular species may be 
markedly affected by climatic con- 
ditions and thus vary from loca- 
tion to location (Blaser et al., 1966). 

Our data (Fig. 3) may explain det- 
rimental effects of cutting basin 
wildrye at the early boot stage (Figs. 
1 and 2). At the time of head elon- 
gation, carbohydrates decreased, 
and the growing point was elevated 
to where it could be removed by 
grazing. Branson (1953) reported 
that the height to which growing 
points are elevated, and the ratio 
of fertile to vegetative stems are 
factors critical to the persistence of 
a species under grazing pressure. 
We estimated that 90% or more of 
the stems of these basin wildrye 
plants were fertile, which is a high 
proportion. Thus, if we utilize basin 
wildrye at the boot stage, we are not 
only grazing at a time of low TAC 
but are also removing the growing 
point which interferes with regen- 
eration of photosynthetic tissue. 

One harvest of all of the herbage 
of basin wildrye during the period 
from the onset of spring growth 
through full bloom will decrease 
total season yields. Furthermore, 
harvest during this period results 
in yield reduction the following 
year. The most critical period of 
harvest was during the boot stage. 
At this time, growing points are 
elongating rapidly above the soil 
surface. This period of growing 
point elongation is associated with 
head formation and appears to be 
accompanied by a drop in total 
available carbohydrate in crowns. 

From our time of clipping and 
herbage removal studies it appears 
that management to permit grazing 
this species in early spring is pos- 
sible on a limited basis. Such man- 
agement, however, would require 
that no more than 50% of the herb- 
age be utilized and that it be grazed 
prior to the boot stage. It is diffi- 
cult, however, to control grazing 
to remove only % of the herbage. 
Grazing systems which permit peri- 
odic rest from grazing during early 
growth and booting stages might be 
effective in maintaining the spe- 
cies and should be evaluated. Be- 
cause of its earliness and yield po- 
tential, effective spring utilization 
of basin wildrye could lengthen the 
(grazing season by several weeks. 
The difficulty of managing this 
sensitive species, however, might 
outweigh the advantages which 
could accrue. 

Literature Cited 
ANONYMOUS. 1937. Range Plant Hand- 

book. Forest Service, U. S. Dep. Agr., 
Washington, D. C. 

BAKER, J. K., AND E. A. GARWOOD. 1961. 
Studies of root development in plants 
V: Seasonal changes in fructosans 
and soluble-sugar contents of cocks- 
foot herbage, stubble and roots 
under two cutting treatments. J. of 
British Grassland Sot. 16: 263-267. 

BLASER, R. E., R. H. BROWN, AND H. T. 
BRYANT. 1966. The relationship be- 
tween carbohydrate accumulation 
and growth of grasses under different 
microclimates. Int. Grassland Congr. 
Proc. 10: 147-150. 

L , BRANSON, FARREL A. 1953. Two new 

417 

Discussion 



415 TRLICA AND COOK 

factors affecting resistance of grasses 
to grazing. J. Range Manage. 6:165- 
171. 

HITCHCOCK, A. S. 1950. Manual of 
the Grasses of the United States. 2nd 
Edition. U. S. Dep. of Agr. Misc. 
Publ. No. 200. 1051 p. 

HYDER, D. N., AND F. A. SNEVA. 1959. 
Growth and carbohydrate trends in 
Crested Wheatgrass. J. Range Man- 
age. 12:271-276. 

KNIGHT, H. G., F. E. HEPNER, AND A. 
NELSON. 1911. Wyoming Forage 
Plants and their chemical composi- 
tion, Studies No. 4. Wyo. Agr. Exp. 
Sta. Bull. 87. 152 p. 

OKAJIMA, HIDEO, AND DALE SMITH. 
1964. Available carbohydrate frac- 
tions in the stem bases and seed of 
timothy, smooth bromegrass, and sev- 
eral northern grasses. Agron. J. 4: 
317-320. 

Defoliation Effects on Carbohydrate 
Reserves of Desert Species 

M. J. TRLICA, JR., AND C. WAYNE COOK 

Research Assistant and Research Professor, 2 Utah State University, Logan, Utah. 

Highlight 

Representative plants of eight des- 
ert species were defoliated at four 
phenological stages. These species 
used varying amounts of carbohydrate 
for regrowth; however, carbohydrate 
use and storage varied widely among 
phenological stages within species. 
There was a direct relationship be- 
tween average total carbohydrate levels 
in the autumn and the amount of re- 
growth after defoliation. The carbo- 
hydrate reserve level in the autumn ap- 
pears to be a good indicator of defolia- 
tion effects during the preceding 
growing season. 

Efectos de Defoliation (Pastoreo) 
sobre las Reservas de Carbohidratos 

en Algunas Especies Deserticas. 

Resumen3 

El manejo de pastizales requiere mas 
conocimientos sobre las respuestas fisio- 
16gicas de las plantas despues de1 
pastoreo. El estudio se llev6 a cabo 
para determinar la influencia de la de- 
foliacii>n sobre las reservas de carbohi- 
dratos en las yemas basales y las raices. 

l This was a cooperative project be- 
tween Utah State University and the 
Bureau of Land Management. Utah 
Agriculture Experiment Station jour- 
nal paper 1116. Received October 
30, 1970. 

2 Now Assistant Professor and Head of 
the Department of Range Science at 
Colorado State University, respec- 
tively. 

3 Por Donald L. Huss y Benjemin L6- 
pez, Dep. de Zootecnia, I.T.E.S.M., 
Monterrey, Mdxico. 

Se incluyeron cinco plantas arbustivas y 
dos gramineas defoliadas durante las 
dpocas de primavera temprana, prima- 
vera tarde, floraci6n y antes de1 letargo. 
Habia diferentes respuestas entre es- 
pecies y gpocas de defoNliaci6n. Sin 
embargo, habia una relaci6n directa 
entre la cantidad de carbohidratos al- 
macenados en otoiio y la cantidad de 
recrecimiento despuds de la defolia- 
ci6n. Plantas defoliadas durante las 
kpocas de primavera temprana y flora- 
ci6n tuvieron menos carbohidratos de- 
bido al menor tiempo para recrecer 
entre la defoliacibn y letargo. La canti- 
dad de carbohidratos en reserva influye 
en la producci6n de forraje en el 
Segundo afio. 

Future rangeland management 
will require more basic knowledge 
about the physiological responses 
of plants to foliage removal. A 
thorough knowledge of carbohy- 
drate synthesis, translocation, utili- 
zation, and storage as influenced 
by various ecological parameters is 
valuable in determining when and 
to what extent plants may be uti- 
lized for optimum productivity with 
minimum damage to the plant re- 
source. The depletion of carbohy- 
drate reserves is believed to be a 
primary factor for loss in plant 
vigor and subsequent range deteri- 
oration. 

Since plant vigor may be closely 
associated with carbohydrate re- 
serves, it is worthwhile to determine 
the phenological growth stage in 
which forage species can withstand 

SMITH, DALE. 1969. Removing and 
analyzing total nonstructural carbo- 
hydrates from plant tissue. Research 
Report 41. College of Agr. and Life 
Sci. Univ. of Wisconsin. 

STROH, JAMES R., AND ALVIN G. LAW. 
1967. Effects of defoliation on the 
longevity of stand, dry matter yields 
and forage quality of Tall Wheat- 
grass (Agropyron elongatum Host 
Beauv.). Agron. J. 59: 432-435. 

defoliation without severe reserve 
depletion. Therefore, this study 
was conducted on typical salt-desert 
shrub species to determine carbo- 
hydrate reserve depletion and stor- 
age after defoliation at. four pheno- 
logical growth stages. The species 
studied were: big sagebrush (Ar- 
temisia trident&z), black sagebrush 
(Artemisia arbuscula var. nova), 
shadscale (Atriplex confertifolia), 
Nuttall saltbush (Atriplex fukata), 
winterfat (Eurotia lanata), Indian 
ricegrass (Oryxopsis hymenoides), 
needle-and-thread (St@ comata), 
and squirreltail (Sitanion hystrix). 

Experimental Area and Procedure 

Plant samples were collected 
from three locations in north- 
western Utah from 1967 to 1969. 
The climate in the study areas is 
semi-arid with warm, dry summers 
and cold winters. Average yearly 
precipitation at the study areas 
was slightly greater during 1967 and 
1968 and slightly less than the lo- 
year average of 2 1 cm in 1969. Site 
descriptions were given by Coyne 
and Cook (1970). Defoliated and 
control plants were located within 
the same exclosures as those utilized 
by Coyne (1969), except that a 
third replication in Rush Valley, 
Utah was added. 

Defoliations were made by 
clipping 90% of the plant’s current 
photosynthetic tissue. The first 
clipping was done during early 
spring, about April 1. Most desert 
species had produced only about 10 
percent of their anticipated annual 
growth based on weight. Squirreltail 
was somewhat more advanced and 
was in the second or third leaf stage. 
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about the physiological responses 
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thorough knowledge of carbohy- 
drate synthesis, translocation, utili- 
zation, and storage as influenced 
by various ecological parameters is 
valuable in determining when and 
to what extent plants may be uti- 
lized for optimum productivity with 
minimum damage to the plant re- 
source. The depletion of carbohy- 
drate reserves is believed to be a 
primary factor for loss in plant 
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oration. 
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serves, it is worthwhile to determine 
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defoliation without severe reserve 
depletion. Therefore, this study 
was conducted on typical salt-desert 
shrub species to determine carbo- 
hydrate reserve depletion and stor- 
age after defoliation at. four pheno- 
logical growth stages. The species 
studied were: big sagebrush (Ar- 
temisia trident&z), black sagebrush 
(Artemisia arbuscula var. nova), 
shadscale (Atriplex confertifolia), 
Nuttall saltbush (Atriplex fukata), 
winterfat (Eurotia lanata), Indian 
ricegrass (Oryxopsis hymenoides), 
needle-and-thread (St@ comata), 
and squirreltail (Sitanion hystrix). 

Experimental Area and Procedure 

Plant samples were collected 
from three locations in north- 
western Utah from 1967 to 1969. 
The climate in the study areas is 
semi-arid with warm, dry summers 
and cold winters. Average yearly 
precipitation at the study areas 
was slightly greater during 1967 and 
1968 and slightly less than the lo- 
year average of 2 1 cm in 1969. Site 
descriptions were given by Coyne 
and Cook (1970). Defoliated and 
control plants were located within 
the same exclosures as those utilized 
by Coyne (1969), except that a 
third replication in Rush Valley, 
Utah was added. 

Defoliations were made by 
clipping 90% of the plant’s current 
photosynthetic tissue. The first 
clipping was done during early 
spring, about April 1. Most desert 
species had produced only about 10 
percent of their anticipated annual 
growth based on weight. Squirreltail 
was somewhat more advanced and 
was in the second or third leaf stage. 
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of mature size. Root and crown 
samples from control plants were 
also taken at the same time. Still 
other defoliated and control plants 
were sampled in the autumn at 
quiescence. Plants which were de- 
foliated during quiescence in 1967 
and 1968 were not sampled until 
the following growing season and 
fall of 1968 and 1969, respectively. 

Root samples from woody species 
included those roots with diameters 
less than or equal to 8 mm. This 
excluded only the taproots and the 
larger lateral roots. Crown tissue of 
woody species was defined as the 
tissue between the first stem 
branches and the first concentra- 
tion of roots (Fig. 1). All the fi- 
brous r”“t systems of grasses (to a 
30 cm depth) were collected and 
the lower three to four cm of the 
culms were designated as crown tis- 
sue (Fig. 2). No attempt was made 
to separate live tissue from dead 
unless decay was obvious. 

Plant parts were briefly washed 
with water, placed into labeled pint 
jars, covered with 95% ethanol to 
reduce enzyme activity, and sealed 
tightly. Later in the laboratory, lids 
were removed from the jars and 
the samples were placed in a forcetl- 
draft, steam-heated dryer at 70 C. 
Approximately I-week was required 
to evaporate the ethanol and an 
additional week to dry the samples. 

Alter drying, the samples were 
ground to pass through a 40.mesh 
screen. Laboratory analyses were 
conducted to determine TAC as 
milligrams of available carboby- 
drates per gram of dry plant matter. 
TAC as defined by Weinmann 
(1947) and Smith et al. (1964) in- 
clude sugars, dextrins, starches and 
fructosans. Structural carbohy- 
drates such as pentosans, hcmi- 
cellulose, and cellulose were not 
included in the TAC fraction. No 
allowance was made for the water 
of hydrolysis from polysaccbarides 
in the calculations (Grotelueschen 
and Smith, 1967). 

Extraction of TAC from ~-gram 
samples of plant material was ac- 
complished by using 0.2 N sulfuric 
acid as described by Smith et al. 
(1964). These extracts were analyzed 

I’he second defoliation treatment 
occurred during late spring, about 
~May 10, when plant twigs and gmss 
culms were rapidly elongating, hut 
before the flowering stage. The 
flower heads of squirreltail, how- 
ever, were in the hoot stage at this 
time. It was estimated that about 
40 to 50% of anticipated total an- 
nual growth ot woody species and 
GO to 70% of anticipated total an- 
nual growth of the grasses had hcen 
produced. The third clipping was 
made about July 1 when most twig 
and culm elongation had ceased. 
Indian ricegrass, needle-and-thread, 
Nuttall salthush, and winterfat 
were in the fruit development stage. 
Seeds of squirreltail were dissemi- 
nating and plants were becoming 
semiquiescent during this period. 
The two sagebrush species were in 
the flower-bud stage. Approxi- 
mately 85 to 95% of anticipated 
total annual growth of all species 
had been produced. The last de- 
foliation treatment was made about 
November 12 when all plants were 
quiescent. 

Total available carhobydrates 
(TAC) were determined from root 
and crown samples of defoliated 
plants that had regrown about 20% 

on a glucose equivalent basis by 
using an iodometric titration de- 
veloped by Heinre and Murneck 
(1940) with modifications of rea- 
gents as suggested by the Associa- 
tion of Official Agriculture Chem- 
ists (1965). Standard curves were 
determined for each stock solution. 

Results and Discussion 
With the diversity of annual 

growing conditions during this 
study, yearly differences and dif- 
ferences among species in the 
amount of regrowth after defolia- 
tion until autumn frosts were sig- 
nificant (P < .05). Plants which 
were clipped when near maturity 
(about July 1) usually did not at- 
tain 20% regrowth before autumn 
collections were taken. The two 
sagebrush species usually had less 
regrowth after defoliation than the 
other species. Nuttall saltbush and 
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squirreltail produced more re- 
growth after defoliation than did 
the other species. 

Total Available Carbohydrates at the 
Time of Defoliation Treatments 

Numerous researchers have re- 
ported the annual cycling of carbo- 

Table 1. Average difference in total available carbohydrates (TAC) when 
content in defoliated plants was subtracted from the controls. These figures 
represent TAC in milligrams per gram of sample utilized in attaining 20 per- 
cent of mature size following defoliation of eight species during 1967, 1968, 
and 1969. 

Species Year 

Quiescence1 Early growth Rapid growth2 

Roots Crowns Roots Crowns Roots Crowns 

hydrate reserves in perennial phntS 

and found that they followed some- 
Big sagebrush 

what similar patterns (McCarty, 
1935; Throughton, 1957; Wein- 
mann, 196 1; Priestly, 1962; Cook, 
1966; McConnell and Garrison, Black sagebrush 

1966; Donart, 1968; and Coyne and 
Cook, 1970). The low point in the 
reserve cycle normally occurs after 
initial spring growth and the maxi- Shadscale 

mum occurs at or near maturity. 
Significant differences (P < .05) 

in TAC concentrations between 
roots and crowns were evident for Nuttall saltbush 
all species except squirreltail which 
had similar TAC concentrations in 
both roots and crowns. Carbohy- 
drate reserves in roots of all browse Winterfat 
and suffrutescent species exceeded 
crown reserves; but crowns of In- 
dian ricegrass and needle-and- 
thread contained larger TAC con- 
centrations than roots. The roots of 

Indian ricegrass 

all sampled species usually had a 
larger increase than crowns in TAC 
storage following initial draw-down 
during early spring growth. 

Needle-and-thread 

In a previous study by Coyne and 
Cook (1970), carbohydrate reserves 
from all plants studied were gen- 
erally lowest during the spring Squirreltail 

when plants were making most 
rapid growth (about May 10) and 

1967 - - 
1968 32 6 
1969 4 1 
*vg 18 4 

1967 - - 
1968 18 2 
1969 8 0 
*Y? 13 1 

1967 - - 
1968 21 4 
1969 10 8 
A% 16 6 

1967 - - 
1968 -26 -13 
1969 14 8 
A% -6 -2 

1967 - - 
1968 26 6 
1969 14 -1 
A% 20 2 

1967 - - 
1968 1 3 
1969 0 8 
*ve; 0 6 

1967 - - 
1968 0 8 
1969 -10 -5 
A% -5 1 

1967 - - 
1968 -6 8 
1969 12 27 
f% 3 18 

16 -3 
24 -1 
17 3 
19 0 

20 7 
16 0 
2 3 

13 3 

-1 0 
15 5 
4 11 
6 5 

-2 -3 
-14 -10 

28 15 
4 1 

14 5 
22 3 

1 8 
12 5 

5 3 
-1 8 
-7 29 
-1 13 

1 -6 
2 16 

-3 9 
0 6 

24 17 
14 26 
43 72 
27 38 

20 3 
8 -3 

- - 
14 0 

20 8 
26 4 
- - 
23 6 

16 15 
30 16 
- - 
23 16 

20 8 . . 
13 0 
- - 
16 4 

16 5 
18 4 
- - 
17 4 

0 
10 
- 

5 

-1 
22 
- 
10 

7 14 
4 21 

- - 
6 18 

34 41 
26 44 
- - 
30 42 

were highest during quiescence in 
the fall. In general, most species 

1 Only two years of data were available for the quiescence defoliation treatment. 
2 Plants defoliated during rapid growth in the dry summer of 1969 seldom attained 20 

had about 60% as much TAC con- 
centration in the storage organs 
during early maturity (about July 

percent regrowth before-fall-quiescence. 

Sprague and Sullivan, 1950; Reyn- 
olds and Smith, 1962; Smith, 1962; 
Wolf et al., 1962; Jameson, 1963; 
Everson, 1966; Donart and Cook, 
1970). In the present study, reduced 
carbohydrate reserve levels in defo- 
liated plants were assumed to be the 
result of continued respiration, re- 
duction in photosynthesis, and the 
use of reserves in producing re- 
growth (Table 1). Negative values 
in Table 1 indicate that the control 
plants utilized more TAC in growth 

and respiration than the defoliated 
plants used in respiration and pro- 
duction of 20% regrowth. 

1) as at quiescence in the autumn. 
Squirreltail was the exception and 
had stored considerable reserves 
during semiquiescence in July. 

Total Available Carbohydrates 
Utilized in Producing Regrowth after 

Defoliation 

Several researchers have found 
carbohydrate reserves were lower in 
plants after defoliation as compared 
to control plants (Weinmann, 1943; 

Since defoliation treatments were 
not initiated until the spring of 
1967, only data for Z-years are avail- 
able for plants defoliated during 
quiescence in the autumn of 1967 
and 1968. Since plants clipped 
when near maturity (about July 1) 
during any year seldom attained 
20% regrowth before fall quies- 
cence, data from this treatment 
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were not considered in any of the 
analyses. 

Shadscale, Nuttall saltbush, and 
squirreltail utilized differing 
amounts (P < .05) of TAC for re- 
growth during the 3-years of study 
(Table 1). Nuttall saltbush and 
squirreltail utilized significantly 
more (P < .05) TAC in producing 
regrowth in 1969 than in 1968. 
Yearly differences in the amounts 
of TAC reserves utilized by the 
other five species were not statisti- 
cally significant. 

There were marked differences 
(P < .05) among the eight clipped 
species in the amounts of TAC re- 
serves used to produce 20% re- 
growth. Squirreltail utilized signifi- 
cantly more (P < .05) TAC reserves 
for regrowth than did the other 
seven species. Squirreltail utilized 
approximately 28 mg TAC/g of 
sample for regrowth; whereas, all 
other species except Nuttall salt- 
bush utilized from 0 to 23 mg 
TAC/g of sample in producing re- 
growth after defoliation (Table 1). 
Control plants of Nuttall saltbush 
often used more reserves for growth 
than defoliated plants used for re- 
growth. 

There were small differences in 
amounts of TAC utilized in produc- 
ing re<growth after any one defolia- 
tion (Table 1). Nuttall saltbush, 
needle-and-thread and squirreltail 
appeared to use more reserves when 
plants were defoliated during the 
early spring. Growth rates for 
spring-clipped plants were generally 
high during the favorable spring 
months. Higher respiration rates 
also could have contributed to 
<greater reductions in TAC reserves 
during this period. 

Shadscale withdrew more TAC 
for re<growth in 1967 and 1968 
when defoliated during late spring 
growth in May than when defoli- 
ated during early growth in April 
(Table 1). Sq uirreltail had greater 
TAC drawdown after being defoli- 
ated during early spring growth 
than during quiescence in 1968 and 
1969. These and other observed dif- 
ferences contributed to the signifi- 
cant (P < .05) year by species and 
treatment by species interactions. 

Significant differences (P < .05) 
were evident in the amount of TAC 
reserves utilized from roots or 
crowns of the eight species. Root 
TAC reserves were utilized more 
(P < .05) than crown reserves for 
regrowth after defoliation treat- 
ments in big sagebrush, black sage- 
brush, and winterfat (Table 1). 
Crown TAC reserves, however, were 
utilized more (P < .05) than root 
reserves for regrowth in Indian rice- 
grass and squirreltail. 

The use of reserves from various 
storage organs among years did not 
appear to be consistent. Shadscale 
root reserves were utilized about 
three times as heavily as crown re- 
serves in producing regrowth after 
defoliation treatments in 1968 
(Table 1). More use was made of 
crown TAC reserves than root re- 
serves for regrowth in 1969. The 
reason for this differential usage 
from reserve organs is not known 
unless TAC was translocated from 
one storage area to another. 

Carbohydrate Reserves in the Autumn 
as Affected by Earlier Defoliation 

Treatments 
As stated previously, defoliation 

during various phenological stages 
causes the use of varying amounts 
of carbohydrate reserves for re- 
growth and respiration. The re- 
serves used, however, may not be 
replenished unless the plant has an 
opportunity to regrow and mature 
after defoliation. Thus, insufficient 
carbohydrate reserves in the au- 
tumn may become a critical factor 
in the over-wintering of plants and 
subsequent growth the next spring. 
Therefore, critical stages in the 
annual developmental cycle and 
carbohydrate reserve cycle in the 
eight desert species studied may be 
delineated by determining carbo- 
hydrate reserve levels in both de- 
foliated and control plants during 
autumn quiescence. 

Both root and crown samples 
from plants from each defoliation 
treatment and from control plants 
were collected during the autumn 
of each year for TAC analyses 
(Table 2). The carbohydrate re- 
serve storage in the autumn after 

defoliation treatments was signifi- 
cantly (P < .Ol) different among the 
eight species. In general, the more 
regrowth attained in the current 
growing season by a species after 
defoliation, the greater was the car- 
bohydrate reserve storage by fall. 

Autumn reserve storage usually 
decreased as the time between de- 
foliation treatment and normal qui- 
escence lessened. Plants which were 
defoliated during rapid growth 
(about May 10) or near maturity 
(about July 1) had little regrowth 
and consequently had little photo 
synthetic tissue present for carbo- 
hydrate synthesis during late sum- 
mer; whereas plants which were 
defoliated during quiescence (about 
November 12) the previous year, or 
during early growth (about April 1) 
had more regrowth and greater car- 
bohydrate storage by quiescence. 
Several researchers reported similar 
findings for other species (Sampson 
and McCarty, 1930; Laycock and 
Conrad, 1968; Robison and Mas- 
sengale, 1968). 

The analyses of data for individ- 
ual species indicated significant (P 
< .05) yearly differences in autumn 
TAC reserve storage for big sage- 
brush, black sagebrush, needle-and- 
thread, and squirreltail. Reserve 
storage in big sagebrush and black 
sagebrush was greatest following 
the unusually wet, late growing 
season in 1968. This indicated that 
dry ‘growing conditions experienced 
in 1969 reduced reserve storage in 
the two sagebrush species. This dif- 
fers from research findings of 
Brown and Blaser (1970). They 
found soluble carbohydrate concen- 
trations to be greater in orchard- 
grass (Dactylis glomerata) crowns 
when plants were grown under con- 
ditions of moisture stress. 

Although the same TAC storage 
trend in roots and crowns of both 
sagebrush species was evident, roots 
were considered to be better indi- 
cators of defoliation effects than 
crowns (Table 2). The significant 
differences (P < .05) between au- 
tumn reserves in plant parts among 
defoliation treatments for big sage- 
brush was probably caused by a 
larger decrease of TAC in the roots 
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Table 2. Average total available carbohydrates (TAC) (mg/g) reserves stored at the time of fall quiescence in the roots 
and crowns of eight desert species from five defoliation treatments. Samples were taken in the autumn of each year 
during 1967,1968, and 1969. 

Species Year 

Control Quiescence1 Early growth Rapid growth Near maturity 

Roots Crowns Roots Crowns Roots Crowns Roots Crowns Roots Crowns 

Big sagebrush 

Black sagebrush 

Shadscale 

Nuttall saltbush 

Winterfat 

Indian ricegrass 

Needle-and-thread 

Squirreltail 

1967 65 38 - - 
1968 63 30 47 28 
1969 53 29 39 22 
Av?? 60 32 43 25 

1967 47 26 - - 
1968 50 29 49 25 
1969 42 26 48 23 
A% 46 27 48 24 

1967 118 70 - - 
1968 112 58 74 62 
1969 103 57 98 49 
A% 111 62 86 56 

1967 174 91 - - 
1968 173 109 165 86 
1969 155 94 152 88 
A% 168 98 158 87 

1967 72 56 - - 
1968 77 56 66 50 
1969 88 60 66 53 
A% 79 57 66 52 

1967 44 80 - - 
1968 38 74 34 59 
1969 47 78 50 68 
A% 43 77 42 64 

1967 52 62 
1968 44 68 
1969 39 58 
A% 45 63 

- - 
40 45 
45 50 
42 47 

1967 131 109 - - 
1968 112 102 103 84 
1969 116 80 84 88 
A% 120 97 94 86 

52 29 45 28 26 18 
47 30 44 26 47 30 
48 26 38 25 35 20 
49 28 42 26 36 23 

41 25 36 26 23 20 
45 26 43 28 48 26 
43 27 30 22 40 25 
43 26 36 25 37 24 

91 58 77 51 48 48 
86 47 92 59 63 41 

100 58 61 44 72 55 
92 54 77 52 61 48 

163 107 180 112 139 97 
163 90 160 92 119 80 
158 89 150 84 122 83 
161 95 165 96 126 86 

77 55 68 51 49 50 
60 46 66 57 53 49 
62 53 56 51 60 50 
66 51 63 53 54 50 

41 67 41 52 28 39 
39 80 28 40 24 32 
44 62 28 45 25 46 
42 70 32 46 26 39 

46 64 47 57 33 42 
38 49 35 50 31 32 
38 37 30 36 27 40 
40 50 37 48 30 38 

123 115 126 84 104 76 
102 97 93 84 114 98 
61 59 84 62 90 60 
95 90 101 77 103 78 

1 Defoliation treatments were not initiated until the spring of 1967; therefore, no data were available for the quiescence defolia- 
tion treatment the first year of the study. 

than in the crowns after clipping 
(Fig. 3). Coyne (1969) believed that 
roots were more important storage 
organs than crowns in both big 
sagebrush and black sagebrush. 

Big sagebrush and black sage- 
brush had the lowest TAC reserve 
storage levels of any species studied 
(Table 2). These two species also 
had less regrowth following defolia- 
tion than did most other species 
studied. Therefore, sagebrush vigor 
may be related to the small concen- 
tration of TAC reserves that are 
available for regrowth following de- 
foliations. 

Significant differences among au- 
tumn TAC levels for plants from 
the various defoliation treatments 
could not be demonstrated for Nut- 
tall saltbush and squirreltail. How- 
ever, carbohydrate levels in control 
plants were usually slightly higher 
than TAC levels in defoliated 
plants (Table 2). Both Nuttall salt- 
bush and squirreltail had larger 
TAC reserves in the autumn after 
defoliation treatment than other 
species studied and usually had 
greater regrowth after defoliation 
treatments than did any of the 
other species. These two species 

had two growth cycles during the 
wet late-summer and early-fall of 
1968. Therefore, this study indi- 
cates that there may be a relation- 
ship between the level of TAC 
reserves stored by a plant species 
and the ability of the species to 
withstand defoliation or clipping 
treatments. Cook (197 1) indicated 
that these two species withstood 
clipping treatments at different sea- 
sons and intensities better than 
many desert species. 

Winterfat usually did not make 
good growth recovery following any 
defoliation treatment. Therefore, 
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60 

50 

TAC 40 
(mg/g 1 

30 

cl ROOTS 

Izl CROWNS 
BIG SAGEBRUSH In the case of Indian ricegrass, 

CONTROL QUIESCENCE EARLY RAPID MATURITY 
GROWTH GROWTH 

DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 

FIG. 3. Average total available carbohydrates (TAC) from the roots and crowns of 
big sagebrush in the fall from five defoliation treatments. The TAC levels represent 
an average for all locations for 1967, 1968, and 1969 in all treatments except the 
quiescence defoliations which were made only in 1968 and 1969. 

the inadequate quantity of photo- 
synthetic tissue produced by de- 
foliated plants apparently limited 
carbohydrate synthesis and storage 
in this species (Fig. 4). The TAC 
concentrations among all defoliated 
plants were significantly (P < .05) 
lower than controls. 

Defoliation effects on carbohy- 
drate reserve storage in shadscale 
were greater for plants which had 
been defoliated during rapid spring 
growth or near maturity. Autumn 
reserve storage was not significantly 
different from the control, quies- 
cence, and early spring growth 
defoliation treatments. However, 
TAC levels for shadscale were sig- 
nificantly higher (P < .05) in con- 
trol plants than in plants that were 
defoliated during late spring 
growth and near maturity (Table 
2). These differences were greater 
in TAC storage in roots than in the 
crowns. 

Autumn TAC reserve stores in 
both roots and crowns of Indian 
ricegrass (Fig. 5) and needle-and- 
thread were usually somewhat 
higher among control plants com- 
pared with defoliated plants. Ho~w- 
ever, TAC reserve storage in both 
species was significantly less (P < 
.05) when defoliations occurred dur- 
ing late spring growth or near ma- 
turity. Little regrowth was made in 

these grasses when they were defoli- 
ated during late spring growth or 
near maturity during flowering and 
seed development. Several research- 
ers have reported that carbohydrate 
reserve storage in gras#s species was 
not significantly affected by defolia- 
tion or grazing treatments if the de- 
foliation or grazing treatment were 
discontinued in time for substantial 
regrowth before fall quiescence 
(Sampson and McCarty, 1930; Mc- 
Carty and Price, 1942; Hyder and 
Sneva, 1963; Paulsen and Smith, 
1968). Such conclusions appeared 

80 

75 

70 

TAc 65 
hg/g) 

60 

- 
cl ROOTS 

lzi CROWNS 

CONTROL QUIESCENCE EARLY RAPID MATURITY 

to apply to Indian ricegrass and 
needle-and-thread in the present 
study, but not to squirreltail. 

TAC reserve storage in crowns was 
more affected by defoliation treat- 
ments than reserve storage in roots 
(Fig. 5). Coyne (1969) believed 
crowns to be more important than 
roots for TAC reserve storage in 
Indian ricegrass and needle-and- 
thread. Needle-and-thread crowns 
also contained the larger stores of 
carbohydrates than roots in the fall, 
but defoliation treatments affected 
both root and crown TAC reserve 
stores about the same (Table 2). 

Summary and Conclusions 

A study was conducted during 
1967, 1968, and 1969 in northwest- 
ern Utah to determine the effects 
of defoliations during four pheno- 
logical growth stages on carbohy- 
drate reserve utilization and storage 
in desert plants. Carbohydrate lev- 
els were determined from root and 
crown samples for eight species: 
big sagebrush, black sagebrush, 
shadscale, Nuttall saltbush, winter- 
fat, Indian ricegrass, needle-and- 
thread, and squirreltail. 

Ninety percent of the plant’s 
current photosynthetic tissue was 
removed by clippings during initial 
spring growth, late spring growth, 
near maturity, and fall quiescent 

WINTERFAT 

GROWTH GROWTH 
DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 

FIG. 4. Average total available carbohydrates (TAC) from the roots and crowns of 
winterfat in the fall from five defoliation treatments. The TAC levels represent an 
average for all locations for 1967, 1968, and 1969 in all treatments except the quies- 
cence defoliations which were made only in 1968 and 1969. 
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IAN RICEGRASS 

CONTROL QUIESCENCE EARLY RAPID MATURITY 
GROWTH GROWTH 

DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 
FIG. 5. Average total available carbohydrates (TAC) from the roots and crowns of 

Indian ricegrass in the fall from five defoliation treatments. The TAC levels repre- 
sent an average for all locations for 1967, 1968, and 1969 in all treatments except the 
quiescence defoliations which were made only in 1968 and 1969. 

phenological stages. Defoliated and 
control plants were excavated to a 
30 cm depth and root and crown 
samples were taken for total avail- 
able carbohydrate (TAC) analysis. 
Carbohydrate samples were taken 
during each of the three years at 
four harvesting periods; when de- 
foliated plants had attained about 
20% regrowth, and during the au- 
tumn when plants were quiescent. 

Carbohydrate utilization to pro 
duce approximately 20% regrowth 
following defoliation was measured 
by comparing control and defoli- 
ated plants. The quantity of reserve 
depletion varied widely among 
treatments and among species. 
Squirreltail showed marked deple- 
tion in TAC in nearly all treat- 
ments. Most species which had 
been defoliated during late spring 
growth and when plants ap- 
proached maturity had significantly 
smaller reserve stores than controls 
by fall quiescence. Species which 
made little regrowth after defolia- 
tion treatments had low fall TAC 
storage. 

Root TAC concentrations were 
usually more affected than crown 
TAC concentrations by defoliation 
treatments. This was true for all 
species studied except Indian rice- 
grass and needle-and-thread, in 
which crown TAC levels were usu- 
ally more affected than root TAC 
levels. 

Both Nuttall saltbush and squir- 
reltail had larger TAC reserves and 
usually had greater regrowth after 
defoliation treatments than did any 
of the other species studied. This 
indicated that a relationship may 
exist between the level of TAC 
reserves stored by a species and it’s 
ability to withstand grazing or de- 
foliation treatments. 

Little relationship existed be- 
tween the TAC level of a plant at 
the time of defoliation and the 
amount of carbohydrates used for 
regrowth. However, the concentra- 
tion of carbohydrates stored by fall 
quiescence following defoliation 
was markedly affected by the ability 
of the plant to regrow and complete 
its annual life cycle. There was a 
direct relationship between average 
TAC levels in the autumn and the 
amount of regrowth made after de- 
foliations. The TAC level of a 
species in the autumn appears to be 
a good indicator of treatment ef- 
fects during the preceding growing 
season. 
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Se llevo a cabo el estudio en el Estado de New Mexico, 

E.U.A. Las dietas de1 ganado ovino constituyeron en mas 
hierbas que gramineas con la exception de 10s meses de 
Junio, Julio y Agosto. Las m&s importantes hierbas fueron 
Artemisia curruthii, Verbena spp. y Sphaerulceu coccinea. 
Las dietas de1 ganado bovino constituyeron en mas grami- 
neas que hierbas con la exception de1 mes de Abril. La 
graminea mas importante fue Boutelouu grucilis. Boutelouu 
curtipendulu, Lycurus phleoides y Aristidu spp. fueron 
secundarias en importancia. Las dietas de1 ganado bovino 
tuvieron mas proteina cruda. No hubo diferencia en 10s 
contenidos de fibra cruda ni de la digestibilidad entre las 
dietas de1 ganado bovino y ovino. 

Common use or dual grazing by more than one 
class of livestock offers possibilities for increasing 
livestock production without increasing land areas. 
Such practices are becoming increasingly more im- 
portant as production costs increase and opportuni- 
ties for acquiring additional land decrease. 

Some rangelands are better suited for grazing by 
one class of livestock than another, but many ranges 
may be better utilized by cattle and sheep grazing 
together (Cook, 1954; Smith, 1965; Stoddart and 
Smith, 1955). Rangelands with diverse topography 
and vegetation are more suitable for dual use by 
sheep and cattle than for single species use (Cook, 
1954; Merrill et al., 1966; Merrill and Young, 1954; 
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Stoddart and Smith, 1955). Studies in Utah and 
Texas have shown that stocking with two or more 
classes of livestock in the same pasture increased 
gains per head and per acre, maintained or im- 
proved range condition, increased carrying capac- 
ity, reduced supplemental feeding, resulted in more 
uniform use overall, and increased gross and net 
returns when compared to single use by sheep or 
cattle (Cook, 1954; Huss and Allen, 1969; Merrill 
and Miller, 1961; Merrill et al., 1966; Merrill and 
Young, 1954). 

Hull et al., (1957) and Meyer et al. (1957) showed 
that sheep and cattle select diets which are quite 
different in plant parts, botanically and chemically, 
when animals grazed on adjacent pastures of a 
single species or adjacent pastures consisting of two 
species. Other investigators working with animals 
on native range reported that cattle diets consisted 
mainly of grasses, with forbs and browse of lesser 
dietary importance. While sheep readily eat 
grasses, they generally consume greater amounts of 
forbs and browse than cattle (Cook, 1954, 1956; 
Cook et al., 1963, Cook et al., 1967; Cook and Har- 
ris, 1950; Cook et al., 1965; Smith and Julander, 
1953). For example, Cook et al. (1963) reported 
cattle diets contained 55% grass, 25% forbs, and 
207, browse whereas the diets of sheep grazing the 
same areas were composed of 35% grass, 40% forbs, 
and 25% browse. 

Several studies have shown that sheep select diets 
which are significantly higher in total protein and 
digestible protein than cattle diets, whereas cattle 
diets are significantly higher in cellulose. Sheep 
diets also contained more ether extract and lignin 
than cattle diets (Cook et al., 1963; Cook et al., 
1967; Van Dyne and Heady, 1965b). These dif- 
ferences in diets may be due to the fact sheep select 
diets high in browse, forbs, and plant parts which 
are high in protein, ether extract, and lignin, but 
cattle consume large quantities od grass stems, 
which are high in cellulose (Cook et al., 1963; Van 
Dyne and Heady, 1965b). 

The objective of this study was to compare bo- 
tanical and chemical composition of diets of cattle 
and sheep grazing together on the same range. 

Materials and Methods 

The Fort Stanton Cooperative Range Research 
Station is located in the foothills between Sierra 
Blanca and the Capitan Mountains in southern 
Lincoln County, New Mexico. The topography is 
characterized by deep canyons, arroyos, and mesas 
with elevations varying from 6200 to 7500 feet. 
Fort Stanton is in a transition zone between the 
grama-galleta steppe and juniper-pinyon woodland 
vegetation types (Kuchler, 1964). The vegetation 
is open grassland on the mesas, canyon floors, and 
lowlands with woody species on the slopes (Grace 
and Pieper, 1967). 

Table 1. Botanical composition (%) of area grazed by 
esophageal fistulated sheep and cattle at Fort Stanton, 

1969-70. 

Species1 

Grasses 

Composition2 

Blue grama (Bouteloua gracilis, (H.B.K.) Lag.) 66.4 
Sideoats grama (B. curtipendula, (Michx.) Torr.) 4.6 
Hairy grama (B. hirsu ta Lag.) T 
Threeawns (Aristida spp.) 0.8 
Galleta (Hilaria jamesii (Torr.) Benth.) 1.0 
Wolftail (Lycurus phleoides H.B.K.) 16.7 
Mat muhly (Muhlenbergia richardsonis (Trin.) 

Rydb.) 3.0 
Ring muhly (M. torreyi (Kunth.) Hitchc.) 1.2 
Halls panic (Panicum hallii Vasey) T 
Bottlebrush squirreltail (Sitanion hystrix (Nutt.) 

J. G. Smith) - 

Forbs 
Carruth sagewort (Artemisia carruthii Wood) 5.5 
Locoweeds (Astrugalus spp.) T 
Broom snakeweed (Gutierrezia sarothrue (Pursh.) 

Britt. and Rusby) T 
Vervains (Verbena spp.) - 
Globemallow (Sphuerulceu coccineu (Pursh.) 

Rydb.) - 
Bladderpod (Lesquerella gordonii (Gray) Wats.) - 
Lemonweed (Pectis papposa Harv. and Gray) - 

Browse 
Wavyleaf oak (Quercus undulatu Torr.) - 
One-seeded juniper (Juniperus monosperma 

(Engelm.) Sarg.) - 
Pinon pine (Pinus edulis Engelm.) - 
Red barberry (Berberis haematocurpa Wooten) - 
Fourwing saltbush (A triplex canescens (Pursh.) 

Nutt.) - 

1 Nomenclature follows Kearney and Peebles, 1960. 
2 Those species for which no percentages are listed appeared on 

the area but were not sampled on the transects. T < 0.1% 

The major forage species is blue grama which 
is dominant or codominant on all sites. Other im- 
portant grass species are shown in Table 1. 

The average annual precipitation for 94 years of 
record (1856 to 1969 with some gaps) is 15.30 inches 
(U. S. Weather Bureau) of which about 62% falls 
during the growing season of June, July, August, 
and September (Grace and Pieper, 1967). The 
climate of the area is generally mild but some rela- 
tively cold winter temperatures occur. The mean 
annual temperature for Fort Stanton is 52 F, with 
a mean minimum of 36 F and a mean maximum of 
65.5 F (U. S. Weather Bureau). 

The study pasture was stocked two-thirds with 
cattle and one-third with sheep. There were 34.5 
acres per animal unit yearlong. The pasture is on 
a mesa at an elevation of approximately 6800 feet, 
convenient to corrals and water. 

The botanical composition of the study areas 
was determined in October, 1969, by the step- 
point method of Evans and Love (1957). 
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Esophageal-fistulated steers and wethers were 
used to obtain forage samples from the study area. 
The animals were placed in the pasture to be 
sampled one week prior to sampling for each col- 
lection date except the January, 1970 collection 
when the animals were put on the sampling area 
the first day of sampling. Samples were collected 
with two steers and two sheep on two consecutive 
days for each sampling period. 

Most of the samples were taken early in the 
morning after the animals had fasted overnight, 
but some samples were taken in the afternoon after 
the animals had fasted for approximately three 
hours. Collection periods lasted from 45 minutes 
to one hour. 

The collected samples were drained of excess 
saliva, place in an insulated chest containing dry 
ice and returned to the Animal Nutrition Labora- 
tory at New Mexico State University, where they 
were stored in a freezer. Prior to analyses, the 
samples were thawed and the samples for each 
species of animal were composited for each collec- 
tion day. The composited samples were thoroughly 
mixed and dried in a forced-air oven for 24 hours 
at 65 C. They were then ,ground through a ZO- 
mesh screen in a Wiley mill and stored in plastic 
containers. The sheep samples for August and 
October, 1969, were combined for each collection 
period because the sample for each day was in- 
sufficient for a complete analysis. 

Botanical analysis of each composited sample 
was conducted according to a procedure similar 
to that described by Sparks (1968) and Sparks and 
Malecheck (1968). Whole plant samples of each 
plant species growing on the study area were col- 
lected for references. 

Histological characteristics such as size and shape 
of cells, cell inclusions, cell wall variations, varia- 
tions in the various specialized epidermal cells 
such as cork, guard, and silica, and the size and 
shape of hairs, if present, were used to identify 
plant species (Davies, 1959; Brusven and Mulkern, 
1960; Storr, 1961) in the diet. 

Each sample was analyzed in duplicate for 
Kjeldahl nitrogen, dry matter, ash, and silica by 
procedures of the A.O.A.C. (1965). The fibrous 
portion was assayed as cell-wall constituents 
(CWC) according to the procedures of Van Soest 
and Wine (1967). Each sample except the April 3 
steer sample, was assayed in triplicate for organic 
matter disappearance by the procedure described 
by Tilley and Terry (1963). Protein, cell-wall 
constituents, and in vitro dry matter disappearance 
are expressed on an organic matter basis because of 
possible contamination with inorganic material. 

Data were analyzed by the analysis of variance 
procedures appropriate for each phase. Duncam’s ery of the g-razed area, with a few plants scattered 
multiple range test was used to test means where thoughout. Pinyon pine and juniper plants were 
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FIG. 1. Percent of grass, forbs and browse in diets of sheep and 
cattle collected at different times of the year. 

the analysis of variance indicated significant dif- 
ferences among means. 

Results and Discussion 

Botanical Composition of the Study Area 

The composition of the plant cover of the grazed 
area is presented in Table 1. Blue grama is the 
dominant species, contributing 66.4% of the basal 
cover, with wolftail contributing 16.7%, the second 
largest amount. Other grasses contributing signifi- 
cant amounts to the composition of the area were 
sideoats grama, mat muhly, ring muhly, and galleta. 
The most important forb was carruth sagewort, 
with locoweeds and broom snakeweed contributing 
insignificant amounts. These data do not show 
seasonal availabilitv of different snecies but give a 
general indication’ of the specie’s present.” The 
other species listed in the table were present on the 
area but were not encountered on- the sampling 
transects. They contributed minor amounts to 
the plant cover. Wavyleaf oak formed the periph- 
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Table 2. Average botanical composition (yO dry weight) of sheep and cattle diets at Fort Stanton, 1969-70. 

April June July August October January 

Species Sheep Cattle Sheep Cattle Sheep Cattle Sheep Cattle Sheep Cattle Sheep Cattle 

Grasses 
Blue grama 
Sideoats grama 
Wolftail 
Threeawns 
Halls panic 
Bottlebrush 

Squirreltail 
Sand dropseed 
Ring muhly 

Total 

Forbs 
Carruth sagewort 
Globemallow 
Vervains 
Locoweeds 
Broom snakeweed 
Bladderpod 
Lemonweed 

Total 

Browse 
Wavyleaf oak 

Four-wing saltbush 
Red barberry 

Total 

15.5 21.7 9.8 35.5 34.5 
1.7 2.4 2.6 7.7 4.0 
3.4 2.3 2.5 7.3 8.2 
5.9 5.1 6.5 8.3 8.3 
3.2 1.3 0.5 1.1 3.0 

0.4 0.0 0.3 1.5 0.0 
0.4 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 0.0 

32.5 33.1 22.2 61.4 58.0 

42.3 42.0 31.2 10.9 10.3 
3.6 0.5 16.0 14.2 7.7 
8.8 2.0 20.8 4.2 19.1 
4.6 0.3 8.3 0.4 0.0 
1.7 1.4 1.2 4.2 3.4 
0.0 0.0 0.3 0.0 0.0 
0.0 0.8 0.0 1.4 0.6 

61.0 47.0 77.8 35.3 41.1 

5.0 19.0 0.0 1.7 0.0 
0.0 0.6 0.0 1.0 0.6 
0.9 0.0 0.0 0.0 0.0 

5.9 19.6 0.0 2.7 0.6 

few and scattered, and red barberry grew under the 
pinyon. There were approximately five or six 
fourwing saltbush plants on the area. 

Botanical Composition of the Diets 

The analysis of variance showed a significant 
difference (P < .Ol) in the amount of grass and 
forbs in the diets between species but no differences 
in browse. Cattle diets were consistently higher in 
grasses than sheep diets except in April, while 
sheep diets were consistently higher in forbs than 
cattle diets (Fig. 1). Grasses have been reported to 
be the most important component of cattle diets 
by several workers (Galt et al., 1969; Cook et al., 
1963; Van Dyne and Heady, 1965a). In general for 
both cattle and sheep, forbs were most important 
during the fall and spring and grasses during the 
summer. During the spring of 1969, soil moisture 
conditions were good and there was good growth 
of many forbs while the grass was still dormant. 

Browse contributed small amounts to the diets 
of sheep and cattle except for cattle in April when 
wavyleaf oak comprised 19% of the diet. This was 
because the cattle grazed into the oak at the edge 
of the grazed area when the oak had begun new 
growth. 

Cattle selected significantly more blue grama 

- 

35.4 27.4 50.1 20.3 28.6 22.1 34.0 
7.4 2.2 10.0 3.8 5.0 4.9 5.1 
9.6 4.5 19.2 1.3 6.6 0.7 5.9 
4.4 16.9 0.0 1.9 15.9 3.5 16.5 
5.7 4.5 4.4 1.9 2.4 0.0 0.2 

1.1 0.0 5.2 1.2 0.3 0.0 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.3 0.0 0.0 0.0 0.0 0.0 0.2 

64.9 55.5 88.9 30.4 58.8 31.2 62.1 

0.0 
29.3 

0.0 
1.4 
0.2 
0.0 
0.4 

31.3 

3.7 
0.0 
0.0 

3.7 

8.7 1.1 25.6 14.1 18.5 9.4 
2.8 2.2 16.1 3.8 3.5 0.2 

13.3 0.0 16.9 8.7 23.1 4.9 
15.4 0.0 7.2 1.9 21.2 14.0 

2.2 5.6 1.9 7.3 0.7 3.2 
0.0 0.0 0.0 0.0 0.0 0.2 
1.6 0.0 0.0 0.9 2.0 0.2 

44.0 8.9 67.7 36.7 69.0 32.1 

0.0 2.2 1.9 4.0 0.0 0.7 
0.0 0.0 0.0 0.3 0.0 0.5 
0.5 0.0 0.0 0.3 0.0 1.5 

0.5 2.2 1.9 4.6 0.0 2.7 

than did sheep for all collection periods except in 
July, when the sheep diets contained as much blue 
grama as the cattle diets (Table 2). Cattle consist- 
ently selected a higher proportion of sideoats 
grama than did sheep throughout the year and the 
analysis of variance showed that the difference be- 
tween cattle and sheep diets was significant at the 
.06 level. Except in ,4ugust, wolftail was present 
in lower percentages in both cattle and sheep diets 
than in the vegetative composition of the area. The 
analysis of variance showed no significant dif- 
ference in wolftail content of the diets among dates 
or between sheep and cattle. The content of three- 
awn in the diets was variable with sheep selecting 
larger amounts in April, July, and August and 
cattle selecting larger amounts in June, October, 
and January. These inconsistencies may account 
for the nonsignificant difference between threeawn 
content of cattle and sheep diets for the whole 
year. Threeawn comprised less than 1% of the 
vegetative cover of the area (Table l), but the 
animals seemed to select it because threeawn ap- 
peared in amounts greater than 1% in all diet 
samples except one. 

Halls panic was the most important of the other 
grasses. Sheep and cattle diets contained equal 
proportions of Halls panic in August while sheep 
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diets were higher than cattle diets in April and 
cattle diets higher than sheep diets in the other four 
collection periods. Bottlebrush squirreltail con- 
tributed minor amounts to the diets of sheep and 
cattle except in cattle diets in August when it con- 
tributed 5.2%. Ring muhly was found in cattle 
diets in minor amounts in April, July, and January. 

The most important forb in the sheep and cattle 
diets was carruth sagewort. Sheep consistently se- 
lected higher proportions of carruth sagewort than 
did cattle throughout the year. The analysis of 
variance showed that the difference between car- 
ruth sagewor’t in cattle and sheep diets was signif- 
icant at the .06 level. In April, sheep and cattle 
selected significantly higher amounts of carruth 
sagewort, 42.3% and 42.0% respectively, than at any 
other collection period. The analysis of variance 
showed a highly significant difference (P < .Ol) 
among collection dates in carruth sagewort content 
of the diets. It was much more important in 
fall, winter, and spring samples than in summer 
samples and most important in spring samples. 
Except in the July and August samples, it formed a 
higher percentage of the diets than of the plant 
cover of the area. 

The amount of globemallow in the diets was 
nonsignificant among dates and between sheep and 
cattle diets, possibly because of the inconsistencies 
in the amount taken. The amount selected varied 
widely among dates and between sheep and cattle. 

Sheep consistently selected larger percentages 
of vervain than cattle in all collection periods. Ver- 
vain contributed 23.1y0 to the sheep diet in Jan- 
uary, when it was one of the three noticeably g-reen 
forbs on the grazed area, along with locoweeds and 
carruth sagewort. Vervain contributed relatively 
large amounts to the forb component of sheep diets 
in all periods except April when it comprised 8.8% 
of the diet. 

Locoweeds were the most important of the 
other forbs for sheep, which selected larger propor- 
tions than did cattle in all periods except July. 
Locoweeds contributed 14.0% to the cattle diets in 
January when they were green. For cattle, broom 
snakeweed was the most important of the other 
forbs. Cattle ate more broom snakeweed than did 
sheep in all collection periods except April and 
July. Bladderpod was found in one sample for 
sheep in June and one sample for cattle in Jan- 
uary. Lemonweed contributed variable and small 
amounts to the sheep and cattle diets throughout 
the year. 

Chemical Composition of the Diets 

Sheep diets were significantly higher (P < .05) in 
ash content than cattle diets. This agrees with data 
presented by other researchers (Cook et al., 1963; 
Van Dyne and Heady, 1965b). Figure 2 shows that 
sheep diets were consistently higher in ash content 
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FIG. 2. Ash, cell-wall constituent, protein content and dry matter 
disappearance of cattle and sheep diets on Ft. Stanton, 1969-70. 

than cattle diets throughout the year. Even con- 
sidering the ash contamination of the esophageal- 
fistula-collected samples, these values appear to be 
high, especially for sheep, when compared to data 
on the ash content of some hand-clipped Fort Stan- 
ton grass (Hatch, 1968; Boggino, 1970). Sheep are 
able to graze close to g-round level and may pick up 
soil particles. The high ash value of 20.1% in the 
July sheep diet sample was possibly due to soil 
contamination or to high variability in the ash 
contents of the plants. 

The ash content of the cattle diets decreased 
from April through the growing season to a low 
point in August and then increased rapidly with 
the onset of dormancy in October. 

The analysis of variance indicated a highly signif- 
icant difference (P < .Ol) in crude protein content 
of the diets among dates and between species. 
Sheep diets were higher in crude protein content 
than cattle diets for all periods (Fig. 2). Other 
workers have found sheep diets to be consistently 
higher in crude protein than cattle diets (Cook et 
al., 1963; Cook et al., 1967; Van Dyne and Heady, 
1965b). This was probably due to the higher per- 
centage of forbs in sheep diets (Table Z), because 
the parts of forbs consumed by cattle are usually 
higher than grasses in crude protein (Nelson, et al., 
1970). The protein content of both sheep and 
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cattle diets was lowest in April when the vegetation 
was dormant and increased rapidly when the grow- 
ing season began. The sheep diets contained the 
largest percentage of crude protein in June when 
the forb content of the diet was highest and de- 
creased slightly through July. Protein content of 
the cattle diets reached a peak in July when nearly 
all vegetation was green. Both sheep and cattle diets 
decreased in crude protein content after July with 
increasing maturity of the vegetation. Based on the 
National Research Council (NRC, 1970) nutrient 
requirement levels, the crude protein content of 
the diets was sufficient to maintain sheep and cattle 
through the gestation and lactation periods under 
normal ranching conditions. These requirement 
levels assume that total intake of dry matter suf- 
ficient. 

The fibrous portion of the diets was assayed as 
cell-wall constituents because this analysis is re- 
portedly more indicative of the indigestible portion 
of the diet than the A.O.A.C. crude fiber analysis 
(Van Soest and Wine, 1967). The cell-wall constit- 
uents (CWC) content of the sheep and cattle diets 
was highly variable with no significant differences 
among dates and between species. Figure 2 shows 
that the CWC content of the sheep diets varied 
widely from one collection period to another 
while the content in cattle diets remained relatively 
stable for all periods except the November collec- 
tion when it was low. 

The organic matter disappearance (in vitro) of 
the diets is presented in Figure 2. The variability 
was considerable and the analysis of variance indi- 
cated no significant differences among dates or 
between animal species. 
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Highlight 

This study was made in southeastern Arizona to deter- 
mine some of the factors affecting utilization by cattle of 
two key species on three desert grassland soils. Results 
showed that macronutrient content of the soil and the 
plants, and corresponding utilization of blue grama (Boute- 
loua grucilis) and curlymesquite (Hiluriu belangeri), were 
always significantly greater on the Pima bottomland soil 
than on the two upland soils, but they were not always 
significantly different between the two upland soils. No 
consistent relationships were found between forage utiliza- 
tion and micronutrient, sugar or starch content in the 
plants. 

El Efecto de Suelos Sobre el Consumo de Forraje 
en una Pradera Desertica 

Resumen2 
El estudio se llev6 a cabo en una zona desertica en el 

Estado de Arizona, E.U.A. H ubo una correlation significa- 
tiva entre el consume de forraje y 10s contenidos de nit&- 
geno, f&for0 y potasio. No hubo una correlation entre el 
consume y 10s contenidos de azucar, almidon, micro- 
nutrientes ni humedad. El consume fue mucho mas signifi- 
cativo en cuanto al forraje en 10s valles con suelos profundos 
que en 10s suelos de las dos mesetas. 
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tion June 6, 1971. 

2 Por Donald L. Huss and Benjamin Lopez, Dep. de Zoo- 
tecnia, ITESM, Monterrey, Mexico. 

The purpose of this study was to determine the 
effects of selected soil and plant characteristics on 
the utilization by cattle of two key grass species on 
three different soils in the desert grassland of south- 
eastern Arizona. 

Study Area and Methods 

The study was conducted in 1968 in a 30-acre pasture on 
the Elgin Ranch, located one mile west of Elgin, Arizona. 
The pasture is open desert grassland at an elevation of 
4700 ft. Precipitation during the summer of 1968 was 8.2 
inches, slightly below the average summer precipitation of 
10 inches. The pasture was grazed by 4 head of 500-lb. 
weaner steers and 1 cow from July 16 to October 11. 

The desert grassland is characterized by low annual 
precipitation, short erratic rainy seasons, high temperatures, 
high wind velocities and rapid evaporation (Humphrey, 
1968). Most of the grass species belong to the three genera, 
Bouteloua, Hilaria, and Aristida. The species investigated 
in this study were blue grama (Bouteloua gracilis) and curly- 
mesquite (Hilaria belangerz). These species are palatable 
and nutritious grasses in the desert grassland (Humphrey, 
1970). 

Soils in the study area were developed from mixed 
alluvium under high temperature and low rainfall condi- 
tions (Bud, 1965 & 1966). Topsoils are generally dark 
colored, medium to moderately fine textured, and usually 
contain 1 to 2% organic matter. Subsoils are moderate to 
fine textured and contain appreciable amounts of carbonate. 

The three soil series in the study area-Bernardino, Hatha- 
way and Pima-are described in detail in the 1970 National 
Cooperative Soil Series Descriptions.3 The predominant 
Bernardino series has a shallow dark brown gravelly clay 
loam A horizon 1 to 3 inches thick, a dark reddish-brown 
gravelly clay B horizon 10 to 20 inches thick, and a gravelly 
C horizon high in calcium carbonate at 15 to 20 inches. The 
pH ranges from 7.5 at the surface to 8.0 in the subsoil. 
Hathaway has a dark grayish-brown gravelly loam A horizon 
7 to 16 inches thick over a light gray C horizon that ranges 
from gravelly loam to a very gravelly loamy sand 10 to 40 
inches thick. It is calcareous throughout, ranging from 
pH 8.0 to 8.2, and has a layer of caliche at 7 to 16 inches. 

3 Soil series description 
Pima Series approved in 

for Bernardino, Hathaway and 

Survey, USA. 
1970, National Cooperative Soil 
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The purpose of this study was to determine the 
effects of selected soil and plant characteristics on 
the utilization by cattle of two key grass species on 
three different soils in the desert grassland of south- 
eastern Arizona. 

Study Area and Methods 

The study was conducted in 1968 in a 30-acre pasture on 
the Elgin Ranch, located one mile west of Elgin, Arizona. 
The pasture is open desert grassland at an elevation of 
4700 ft. Precipitation during the summer of 1968 was 8.2 
inches, slightly below the average summer precipitation of 
10 inches. The pasture was grazed by 4 head of 500-lb. 
weaner steers and 1 cow from July 16 to October 11. 

The desert grassland is characterized by low annual 
precipitation, short erratic rainy seasons, high temperatures, 
high wind velocities and rapid evaporation (Humphrey, 
1968). Most of the grass species belong to the three genera, 
Bouteloua, Hilaria, and Aristida. The species investigated 
in this study were blue grama (Bouteloua gracilis) and curly- 
mesquite (Hilaria belangerz). These species are palatable 
and nutritious grasses in the desert grassland (Humphrey, 
1970). 

Soils in the study area were developed from mixed 
alluvium under high temperature and low rainfall condi- 
tions (Bud, 1965 & 1966). Topsoils are generally dark 
colored, medium to moderately fine textured, and usually 
contain 1 to 2% organic matter. Subsoils are moderate to 
fine textured and contain appreciable amounts of carbonate. 

The three soil series in the study area-Bernardino, Hatha- 
way and Pima-are described in detail in the 1970 National 
Cooperative Soil Series Descriptions.3 The predominant 
Bernardino series has a shallow dark brown gravelly clay 
loam A horizon 1 to 3 inches thick, a dark reddish-brown 
gravelly clay B horizon 10 to 20 inches thick, and a gravelly 
C horizon high in calcium carbonate at 15 to 20 inches. The 
pH ranges from 7.5 at the surface to 8.0 in the subsoil. 
Hathaway has a dark grayish-brown gravelly loam A horizon 
7 to 16 inches thick over a light gray C horizon that ranges 
from gravelly loam to a very gravelly loamy sand 10 to 40 
inches thick. It is calcareous throughout, ranging from 
pH 8.0 to 8.2, and has a layer of caliche at 7 to 16 inches. 

3 Soil series description 
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FIG. 1. Relation of forage utilization to the nitrogen, phos- FIG. 2. Relation of forage utilization to the nitrogen, phos- 
phorus, and potassium content of blue grama on three desert phorus, and potassium content of curlymesquite on three 
grassland soils. desert grassland soils. 

Pima has a dark grayish-brown clay loam A horizon 20 to 
36 or more inches thick and a clay loam C horizon that 
ranges from 20 to 40 inches thick. The pH normally ranges 
from 7.5 at the surface to 8.0 in the C horizon but doesn’t 
form a caliche layer. Predominant slopes on the Bernardino 
soils range from 2 to 15y0, Hathaway 10 to 400/o, and Pima 0 
to 3%. 

This study was made on eight sample plots, 50 feet by 
250 feet, established on each of the soil types. Plots were 
delineated by placing a stake at each corner. 

Composite soil samples of 16 cores were taken between 
August 28 and September 1, 1968, according to the require- 
ments outlined by Jackson (1965). Cores were taken along 
a zig-zag path at every other step. Samples were then mixed 
on a plywood board and a composite sample was taken for 
lab analyses. Chemical analyses were made for water hold- 
ing capacity, pH, soluble salts, nitrate, phosphate, and 
potassium by the University of Arizona Soil and Water 
Testing Laboratory. 

Composite samples of blue grama and curlymesquite were 
taken at random in each plot between August 14 and 17, 
1968. The same procedure of following a zig-zag line 
within the plots was used in securing plant samples, but the 
leaves were clipped from each plant along the line rather 
than at every other step. Both species on all soils were in 
the vigorous stage of leaf growth prior to initiation of 
seedheads. The clipped leaves were held in plastic bags on 
dry ice until oven-dried for 24 hours at 80 C. Moisture con- 
tent, nitrogen, phosphorus, potassium, magnesium, iron, 
zinc and copper were determined by the University of 
Arizona Soil and Water Testing Laboratory. The sugar 
content of the plant was determined by extracting with 
80% ethanol and determining sugars using anthrone reagent. 
Starch (including other nonstructural polysaccharides) was 
extracted using perchloric acid. The optical density of the 
plant sugar and starch extracts with anthrone were compared 
with a standard of glucose (White, 1968). 

The grazed-class method of estimating utilization (Schmutz, 
Holt, and Michaels, 1963) was used to determine forage 
utilization. Toe-pace 100 plant transects were made by 

0 Hathaway Bernardino Pima 
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two experienced examiners for each species on each soil 
between October 15 and 23, 1968, immediately after the 
grazing period. Estimates by the two examiners were aver- 
aged for percentage utilization. 

Results and Discussion 

Utilization 

Utilization of blue grama and curlymesquite was 
significantly higher on the Pima bottomland soil 
than on the two upland soils (Fig. 1 and 2). There 
was no significant difference in utilization of either 
species between the shallow calcareous Hathaway 
upland soil and the deeper less calcareous Ber- 
nardino upland soil. 

Nitrogen 

Nitrate content of the soil was significantly 
higher in the Pima bottomland soil than the two 
upland soils (Table 1). There was no significant 
difference in the nitrate content of the Hathaway 
and Bernardino upland soils. Nitrogen content of 

Table 1. Characteristics of three desert grassland soils. 

Mean content of soils 

Factor Hathaway Bernardino Pima 

Water holding 
capacity (%) 

PH 
Salts (ppm) 
NO, (PPm) 
PO, (PPrn> 
K (PPN 

8.56 b1 6.01 a 12.26 c 
7.80 c 6.80 b 6.10 a 

311.00 a 353.00 a 294.00 a 
4.63 a 4.75 a 10.20 b 

.61 a .74 a 8.10 b 
4.06 a 4.38 a 5.83 b 

- 
1 Means followed by the same letters are not significantly dif- 

ferent at the 5% level (Duncan, 1955). 
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Table 2. Percentages of various components in blue 
grama from three desert grassland soils. 

Mean content of blue grama by soils 

Component Hathaway Bernardino Pima 

N 1.56 a1 1.84 b 2.00 c 
P .17 a 21 b .31 c 
K .98 a 1.03 a 1.13 b 
Mg .lO a .12 b .lO a 
Fe .0041 a .0085 b .0050 a 
cu .0026 a .0035 b .OOlBa 
Zn .0027 a .0039 b .0022 a 
Moisture 51.83 c 48.86 b 45.46 a 
sugar ’ .045a .042 a .045 a 
Starch .020 a .043 b .026 a 

l Means followed by the same letters are not significantly dif- 
ferent at the 5% level (Duncan, 1955). 

both grasses was significantly higher on the Pima 
soil, intermediate on Bernardino and lowest on 
Hathaway (T(ables 2 and 3). The significantly 
higher nitrate content of the Pima soil was prob- 
ably due to its higher water-holding capacity (Table 
1) which resulted in greater nitrogen mineraliza- 
tion and uptake of nitrogen by the plants (Black, 
1960). There was a direct relationship between 
forage utilization and nitrogen content of the 
plants (Fig. 1 and 2). Th is was similar to that noted 
by Stroehlein, Ogden, and Billy (196S), and prob- 
ably resulted from higher nitrogen content in the 
plant tissues which influenced plant palatability. 

Phosphorus 

Phosphorus content of the soil was markedly 
greater in the Pima soil, than the two upland soils 
(Table 1). The difference between the Hathaway 
and Bernardino soils was not significant. Similarly, 
phosphorus content of both grasses was significantly 
higher on the Pima soil (Tables 2 and 3). Phos- 
phorus content of blue grama was significantly 
higher on the Bernardino than the Hathaway soil 
but the difference in phosphorus content of curly- 
mesquite on the two soils was not significant. 
The lower phosphorus content of both grasses on 
the Hathaway over the Pima, and blue grama on 
the Hathaway over the Bernardino, may have been 
influenced by pH since availability of soil phos- 
phorus declines rapidly as soil pH increases from 
neutral to above 8.0 (Millar, Turk, and Foth, 1958; 
Olsen and Fried, 1957). As in the case of nitrogen, 
the higher phosphorus content of the plants was 
associated with greater forage utilization (Fig. 1 
and 2). 

Potassium 

Potassium content of the soil was considerably 
higher in the Pima soil than the two upland soils 
(Table l), but there was no significant difference 
between potassium content of the two upland soils. 

Table 3. Percentages of various components in curly 
mesquite from three desert grassland soils. 

Mean content of curlymesquite by soils 

Component Hathaway Bernardino Pima 

N 1.23 a1 1.31 b 1.47 c 
P .17 a .15 a .24 b 
K .80 a .88 b .94 c 
Mg .08 a .12 c .11 b 
Fe .0062 a .0061 a .0061 a 
cu .0043 b .0036 ab .0031 a 
Zn .0035 a .0034 a .0034 a 
Moisture 51.65 b 47.66 a 50.18 ab 
Sugar .049 a .057 ab .064 b 
Starch .025 a .019a .027 a 
1 Means followed by the same letters are not significantly dif- 
ferent at the 5% level (Duncan, 1955). 

T,he potassium content of the two grasses was also 
significantly higher on the Pima soil (Tables 2 and 
3). The potassium content of curlymesquite, but 
not blue grama, was significantly higher on the 
Bernardino than the Hathaway soil. The lower 
potassium content of both species on the Hathaway 
over the Pima, and curlymesquite on the Hathaway 
over the Bernardino, may have been influenced 
by pH (Millar et al., 1958; Olsen and Fried, 1957). 
As with nitrogen and phosphorus, higher potassium 
content in the plants was associated with greater 
forage utilization (Fig. 1 and 2). 

Micronutrients, Starch and Sugar 

There was no consistent pattern between the 
levels of magnesium, iron, copper, zinc, sugar or 
starch in the two grasses and the soils on which 
they grew (Tables 2 and 3). Neither was there a 
consistent relationship between forage utilization 
and the level of micronutrients, sugar or starch 
in either plant species (Tables 2 and 3, Fig. 1 and 2). 
This indicates that micronutrient levels in the 
soils and micronutrient and carbohydrate levels 
in the plants had little or no effect on forage use. 

General Discussion 

The close relationships between utilization and 
the nitrogen, phosphorus, and potassium in the 
plant and the soil indicates that the levels of these 
nutrients in the soil and plant tissue influence 
forage utilization (Fig. 1, 2 and 3). The amounts of 
nitrogen, phosphorus, and potassium in plants may 
affect utilization in many ways. Potassium func- 
tions in nitrogen metabolism of plants by coupling 
amino acids and producing proteins. Therefore, 
low potassium levels may cause an increase in 
soluble forms of nitrogen and result in less protein 
content (Black, 1960). Also, potassium and phos- 
phorus are essential in transphosphorylation reac- 
tions that result in the formation of structural and 
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FIG. 3. Relation of forage utilization to nitrate, phosphate, and 

potassium content of three desert grassland soils. 

storage compounds (Black, 1960). The above inter- 
actions indicate that there are strong structural- 
functional interrelationships among nitrogen, phos- 
phorus, and potassium in plants. Because of these 
interrrelationships the effects of these minerals on 
palatability and utilization cannot be separated. 

This study indicates that fertility of the soil in- 
fluences plant utilization and this effect on range 
use must be considered in plans to modify livestock 

distribution. For example, fertilization of sites low 
in fertility may be used to improve distribution of 
grazing. 
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Highlight 
The effect of plant distribution on oxygen uptake and nitrification in surface 

soil of a semiarid rangeland community was studied. Oxygen uptake and ni- 
trification in surface (O-7.5 cm) soils from sites associated with Atriplex vesi- 
cmiu bushes were at least twice as great as in soils from the interbush area. The 
pattern of nutrient cycling tended to reflect the distribution of plant material 
within the plant community. The effect did not extend to the 7.5-15 cm soil hori- 
zon. 

The rate of nitrification per unit total soil nitrogen was greater for the sites 
associated with saltbush than for the interbush area. These differences in rate 
of nitrification per unit total nitrogen persisted for at least two years following 
the total elimination of saltbush (Atriplex vesicuriu) by heavy grazing. 

Saltbush (Atriplex vesicaria) com- 
munities are examples of areas elf 
spaced perennial bushes in semi- 
arid rangeland (Branson, Miller, 
and Mc@een, 1967). Within these 
communities, plant distribution is 
patterned in space and in time (Os- 
born, Wood, and Paltridge, 1932); 
the perennials, chiefly A. vesicaria 
maintain a spatial continuity, while 
numerous annual plants are sea- 
sonally present or absent. Very lit- 
tle is known about the cycling of 
plant nutrients in arid regions nor 
about the effects of plant distribu- 
tion in communities on this process 
(Ross, 1969). 

Grazing intensity can drastically 
affect components of semiarid 
rangeland. An insignificant change 
in saltbush (A. uesicaria) occurred 
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Department of Civil and Agricultural 
Engineering, Queensland Institute of 
Technology, Darling Downs, Too- 
woomba, Queensland, Australia. 

2 Thanks are due to Mr. G. A. Mc- 
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obtaining the soil temperature data, 
and the staff of the chemistry labora- 
tory of the Riverina Laboratory for 
the total nitrogen determinations. 
The able technical assistance of Miss 
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with 0.6 sheep per hectare (0.25 
sheep/acre) over a three year period 
according to Wilson, Leigh, and 
Mulham (1969); however, at 2.5 
sheep per hectare (1.0 sheep/acre) 
saltbush was virtually eliminated 
from the rangeland. The removal 
of saltbush may be expected to 
affect rangeland plant productioln, 
accumulation of organic matter, 
and the habitat of some organisms 
contributing to the decomposer 
cycle, and may lead to significant 
modifications in the cycling of nu- 
trients. 

Mineralization of organic carbon 
is necessary in order to achieve net 
mineralization of nitrogen in soil. 
Since the production of carbon 
dioxide through microbial respira- 
tion approximates oxygen uptake at 
moisture tensions of 100 cm or 
greater (Rixon, 196S), the measure- 
ment of oxygen uptake provides an 
appropriate estimate of this activity 
at these moisture tensions. 

This paper presents information 
on the variations in oxygen uptake 
and nitrification with two sites 
within A. vesicaria communities 
managed at two grazing intensities. 

Materials and Methods 

Field Site and Collection of Material 
Soil samples, used in this investi- 

gation, were collected from an area 
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of semiarid rangeland located 51 
kilometres (32 miles) north of De- 
niliquin, New South Wales. The 
mean annual rainfall is 38 cm (15 
inches) occurring mainly in winter. 
The soil type is Billabong clay, a 
brown soil of heavy texture (Smith, 
1945). The area is virtually flat. 

The soil samples were collected 
from two adjacent areas within a 
grazing experiment (Wilson, Leigh, 
and Mulham, 1969). One area had 
been stocked at 0.6 sheep per hec- 
tare for 3 years and this is desig- 
nated as lightly grazed. The other 
area had been stocked at 2.5 sheep 
per hectare for 3 years and this is 
designated as heavily grazed. The 
grazing experiment had been ter- 
minated about 2 years previously, 
and there had been no further graz- 
ing by sheep on the experimental 
area. 

On the lightly grazed plot, the 
saltbushes were 20-40 cm high, and 
were about 50 cm across. They were 
spaced about 1.5-2 m apart. Several 
annual and perennial plants, in- 
cluding various composites and 
some grasses, grew between the 
bushes, and to some extent on the 
areas formerly occupied by bushes 
on the heavily grazed plots. The 
main annual growth in such com- 
munities occurs in winter and 
spring, and much of this remains 
during the summer as erect dry 
stubble. An indication of the vari- 
ety of plant species, botanical com- 
position, and distribution of plant 
material within the saltbush com- 
munity from the lightly ,grazed area 
is shown in Table 1 (lb./acre = 
1.121 kg/ha). 

After three years, grazing had 
eliminated virtually all the salt- 
bush from the rangeland at 2.5 
sheep per hectare. However, the 
sites where the saltbush formerly 
grew were clearly defined at the 
time of sampling in 1969, two years 
after the grazing trial had been ter- 
minated. 

Soil samples were collected in 
February 1969 (summer) from two 
adjacent experimental plots repre- 
sentative of the heavily grazed and 
lightly grazed treatments. Four rep- 
licate samples were collected from 



436 RIXON 

Table 1. Weight1 (kg/ha) plant ma- 
terial harvested in September 1969 
from an Atriplex vesicuria commun- 
ity of the Riverine Plain of south- 
eastern Australia. 

Soil Preparation and Methods of 
Analysis 

The soil samples were air-dried, 

Associated with 
A triplex ZXSicaria Between 

Family bushes bushes 

Chenopodiaceae 

and then ground with a mechanical 
grinder to pass through a 2 mm 
sieve. The moisture content of the 
ground soil at 100 cm was deter- 
mined on a suction plate. 

A triplex sp. 7720 
Kochia 0 

Leguminosae 1313 
Compositae 155 
Gramineae 47 
Crassulaceae 2 
Plantaginaceae 5 
Goodenaceae 2 

Total 9244 
Litter 2390 

l Mean of 5 replicates. 

0 
6 

324 
86 
21 

0 
52 

7 

496 
660 

under saltbush, or where saltbush 
formerly grew, and from the inter- 
bush areas. The samples were ob- 
tained from sites approximately 10 
m apart and each consisted of 10 
cores of diameter 4.4 cm sampled 
to a depth of 7.5 cm. 

Oxygen uptake.-Soil samples 
from the two sites within the plant 
community from the two grazing 
treatments were air-dried, moist- 
ened, and oxygen uptake was mea- 
sured over the subsequent ten days 
for soils collected in February, and 
seven days for soils collected in 
July. Samples of 100 g of soil were 
brought to 100 cm moisture tension 
by adding the required amount of 
distilled water, using an atomizer 
and constant stirring to ensure uni- 
form wetting. The respiring sam- 
ples were placed in electrolytic res- 
pirometers, which replace oxygen in 
the sample flask as it is used, and 
oxygen uptake measured over a 
period of several days (Birch and 
Melville, 1969). 

Further soil samples were col- 
lected at O-7.5 cm and 7.5-15 cm 
depths from the lightly grazed area 
in July 1969 (winter), four each 
from under saltbush and from adja- 
cent areas between saltbush. Dif- 
ferences in amount of oxygen up- 
take by the soils (collected in 
winter) due to depth and site within 
the plant community, as well as all 
comparisons for rates of oxygen 
uptake and of nitrification were 
analysed statistically with a “t” test. 

Mineral nitrogen.-Samples of 10 
g of soil were extracted after shak- 
ing on an end over end shaker for 30 
minutes with 40 ml of 1 N KCl. 
Mineral nitrogen was determined 
by the steam distillation method of 
Bremner and Keeney (1965) on air- 
dry samples, and on samples after 
the period in the respirometer. The 
amount of ammonium did not ex- 
ceed 5 ppm for any of the soils, and 
consequently is not reported. 

Total nitrogen was determined 
by a Kjeldahl method using sele- 
nium as catalyst. Organic carbon 

Hours Respimtmn 

Lightly grazed Heavily qrazed 
e Assocmted wth saltbush A Assocmted with saltbush 

o Interbush A Interbush 

FIG. 1. Effect of grazing intensity on 
oxygen uptake by soil from two sites 
within saltbush rangeland. 

was determined in a combustion 
furnace (Piper, 1942). 

The soil pH values were obtained 
with a glass electrode calomel elec- 
trode assembly on a 1:5 soil-water 
suspension. 

Results 

The percentage total nitrogen 
and organic carbon in the soil sam- 
ples are shown in Table 2. The 
pH of the O-7.5 cm layer was 7.3, 
and of the 7.5-15 cm layer was 7.6, 
with no differences between sites. 

Oxygen Uptake 

Oxygen uptake was much greater 
by the soil associated with saltbush 
than by the soil from the interbush 
areas (Fig. 1). Heavy grazing mark- 
edly decreased oxygen uptake by 
soil previously associated with salt- 

Table 2. Mean values (“/o) for organic carbon and total nitrogen of soil at two sites within the saltbush rangeland 
grazed at two intensities, and at two depths in lightly grazed saltbush rangeland. 

Associated with saltbush Interbush area 

Crazing 
intensity Depth C N C N 

Lightly grazed1 o-7.5 cm 1.224 2 0.0553 
Heavily gTazed2 O-7.5 cm 1.060 -+- 0.030 

Lightly grazed1 O-7.5 cm 1.218 + 0.055 
Lightly grazed1 7.5-15 cm 0.707 + 0.042 

1 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
2 Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
3 Standard error. 

0.119 + 0.013 0.767 f 0.045 0.086 2 0.009 
0.118 + 0.013 0.7 12 -i 0.060 0.091 -c- 0.008 

0.126 k 0.011 0.833 & 0.038 0.093 f. 0.010 
0.086 e 0.003 0.550 -t- 0.032 0.068 & 0.004 
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l o-7.5cm Associated with saltbush 

o 0 - 7.5cm Interbush 

. 7.5-15 cm Associated with saltbush 

0 7.5-15 cm Interbush 

FIG. 2. Oxygen uptake by soil from two 
depths at two sites within lightly grazed 
saltbush rangeland. 

bush, but had only a slight effect 
on oxygen uptake by the soil from 
between saltbushes. 

Oxygen uptake of soil sampled in 
winter at O-7.5 cm and 7.5-15 cm 
depths from the lightly grazed area 
is shown in Figure 2. Oxygen up- 
take by the O-7.5 cm soil from 
under saltbush was again much 
greater (P < 0.01) than by soil from 
between saltbush. There was no 
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Table 4. Nitrate levels (ppm nitrate N) in air-dry and incubated soils col- 
lected at two sites within saltbush rangeland grazed at two intensities, and at 
two depths in lightly grazed saltbush rangeland. 

Grazing 
intensity 
and site Air dry After respiration Increase 

Lightly grazed1 

Associated with saltbush 8.4 I+ 0.83 29.3 ?Z 2.7 20.9 + 4.8 
Interbush 7.4 & 1.3 8.1 + 0.2 0.7 + 1.9 

Heavily grazed2 
Associated with saltbush 18.3 + 0.5 35.2 & 2.2 16.9 + 3.8 
In terbush 5.6 -t- 1.3 9.4 -I- 1.1 3.8 -I- 0.5 

Lightly grazed1 
o-7.5 cm 

Associated with saltbush 6.3 & 0.6 20.5 t 0.4 14.2 + 1.0 
Interbush 6.3 & 0.7 13.8 + 1.8 7.5 -F- 1.6 

Lightly grazed1 
7.5-15 cm 

Associated with saltbush 4.2 2 1.0 10.5 & 0.6 6.3 + 1.3 
Interbush 3.2 +- 2.0 6.2 2 0.5 3.0 & 2.1 

1 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
2 Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
s Standard error. 

significant difference due to site 
for oxygen uptake at the 7.5-15 cm 
soil horizon. 

The rate of oxygen uptake per 
unit quantity of organic carbon per 
ten hours is shown in Table 3. The 
rate of oxygen uptake by soil from 
lightly grazed saltbush rangeland 

Table 3. Rates (ml) of oxygen uptake per gram of organic carbon per ten 
hours by soils from two sites within saltbush rangeland grazed at two inten- 
sities, and from two depths at two sites within lightly grazed rangeland. 

Asso- 
ciated 

Signifi- 
cance of 

Grazing with Inter- Differ- differ- 
intensity Depth bush bush ence ence 

Heavily grazed1 o-7.5 cm 1.82 1.68 0.14 N.S. 
(collected in summer) 

Lightly grazed2 O-7.5 cm 2.08 1.41 0.67 * + 
(collected in summer) 

Difference 0.26 0.27 
Signif. of Difference N.S. N.S. 

Lightly grazed2 O-7.5 cm 2.17 2.18 0.01 N.S. 
(collected in winter) 

Lightly grazed2 7.5-15 cm 1.82 2.02 0.20 N.S. 
(collected in winter) 
Difference 0.35 0.16 
Signif. of Difference + ;w N.S. 

l Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
2 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
3* * = P<O.Ol. 

differed for the two sites in the sum- 
mer, but not in the winter. There 
were no differences in rate of oxy- 
gen uptake at the two sites within 
heavily grazed saltbush rangeland. 
The rate of oxygen uptake de- 
creased with depth under saltbush, 
but not for interbush areas. 

Nitrification 
The changes in nitrate in the soil 

samples from the grazing treat- 
ments, and from two depths at two 
sites within the lightly grazed salt- 
bush rang-eland are shown in Table 
4. There was a much greater in- 
crease in nitrate in the incubated 
soil from sites associated with salt- 
bush than for soil from the inter- 
bush area. This relationship was 
consistent for the two grazing in- 
tensities, but was confined to the 
O-7.5 cm soil horizon. Heavy graz- 
ing resulted in an increase in ni- 
trate in the soil associated with 
saltbush. 

The rates of production of ni- 
trate per unit total soil nitrogen 
per ten hours by soils from two sites 
within saltbush rangeland grazed 
at two intensities, and at two depths 
in lightly grazed saltbush range- 
land are presented in Table 5. The 
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Table 5. The rate of production (pg) of nitrate (NO,) per gram total soil ni- 
trogen per ten hours by soils from two sites within saltbush rangeland g-razed 
at two intensities, at two depths in lightly grazed saltbush rangeland. 

Grazing 
intensity Depth 

Significance 
of 

Bush Interbush Difference difference 

Lightly grazed1 O-7.5 cm 740 140 600 Jc *3 

Heavily grazed2 O-7.5 cm 600 170 430 + x 

Difference 140 30 
Signif. of Difference N.S. N.S. 

Lightly grazed1 O-7.5 cm 470 320 150 Jc # 
Lightly grazed’ 7.5-15 cm 300 180 120 N.S. 

Difference 170 140 
Signif. of Difference # # N.S. 

1 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
2 Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
3 2. G = P<O.Ol. 

_ _ 

rate of nitrification was consistently 
greater for soils from sites associated 
with saltbush than for interbush 
areas. This effect was confined to 
the O-7.5 cm soil horizon. The 
rate of nitrification decreased with 
depth for soils under saltbush, but 
not for soil from the interbush area. 

they are in their period of maxi- 
mum production (Charley, 1959). 

In order to get some indication 
of the effect of elimination of salt- 
bushes on the soil environment, 
particularly for decomposers, tem- 
peratures were measured at 3:00 
p.m. on February 5, 1970, when 
the ambient air temperature was 
40 C. The temperature of the soil 
associated with saltbush in the 
lightly grazed and heavily grazed 
areas was 43 C and 59 C respectively 
at 1.3 cm, and 36 C and 46 C respec- 
tively at 5 cm. The temperature of 
the interbush area for both stock- 
ing rates was 46 C at 1.3 cm. 

Under field conditions, lack of 
moisture would be the major factor 
limiting the duration of decomposi- 
tion of organic residues. Neverthe- 
less, the rapid decomposition rate, 
as indicated in Figure 1 and Table 
3, would be expected when appro- 
priate moisture conditions prevail, 
and this would avoid any long term 
massive accumulation of litter and 
organic matter. 

Discussion 

The marked differences in oxy- 
gen uptake were restricted to the 
O-7.5 cm soil horizon (Fig. 2). The 
lesser amount of oxygen taken up 
by the 7.5-15 cm soil horizon was 
probably due to a smaller supply oE 
organic carbon. Charley and Cowl- 
ing (1968) described the notable 
concentration of organic matter 
and associated nutrients near the 
surface of soils in arid and semiarid 
regions. 

The greater uptake of oxygen by Soil associated with saltbush pro- 
soils associated with saltbush than duced at least twice as much nitrate 
by soils from the interbush area as soils from the interbush area. 
(Figs. 1 and 2) correspond with the This difference in nitrate produc- 
contrasting amounts of plant ma- tion is greater than the difference 
terial and litter at the two sites in total nitrogen in the soils from 
within the plant community (Table the two sites within the plant com- 
1). Leaf fall from saltbush is sub- munity (Table 2). Moreover, the 
stantial during the summer and au- greater rate of nitrification from 
tumn. The annual contribution to soils collected from under saltbush 
litter from the bushes can be much indicate that the surface soil has a 
greater than the amount of vegeta- greater potential capacity to supply 
tive material on the bushes when mineral nitrogen than soils from 

interbush areas (Table 5). Much 
of the soil organic matter in the 
site associated with saltbush would 
be derived from saltbush, and it 
appears that organic residues from 
this plant probably have a greater 
rate of nitrification than organic 
residues derived principally from 
annual composites in the interbush 
area. Significant response by native 
vegetation to nitrogen applied to 
Billabong clay has been obtained by 
Tupper (1968). Some plant species 
are common to both sites within the 
plant community and preliminary 
investigations have shown a dif- 
ferential concentration of nitrogen 
in these plants in accordance with 
the differing potential capacity to 
supply mineral nitrogen by the 
underlying surface soil (Rixon, un- 
published data). 

The different nitrification rates 
were restricted to the surface soil, 
as were the differing rates of oxygen 
uptake (Fig. 2). Nevertheless, these 
differences are important, particu- 
larly where there is an overall nitro- 
gen deficiency, and need to be 
taken into account in considering 
nitrogen cycling and nitrogen bal- 
ance studies in low shrub com- 
munities in semiarid rangeland. 

Grazing intensity did not affect 
the rate of nitrification within the 
plant community. Thus, alternat- 
ing areas with contrasting capaci- 
ties to supply mineral nitrogen 
would prevail, at least for some 
years, after the elimination of the 
saltbushes. 
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Highlight 

A plant-produced chemical, saponin, was identified, extracted from desert 
saltbush, tested and quantitatively analyzed. Desert saltbush, Trigo pubescent 
wheatgrass, Harbinger medic, and California ephedra seeds were subjected to 
different concentration levels of leachates extracted from desert saltbush 
vegetation. These leachate solutions reduced the germination of desert saltbush, 
Harbinger medic, and Trigo pubescent wheatgrass. California ephedra germina- 
tion was stimulated at low leachate concentration but was retarded at higher 
leachate concentrations. 

The purpose of this study was to 
determine the presence of saponin 
in various parts of desert saltbush 
(Atriplex polycarpa (Torr.) S. 
Wats.) to analyze it quantitatively 
and to determine the effects of dif- 
ferent levels of saponin on seed 
germination. We tested leachate 
from the desert saltbush vegetation 
on germinating seed of four differ- 
ent plant species, as follows: desert 
saltbush; Trigo pubescent wheat- 
grass (Agropyron trichophorum 
(Link) Richt.), Harbinger medic 
(Medicago lit tordis Rohde), and 
California ephedra (Ephedra calif- 
ornica S. Wats.). 

l Cooperative investigations of the 
Crops Research Division, Agricultural 
Research Service, U. S. Department of 
Agriculture and the California Agri- 
cultural Experiment Station, Berkeley, 
California. Received October 24, 
1970. 

Desert saltbush has been rated 
as a highly palatable browse plant 
for domestic livestock and big game 
animals (Sampson and Jespersen, 
1963). Also, desert saltbush pro- 
vides excellent cover for quail and 
chukar on dry rangeland in central 
and southern California. Efforts 
to increase the stands of this spe- 
cies and other saltbush species have 
met with some difficulty due to 
poor seed germination. The pres- 
ence of saponin in seed of fourwing 
saltbush (Atriplex canescens (Pursh) 
Nutt.) was reported by Nord and 
Van Atta (1960) and was believed to 
inhibit germination of the seed. 
A growth inhibitor was likewise 
found by Cornelius and Hylton 
(1969) in seed of Atriplex @oZy- 
car-pa; it reduced germination but 
could be removed as a water soluble 
leachate and increase germination. 
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Considerable work has been ac- 
complished in determination of al- 
falfa and clover saponins because 
they are considered a factor in the 
bloat of ruminants. Thompson et 
al. (1957) reported that the saponin 
content in alfalfa meal was 0.12% 
and in Ladino clover 0.23% of the 
dry weight. 

Methods 

Desert saltbush plants were col- 
lected for this study in the Panache 
Hills near Mercy Hot Springs, Cal- 
ifornia. The collection area is in 
the foothills of the eastern slope of 
the coast range mountains approxi- 
mately 55 miles west of Fresno, Cal- 
ifornia. The climate is Mediterra- 
nean and the vegetation is an 
annual grassland community with 
some sparse shrubs as low overstory. 

Five desert saltbush plants were 
selected as representative of the gen- 
eral population in age, vigor and 
relative amount of green material 
present. Length, width, height and 
area of each plant were measured. 
Eight inches of succulent new 
growth was clipped from the outer 
portions of each plant to simulate 
browsing by livestock. The remain- 
der of the plant was cut to ground 
level and kept as a separate sample. 
The sample parts of each plant 
were dried at 72 C for two days, 
ground, weighed and stored in plas- 
tic lined paper bags. 

Each plant produced an average 
of 64 g of stems, twigs, and leaves 
per 268.80 square cm of soil sur- 
face area. This amount was used as 
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a standard. The material was 
ground, boiled in 250 ml of dis- 
tilled water for 20 minutes, cooled 
and filtered through cheesecloth to 
remove the coarser material. Three 
levels of leachate below the standard 
were prepared, each in 250 ml of 
water, by taking 32, 16 and 8 g of 
ground material. In addition two 
solutions were prepared by using 
128 and 192 g of ground material 
in 250 ml of water. The solutions 
were stored in Erlenmeyer flasks 
under refrigeration to prevent de- 
compositon by bacteria. 
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Since the original objective was 
to determine if the plant material 
itself held any saponin, a staining 
reagent was prepared, after the 
method of Van Atta and Guggolz 
(1958). This method resulted in 
the positive identification of sapo- 
nin in the leafy material of saltbush, 
and further indicated that the 
tender twigs have a more positive 
reaction than did the central ma- 
terial. These observations were 
closely related to those of Pedersen 
et al. (1967) who found that sapo- 
nin was mainly concentrated in the 
leaves of the alfalfa plant. 

0 2 4 6 8 IO 12 14 16 

Days 

FIG. 1. Germination rates of Medicago 
littoralis in Petri dishes as affected by 
concentrations of Atriplex polycarpa 
leachates. 

Results 

A saponin extraction method, 
closely following the work of Nord 
and Van Atta (1960) and, with the 
personal assistance of Mr. Jack Gug- 
golz, was developed. This extrac- 
tion yielded 2.493 g of saponin from 
215.49 g of leafy material which 
was 1.15 % saponin in the leafy 
material from desert saltbush on 
dry weight basis. To insure that 
the material was saponin, the stain- 
ing reagent test, as described under 
“Saponin Identification,” was made. 
The results were positive. 

Saponin inhibited or reduced ger- 
mination. The effect of saponin 
increased as the concentration of 
the saponin became greater. Each 
species of plant included in the test 
responded in a different manner; 
some were affected more than 
others by the occurrence of saponin. 

Harbinger Medic 
The germination of treated Har- 

binger medic was low in this ex- 
periment (Fig. 1). Over 70% of the 
seeds in the control solution (water 
only) germinated by the 14th day; 

I I I I I I I 

1 lSMD q  0.16 

Square plastic petri dishes, 9 mm 
x 9 mm x 3 mm were used in mak- 
ing germination tests. A square blue 
blotter with 100 indentations fit in 
the bottom of each dish. Each level 
of the leachate and a control with 
distilled water were tested on four 
species of range plants; Harbinger 
medic, desert saltbush, Trigo pu- 
bescent wheatgrass and California 
ephedra. Each test included four 
replications with 25 seeds per petri 
dish per replication. 
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FIG. 2. Germination rates of Atriplex polycarpa in Petri dishes as affected by con- 
centrations of A triplex polycarpn leachates. 

10% germinated in the 8 g solution, 
and 5% in the 16 g solution. 
Stronger solutions of 32 g and over 
completely retarded germination. 
Almost all seeds turned black and 
were covered by a white feathery 
fungus. The results of this test 
showed significant mean difference 
of 0.19 and a variance of 0.09. 

Desert Saltbush 
Saltbush germination was lower 

than the Harbinger medic. Germi- 
nation of the control did not exceed 
10%; the 16 g solution achieved 
only 3%, and the 8 g solution only 
1% (Fig. 2). The other solutions of 
higher rates completely inhibited 
germination. Sixty percent of the 
utricles had been damaged by in- 
sects, leaving only 40% capable of 
germination. Readjusting the ger- 
mination rate, according to the 
percent of seed not damaged by in- 
sects, does not alter the fact that 
germination of desert saltbush is 
generally low. This phenomenon 
may be accounted for, in large part, 
by the presence of saponin in the 
seed coats, i.e., saponin appears to 
retard germination of the seed. 
The results (Fig. 2) were significant 
at the 1% level, with a variance of 
0.10. The least significant differ- 
ence at the 1% level was 1.16. 

California Ephedra 
This shrub has some grazing 

value and great drought resistance. 
It provides watershed cover and 
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aids in gulley control on steep hill- 
sides and swales. The effects of 
saponin on the germination of seed 
of California ephedra were not as 
great as those found on desert salt- 
bush. The control set that received 
water only germinated 70% (Fig. 
3) and 49% in the 126 g solution. 
Germination in the 192 g solution 
deviated from the expected pattern, 
with germination slightly higher 
than in the 64 g solution. 

Stimulatory effects occurred with 
the 8 g, 16 g and 32 g solutions. 
The 8 g solution had a slight in- 
crease in germination over the seed 
germinated with water only. The 
16 g solution increased germina- 
tion to more than SO%, or 10% 
more than the control. The 32 g 
solution resulted in 70% germina- 
tion and exceeded the control after 
the 12th day of the test. These re- 
sults indicate that a large amount 
of saponin may be detrimental to 
germination of California ephedra, 
but that low rates are favorable 

to germination. The results for 
different levels of the solution were 
all significant at the 1% level with 
a least significant mean difference 
of 1.568 and a variance of 0.08. 

The results of this study are in 
agreement with the work of Varsh- 
ney and Faroog (1953) and Mishu- 
stin and Naumova (1955) who 
reported that saponin, in small 
quantities, stimulated germination. 
Nord and Van Atta (1960), working 
with fourwing saltbush, found that 
high concentrations of 1.0 or 5.0% 
saponin greatly reduced germina- 
tion, while a solution of 0.1% stimu- 
lated germination. The saponin 
content of vegetative material of 
desert saltbush was 1.15% on a dry 
weight basis. The 62 g solution had 
.285% saponin; 32 g solution, .lSO% 
saponin; 16 g solution, ,074s sapo- 
nin; and 8 g solution, .037% saponin. 
Therefore, with California ephedra, 
the .074% solution of saponin ap- 
pears to be the optimal concentra- 
tion for stimulating germination. 

Trigo Pubescent Wheatgrass 

Trigo pubescent wheatgrass 
showed a wide range of germina- 
tion between the control and the 
192 g solutions (Fig. 4). The seeds 
in the control treatment and in 8 g 
and 16 g solutions germinated rap- 
idly to the 5th day and then leveled 
off. The control treatment gave the 
highest germination, 60%, while the 
8 g, 16 g and 32 g solutions reduced 
germination. The 128 g and 192 g 
solutions showed the greatest re- 
duction in germination. Germina- 
tion did not begin until the 6th and 
8th days, respectively, and did not 
exceed 5% at the end of the experi- 
ment. 

Conclusions _ 

Saponin was definitely present in 
the vegetative parts of desert salt- 
bush, as shown by the staining 
method with acetic anhydride and 
sulfuric acid mixture. Quantitative 
extraction by use of the cholesterol- 
fullers earth method indicated a 
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percentage content of 1.15 for sapo- 
nin from the leafy portions of the 
desert saltbush on a dry weight 
basis. 

The saponin reduced seed ger- 
mination in the case of desert salt- 
bush and Harbinger medic most 
markedly. Trigo pubescent wheat- 
grass and California ephedra had a 
higher percentage of germination 
and showed less inhibitory action of 
the saponin. Lower concentrations 
were stimulatory for germination of 
the California ephedra. 
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Response of These observations suggest that 

ARTHUR R. TIEDEMANN, JAMES 0. KLEMMEDSON, AND 

Four Perennial Southwestern Grasses to Shade1 

PHIL R. OGDEN 

tests this hypothesis by e;aluating 

three of these grasses can adapt to 

the response of the four species to 

shade9 whereas black grama is in- 

several levels of artificial shade in a 

tolerant of shade. This exneriment 

Range Scientist, Pacific Northwest Forest and Range Experiment Station,2 nursery plot study. 
Wenatchee, Washington; and Professors of Range hfanagement, Department of 

Watershed Management, University of Arizona, Tucson, Arizona. Methods 

Highlight 

A nursery plot study was conducted to determine if the observed relative abun- 
dance of Arizona cottontop, bush muhly, and plains bristlegrass under mesquite 
trees on native range was related to the ability of these grasses to adapt to shade. 
Plants of these species plus black grama which grows in open areas were sub- 
jected to shading only and shading after defoliation treatments using five levels 
of shade from 0 to 80%. Evaluation of morphological, physiological, and yield 
responses showed that all plants made their best growth in full sunlight; but 
Arizona cottontop, bush muhly, and plains bristlegrass displayed greater ability 
than black grama to adapt to shade. 

On a protected area of desert environmental variables. Three of 
grassland A near Tucson, Arizona, the perennial grasses of interest, 
Tiedemann (1970) found that dif- Arizona cottontop (Trichachne cal- 
ferences in production of perennial ifornica), plains bristlegrass (Setariu 
grasses between areas under mes- mucrostuchyu), and bush muhly 
quite (Prosopis julifloru) trees and (Muhlenbergiu porteri), had greater 
adjacent open areas were related to crown cover and forage production 

under mesquite canopies than in 
l Received October 14, 1970; accepted 

for publication March 6, 1971. 
the open, while black grama (Boute- 

2 Maintained by the Forest Service, 
Zouu eriopodu) showed the oppolsite 

U. S. Department of Agriculture, with tendency and was most abundant in 
headquarters in Portland, Oregon. open spaces between mesquite trees. 

Plants of the four grasses were 
collected from an upland desert 
grassland site with uniform soils 
at the Santa Rita Experimental 
Range south of Tucson, Arizona. 
Livestock had been excluded from 
the collection site for 30 years. 
Plants were selected for uniformity 
within species, excavated, placed in 
pots, and watered immediately. 

The plants were transplanted to 
ten 1% by 2.4-m field plots in a 
7.5- by 48.0-m border at the Tucson 
Plant Materials Center3 on March 
15, 1967. Location of four sub- 
samples of each species on a 4 x 4 
grid within each plot was randomly 
assigned. Two replications each of 
five levels of shade (0, 20, 40, 60, 
and 80%) were randomly assigned 
to the 10 plots. Mesquite trees in 

3 Operated by the Soil Conservation 
Service, U. S. Department of Agricul- 
ture. 



442 . TIEDEMANN ET AL. 

percentage content of 1.15 for sapo- 
nin from the leafy portions of the 
desert saltbush on a dry weight 
basis. 

The saponin reduced seed ger- 
mination in the case of desert salt- 
bush and Harbinger medic most 
markedly. Trigo pubescent wheat- 
grass and California ephedra had a 
higher percentage of germination 
and showed less inhibitory action of 
the saponin. Lower concentrations 
were stimulatory for germination of 
the California ephedra. 
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of shade from 0 to 80%. Evaluation of morphological, physiological, and yield 
responses showed that all plants made their best growth in full sunlight; but 
Arizona cottontop, bush muhly, and plains bristlegrass displayed greater ability 
than black grama to adapt to shade. 

On a protected area of desert environmental variables. Three of 
grassland A near Tucson, Arizona, the perennial grasses of interest, 
Tiedemann (1970) found that dif- Arizona cottontop (Trichachne cal- 
ferences in production of perennial ifornica), plains bristlegrass (Setariu 
grasses between areas under mes- mucrostuchyu), and bush muhly 
quite (Prosopis julifloru) trees and (Muhlenbergiu porteri), had greater 
adjacent open areas were related to crown cover and forage production 

under mesquite canopies than in 
l Received October 14, 1970; accepted 

for publication March 6, 1971. 
the open, while black grama (Boute- 

2 Maintained by the Forest Service, 
Zouu eriopodu) showed the oppolsite 

U. S. Department of Agriculture, with tendency and was most abundant in 
headquarters in Portland, Oregon. open spaces between mesquite trees. 

Plants of the four grasses were 
collected from an upland desert 
grassland site with uniform soils 
at the Santa Rita Experimental 
Range south of Tucson, Arizona. 
Livestock had been excluded from 
the collection site for 30 years. 
Plants were selected for uniformity 
within species, excavated, placed in 
pots, and watered immediately. 

The plants were transplanted to 
ten 1% by 2.4-m field plots in a 
7.5- by 48.0-m border at the Tucson 
Plant Materials Center3 on March 
15, 1967. Location of four sub- 
samples of each species on a 4 x 4 
grid within each plot was randomly 
assigned. Two replications each of 
five levels of shade (0, 20, 40, 60, 
and 80%) were randomly assigned 
to the 10 plots. Mesquite trees in 

3 Operated by the Soil Conservation 
Service, U. S. Department of Agricul- 
ture. 
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full leaf provide approximately 55% 
shade at midday. On April 16 after 
plants had become established, 
shade structures were placed over 
the plots (Fig. 1). Shade was pro- 
vided by saran shade cloth stretched 
over the top and sides of 1.8. by 
2.4-m wooden frames 0.75 m high. 
The shade cloth was rated at 20, 
43, 63, and 80% actual shade by the 
manufacturer.4 

To assure adequate moisture for 
all plots, the entire border contain- 
ing the plots was watered weekly. 
On May 1, the entire border was 
fertilized with 100 kg/ha of N and 
30 kg/ha of P. 

The effect of shade on plant mor- 
phology was evaluated by measur- 
ing number and length of in- 
florescences, distance between 
nodes, length of seedstalks (in- 
florescence included), and length 
and width of leaf blades. Upper and 
lower internodes o’f Arizona cotton- 
top and plains bristlegrass appeared 
to vary in length. To account for 
this, the uppermost internode on a 
stem and the second internode 
above ground level were measured 
and recorded separately for these 

4 Shade cloth was donated by the Chi- 
capee Manufacturing Company, Carp 
n&a, Georgia. 

two species. Also, blades of the first 
and second leaves below the in- 
florescence on Arizona cottontop 
were shorter than other leaf blades 
on the stem. Measurements were 
confined to leaf blades below these. 
Measurements were taken when 
the majority of the seedheads were 
mature. This was done during the 
last week in June 1967 for Ari- 
zona cottontop and plains bristle- 
,grass and the last week in July 1967 
for bush muhly and black grama. 

After the plants had matured and 
measlrrements for morphological 
features were completed, herbage 
samples were collected from two 
randomly selected plants of each 
species on each plot and dried 24 
hours at 55 C to determine mois- 
ture content. All plants were then 
harvested to a stubble height of 8 
cm and air dried to a constant 
weight. Immediately after the herb- 
age was harvested, two randomly 
selected plants of each species on 
each plot were excavated for mea- 
surement of root weight, stubble 
weight, and total available carbo- 
hydrates. A 20-a” cube was taken 
for root systems. Soil was washed 
from the roots immediately. Plants 
were then brought to the labora- 
tory, killed and dried in a forced- 
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draft oven, separated into stubble 
and roots, and weighed. Total avail- 
able carbohvdrates in the roots were 
determined’in finely ground sam- 
ples (40 mesh) using the method 
described by Weinmann (1947) as 
modified by Aralijo (1968). 

The two remaining plants of 
each species in each plot were al- 
lowed to regrow until the first week 
in September 1967 for evaluation 
of the response of plants to shade 
after defoliation.” Weights of herb- 
age, roots and stubble, and mea- 
surement of total available carbo- 
hydrates were made on plants 
allowed to regrow until September. 
Morphological characteristics were 
not re-examined. 

Analysis of variance was used to 
evaluate the response of the four 
species (both singly and in cornbina- 
tion) to shade and shade after de- 
foliation. Analyses were conducted 
by the Statistical Laboratory of the 
Arizona Agricultural Experiment 
Station of the University of Ari- 
zona. 

Resldts 
Plants of all species mown under 

no-shade and 20% shade were more 
vi,gorous than those grown under 
higher levels of shade. As the level 
of shade increased, stems became 
thinner and less rigid; and at 60 
and SO% shade, lodging became so 
pronounced that stems of Arizona 
cottontop and plains bristlegrass 
grew along the ground in a zig-zag 
fashion. Production of seedstalks 
was noticeably reduced with in- 
creasing shade for all species. At 
60 and 80% shade, flowering lagged 
behind that for other levels of shade 
by a week or more. Many in- 
florescences of Arizona cottontop 
did not develop beyond the boot 
stage under 60 and 80% shade. 

Morphological Responses 
Neither all species nor all mor- 

phological characteristics showed 
similar responses to the shade treat- 
ments. For none of the species did 
length of seedstalks respond signifi- 

’ In this study defoliation refers to re- 
moval of alms and leaves t,, an 8-a” 
stubble height. 
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cantly, and only for one species did 
number and length of inflorescences 
and width of leaf blades respond. 
Length of leaf blades, however, re- 
sponded significantly in three spe- 
cies. Trends were frequently ap- 
parent where significant responses 
were lacking, often accompanied by 
high coefficients of variation. 

In all species except black grama, 
length of leaf blades was increased 
by shade. Length of leaf blades was 
more than doubled for bush muhly, 
increased by two-thirds for plains 
bristlegrass, and by one-third for 
Arizona cottontop. Increasing shade 
affected leaf width only in black 
grama; it caused width to decline 
from 2.1 mm with no shade to 1.8 
mm at 80% shade. 

Shade exerted a more pro- 
nounced effect on production of in- 
florescences of bush muhly than on 
any other species; there was a highly 
significant reduction from 1131 to 
3 inflorescences per plant with in- 
creasing shade frolm 0 to 80%. Al- 
though the trend in number of 
inflorescences with increasing shade 
for the other three species was 
downward, differences among shade 
levels were not significant. 

Shade significantly influenced in- 
ternode length of the stems of two 
species, Arizona cottontop and bush 
mu hly. For Arizona cottontop, 
length of the second internode 
above ground level increased from 
5 cm with no shade to 7 cm with 
40% shade, then declined to 5 cm 
with 80% shade. For bush muhly, 
internode length increased from 4 
cm with no shade to 5 cm with 20% 
shade and remained unchanged 
with increases in shade to 80%. The 
trend for black grama internodes 
was similar to Arizona cottontop: 
length increased between 0 and 40% 
shade, then declined with 80% 
shade. 

Shade had no influence on 
length of seedstalks and only in 
black grama did length of the in- 
florescences respond to shade. They 
increased from 24 cm with no shade 
to 29 cm with 20% shade, remained 
constant with intermediate shade, 
then declined to 18 cm with 80% 
shade. 

TIEDEMANN ET AL. 

Table 1. Influence of shade on weight (g) of herbage, roots, and stubble. 

Percent shade Coeff. 
of vari- 

Species 0 20 40 60 80 Mean ation Fl 

Herbage 
Arizona cottontop 114 
Bush muhly 172 
Black grama 90 
Plains bristlegrass 196 

Species x shade interaction 
(combined analysis) 

Roots2 
Arizona cottontop 7 
Bush muhly 14 
Black grama 10 
Plains bristlegrass 8 

Species x shade interaction 
(combined analysis) 

Stubble 
Arizona cottontop 36 
Bush muhly 22 
Black grama 14 
Plains bristlegrass 44 

Species x shade interaction 
(combined analysis) 

68 83 
175 64 

64 49 
226 132 

6 4 
11 7 
7 6 
7 6 

24 19 
18 11 
10 9 
22 18 

39 24 66 20 ** 
97 65 115 99 NS 
23 11 48 72 + 

142 61 151 97 NS 

95 105 NS 

3 2 4 20 ** 
8 5 9 42 * 
4 2 6 24 * 

6 4 6 35 NS 

6 46 NS 

9 8 19 15 ** 
11 8 14 59 NS 
7 4 9 48 NS 

16 6 22 87 NS 

16 68 NS 

lNS= not significant, ** = significant at the 0.01 level, and * = significant at the 0.05 
level. - 

2 Excavated from a 20-cm cube of soil. 

Yield Responses 

Herbage yield of black grama 
was reduced by eight times and that 
of Arizona cottontop by five times 
when shade was increased from 0 to 
80% (Table 1). Similar but non- 
significant trends were apparent for 
bush muhly and plains bristlegrass. 
The trend in herbage yield be- 
tween 0 and 20% shade for plains 
bristlegrass suggests that light shade 
may stimulate herbage production 
for this species. 

Weight of stubble in only one 
species was significantly affected by 
shade. Stubble of Arizona cotton- 
top weighed less than one-fourth 
as much under 80% shade as in no 
shade (Table 1). Response of stub- 
ble weight to increasing shade for 
the other species was similar but 
nonsignificant despite strong trends. 

Increasing shade resulted in a 
significant reduction in root weight 
for three species (Table 1). Root 
weight decreased by about two- 

thirds for Arizona cottontop, bush 
muhly, and black grama between 0 
and 80% shade. Although the 
effect of shade on root weight 
of plains bristlegrass was non- 
significant, the trend was similar to 
that for the other three species. 
The species x shade interaction was 
not significant, indicating that all 
four species responded similarly to 
shade. There was no significant 
difference in total available carbo- 
hydrates of the roots for any species 
among shade levels nor were there 
any evident trends in the data. 

Moisture Content 
The effect of shade on the mois- 

ture content of herbage (percent of 
tissue dry weight) varied among spe- 
cies. Moisture content of Arizona 
cottontop increased from 204 to 
243% with increasing shade from 
0 to 80%. The response of plains 
bristlegrass was even more pro- 
nounced: from 220 to 336%. In 
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Table 2. Effect of shade after defoliation on weight (g) of herbage, roots, and 
stubble. 

of black grama for the shade-after- 
defoliation treatment compared 
with shade only. Mean herbage 
yields of bush muhly tended to be 
lower for the shade-after-defoliation 
treatment, but not significantly so. 

Species 

Percent shade Coeff. 
of vari- 

0 20 40 60 80 Mean ation F* 

Herbage 
Arizona cottontop 230 
Bush muhly 81 
Black grama 12 
Plains bristlegrass 261 

Species x shade interaction 
(combined analysis) 

Roo ts2 
Arizona cottontop 16 
Bush muhly 24 
Black grama 10 
Plains bristlegrass 18 

Species x shade interaction 
(combined analysis) 

Stubble 
Arizona co’ttontop 78 
Bush muhly 46 
Black grama 18 
Plains bristlegrass 46 

Species x shade interaction 
(combined analysis) 

140 189 58 
84 26 79 

2 24 18 
387 174 183 

9 10 6 
15 17 10 
8 6 7 

12 10 9 

39 53 16 
15 15 13 

8 8 6 
48 36 26 

20 127 17 ** 
21 59 113 NS 

5 12 210 NS 
24 206 84 NS 

101 97 NS 

3 9 13 ** 

5 14 30 ** 
4 7 34 NS 

5 11 20 ** 

10 30 NS 

7 39 20 ** 

8 20 89 NS 

6 9 30 ** 
13 34 65 NS 

25 57 * 

1 NS = not significant, ** = significant at the 0.01 level, and + = significant at the 0.05 
level. 

2 Excavated from a ZO-cm cube of soil. 

contrast, moisture content of black with increasing shade. The shade- 
grama was constant from 0 to 60% after-defoliation treatment did not 
shade, then declined from 119 to affect significantly the total avail- 
73% at 80% shade. Moisture con- able carbohydrates in the roots of 
tent of bush muhly was not affected any species. However, there ap- 
by shade. A significant species x peared to be a trend toward lower 
shade interaction foretold the dif- concentration of carbohydrates with 
ferential response of the four spe- increasing shade for bush muhly 
cies. and black grama. 

Influences of Shade after Defoliation 

Plants that were harvested at 
8 cm and allowed to regrow until 
September showed yield responses 
to increasing shade similar to those 
of plants subjected to shading 
alone. Arizona cottontop showed 
the greatest response to the treat- 
ment; weight of herbage, stubble 
and roots declined significantly with 
increasing shade (Table 2). For bush 
muhly and plains bristlegrass, only 
weight of roots declined signifi- 
cantly. In the case of black grama, 
only weight of stubble declined 

Shading vs. Shading after 
Defoliation 

Compared with shade only, 
the shade-after-defoliation treat- 
ment had differential effects on 
yields of the four species. Mean 
herbage yield of Arizona cottontop 
for the shade-after-defoliation treat- 
ment was significantly above yield 
for the shade-only treatment 
(Tables 1 and 2) and the trend in 
yield of plains bristlegrass was 
higher, but not significantly so. 
In contrast, there was a significant 
reduction in mean herbage yield 

Average yield of stubble for 
Arizona cottontop was signifi- 
cantly higher under the shade-after- 
defoliation treatment than with 
shade alone (Tables 1 and 2). There 
was no change in yield of stubble of 
black grama, and nonsignificant in- 
creases in that for the other two 
species. 

Although root weights of Ari- 
zona cottontop, bush muhly, and 
plains bristlegrass were signifi- 
cantly higher with the shade-after- 
defoliation treatment than the 
shade-only, the difference between 
treatments narrowed as shade in- 
creased (Tables 1 and 2). The re- 
sponse of black grama is in sharp 
contrast: there was essentially no 
difference in root weight between 
shade-only and shade-after-defolia- 
tion treatments regardless of the 
level of shade. 

Mean total available carbohy- 
drate concentrations in roots were 
the same between shade-only and 
shade-after-defoliation treatments. 

Discussion and Conclusions 

The adverse effect of shade on 
number of inflorescences, and 
weight of herbage, stubble, and 
roots indicates that all four species 
made their best growth in full sun- 
light. This concurs with Black’s 
(1957) statement that “grasses as a 
group make the fastest growth at or 
about full daylight.” 

However, several responses indi- 
cate that there were differences 
among species in adaptation to 
shade. One of these was the differ- 
ential response in length of leaf 
blades among species to increasing 
shade. According to Blackman and 
Wilson (1951a and 1951b), in- 
creased leaf length is an adaptive 
response of plants to reduced light 
intensity. The striking increase in 
leaf length with increasing shade 
displayed by Arizona cottontop, 
bush muhly, and plains bristlegrass 
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suggests that the plants were adapt- where combined treatments of de- quite regardless of the nutrient re- 
ing to shade. Based on this re- foliation and shading almost ex- gime. 
sponse, these three species can hausted carbohydrate reserves. In Results of this study may give 
probably be classed as facultative our study, total available carbohy- some clues to the reason cattle have 
skiophytes (plants which are helio- drates in roots of the plants in- been observed to <graze closely 
phytes but -are able to adapt to creased under the shade-after-defoli- under mesquite trees despite re- 
shaded conditions). Length of leaf ation treatment for three of the stricted accessibility created by low- 
blades of black grama were not af- four species. hanging branches. Increasing mois- 
fected by shade, suggesting that it Judging by yield data for herb- ture content with increased shade 
did not adapt and is probably an age, stubble, and roots, black grama as observed in this study indicates 
obligate heliophyte. appeared to be more severely af- that Arizona cottontop and plains 

Elongation of internodes with 
shading as manifested in Arizona 
cottontop and bush muhly has been 
associated with shade tolerance by 
McBee and Holt (1966), and may 
be an adaptive mechanism for 
shade avoidance as described by 
Grime and Jeffrey (1965). 

The effect of shade on moisture 
content of Arizona cottontop and 
plains bristlegrass agrees with prior 
studies which have shown that mois- 
ture content of grasses generally 
increases with increasing shade 
(Pritchett and Nelson, 1951; Bur- 
ton, Jackson, and Knox, 1959; and 
McGinnies, 1966). Lack of a re- 
sponse in moisture content in bush 
muhly and in black grama (except 
for the 80% shade treatment) is con- 
trary to these findings. This differ- 
ential response to shade suggests 
moisture content may be useful cri- 
terion to indicate shade adaptation 
by grasses. 

Failure of total available carbo- 
hydrates in the roots to respond to 
increasing shade with both shade- 
only and shade-after-defoliation 
treatments is misleading unless con- 
sidered in terms of the response of 
root weight to shade. Even though 
concentration of total available car- 
bohydrates was unaffected by in- 
creasing shade, the total amount 
was reduced sharply since weight of 
roots declined. Lower levels of car- 
bohydrates in turn would affect the 
ability of the plants to take up mois- 
ture and nutrients and to produce 
foliage regrowth after defoliation 
(Pritchett and Nelson, 1951). The 
level of carbohydrates in our plants 
subjected to shade after defoliation 
was in contrast with that of plants 
studied by Sullivan and Sprague 
(1943) and Ward and Blaser (196 l), 

fected by the shade-after-defoliation 
treatment than the other three spe- 
cies. However, this is probably 
more of an indication of its sensi- 
tivity to defoliatioin than failure to 
adapt to shade. Also, the regrowth 
period for black grama and bush 
muhly was shorter because they 
were harvested for the shade-only 
treatment a month later than the 
other two species. 

The fact that all species made 
their best growth in full sunlight 
but that Arizona cottontop, plains 
bristlegrass, and bush muhly were 
able to adapt to shade does not an- 
swer the basic question-why was 
production of these three grasses 
greater under mesquite trees than 
in the open? The results of this 
study alone, in fact, indicate that 
growth should have been best in 
the open. In companion studies, 
soil under mesquite trees was found 
to be more fertile than that in the 
open areas (Tiedemann, 1970). Ni- 
trogen and sulfur in the mesquite 
soil are more abundant and more 
available to the native grasses than 
that in open soil. Phosphorus was 
no more abundant in the mesquite 
soil, but it was more readily avail- 
able to plants than that in soil from 
open areas. This difference in soil 
fertility and nutrient availability is 
probably the main reason for the 
difference in production between 
the two locations. 

The absence of black grama 
under mesquite trees and its failure 
to adapt to shade indicates that 
shade adaptation is an important 
factor. If Arizona cottontop, plains 
bristlegrass, and bush muhly were 
not facultative skiophytes, they 
would not likely grow under mes- 

bristlegrass plants growing under 
mesquite are probably more suc- 
culent than those growing in the 
open. This coupled with higher 
fertility of the mesquite soil sug- 
gests that plants growing under 
mesquite are more palatable to live- 
stock than plants growing in adja- 
cent open areas. 
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Highlight 

Total annual herbage yields on three range sites in East- 
ern Idaho in climax condition are compared with yields of 
introduced grasses and legumes on the same sites. Yields 
of introduced grasses and legumes exceeded yields of climax 
vegetation on all three range sites studied. 

In the late nineteen fifties and early sixties, thou- 
sands of acres of dry farmland in eastern Idaho were 
put in the soil bank. Under this program, farmers 
were encouraged to take land out of wheat produc- 
tion and retire it to grass for a specific contract pe- 
riod-usually 5 to 10 years. Terms of the contract 
required seeding the retired land to grass or grass- 
legume mixtures for soil protection and improve- 
ment. The resulting forage could not be harvested 
or grazed during the contract period. Seedings were 
established by drilling in late fall into grain stub- 
ble or summer fallow. No fertilizer was used either 
during establishment or in subsequent years on the 
plantings studied. Many excellent stands of grass 
on different soil series and in different rainfall 
zones presented an opportunity to compare relative 
yields over a period of years. 

Procedures 

Beginning in 196 1, eleven seedings, four to five 
years old, were selected for collecting yield infor- 
mation. They were chosen to represent important 
range sites in eastern Idaho of owners whose soil 
bank contracts had several years to run to insure at 
least four years of yield data. Only fields that had 
full, uniform stands of the seeded species were se- 

1 Received November 6, 1970. 
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lected. Differences in yield, due to variation in the 
stand were eliminated. The stands selected would 
be considered good or better for the site. Insofar as 
possible, fields were chosen which had uniform 
soils so that yields could be correlated with a spe- 
cific range site. 

Range managers and ranchers frequently face 
the decision of either managing a good stand of na- 
tive species on a seedable range site or plowing the 
site and planting to introduced grasses and legumes. 
Many investigators have described the increases in 
forage production made possible by seeding de- 
teriorated ranges. This study compares total annual 
yield of vegetation on three range sites in excellent 
range condition (climax vegetation) with yield of 
introduced grasses and legumes on the same range 
sites. Range sites studied were the Loamy 8 to 12 
inch precipitation zone, Loamy 12 to 16 inch pre- 
cipitation zone, and Loamy 16 to 22 inch precipita- 
tion zone in eastern Idaho. The term “range site” 
is used here as applied by the Soil Conservation 
Service in making range inventories and as dis- 
cussed by Dyksterhuis (1949) and Heerwagen 
(1959). 

The studies were made on three major soil series: 
Lantonia, Tetonia, and Pancheri. These soils cor- 
relate with the Loamy 16 to 22 inch, Loamy 12 to 
16 inch, and Loamy 8 to 12 inch range sites respec- 
tively. Table 1 provides brief descriptions of these 
soils. 

The double plot sampling method as described 
by Wilm, Costello and Klipple (1944) and Frisch- 
knecht and Plummer (1949) was used to determine 
total herbage yield. Plants were clipped at ground 
level. Samples of fresh material were kept for air- 
dry weights. 

Concurrently, the Soil Conservation Service 
Soil-Range Interpretative Team of H. B. Passey 
and V. K. Hugie (1962, 1963) were conducting 
studies on native ranges in climax condition in 
south-central Idaho. They measured total produc- 
tion on 52 different study areas, seven of which 
were on soils which correlate into the same range 
sites mentioned above. These studies were made 
on the Roseworth, Neeley, and Pancheri soil series 
in the Loamy 8 to 12 inch range site and on the 



RANGE SEEDINGS 447 

MCBEE, GEORGE G., AND E. C. HOLT. 
1966. Shade tolerance studies on 
Bermudagrass and other turfgrasses. 
Agron. J. 58:523-525. 

MCGINNIES, WILLIAM J. 1966. Effects 
of shade on the survival of crested 
wheatgrass seedlings. Crop Sci. 6: 
482-484. 

PRITCHET~, W. L., AND L. B. NELSON. 
1951. The effect of light intensity 

on ‘growth characteristics of alfalfa 
and bromegrass. Agron. J. 43:172- 
177. 

SULLIVAN, J. T., AND V. G. SPRAGUE. 
1943. Composition of the roots and 
stubble of perennial ryegrass follow- 
ing partial defoliation. Plant Physiol. 
18:656-670. 

TIEDEMANN, A. R. 1970. Effect of 
mesquite (Prosopis jutifloru) trees on 

Range Seedings 
Versus Climax Vegetation 
on Three Sites in Idaho1 
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Highlight 

Total annual herbage yields on three range sites in East- 
ern Idaho in climax condition are compared with yields of 
introduced grasses and legumes on the same sites. Yields 
of introduced grasses and legumes exceeded yields of climax 
vegetation on all three range sites studied. 

In the late nineteen fifties and early sixties, thou- 
sands of acres of dry farmland in eastern Idaho were 
put in the soil bank. Under this program, farmers 
were encouraged to take land out of wheat produc- 
tion and retire it to grass for a specific contract pe- 
riod-usually 5 to 10 years. Terms of the contract 
required seeding the retired land to grass or grass- 
legume mixtures for soil protection and improve- 
ment. The resulting forage could not be harvested 
or grazed during the contract period. Seedings were 
established by drilling in late fall into grain stub- 
ble or summer fallow. No fertilizer was used either 
during establishment or in subsequent years on the 
plantings studied. Many excellent stands of grass 
on different soil series and in different rainfall 
zones presented an opportunity to compare relative 
yields over a period of years. 

Procedures 

Beginning in 196 1, eleven seedings, four to five 
years old, were selected for collecting yield infor- 
mation. They were chosen to represent important 
range sites in eastern Idaho of owners whose soil 
bank contracts had several years to run to insure at 
least four years of yield data. Only fields that had 
full, uniform stands of the seeded species were se- 

1 Received November 6, 1970. 

vegetation and soils in the desert 
grassland. Ph.D. diss., Univ. Ariz., 
Tucson. 159 p. 

WARD, C. Y., AND R. E. BLASER. 1961. 
Carbohydrate food reserves and leaf 
area in regrowth of orchardgrass. 
Crop Sci. 1: 366-370. 

WEINMANN, H. 1947. Determination 
of total available carbohydrates in 
plants. Plant Physiol. 22:279-290. 

lected. Differences in yield, due to variation in the 
stand were eliminated. The stands selected would 
be considered good or better for the site. Insofar as 
possible, fields were chosen which had uniform 
soils so that yields could be correlated with a spe- 
cific range site. 

Range managers and ranchers frequently face 
the decision of either managing a good stand of na- 
tive species on a seedable range site or plowing the 
site and planting to introduced grasses and legumes. 
Many investigators have described the increases in 
forage production made possible by seeding de- 
teriorated ranges. This study compares total annual 
yield of vegetation on three range sites in excellent 
range condition (climax vegetation) with yield of 
introduced grasses and legumes on the same range 
sites. Range sites studied were the Loamy 8 to 12 
inch precipitation zone, Loamy 12 to 16 inch pre- 
cipitation zone, and Loamy 16 to 22 inch precipita- 
tion zone in eastern Idaho. The term “range site” 
is used here as applied by the Soil Conservation 
Service in making range inventories and as dis- 
cussed by Dyksterhuis (1949) and Heerwagen 
(1959). 

The studies were made on three major soil series: 
Lantonia, Tetonia, and Pancheri. These soils cor- 
relate with the Loamy 16 to 22 inch, Loamy 12 to 
16 inch, and Loamy 8 to 12 inch range sites respec- 
tively. Table 1 provides brief descriptions of these 
soils. 

The double plot sampling method as described 
by Wilm, Costello and Klipple (1944) and Frisch- 
knecht and Plummer (1949) was used to determine 
total herbage yield. Plants were clipped at ground 
level. Samples of fresh material were kept for air- 
dry weights. 

Concurrently, the Soil Conservation Service 
Soil-Range Interpretative Team of H. B. Passey 
and V. K. Hugie (1962, 1963) were conducting 
studies on native ranges in climax condition in 
south-central Idaho. They measured total produc- 
tion on 52 different study areas, seven of which 
were on soils which correlate into the same range 
sites mentioned above. These studies were made 
on the Roseworth, Neeley, and Pancheri soil series 
in the Loamy 8 to 12 inch range site and on the 
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Table 1. Soil descriptions.* 

Name Classification Elev. (ft.) Ppt. (inch) 
Effective 

depth (inch) Range site 

Lantonia silt 
loam 

Tetonia silt 
loam 

Pancheri silt 
loam 

Roseworth silt 
loam 

Neeley silt 
loam 

Clegg silt 
loam 

Bancroft silt 
loam 

Pachic 
Cryoborolls 
Pachic 
Cryoborolls 
Xerollic 
Calciorthids, 
Frigid 
Orthidic 
Durixerolls, 
Frigid 
Calciorthidic 
Haploxerolls 
Mesic 
Calcic Pachic 
Argixerolls, 
Frigid 
Calcic 
Argixerolls 

5800-7000 

5500-7000 

4200-6000 

15-18 

13-15 

8-12 

> 40 Loamy 
16 to 22 inches 

> 40 Loamy 
12 to 16 inches 

> 40 Loamy 
8 to 12 inches 

5000-5600 1 l-13 2040 Loamy 
8 to 12 inches 

4000-5000 11-13 > 40 Loamy 
8 to 12 inches 

5600-7300 15-20 > 40 Loamy 
12 to 16 inches 

4500-6500 13-16 > 40 Loamy 
12 to 16 inches 

+ Max Daniels, Soil Scientist, SCS, Boise, Idaho. 

Clegg and Bancroft series in the Loamy 12 to 16 
inch range site. 

Although Hugie and Passey did not have study 
sites in eastern Idaho on the Loamy 16 to 22 inch 
range sites, native range yield information was 
available from the Teton Soil Survey Report (Soil 
Conserv. Serv., (1969) and the Bingham Soil Survey 
Report (Soil Conserv. Serv., unpublished). These 
sources of information were used to compare yields 
on rangeland in climax condition and yields from 
the same soils that had been seeded to introduced 

Average yield of native range in excellent condi- 
tion on the same range site for the same four years 
on four study sites was 808 pounds per acre (Table 
3). Figure 1 illustrates variability by years. When 
seeded to introduced <grasses, the Loamy 8 to 12 
inch range site averaged about 375 pounds more 
per acre per year than the same site in climax 
condition. Composition of the climax vegetation 
on this site is approximately as follows: 

Grasses 

grasses and legumes. 
In the study area, precipitation was slightly be- 

300/o-50$% 

low average in 1961 and above average in 1962, 
1963 and 1964. 

Results 
Forbs 

Loamy 8 to 12 inch range site.-This site occurs 
100/o-35% 

on the Pancheri, Neeley, Roseworth, and similar 
soil series. Yields of crested wheatgrass (Agropyron 
cristatum) and Siberian wheatgrass (Agropyron si- Shrubs 

bericum) average 1,182 pounds air-dry herbage per 1 OS-35% 
acre over a four year period at three different study 
locations (Table 2). 

Table 2. Yields (lbs./acre, air dry) of seeded ranges. 

Dominated by bluebunch wheatgrass 
(Agropyron spicatum), Thurber nee- 
dlegrass (Stipu thurberiuna), and blue- 
grasses (Pea secunda). 

Dominated by balsamroot (BaZsamo- 
rhizu sugittutu), Phlox sp., and taper- 
tip hawksbeard (Crepis ucuminutu). 

Dominated by big sagebrush (Arte- 

misiu tridentutu) and three-tip sage- 
brush (A. tripurtitu). 

Yields 

Range site Soil series 1961 1962 1963 1964 Average 

Loamy, 8 to 12 inch1 Pancheri 724 1046 1634 1320 1182 
Loamy, 12 to 16 inch2 Tetonia 1905 2749 3848 3251 2782 
Loamy, 16 to 22 inch2 Lantonia 2884 4286 4945 5680 4272 

l Average of 3 seedings. 
2 Average of 4 seedings. 
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Table 3. Total herbage yields (Ibs./acre, air dry) on three 
range sites in climax condition in Idaho.1 

Year 

Range site & soil series 1961 1962 1963 1964 Average 

Loamy 8 to 12 inch 

Roseworth silt loam 
Neeley silt loam 
Neeley silt loam 
Pancheri silt loam 

Average 

583 724 1089 943 835 
589 849 957 756 788 
614 1339 1173 757 971 
639 738 618 559 638 

606 912 959 754 808 

Loamy 12 to 16 inch 
Clegg silt loam 1138 1307 1320 1138 1226 
Bancroft silt loam 1312 1458 1042 1192 1251 

Average 1225 1382 1181 1165 1238 

Loamy 16 to 22 inch 

Lantonia-like - - - - 2200 

1 Yields for Roseworth, Neeley, Pancheri, Clegg, and Bancroft soil 
series are from Hugie, Passey and Williams, Soil Conservation 
Service, Portland, Oregon, Soil-Range Investigations, un- 
published. 

Loamy 12 to 16 inch range site.-This site occurs 
on Tetonia, Clegg, Bancroft, and similar soil series. 
Seedings were measured on the Tetonia series and 
were mixtures of intermediate wheatgrass (Agro- 
pyron intermedium) and alfalfa (Medicago sativa) 
or Manchar smooth brome (Bromus inermis) and 
alfalfa. One seeding was smooth brome grass alone. 
Average yields for the four study years, 1961 
through 1964, were 2,782 pounds per acre per year 
(Table 2). 

2’500r--l 

1962 1963 1964 

FIG. 1. Comparison of annual yields between seeded range and 
climax condition range. Loamy 8 to 12 inch range site. Pancheri- 
like soils. 

The same range site in climax condition aver- 
aged 1,238 pounds per acre per year on two soil 
series (Clegg and Bancroft) for the four-year period 
(Table 3). Seedings with alfalfa in the mixture 
produced over twice as much as the native range. 
With smooth brome alone, the site out-yielded 
native range by over 500 pounds per acre. Figure 
2 illustrates variability by years. Composition of 
the climax vegetation on this site is approximately 
as follows: 

Grasses 

65%-80% Dominated by bluebunch wheatgrass, 
Idaho fescue (Festuca idahoensis), and 
bluegrasses. 

Forbs 

150/o-20% Dominated by tapertip hawksbeard, 
balsamroot, and Phlox sp. 

Shrubs 

IO%-20% Dominated by big sagebrush and three- 
tip sagebrush. 

Loamy 16 to 22 inch range site.-This site occurs 
on the Lantonia, Karlan, Robin, and similar soil 
series. Seedings were measured on the Lantonia 
soil series and consisted of intermediate wheatgrass, 
Manchar smooth brome and one crested wheatgrass 
seeding, all with alfalfa. Average yield for four years 
on four study sites was 4,272 pounds per acre (Table 
2). No figures are available by individual years for 
the native range. However, average yields on these 
soils of native species is approximately 2,200 
pounds (Teton Soil Survey Report, 1969; Bingham 

4,000 1 I I I 1 

2,500 - 

! ,000 ’ I I I I 
1961 1962 1963 1964 

FIG. 2. Comparison of annual yields between seeded range and 
climax condition range. Loamy 12 to 16 inch range site. 
Tetonia-like soils. 
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FIG. 3. Comparison of annual yields between seeded range and 
climax condition range. Loamy 16 to 22 inch range site. 
Lantonia-like soils. 

County Soil Survey Report, unpublished). Seeded 
sites average about twice the production of the na- 
tive range (Fig. 3). Composition of the climax 
vegetation on the site is approximately as follows: 

Grasses 

550/o--75% 

Forbs 

100/o-25$% 

Shrubs 

5%-10% 

Dominated by Idaho fescue, blue- 
grasses, bluebunch wheatgrass, bearded 
wheatgrass (A. subsecundum), and 
prairie junegrass (Koleria c&t&z). 

Dominated by geranium (Geranium 
fremonti), lupine (Lupinus sp.), bal- 
samroot, and western yarrow (Achilles 
lunulosu). 

Dominated by bitterbrush (Purshiu tri- 
dent&a), snowberry (Symphoricarpos 

sP*), and serviceberry (Amelunchier 
ulnifoliu). 

Discussion 

This study indicates that three range sites in east- 
ern Idaho will produce significantly more herbage 
when seeded to introduced grasses and legumes than 
they will in climax condition. 

The increased production of seeded ranges over 
the native range for a four-year period average 
146% for the Loamy 8 to 12 inch site, 224% for the 
Loamy 12 to 16 inch site, and 194% for the Loamy 
16 to 22 inch site. 

Since native ranges grow significant percentages 
of plants that are only lightly used by some classes 
of grazing animals, the spread between stocking 
rates would be even higher. Many investigators 
have demonstrated the dramatic increases when 
poor condition ranges are seeded. This study indi- 
cates that good seedings will produce significantly 
more than the best native ranges on the sites and 
soils studied. However, it may seldom be desirable 
to convert seedable, climax condition ranges to 
introduced grasses and legumes. Several factors 
must be considered. In some cases, the variety of 
forage offered by the native range is more valuable 
to both wildlife and livestock than the single or 
dual species seeding. In addition, such things as 
kind and class of livestock, seasonal forage balance, 
possible effects on the range ecosystem, wildlife, 
and cost-benefits must be carefully evaluated. 
Therefore, even though a given site might be capa- 
ble of producing more pounds of forage from intro- 
duced species, other factors often weigh in favor 
of leaving it in native vegetation. 
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Highlight 

Responses of vegetation following herbicide applications and grazing 
strengthened previously developed synecological concepts of the low sagebrush 
community in relation to medusahead invasion. Removal of the shrub cover 
with 2,4-D did not necessarily lead to an increase in medusahead because the 
perennial grasses quickly made use of the released environmental Potential. 
Spraying 2,4-D for brush control combined with application of atrazine for 
herbaceous weed control further increased perennial grasses when not grazed, 
but with grazing, medusahead greatly increased at the expense of Perennial 
grasses by 3 years after treatment. 

Medusahead (Taeniatherum as- 
per-urn (Sim.) Nevski) has been a 
highly successful invader of diverse 
plant communities since its intro- 
duction from Europe or Asia to 
southwestern Oregon late in the 
nineteenth century (McKell et al., 
1962; Turner et al., 1963). Medusa- 
head has slowly progressed across 
the mountainous plateau of north- 
eastern California until infestations 
are poised on the edge of the Great 
Basin bordering northeastern Cali- 
fornia and northern Nevada. 

In a previous synecologic investi- 
gation we characterized soil and veg- 
etation assemblages infested with 
medusahead on the margin of the 
Great Basin (Young and Evans, 
1970). We determined that low sage- 
brush (Artemisia arbuscula Nutt.), 
communities were the most exten- 
sive communities subject to inva- 
sion by medusahead. Invasion by 
medusahead was dependent on the 
seral level of the community, with 

l Received December 1, 1970; accepted 
for publication February 24, 197 1. Co- 
operative investigation of the Plant 
Science Research Division, Agricul- 
tural Research Service, U. S. De- 
partment of Agriculture, and the 
Agricultural Experiment Station, Uni- 
versity of Nevada, Reno, Nevada. Uni- 
versity of Nevada Journal Series No. 
174. 

low sagebrush, perennial grass, and 
forb cover, all being negatively re- 
lated to medusahead cover. Once 
medusahead gains a foothold in the 
community, the risk of wildfire and 
the destruction of shrub cover is 
greatly increased because of the ac- 
cumulation of flammable fuel. 

Our purposes were to test the re- 
lations between low sagebrush, pe- 
rennial grass, or forb cover to 
medusahead invasion, and to deter- 
mine if the herbicide Z-chloro-4-eth- 
ylamino-6-isopropylamino-s-triazine 
(atrazine) could be employed to pre- 
vent spread of medusahead in these 
communities. 

Methods 

We chose a modal low sagebrush 
community located near Adin, Cali- 
fornia. The area is locally known 
as Fly-Blown-Flat. The study area 
was located on a triangle of un- 
fenced public land heavily grazed 
by cattle. 

The vegetation was dominated 
by an overstory of low sagebrush. 
Located under the canopies of the 
shrubs were remnant clumps of the 
perennial grasses squirreltail (Si- 
tanion hystrix (Nutt.) J. G. Sm.) 
and Sandberg bluegrass (Poa sec- 
unda Presl.). There was a colorful 
ephemeral vernal vegetation of big- 
head clover (Trifolium macro- 
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cephalum (Pursh) Poir.), adobe 
beard-tongue (Penstemon laetus 
Gray), and Douglas phlox (Phlox 
douglasii Hook.). Panicle willow- 
weed (Epilobium paniculatum 
Nutt.) and California goldenrod 
(Solidago californica Nutt.) formed 
a summer flora between the shrubs. 
During the remainder of the year 
the interspace among the shrubs 
was largely bare of vegetation. 

Down slope from Fly-Blown-Flat 
wildfires have destroyed the low 
sagebrush cover and several thou- 
sand adjacent acres are dominated 
by medusahead, downy brome (Bro- 
mus tectorum L.), hairy chess (Bro- 
mus commutatus Schrad.) and red- 
stem filaree (Erodium cicutarium 
(L.) L’Her.). Fly-Blown-Flat is di- 
rectly in the path of medusahead 
invasion in terms of vegetation, con- 
tinuous land form, and livestock 
movement. In the area of the in- 
vestigation the annual grasses are 
largely restricted to areas of rodent 
disturbance, and pockets of vertisol 
clay with scant native vegetation. 

Fly-Blown-Flat has a slight gilgai 
micro-relief. The mollic epipedon 
is a clay-loam and grades into a 
heavy clay argillic horizon. Below 
the clay is very indurate duripan. 
Soil depth to the pan ranges from 
12 inches on the mounds to nothing 
in some of the swales. 

The mean annual precipitation 
at Adin, 3 miles from the study 
area, is 18 inches. With a pre- 
dominance of winter precipitation 
typical of the Intermountain West, 
Fly-Blown-Flat is a quagmire in the 
early spring and baked to a cracked 
brick consistency by late summer. 

To fracture the structure of the 
community and to reduce it to a 
seral stage, we applied 2 lb./acre of 
propylene glycol butyl ether esters 
of (2,4-dichlorophenoxy)acetic acid 
(2,4-D) in May 1967, following the 
procedures of Eckert and Evans 
(1968). The 2,4-D was applied in 
water to 20 by ZO-ft plots in a four 
replicated-randomized block design. 
An exclosure was constructed to 
prevent grazing and eight plots 
were sprayed inside and outside the 
exclosure. In October of 1967, we 
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Table 1. Yield (lb./acre) and projected herbage cover (%) of a low sagebrush 
community in relation to grazing and herbicide treatments. Treatments initi- 
ated in 1967 and sampled in 1970.a 

Projected herbage coverC 

Perennial Annual Low Perennial 
Treatments Yieldb grass grass sagebrush forbs 

Grazed 

Control 300d 4b 3b 25a 9a 

2,4-D 7ooc Ila 4b Tb 3a 
2,4-D plus atrazine 820b 3b 25a 0 la 

Nongrazed 
Con 0-01 480d 4b 4b 23a 5a 
2,4-D 980a 17a Tb Tb 8a 
2,4-D plus atrazine 960a 15a Tb 3b 3a 

u Means followed by the same letter are not significantly different at 0.05 probability 
level as determined by Duncan’s Multiple Range Test. All comparisons made vertically. 

b Dry matter from previous years production was not separated from perennial grass 
clumps during clipping. This is reflected in the relatively high production for this site. 

c T = less than 1% cover. 

sprayed four inside and four plots 
outside the exclosure with 1 lb./ 
acre of atrazine. The treatments 
were applied in 10 gal/acre of 
water. The same treatments were 
established in May and October of 
1968 and 1969. 

Each year (1967 through 1970), at 
maturity of the annual grasses, we 
clipped a l-meter-square plot in 
each treatment. The projected herb- 
age cover of the component herba- 
ceous vegetation was estimated on 
each of these plots before clipping. 
Low sagebrush cover was estimated 
on the entire treatment area. The 
herbaceous vegetation was fre- 
quently sampled by using the step- 
point method of Evans and Love 
(1957). 

Results 

The application of the herbicides 
and the initiation of the grazing 
treatments in 1967 induced a series 
of changes in the low sagebrush 
community. A comparison of these 
changes that have occurred by 1970 
are presented. We suppressed suc- 
cession with some of the treatments 
and they have and probably will 
continue to respond dynamically. 
The treatments initiated in 1968 
and 1969 have induced the same 
pattern of changes in the commu- 
nity. In the interest of brevity we 

will present only the data with the 
longest time base. 

The 2,4-D treatment in 1967, and 
all subsequent years, was almost 
completely effective in destroying 
the low sagebrush cover (Table 1). 
Cover of perennial grasses increased 
on all treatments where low sage- 
brush was removed except for 
grazed plots receiving the atrazine 
treatment. In 1970, on plots treated 
with 2,4-D and atrazine in 1967 and 
subsequently heavily grazed, the 
cover of annual grasses had in- 
creased. Change in the cover of 
perennial forbs was small and not 
statistically significant. 

Removal of low sagebrush and 
protection from grazing resulted in 
about a three-fold increase in herb- 
age yield over that obtained on the 
unsprayed and grazed area (Table 
1). Production was the same on non- 
grazed 2,4-D treated plots whether 
atrazine was applied or not. Herb- 
age yield of grazed plots where atra- 
zine and 2,4-D were applied was 
markedly higher than the yield ob- 
tained from the 2,4-D treated and 
grazed treatments. Three years of 
non-use did not significantly in- 
crease herbage production on con- 
trol treatments where the low sage- 
brush was not destroyed by 2,4-D. 

Much of the herbage yield of the 
grazed plots treated with 2,4-D and 
atrazine was composed of medusa- 
head. The frequency as well as 
yield and cover of annual grasses, 
was markedly higher on these treat- 
ments (Table 2). On the nongrazed- 
2,4-D-treated and 2,4-D and atrazine- 
treated plots, the frequency of 
annual grasses was much lower than 
on control plots. 

The frequency of squirreltail in- 
creased on all plots where the low 
sagebrush cover was removed (Table 
2). Atrazine treatments did not 
alter this increase in either the 
grazed or nongrazed condition. 
Squirrel tail did not significantly in- 
crease in frequency with 3 years of 
non-use with an intact cover of low 
sagebrush. In contrast, Sandberg 
bluegrass markedly increased in fre- 
quency under these conditions. The 

Table 2. Species composition (%) based on frequency for a low sagebrush com- 
munity in relation to herbicide and grazing treatments initiated in 1967 and 
sampled in 1970.a 

Squirrel- Sandberg Annual Panicle Russian 
Treatments tail bluegrass grasses willowweed thistle 

Grazed 
Control 7c 18~ 42b 33a 0 
2,4-D 30b 41a 25c 13bcd 0 
2,4-D plus atrazine 30b 4d 56a 3d 7 

Nongrazed 
Con 0-01 IlC 47a 24c 18bc 0 
2,4-D 41a 23bc Ild 25ab 0 
2,4-D plus atrazine 48a 31b Ild IOcd 0 

il Means followed by the same letter are not significantly different at the 0.05 probability 
level as determined by Duncan’s Range Test. All comparisons are made vertically. 
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1. Responses of perennial grass and 

medusahead cover for the period from 
1967-1970 to applications of 2,4-D and 
atrazine in 1967. 

application of 1 lb./acre of atra- 
zine to plots previously receiving 
an application of 2,4-D most re- 
duced the frequency of Sandberg 
bluegrass if the treated area was 
grazed. 

The grazed 2,4-D and atrazine 
treatment also most reduced the fre- 
quency of panicle willowweed, the 
major component of perennial forb 
cover (Table 2). This was the only 
treatment where the seral status of 
the community was sufficiently sup- 
pressed to allow the establishment 
of Russian thistle (Salsola kali L. 
var. tenuifolia Tausch.). 

The grazing exclosure was con- 
structed in May, 1967 at the time of 
the initial 2,4-D treatments. By the 
time the atrazine was applied in 
October, the perennial grasses had 
completed reproduction without 
grazing while outside the exclosure 
the grasses were heavily grazed. 
During the growing season of 1968, 
the atrazine treated areas, both 
grazed and ungrazed, were com- 
pletely free of annual vegetation 
(Fig. 1). Perennial grasses in the 
grazed treatments developed severe 
symptoms of atrazine injury. The 
typical chlorosis of leaves was espe- 
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Table 3. Relation of medusahead cover to low sagebrush, perennial grass, and 
perennial forb cover based on a previous synecological studya and manipula- 
tion of the community with herbicides. 

Medusahead coverb 

r a b 

Low sagebrush cover 
Previous synecological 
This investigation 

Perennial grass cover 
Previous synecological 
This investigation 

Native forb cover 
Previous synecological 
This investigation 

study -0.80” + 24.38 -0.27 14 
-0.79s * 21.23 -0.243 1 

study -0.68X * 21.33 -0.2237 
-0.54* * 12.91 -0.7472 

study -0.62” * 13.37 -0.1135 
-0.51”” 5.34 -0.1587 

p Previous investigation involved 65 stands extending 100 miles north and south of the 
present study site (Young and Evans, 1970). 

b r is the correlation coefficient; a is the y intercept; and b is the regression coefficient. 
Symbols: ** and # indicate significance at the 0.01 and 0.05 levels of probability, re- 
spectively. 

cially evident on Sandberg blue- 
grass plants growing in swale areas 
where soil depth to the indurate 
pan was at a minimum. The grazed, 
atrazine-treated perennials failed to 
reproduce in 1968. Symptoms of 
atrazine injury were hardly evident 
in perennial grasses on the non- 
grazed treatments and caryopses 
production was heavy. 

In 1969, following the year of 
atrazine activity, medusahead 
greatly increased on grazed plots, 
but only an occasional plant of this 
species was folund in the nongrazed 
plots (Fig. 1). Total perennial grass 
cover remained relatively stable on 
the grazed plots following the year 
of atrazine activity. However, fre- 
quency sampling indicated that 
Sandberg bluegrass was replaced 
by squirreltail on these plots. In 
contrast, following the year of atra- 
zine activity, perennial grass cover 
greatly increased on the nongrazed 
plots. 

There is close agreement between 
the correlation coefficients and par- 
tial regression equations for the re- 
lation between low sagebrush cover 
and medusahead cover developed 
by our previous synecological in- 
vestigation and by this artificially 
manipulated community (Table 3). 
Similar trends are also apparent for 

the relation between perennial grass 
or forb cover and medusahead cover. 
For the two latter characteristics the 
mean cover for Fly-Blown-Flat was 
lower than the means obtained 
from the extensive synecological 
study. 

Summary and Discussion 
As long as the shrub cover re- 

mains, low sagebrush communities 
are relatively resistant to invasion 
by medusahead. Removal of the 
shrub cover with 2,4-D does not 
necessarily lead to an increase in 
medusahead if the perennial grasses 
quickly make use of the released 
environmental potential. In this 
study, the perennial grasses sup- 
pressed any marked increase in me- 
dusahead even when continuous 
heavy grazing followed removal of 
the brush. 

Applications of 1 lb./acre of atra- 
zine eliminated all annual vegeta- 
tion the year following application. 
On heavily grazed plots treated with 
2,4-D and atrazine, there was severe 
injury to the native perennial 
grasses followed by an increase of 
medusahead. In contrast, on non- 
grazed plots, the atrazine treatment 
significantly increased perennial 
grasses, with only an occasional me- 
dusahead plant present. 
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on Lehmann Lovegrass 
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Highlight 

Density and vigor of Lehmann love- 
grass were essentially unaffected by 
burning which resulted in a 90% top 
kill of shrub live oak sprouts. Some in- 
creases were noted in King Ranch and 
yellow bluestem and associated native 
f orbs. 

El Efecto de una Quema en 
Febrero Sobre “Lehmann 

Lovegrass” en el Estado de Arizona, 
E.U.A. 

Resumen3 
La densidad y el vigor de las plantas 

de “Lehmann Lovegrass” (Eragrostis 
Zehmanniana) no fueron afectados por 
la quema, pero mat6 90% de las partes 
aereas de las especies arbustivas. Se 
aumentaron las zacates introducidos, 
“King Ranch y Turkestan Bluestem,” 
y las hierbas nativas. 

The use of light grass fires is a 
tempting alternative to continued 
use of herbicides to suppress shrub 
growth on brushlands converted to 

l Received December 12, 1970; ac- 
cepted for publication February 24, 
1971. 

2 Rocky Mountain Forest and Range 
Experiment Station, Forest Service, 
U. S. Department of Agriculture, with 
central headquarters at Fort Collins, 
in cooperation with Colorado State 
University. 

3 Por Donald L. Huss y Benjamin Lo- 
pez, Dep. de Zootecnia, I.T.E.S.M., 
Monterrey, Mexico. 

grass-shrub types. Grass fires are 
flashy, and while damaging thin- 
barked shrub seedlings and sprouts, 
probably cause little harm to soil 
structure and soil organic matter. If 
grass is burned during the winter, 
regrowth tends to limit erosion 
damage during the following sum- 
mer rains. Such a treatment is bene- 
ficial, however, olnly if it causes lit- 
tle damage to the grass stand itself. 

While summer burns may cause 
substantial mortality of Lehmann 
lovegrass (Eragrostis lehmanniana 
Nees) (Humphrey and Everson, 
1951; Cable, 1965), the effect of 
winter fires has not previously been 
assessed. Late winter or early spring 
burning has been reported as bene- 
ficial on longleaf pine-bluestem 
ranges (Grelen and Epps, 1967), on 
brush prairie savanna in Wisconsin 
(Vogl, 1965), and on tobosa grass 
(Hilaria mutica (Buckl.) Benth.) 
(Wright, 1969). B urning during the 
hot, dry season may depress grass 
and shrub production for up to 3 
years (Reynolds and Bohning, 1956; 
Cable, 1967; and Dwyer and Pieper, 
1967). Although total herbage pro- 
duction after burning may be low- 
ered, selective response of individ- 
ual species tolerant to fire may 
improve composition of the range 
community (Trlica and Schuster, 
1969). 
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This report presents results of a 
single February test burn of a chap- 
arral area rootplowed and seeded 
to Lehmann lovegrass, yellow (or 
Turkestan) bluestem (Bothriochloa 
ischaemum (L.) Keng), and its va- 
riety, King Ranch bluestem. 

Study Area and Methods 

The test burn was made on a 
part of the Three Bar Game Man- 
agement Study Area on the Tonto 
National Forest in central Arizona. 
This study area has been protected 
from livestock grazing since 1936, 
except for moderate use from 1943 
to 1947. Approximately 5 acres of 
moderately dense oak-mountainma- 
hogany chaparral, burned over by 
a wildfire in 1959, was rootplowed 
in November 1962 and seeded to 
Lehmann lovegrass and yellow and 
King Ranch bluestem. In the 
spring of 1966, surviving shrub live 
oaks (Quercus turbinella Greene) 
were spot treated with fenuron at 
8 pounds active ingredient per acre. 
Some shrubs were killed, but others 
had largely recovered by February 
1969. 

Half of the area was selected for 
burning, and half was left for an 
unburned check. A lo-foot fire line 
was carefully burned out on the 
downwind side of the burn plot. 

Herbage production before and 1 
year after the burn was estimated 
by a double-sampling procedure, 
where field estimates are corrected 
by regression analysis (Wilm, Cos- 
tello, and Klipple, 1944). Lehmann 
lovegrass density was determined by 
the angle-order method of Morisita 
(1957). Sixty living Lehmann love- 
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grass is burned during the winter, 
regrowth tends to limit erosion 
damage during the following sum- 
mer rains. Such a treatment is bene- 
ficial, however, olnly if it causes lit- 
tle damage to the grass stand itself. 

While summer burns may cause 
substantial mortality of Lehmann 
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Nees) (Humphrey and Everson, 
1951; Cable, 1965), the effect of 
winter fires has not previously been 
assessed. Late winter or early spring 
burning has been reported as bene- 
ficial on longleaf pine-bluestem 
ranges (Grelen and Epps, 1967), on 
brush prairie savanna in Wisconsin 
(Vogl, 1965), and on tobosa grass 
(Hilaria mutica (Buckl.) Benth.) 
(Wright, 1969). B urning during the 
hot, dry season may depress grass 
and shrub production for up to 3 
years (Reynolds and Bohning, 1956; 
Cable, 1967; and Dwyer and Pieper, 
1967). Although total herbage pro- 
duction after burning may be low- 
ered, selective response of individ- 
ual species tolerant to fire may 
improve composition of the range 
community (Trlica and Schuster, 
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This report presents results of a 
single February test burn of a chap- 
arral area rootplowed and seeded 
to Lehmann lovegrass, yellow (or 
Turkestan) bluestem (Bothriochloa 
ischaemum (L.) Keng), and its va- 
riety, King Ranch bluestem. 

Study Area and Methods 

The test burn was made on a 
part of the Three Bar Game Man- 
agement Study Area on the Tonto 
National Forest in central Arizona. 
This study area has been protected 
from livestock grazing since 1936, 
except for moderate use from 1943 
to 1947. Approximately 5 acres of 
moderately dense oak-mountainma- 
hogany chaparral, burned over by 
a wildfire in 1959, was rootplowed 
in November 1962 and seeded to 
Lehmann lovegrass and yellow and 
King Ranch bluestem. In the 
spring of 1966, surviving shrub live 
oaks (Quercus turbinella Greene) 
were spot treated with fenuron at 
8 pounds active ingredient per acre. 
Some shrubs were killed, but others 
had largely recovered by February 
1969. 

Half of the area was selected for 
burning, and half was left for an 
unburned check. A lo-foot fire line 
was carefully burned out on the 
downwind side of the burn plot. 

Herbage production before and 1 
year after the burn was estimated 
by a double-sampling procedure, 
where field estimates are corrected 
by regression analysis (Wilm, Cos- 
tello, and Klipple, 1944). Lehmann 
lovegrass density was determined by 
the angle-order method of Morisita 
(1957). Sixty living Lehmann love- 



grass clumps were tagged on the 
area to be burned, and 60 on the 
check area, to measure death loss 
directly. Twenty-one shrub live 
oaks were tagged, and pre- and post- 
fire top damage was estimated to 
determine response t” burning. 

Light rains totaling 0.88 inch fell 
on February 6 and 7, four days be- 
fore the burn. Soil moisture con- 
tent at the time of burning was 
12.2% by weight in the surface two 
inches. Soils are sandy loams of the 
Barkerville series, moderately deep, 
developed from deeply weathered 
granites. Fuel moisture content of 
the standing grass crop was 16.6%. 
Shrub live oak leaf moisture wab 
70.6%. 

The plot was burned at II:40 
a.m. on February 11 by Tonto Na- 
tional Forest personnel. Wind was 
from the east, light and variable at 
3 to 5 mph. Air temperature at a 
climatologicnl station 600 yards 
away was 5X F; the maximum that 
day was 65, atter an overnight low 
of 32. Relative humidity during 
the burn was 39%. 

The plot was fired from the up- 
wind side, upalope t” increase rate- 
of-spread. The fire was very flashy, 
and most shrubs surrounded by 

grass burned readily (Fig. 1). At the 
margin of the grass plot the fire 
quickly dropped to the ground and 
was extinguished. Without grass 
fuel, the cool, moist brush appar- 
ently was not flammable. Burning 

time for the 2.5.acre plot was 10 
minutes. 

Results and Discussion 

Lehmann lovegrass mortality by 
the end of the first post-burn grow- 
ing Samson was 4.5% on the burned 
plat and on the unburned check, 
l.fi%. The difference was not sig- 
nificant at P = .O5. Dead grass 
clmnps were abundant on both 
plots both before and after the fire, 
but large amounts of grass litter on 
the unburned plot made them more 
difficult t” observe. 

Lehmann lovegrass decreased 
from 0.98 to 0.94 plants per squa*e 
foot on the unburned area, but in- 
creased from 0.86 to 1.05 on the 
bmned area. The density differ- 
ences were relatively minor, how- 
ever, and were not significant be- 
tween years or between treatme,,ts. 
Seedling plants with at least one 
flowering culm were more abun- 
dant on the burned than the un- 
burned area, probably due, in part, 
t” removal of the mass of grass litter 
by the fire. The fire may also have 
briefly improved the inherently 
p”“r nutrient status of these soils. 

Vigor of the burned grass plants 
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Table 1. Herbage production (lb./acre, oven-dry basis) on Three Bar root- 
plowed plot. Treated plot was burned February 11,1969. 

Species 

Grasses 
Lehmann lovegrass 

Bluestem (yellow and 
King Ranch) 

Forbs and half-shrubs 
Dark spurge (Euphorbia 

melanadenia Torr.) 
Ground cherry (Physulis 

fend leri Gray) 
Purple nightshade (Solanum 

xan ti Gray) 
Franseria confertiflora 

(DC) Rydb. 
Others 
Total 

Pretreatment 19668 

To be 
Control burned 

708 821 

53 82 

I 6 

6 
762 915 

Post-treatment 1969 

Control Burned 

479 592 

54 95 

4 16 

11 

12 
6 

537 732 

did not appear to suffer; in fact, 
number and height of seed stalks 
appeared greater on the burned 
plot (Fig. 2). The bluestems espe- 
cially seemed more abundant and 
vigorous after treatment. While to- 
tal herbaceous production declined 
20% on the burned plot, blue- 
stem production increased 16% 
(Table 1). 

Forb production increased 33 lb. 
/acre on the burned plot, but only 
3 lb. on the unburned check. Most 
of this increase was in species that 
are important forage for mule deer. 

Total herbage production was 
lower on both plots in 1969 than in 
1968, but decrease was more pro- 
nounced on the unburned plot. De- 
creases were largely due to reduced 
summer rainfall: July-September 
rainfall in 1969 was only about 
50% of the long-time average. There 
was no significant difference be- 
tween the burned and unburned 
areas in either the pre-treatment or 
post-treatment years (Table 1). 

The rapidly moving fire was 
quite effective in topkilling shrubs. 
Top damage on shrub live oak in- 
creased from 8% before the fire to 
98% after the fire. Twenty of 21 
shrubs suffered complete topkill; 
one shrub received 50% top damage 
because grass cover was too thin to 

carry the fire. Other severely dam- 
aged shrubs were desert ceanothus 
(Ceanothus greggii A. Gray), a non- 
sprouting species; skunkbush sumac 
(Rhus trilobata Nutt.); and narrow- 
leaf yerba-Santa (Eriodictyon an- 
gustifolium Nutt.). Shrub live oak 
sprouted vigorously after the fire, 
as did narrowleaf yerba-Santa and 
skunkbush sumac. Only desert ce- 
anothus was killed. 

Sediment movement was not mea- 
sured on the relatively gentle slopes 
(5 to 15%), but observations indi- 
cated that the quickly regenerated 
grass cover provided adequate pro- 
tection by the onset of summer 
rains. Lovegrasses have been shown 
to be effective in reducing high 
rates of sediment movement on 
granitic slopes in central Arizona 
(Rich, 1961). 

Conclusions 
Burning a stand of Lehmann 

lovegrass under the conditions of 
this study has little adverse effect 
on lovegrass density, mortality, or 
vigor, unlike results reported for 
warm-season fires. Burning when 
soil moisture is high and grass leaf 
bases are relatively moist results in 
a quick, flashy top fire with little 
effect on the perennating buds near 
the cool mound surface. 

Young shrub sprouts are suscepti- 
ble to fire damage, and are readily 
topkilled when they are surrounded 
with highly flammable grass, even 
during midwinter when leaf and 
soil moisture contents are high. 

The cost of burning under these 
conditions would likely be substan- 
tially less than maintenance with 
presently available chemicals. 
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Highlight 

A heavy-duty range interseeder is described that uses mostly commercially 
available parts. A rapid increase in yield of native forage species, particularly 
western wheatgrass, found following furrowing alone was sufficient for success 
of the interseeding practice. Seeding adapted grasses and legumes further in- 
creased forage production. Orenberg alfalfa was the most successful species 
iuterseeded in the Northern Great Plains. A parallel increase in the undesirable 
fringed sagewort may require control measures. Interseeding is a cheap and 
profitable method of range improvement. 

El Mejoramiento de 10s Pastizales 
en 10s Planos de1 Norte de E.U.A. 

por la Intersiembra 

Resumen3 
Encontraron que la intersembradora 

fabricada no era bastante fuerte para 
la intersiembra. Una intersembradora 
mas fuerte hecha por 10s autores 
usando principalmente refacciones co- 
merciales es descrita. El aumento en 
la producci6n de forraje nativo por 
causa de 10s surcos hechos por la in- 
tersembradora fuk suficiente para justi- 
ficar la intersiembra. Pero, la inter- 
siembra de gramineas y leguminosas 
aument6 mas la producci6n. Orenburg 
alfalfa fug la especies mbs exitosa. La 
intersiembra es recomendable para me- 
jorar la condici6n de1 pastizal. 

Range interseeding has shown 
promise of significantly increasing 
productivity and the proportion of 
desirable forage species’ on depleted 
ranges. When ranges are to receive 
deferment from grazing for im- 
provement, interseeding may con- 
siderably reduce the time required. 

During the drought of the 1930’s 
limited contour furrowing of range- 

l Contribution of U. S. Department of 
Agriculture, Agricultural Research 
Service, Plant Science Research Divi- 
sion, and U. S. Department of the 
Interior, Bureau of Land Manage- 
ment. Received January 5, 1971. 

2 Present address is Crops Research 
Laboratory, Colorado State Univer- 
sity, Fort Collins, Colorado. 

3 Por Donald L. Huss y Benjamin L6- 
pez, Dep. de Zootecnia, I.T.E.S.M., 
Monterrey, Mkxico. 

lands was used to hold rainfall, re- 
duce soil blowing and prevent dep- 
osition of sediment on lower areas. 
The acco,mpanying destruction of 
native vegetation led to develop- 
ment of seeding attachments to the 
furrowing machines. 

Since the early 1950’s interseed- 
ing has become more widespread 
as a range improvement practice, 
and improved machines have been 
developed (Becker et al., 1956; Dud- 
ley et al., 1966; Hervey, 1960; Schu- 
maker, 1964). Ryerson et al. (1970) 
describes several interseeding ma- 
chines developed for use on club- 
moss (Selaginella densa Rydb.) dolm- 
inated rangelands in Montana. 
However, moist machines lack 
strength and durability for dense 
clay or rocky soils. 

The principle of range inter- 
seeding is that of planting in a 
scalped furrow from which all na- 
tive vegetation has been removed. 
The furrows are prepared by un- 
dercutting about 2 inches’ below 
ground level and usually placing the 
turned-over sod strips to the side. 
The width of strips is important to 
seeding success through reduction 
of competition for moisture. Wider 
furrows are required in regions of 
low precipitation. 

Since 1964 the Agricultural Re- 
search Service and the Bureau oif 
Land Management have cooperated 
in development of an interseeding 
machine suited to rough topogra- 
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phy and clayey soils in the Northern 
Great Plains. In order to minimize 
supply problems, maximum use was 
made of commercially available, off- 
the-shelf parts. This report de- 
scribes the resulting machine as well 
as the results of research on adapta- 
bility and limitations of interseed- 
ing and species responses to the 
practice. 

Equipment Development 

The first model interseeder was 
constructed in 1964 of Allis- 
Chalmers4 double-disk seeders and 
IS-inch sweep blades on a single 
tool bar with 3-point hitch. Mower 
blade sections were mounted up- 
right 7 inches apart on the upper 
surface of the sweep blades in order 
to create a furrow, and other sec- 
tions horizontally on the outer edge 
of the blade to increase width of 
undercut to 20 inches (Fig. 1). 

This first model was not strong 
enough. Bending and breaking of 
parts resulted, and the point of 
the sweep blade occasionally cut the 
tractor tires. 

The machine was redesigned in 
1966 by using 2 parallel-mounted, 
solid, 2 x Z-inch, steel tool bars with 
middlebuster bottoms mounted on 
the frolnt bar and seeder units on 
the rear bar (Fig. 2). Stronger, 1 X 
3-inch steel shanks and standards 
were used. In 1967 gauge wheels 
were changed to a sealed-bearing 
tY Pe* 

Some custom modification was 
necessary. A brush guard was 
mounted over the seeder chains, 
and wings were added above the 
furrower bottom to reduce damage 
to the seeder mechanism from 
chunks of sod and brush thrown 
up by the operation. A breakaway 
with a shear pin was added to the 
furrower bottoms td reduce damage 
on rocky sites. The furrower bot- 
toms were mounted with strength- 
ened steel fittings toi keep bottoms 
aligned. Seeder arms were modified 

* Mention of a particular manufacturer 
does not imply endorsement by the 
U. S. Department of Agriculture or 
exclude products of other manufac- 
urers which may also be suitable. 



to provide higher liit on turns and 
to clear brush a”d other obstacles. 
Drag chains were added for better 
seed coverage. 

Acceptable tield performance of 
the interseeder in 1967 and 1968 in- 
dicated that basic development ~a> 
complete.” The finished machine 
is similar in several respects to the 
Bushland lnterseeder (Dudley et al., 
1966). It is stronger and has better 
adaptability to brush-covered, 
rocky, and dense clay range sites. 

Seeding Methods 
A series of seedings was estab- 

lished in the fall OI 1965 on native 
range “ear lsmay, Montana, using 
the modified sweep blade. With 
this blade the sod strips were nnder- 
cut but left in place with a small 
6.inch furrow in the center. Some 
plots were furrowed but not seeded. 
Furrows were spaced 54 inches 
apart, center-to-center. Species and 
treatment combinations were as- 
bigned at randonl in each of 3 repli- 
cates. Plot sire wits GO x 60 feet. 
In both sprirrg and fall of 1966, spe- 
cies and treatments were repeated 
ming a 22.inch commercial middle- 

z Parts list available from either author. 

buster Currower that turned over 
the sod strips and placed them out- 
>ide the Currow. 

The experimental area was fenced 
in the spring OC 1966 to exclude 
lixatock. Stand establishment oC 

scedcd species was evaluated in Au- 
gust of 1966 and 1967. Herbage 
yields of the more sucessful treat- 
rnents were determined from 1967 
through 1969. Four 1 x 4.Ceet plots 
located in each quarter on each ape- 
&s plot were harvested in early 
August each year. 

Native vegetation was typical oi 
mixed pa” spot and clayey range 
sites. The major species were west- 
ern wheatgrass (Agro@ron smithii 
Rydb.) and blue grama (Noute- 
loun #&/is (H&K.) Lag.). Small 
amounts oC,g~ree” needlegrass jsti@l 
uiriduln -l nn.) and buflalograss 
(Iiuchloe doctyloides (Nutt.) En- 
gelm) were prexnt. Big sagebrush 
(Artemkia tridcntnla Nutt.) md 
plains pricklypear (Ofiuntia @Zyu- 
cnnthn Haw.) plants were thinly 
scattered over the area. Forbs and 
annual species were initially only a 
minor compo”e”t of plant cover. 

W‘X&er 
Precipitatio’n was 10 to 20% be- 

low normal in 1966, the first grow- 
ing season after the seeding study 
began (Fig. 3). Spring precipita- 
tion varied during the following 
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years from 15 to nearly 60% above 
average. Crop-year moisture in- 
creased from 10% above average in 
1967 to 30% above in 1969, the last 
year “I the study. 

Seeding Results 

Stand Establishment 
Three grass species from the 1965 

fall interseeding and three legumes 
from the 196G interseedings had 
successful stands in September 1967 
(Table 1). 

XVhite prairie clover (Petnlosle- 
mum candidurn (Willd.) Michx.) 
from the 1966 spring interseeding 
and Orenberg alfalfa (Medicago sa- 
tiva L. cultivar Orenberg) (Fig. 4) 
from the fall interseeding had the 
best stands in September 1967. The 
1966 spring interseeding of Oren- 
berg alfalfa was rated a failure in 

1967, showing the severe effects of 
the low precipitation of 1966 on cs- 
tnblisbment of this species. 

Other species seeded in the fall 
of 1965 and spring and fall of 1966 
did not establish successful stands. 
These included western wheatgrass, 
bluebunch wbeat~grass (A. sfkztum 
(l’ursb) Scribn. and Smith), Indian 
rice,grass (Oryzofisis hymenoides 
(Roam and Schult.) Ricker), four- 
wing saltbush (Atriplex cane~cen~ 
(Push) Nutt.), Nuttall saltbush (A. 
nutnllii S. Wats.), winterfat (Euro- 
tia lanata (Pursb) Moq.), and Teton 
cultivar of alfalfa. 

Table 1. Species, season, and year interseeded; with stand ratings (percent of 
full stand) in 1966 and 1967. 

Sland rating 

Season nnd JU”C JOQ June scpt. 
Species ,ear intersreded 19m ,966 1x7 196, 

Green need&ma Fall 1965 15 20 13 8 
Thickspike wheatgrass’ 

(Ekalaka source) Fall 1965 1” 45 10 10 
(Ham source) Fall 196.5 15 43 11 20 

Orenberg alfalfa Spring 1966 75 43 2 T 
Orenherg alfalfa Fall 19fi6 35 45 
Rambler alfalfa Spring 1966 90 40 17 T 
White mairic clover Smine 1966 40 80 42 25 

Herbage Yields 
The most rapid vegetational 

changes from interseeding occurred 
between the furrows from the na- 
tive vegetation already present. 
Yield of western wheatgrass in- 
creased faster in response to the 
range furrowing treatments than 
any other species observed (Table 
2). The species rapidly invaded 
the furrows. The greatest response 
was on the 1965 furrowing treat- 
ment of plots furrowed but left un- 
seeded. On this treatment, yield of 
western wheatgrass increased ap- 
proximately 650% in 1967 (Fig. 5) 
and 1968 and nearly 300% in 1969. 
On the plots where white prairie 
clover and Rambler cult&r of al- 
falfa were seeded in the spring of 
1966, yields of western wheatgrass 
increased 265-575%. 

Blue grama yields decreased 
greatly after furrowing. The re- 
ductions in blue grama yield aver- 
a~ged 46-48% in 1967, and ranged 
as high as nearly 90% in 1968 and 
70% in 1969. 

The change in composition from 
interseeding to more of the cool- 
season western wlreatgrass and less 
of the warm-season blue grama pro- 
vides more early and late-season 
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Table 2. Herbage yield (hlacre, air&y) of major species and plant groups from interseeding treatments applied in 
1965 and 1966 and harvested in 1967, 1968, and 1969. 

1967 
Seeded species -I - 20aZ 30a 10a 20a 20a - s - 
Western wheat. 130d 980a 620bc 350cd 440bcd 220d 76Oab 730ab 340cd 3 
Blue grama 690a 3lOde 33Ocde 570ab 320cde 5lOabc 350cde 260e 480bcd 3 
Annual 81 forbs 4d 40cd 170ab 1OObcd 80bcd 13Oabc 80bcd 40cd zooa s 

1968 
Seeded species - - 
Western wheat. 110~ 790a 
Blue grama 380a 50e 
Annuals & forbs 260abcde 1OOe 

280tl 150ab 130ab - 2OC 60bc - 160ab 
580b 35Obc 280bc 200bc 720a 430b 520b 200bc 
1lOde 190cde 200bcd 270abc 160de 120de 2OObcd 310ab 
470a 12Ode 2lObcde 320ab 150cde 280abcd 3lOabc 190bcde 

1969 
Seeded species - - 270b 240b 260b - 50b 80b - 650a 
Western wheat. 230e 9OOab 450de 370de 650bcd 230e 116Ua 830abc 520cde 310de 
Blue grama 570a 16Od 340b 250bcd 240bcd 350b 19Ocd 3lObc 160d 3OObcd 
Annuals & forbs 160~ 14oc 15oc 5oc 7oc 160~ 14oc P9Ob 430a 8OC 

3 Not harvested in 1967. 

forage thus lengthening the grazing Herbage yield of most interseeded 
season. This may be important on species increased rapidly during the 
heavily grazed ranges or on ranges study and further increased total 
grazed mostly during spring where yield. The grasses seeded in 1965 
western wheatgrass and other cool- contributed only l-3% of total 
season species are commonly greatly herbage in 1967. The contribution 
reduced. increased to 15-19% in 1968, and to 

21-25% in 1969. The legumes in- 
terseeded during the spring of 1966, 
native white prairie clover and 
Rambler alfalfa, responded slowly. 
Their contribution to total herbage 
yield has averaged less than 6% 
throughout the study. However, 
yield of Orenberg alfalfa inter- 
seeded in the fall of 1966 increased 
to 16% of total herbage yield on 
the plot in 1968, and to 47% in 
1969. In 1969 yields of perennial 
herbage on the plots seeded to le- 
gumes were 50 to 100% higher than 
yields on either the control or fur- 
rowed only treatments. 

Increased yields of native annuals 
and perennial forb species were 
found in 1967 on most interseeding 
treatments. These species were able 
to take advantage of the soil dis- 
turbance. The most abundant spe- 
cies of this group in 1967 was corn- 
mon sunflower (Helinnthus annular 
L.) closely followed by Russian 
thistle (Salsola hali L.) and, in 1968, 
blue lettuce (Lactuca fxdchella 
(Push) DC.). 

By 1969, yield of annual and forb 
species was declining on most treat- 
ments in response to increasing 
cover of perennial grasses. 



Table 3. Protein content (%) of species and plant groups from interseeding 
treatments applied in 1965 and 1966 and harvested in 1967 and 1 ,968. 

INTERSEEDING 

1967 
Seeded species 
Western wheat. 
Blue grama 
Perennial 

herbage 
Annuals & forbs 

Total herbage 

1968 
Seeded species 
Western wheat. 
Blue grama 
Perennial 

herbage 
Annuals & forbs 

Total herbage 

7.1 6.9 6.7 6.9 7.3 
9.8 8.7 11.2:‘: 8.5 9.9 

7.1 7.0 7.8” 6.9 7.9* 

- 
- 
7.2 

7.2 5.5” 6.6 6.4 3 

4.8 - 4.6 4.8 3 

6.3 5.5 6.0 5.7 3 

- - 
6.9 10.0”2 
6.7 6.2 

- - 
5.5” 7.2 
- 6.3 

8.6 - 
6.9 7.7 
6.5 6.6 

9.7 3 

6.6 3 

- 3 

l Species or plant group not present or in inadequate amounts for analysis. 
2 *Significantly higher or lower than control treatment or other treatments of same 

species at 5% level (Duncan, 1955). 
3 Not sampled in 1968. 

Fringed Sagewort 

An increase in fringed sagewort 
(Artemisia frigida Willd.) was found 
on most interseeding treatments. 
This undesirable species sprouts 
from adventitious roots when dis- 
turbed. The species may decrease 
in time with increased competition 
as the plant cover increases. How- 
ever, it may become necessary to 
control the species with herbicides. 
This is usually not difficult (Hyder, 
1971; Ryerson et al., 1970). 

Plant Protein 
Increased plant protein was 

found in 1967 on the two furrowing 
treatments of 1966 (Table 3). In 
1968, evidence of reduced protein 
level was observed on the 1965 fur- 
rowed only treatment. 

It appears that range furrowing 
treatments may temporarily in- 
crease plant protein as a result of 
increased nitrogen availability from 
the soil stirring operation. The in- 
crease may be of short duration. 
Reduced protein levels may be 
found several years after treatment 
as the available nitrogen is tempo- 

rarily bound in the increased herb- 
age yield. 

Discussion and Conclusions 

Observations over a period of 
years, of this and other interseeding 
machines and their effectiveness, 
have indicated that the type and 
brand of equipment and design of 
furrower were not critical. The 
most important considerations were 
strength, durability, and ease of 
transport and use. In this study 
the two types of fur-rower bottoms 
used were about equally successful. 

The rapid increases in yield from 
the native species already present 
indicate that a successful stand of 
the interseeded species is not nec- 
essary for success of the practice. 
The rapid increase in yield of the 
desirable native western wheatgrass 
from the furrowing operation alone 
is enough to indicate success for the 
range improvement practice. 

Stand establishment from inter- 
seeding was successful only for a 
few of the most adapted native 
grasses, the native white prairie 
clover, and Rambler and Orenberg 
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cultivars of alfalfa on the clayey 
soils of the study site. These spe- 
cies rapidly increased and further 
increased total forage yields from 
interseeding. 

The low moisture of 1966 limited 
initial alfalfa stands. However, 
later germinating seed was able to 
provide a successful stand of the 
Orenberg alfalfa. Severe weather 
effects on limiting stands of inter- 
seeded alfalfas have been shown in 
South Dakota studies (Rumbaugh 
and Thorn, 1965). 

The continuing low productivity 
of the legumes from the 1966 spring 
seedings may indicate that late-fall 
seeding (October-November) of leg- 
umes is superior to spring seeding. 
This has been commonly observed 
with grass seedings. 

The low cost of interseeding, esti- 
mated at $2.50 to $4.00 per acre 
(exclusive of seed costs and l- to 
Z-year deferment but including a 
prorated share of machine costs), 
indicates that the practice is a cheap 
method of range improvement. 
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Highlight 

Regression analyses of per cwt. beef production costs of four sizes of Utah 
cattle ranches indicate that no size of Utah range cattle operation up to 500 head 
is capable of covering all costs. When all production costs were taken into ac- 
count, the 1968 optimum sized Utah cattle ranch from the ranch owner’s view- 
point was 392 head of breeding cows. The weighted average beef price neces- 
sary for the optimum ranch size to meet all costs was $30.95 per cwt. When 
interest on investment in land, livestock, and improvements was ignored, the 
optimum sized cattle ranch from the owner’s viewpoint was one with a capacity 
of 414 breeding cows. In order to meet all costs except interest on investment, 
the optimum ranch size would require a weighted average beef price of $17.77 
per cwt. 

Information concerning cattle 
ranch economies of size (phenomena 
which cause reductions in per unit 
costs as firm size increases) is im- 
portant to potential investors in 
cattle ranch property and ranch 
owners interested in expansion. As 
pointed out by Faris and Armstrong 
(1963), cost-size relationships are of 
special concern to policy makers, as 
well as ranch operators. Both the 
formulation of efficient and equita- 
ble federal farm policy and sound 
ranch management depend upon 
knowledge of economies of size. In 
view of the need for cost economies 
information, a study was conducted 
in Utah beginning in 1967 to deter- 
mine the cost-size relationships that 
exist in range cattle operations. 

Methods 

Investment, cost, and returns data 
for various sizes of Utah cattle 
ranches were obtained from rancher 
interviews and questionnaires 
throughout the state (Tables 1 and 
2). The numerous observations 
were classified into four ranch 

l Published with the approval of the 
Director, Utah Agricultural Experi- 
ment Station, as Journal Paper No. 
1169. Received June 4, 1971. 

2 The rigorous review of the manu- 
script by colIeague B. Delworth Gard- 
ner, Chairman, Department of Eco- 
nomics, Utah State University, is 
gratefully acknowledged. The authors 
do, however, take full responsibility 
for any deficiencies of the paper. 

groupings with average sizes of 50, 
150, 300, and 500 head of breeding 
cows. Data for the 50, 150, and 300 
cow ranches were taken from a 
study by Roberts and Gee (1963) 
while figures for the 500 cow ranch 
were collected by the authors. 
These data allowed the identifica- 
tion of (1) cash costs, (2) costs of 
depreciation, (3) operator and fam- 
ily labor costs, and (4) the costs of 
interest on investment for each of 
the four ranch sizes (Table 3). Two 
long-run average cost (LRAC) 
curves were derived from these data 
by regression analysis. These curves 
show the functional relation- 
ship between per cwt. beef pro- 
duction costs and the quantity of 
beef produced annually. Simply 
stated, the “long-run” is viewed by 
economists as a time period of suf- 
ficient length for all inputs to be 
variable. This concept is one of 
convenience and even the longest 
of “long-runs” probably has some 
inputs held constant (an example 
is the management ability of the 
rancher). The distinction between 
the long-run and the short-run (the 
short-run is usually defined as a 
production period during which at 
least one input is fixed) is arbitrary 
by any standards. What is actually 
involved is a continuum ranging 
from the shortest to the longest con- 
ceivable production periods. 

Two distinct points were located 
along the production period con- 
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tinuum for the purpose of deriving 
two distinct LRAC curves. The first 
(LRAC,) includes (1) cash costs, (2) 
depreciation, (3) opportunity costs 
of operator and family labor, and 
(4) interest on investment. 

The second LRAC curve 
(LRAC,) includes only (1) cash 
costs, (2) depreciation, and (3) the 
opportunity costs of operator and 
family labor. Interest on the ranch- 
er’s investment in land, machinery, 
and improvements is excluded. 

For the purpose of providing in- 
formation to existing ranch opera- 
tors or potential investors in beef 
production factors, it is probably 
more important to present both 
curves (letting the manager choose 
the one he considers relevant) than 
it is to attempt to justify one of the 
two as the correct curve. From the 
viewpoint of society, LRAC2 (which 
includes all costs including a nor- 
mal return on investment) is the 
relevant curve. Even though pri- 
vate operators may ignore the op- 
portunity costs of interest on in- 
vestment, these are real costs that 
society cannot afford to ignore. 

Rem1 ts and Discussion 

The regression equation for 
LRAC, took the form 

LRAC, = 81.260 - 0.000569P + 
0.0000000016P2 

where P = the pounds of beef pro- 
duced. The R2 value was 0.89 and 
the t-values were significant at the 
60 percent level for pounds and 
the 50 percent level for pounds 
squared.3 The graphical form of 
LRAC, is shown in Figure 1. 

The regression equation for 
LRAC, took the form 

LRAC2 = 60.501- 0.000524P + 
0.00000000 16P2 

where P = the pounds of beef pro- 
duced. The R2 value was 0.92 and 

3 The cost data taken from Roberts 
and Gee (1963) were published in 
pooled form. Thus, only four ob- 
servations were availabIe for each of 
the two regression analyses. This ex- 
plains the low level of significance 
associated with the regression co- 
efficients despite the impressive R2 
values. 
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Table 1. Summary of investment (dollars) for typical ranches, Utah, 1968. 

Size of breeding herd 

Item 50 150 300 500 

Land 40,500 72,250 148,250 218,100 
Federal grazing permits 7,176 23,816 44,520 54,000 
Buildings and improvements 7,300 16,865 30,160 53,620 
Machinery and equipment 18,075 23,739 29,022 51,930 

Livestock 
Cattle 15,280 41,860 83,904 131,760 
Horses 300 450 750 1,050 

Total investment 88,58 1 178,980 336,602 5 10,460 

the t-values were significant at the 
70 percent level for pounds and 
the 60 percent level for pounds 
squared. The graphical form of 
LRAC, is shown in Figure 2. 

LRAC, 

Long-run average costs (LRAC,) 
decrease as ranch size increases up 
to a ranch size of 421 head of breed- 
ing cows (Fig. 1). These size econ- 
omies are due to the intensification 
of cattle numbers on the cash costs 
of taxes and insurance causing these 
costs to be spread over more units 
of production. A related source of 
cost economies is the spreading of 
the implicit costs of depreciation, 
operator and family labor, and in- 
terest on investment. The cost dis- 
economies which exist as ranch size 
becomes larger than 421 head ap- 
pear to be due primarily to the in- 
tensification of investment in ma- 
chinery and equipment on cattle 
numbers (Tables 1 and 3). 

Multiplying LRACl by P and 
taking the first derivative yields 
LRMC1 = 81.260 - 0.001138 P + 
0.0000000048 P2, which is long-run 
marginal cost (LRMC) expressed as 
a function of pounds of beef pro- 
duced (Fig. 1). Setting the first de- 
rivative of LRAC, equal to zero 
and solving for pounds gives the 
output corresponding to the mini- 
mum of LRAC, and also to the 
output where LRMC, = LRACl 
(177,812 pounds or 421 head of 
breeding cows). 

From the viewpoint of society 
(since it views efficiency in terms of 
quantity of output produced per 
unit of input) the optimum Utah 

ranch size is one capable of sup- 
porting 421 breeding cows. Substi- 
tuting 421 head (177,812 pounds) 
into the equation for LRAC, re- 
veals that the price per cwt. of beef 
would have to be $30.67 to cover all 
costs at the optimum cattle ranch 
size. 

Imposing the 1968 weight aver- 
age Utah price line of $24.00 per 

moot I 

! Pouwx I 
0 50,000 164617 172612 OI I 1 1 O;,E; oF 

0 200 392 421 BREEDING COWS 

FIG. 1. Long-run average and marginal 
cost curves for beef production in Utah, 
1968, when all costs are considered. 

cwt. (Christensen and Richards, 
1969) on the cost curves of Figure 
1, reveals that no size of Utah cattle 
ranch is capable of covering all 
costs of production at current prices. 

Table 2. Production and sales of cattle1 of typical ranches, Utah, 1968. 

Total 
No. 

Ranch size 
Average weight Price 

sold weight (lb.) (cwt) (Slcwt) Value ($) 

50 breeding cows 
cows 
heifer calves 
steer calves 
yearling steers 

Total sales 

150 breeding cows 
cows 
heifer calves 
steer calves 
yearling steers 

Total sales 

300 breeding cows 
cows 
heifer calves 
steer calves 
yearling steers 

Total sales 

500 breeding cows 
cows 
heifer calves 
steer calves 
yearling steers 

Total sales 

7 1000 
9 380 
8 400 

12 600 

21 1000 
35 380 
41 400 
18 600 

34 1000 
73 380 
85 400 
37 600 

50 1000 500 16.60 8300 
171 380 650 26.98 17537 
175 400 700 28.62 20034 
50 600 300 24.00 7200 

70 16.60 1162 
34 26.98 917 
32 28.62 916 
72 24.00 1728 

208 22.7 1 4723 

210 16.60 3486 
133 26.98 3588 
164 28.62 4694 
108 24.00 2592 

615 23.35 14360 

340 16.60 5362 
277 26.98 7473 
340 28.62 9731 
222 24.00 5328 

1179 24.01 27894 

2150 24.68 5307 1 

1 Bulls are treated as capital items and accounted for in depreciation. 
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Table 3. Total and average (per cwt. beef) costs of beef production on typical 
ranches, Utah, 1968 (dollars). 

Size of breeding herd 
Item 50 150 300 500 - 

Cash Costs 
Grazing fees 

BLM 
FS 

Labor hired 
Feed purchased 
Repairs and maintenance 

Buildings and improvements 
Machinery and equipment 

Veterinary services and supplies 
Taxes 
Seed and fertilizer 
Machine operating costs 
Machine hire 
Insurance 
Utilities 
Irrigation water 
Miscellaneous 
Interest on cash costs 

Total cash costs 
Total cash costs-value crops sold 
Average cash costs (per cwt. beef) 

Non-Cash Costs 
Depreciation 

Buildings and improvements 
Machinery and equipment 
Bulls 
Horses 

Total operating costs 
Average operating costs 

Operator and family labor 
Total operating and labor costs 
Average operating and labor costs 

Interest on investment (5%) 

88 365 771 825 
131 350 545 792 
150 360 3200 6600 
161 307 2244 1100 

175 458 831 1200 
922 1074 1541 2062 

41 59 439 500 
719 1351 2616 2900 
236 590 1210 1322 
625 1294 1659 2500 
207 309 620 750 
101 133 133 200 
41 283 400 500 

224 389 873 1200 
345 476 637 850 
166 312 664 932 

4332 8110 18383 24233 
2782 6631 14664 24233 
13.37 10.78 12.44 11.27 

365 
2892 

120 
30 

6189 
29.75 
4800 

10989 
52.83 

3847 

843 1508 2681 
3798 5044 8309 
460 1150 1918 

45 75 105 
11777 2244 1 37246 
19.15 19.03 17.32 

6000 8000, 9600 
17777 3044 1 46845 
28.90 24.82 21.79 

7960 15244 22715 
25737 45685 69560 
41.85 38.75 32.35 

Total operating and opportunity costs 14836 
Average operating and opportunity costs 7 1.33 

- 

The tendency for Utah cattle 
ranchers toi remain in business de- 
spite the net losses which all ranch 
sizes are experiencing may be ex- 
plained by certain costs included 
in the curves of Figure 1 not being 
viewed as real costs by ranchers. 
An example of such an item is the 
opportunity cost of interest on in- 
vestment. Another possible expla- 
nation is that other values derived 
from the ranching business such 
as the “way of life,” tax advantages, 
and land appreciation move the ef- 
fective price line (as subjectively 

viewed by ranch owners) to a level 
in excess of $24 (Martin and Goss, 
1963). 

which is the equation for long-run 
marginal cost when interest on in- 
vestment is ignored. LRMCz ap- 
pears in graphical form in Figure 2. 

From the viewpoint of the 
rancher (since for maximum profit 

The optimum ranch size from the 

he attempts to equate marginal cost 
ranch owner’s viewpoint (when in- 

with marginal revenue) the opti- 
terest on investment is ignored) is 

mum Utah ranch size is one capable 
414 head of breeding cows (Fig. 2). 
This output is determined by 

of supporting 392 head of breeding 
cows (Fig. 1). This value is calcu- 

setting LRMCz equal to the 

lated by setting the equation for 
1968 Utah weighted average price 

LRMCl equal to price ($24) and 
($24.00) and solving for pounds of 
beef. The beef price necessary to 

solving for pounds. Substituting the pay all costs for the ranch owner’s 
result into the equation for LRAC, optimum ranch size is $17.77 per 
the beef price necessary to cover all cwt. This value is found by sub- 
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FIG. 2. Long-run average and marginal 
cost curves for beef production in Utah, 
1968, when interest on investment is 
ignored. 

costs at the rancher’s optimum cat- 
tle ranch size is $30.95 per cwt. 

LRAC, 

Since no size of Utah cattle ranch 
is capable of covering all long-run 
costs, regression analysis was used 
to generate a second LRAC equa- 
tion (LRAC,). This equation ex- 
presses the average of all costs ex- 
cept interest on investment (which 
the rancher may not view as a real 
cost) as a function of pounds of beef 
output. Long-run average costs de- 
crease up to a ranch size of 390 head 
of breeding cows and then increase 
(Fig. 2). Explanation of the cost 
economies and diseconomies fol- 
lows that given for LRAC. 

Multiplying LRACz by P and 
taking the first derivative gives 

LRMC2 = 60.501 - 0.001048 P + 
0.0000000048 P2, 



stituting 174,231 pounds into the 
equation for LRAC,.4 

By setting LRAC2 equal to price 
and solving for pounds, it can be 
shown that a ranch supporting 226 
head is the minimum size necessary 
to cover all costs (except interest on 
investment) at the 1968 weighted 
average beef price of $24 per cwt. 
The maximum cattle ranch size 
which yields positive returns, as 
shown in Figure 2, is 770 head. 
However, this 770 head figure rep 
resents a functional extrapolation. 
Data were available for cattle ranch 
sizes up to 500 head and for much 
larger ranches supporting 7500 
head or more. In 1968, few ranch 
sizes existed in Utah between 500 
and 7500 head of cattle. This in 
itself may be a commentary on cost 
economies of size and investment 
strategy. Perhaps cattle ranches with 
a capacity of 500 head or less are 

4 It should be noted that from the view- 
point of society, the optimum ranch 
size is still that capable of supporting 
421 head (Fig. 1) since LRAC, (which 
includes all costs) is the relevant curve 
in terms of social costs. 
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“family” ranches which manage to 
remain in business by ignoring the 
costs of family labor and interest 
on investment. Ranches larger than 
500 head may be run by sophisti- 
cated investors seeking tax shelter 
and long term capital gain. 

Summary and Conclusions 

Analysis of long-run average and 
marginal cost curves derived from 
regression of data from four sizes 
of Utah cattle ranches revealed that 
no size of range cattle operation up 
to 500 head is capable of covering 
all costs. If all costs of production 
are taken into account, the opti- 
mum Utah cattle ranch sizes are 421 
head from society’s viewpoint and 
392 head from the rancher’s view- 
point. The weighted average beef 
prices necessary to cover all costs 
at these optima are $30.67 and 
$30.95 per cwt., respectively. 

The data were also subjected to 
analysis under the assumption that 
ranch owners do not view interest 
on investment as a real cost. When 
interest on investment is dropped 
from the analysis, the resulting 
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long-run average and marginal cost 
curves show that the optimum 
ranch size from the owner’s point 
of view is one capable of supporting 
414 head. The beef price necessary 
to cover all costs (except interest 
on investment) at this output is 
$17.77 per cwt. The minimum size 
of cattle ranch capable of paying all 
costs (except interest on investment) 
is 226 head in terms of 1968 prices. 
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Small Alternating 
Temperature Germinator1 

W. C. ROBOCKER AND 
BENJAMIN A. ZAMORA 

Research Agronomist and Range 
Scientist, Plant Science Research 

Division, Agricultural Research Sewice, 
U. S. Department of Agriculture, 

Pullman, Washington. 

Highlight 

A low-cost germinator for special 
temperature conditions can be con- 
structed from readily available com- 
mercial materials. 

l Cooperative investigations of the 
Plant Science Research Division, A<gri- 
cultural Research Service, U. S. De- 
partment of Agriculture, and the 
Washington Agricultural Experiment 
Station. Received February 5, 1971. 

Knowledge of maximum and mini- 
mum temperature limits for germina- 
tion, as well as light requirements for a 
given species, is a primary factor in the 
study of a plant’s environmental re- 
quirements. This information is essen- 
tial in studying the life cycle and eco- 
logical amplitude of a plant. The wide 
spectrum of temperatures under which 
seeds of different species germinate is 
often beyond the limits of equipment 
readily available for controlled ger- 
mination tests. Furthermore, the cham- 
ber size of large germinators may con- 
tribute to undesirable temperature 
variations. 

A special germinator (Fig. 1) to study 
the lower germination temperature 
limits of Dalmatian toadflax (Linaria 
dalmatica (L.) Mill.) was constructed 
for use in a laboratory cold room. The 
cold room temperature was adjusted 
to the minimum temperature desired 
(in this case, 10 C), and the tempera- 

FIG. 1. Germination box built from plas- 
tic building insulation, illustrating ther- 
mometer and electrical component place- 
ment. 

ture desired above the lower limit was 
controlled by means of an adjustable 
thermostat in the germination cham- 
ber. The time desired for each of the 
alternating temperature regimes was 
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ture desired above the lower limit was 
controlled by means of an adjustable 
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then regulated by plugging the unit 
into a single-pole, single-throw time 
clock in the cold room. In operation, 
the lower temperature attained was 
that of the cold room, and the higher 
was that to which the thermostat was 
adjusted. Because of the small size 
and relatively low cost, a number of 
such boxes with a range of maximum 
temperatures could be operated simul- 
taneously in a single cold room. 

The germination box was con- 
structed of rigid, l-inch-thick plastic 
foam building insulation. Inside dimen- 
sions were 9 by 13 by 33/4 inches. The 
plastic pieces were fastened together 
with a common brand of white glue. 
The cover was underlined with alumi- 
num foil to serve as a heat reflector 

Freeze Branding Cattle for 
Individual Identification1 

FLOYD W. POND AND 
H. A. PEARSON 

Range Scientist and Principal Range 
Scientist, Rocky Mountain Forest and 
Range Experiment Station,2 Flagstaff, 

Arizona. 

Highlight 

Freeze branding appears to be a 
good method for marking cattle for in- 
dividual identification. In three trials, 
over 80% of the branded animals de- 
veloped readable brands, but only 60% 
could be identified on Super-8 film 
exposed from a distance of 5 ft over- 
head. 

A method of permanently marking 
cattle for identification has long been 
a problem in range and pasture re- 
search. This problem was recently 
highlighted by the development of a 
fully automatic weighing device which 
uses an overhead camera to identify 
the animal being weighed (Martin et 
al., 1967). Although several picture 
frames of head, neck, and back were 

l Received February 4, 197 1; accepted 
for publication February 5, 1971. 

2 Forest Service, U. S. Department of 
Agriculture, with central headquarters 
maintained at Fort Collins, in cooper- 
ation with Colorado State University; 
project headquarters is at Flagstaff, in 
cooperation with Northern Arizona 
University. Mr. Pearson is now lo- 
cated at Southern Forest Experiment 
Station, Pineville, Louisiana. 
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and to eliminate overhead light pene- 
tration. Triangular blocks in the cor- 
ners of the under side of the cover 
prevented accidental removal. Heating 
was accomplished by installing two 7% 
w, 120 v incandescent lamps, one in 
each of two diagonal corners. Lamps 
were spray-painted black since light 
was not necessary for germination of 
Dalmatian toadflax seed. An alternate 
possibility would be a heat tape fas- 
tened to the inside walls of the box. 
The thermostat was a commercial unit 
obtainable from a scientific supply 
house, and the dial thermometer was 
chosen for convenience in checking 
temperature without opening the cham- 
ber. 

One side of the line cord was wired 

taken, identification of individuals 
from a herd of uniform cattle was vir- 
tually impossible without some special 
mark. Freeze branding numerals on 
the loin was one of several methods 
tried for identification purposes. 

Freeze branding, a relatively new 
idea, is appropriate for dark-haired 
animals. It leaves a permanent brand 
composed of white hair after the super- 
cold “iron” kills the pigment-producing 
cells of the hair follicles. Unlike hot 
branding, freeze branding usually 
causes little or no damage to hides and, 
if recognized as a legal mark of owner- 
ship, could result in considerable sav- 
ings to the hide industry each year. If 
the “iron” is held in place too long, 
however, it will produce a hairless 
brand, and the hide will be damaged 
(Anonymous, 1970). 

Ely and Launchbaugh (1969) re- 
ported that 77% of 300 steers branded 
in 1968 had legible brands 8 months 
later. How legible such brands appear 
on Super-S film has not been reported. 
This paper reports methods and equip- 
ment for freeze branding as well as 
direct and film-recorded visibility of 
brands on yearling and 2-year-old cattle 
in Arizona. 

Equipment and Materials 
Several items are necessary and 

others are useful in freeze branding: 

1. A squeeze chute to restrain animals 
since the cold “iron” must be held 
in place for several seconds. 

2. Fine-toothed clippers to remove 
hair and avoid insulation that would 
prevent adequate freezing. 

to one thermostat lead, the other side 
to one lead of each lamp. The remain- 
ing leads of each lamp were wired to 
the second lead of the thermostat. All 
wiring was done outside of the box 
and taped securely in position. 

The box illustrated has a capacity of 
16 g-cm petri dishes. Dishes were ro- 
tated daily both as to position in the 
box, and in order from top to bottom 
to compensate as much as possible 
for any differences in amount of heat 
received by each dish. The thermostat, 
thermometer, and time clock were 
available from laboratory stock. Other 
electrical components and the insula- 
tion board were purchased for about 
$5. 

3. 

4. 

5. 

6. 

7. 

An open can of kerosene to clean 
and lubricate clippers. 
“Irons” of copper alloy. Those used 
in this study consisted of a set of 
numerals, 0 through 9. The 4-inch 
numeral was formed of material 
%-inch wide ( r o unded face) and 1% 
inches thick. The heavy numeral 
was capable of retaining supercold 
temperatures for some time, an im- 
portant factor in branding. 
An insulated chest of sufficient size 
to hold all “irons” and enough 
coolant to cover “irons.” 
Dry ice and coolant (alcohol, gaso- 
line, or other low-freezing-point 
liquid) or liquid nitrogen to super- 
cool “irons.” 
Sponges or brushes and uncooled 
coolant to cleanse and wet the 
clipped branding site. 

The above materials and equipment, 
exclusive of the squeeze chute, cost 
approximately $185. 

Methods 

Sufficient methanol to cover the cop- 
per alloy irons was placed in the insu- 
lated chest, and several small pieces of 
dry ice were added. The “boiling” 
action caused by dry ice stopped after 
about 20 minutes, signifying that the 
irons were supercooled to about -90 F. 
Rechilling of irons after use required 
about 2 minutes, during which “boil- 
ing” was again noticeable. 

Once the animal was restrained, hair 
was closely clipped from the branding 
site. This clipped area was thoroughly 
cleansed with a sponge soaked in meth- 



466 

then regulated by plugging the unit 
into a single-pole, single-throw time 
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anal, and the cold iron was applied 
so that the entire face was in close 
contact wilb the akin. After branding, 
irons were immediately replaced in the 
supercold solution. 

Once a system was established, no 
morr than 3 minutes were needed LO 
apply a Zdigit brand. Other work 
(castrating, vaccinating, dehorning) 
was done simultaneously and rarely 
conflicted with freeze branding. 

Three groups of cattle were used in 
the study: 

One hundred and thirty-six yearling 
steers and heifers were branded 
during November 1967. Irons were 
held against hide for 40 seconds. 
Eighteen Z-year-old cows were 
branded in December 1967. Irons 
were held in place 40 seconds on 
six animals, 50 seconds on seven 
animals, and 60 seconds on the re- 
maining five animals. 

3. Forty-eight yearlings were branded 
during November 1968. Four groups 
of ten animals were branded 20, 
30, 40, and 50 seconds, respectively. 
Eight additional animals were 
branded for 40 seconds while air- 
temperature methanol was dripped 
on the branding iron. 

Results and Discussion 

A froxn impression of the brand 
was visible on the skin for 3 to 5 min- 
utes after the supercold iron was rep 
moved (Fig. 1). Within minutes after 
thawing, the brand became puffed and 
red (Fig. 2) and remained this way 

for several days. Some hair began to 
slip within 3 weeks, and the numerals 
somewhat resembled a hot brand. White 
hair first appeared within 2 to 3 
months, but at least 4 months passed 
beforc the numerals were readily disk 
linguizhablr to the eye (Fig. 3). More 
time was olten necessaq before brands 
could be read from Super-8 movie film. 

On some individuals, brands did not 
turn white. Often the non-whiwhair 
brands were discernible at close range 
because 01 a subtle difference in hair 
color. On other animals, white hair 
appeared on only part of the brand. 
Brands in either of these categories 
were useless for identification on 
Super-8 film. 

Of the 136 yearlings branded in 
1967, 83% had readable, white-haired 
brands within 6 months. White hair 
was completely absent on 8%. 

All the Z-year-old cows branded for 
40 or 60 seconds had white-haired. 
readable brands within 6 months after 
branding. Of those branded for 50 
seconds, four had white-haired brand. 
and three did not, although all brands 
were discernible at close range. Why 
three brands did not result in white 
hair is unknown. 

All of 48 of the animals branded in 
1968 had white~haired brands within 
6 months after branding, although 12 
of the brands were partial. All could 
he distinguished at close range. Length 
of branding time and application of 
alcohol while branding seemed to have 
little effect. 

Altbougb most brands from the 2~ 
year study were readable ar closr range, 
identification from Super-8 film was 
less than satisfactory. First, most brands 
could not be distinguished on film dur- 
ing the first 4 to 6 months. If yearlings 
or ralrrb are wed in a study, they must 
be branded at least 4 months prior to 
USC. Second, animals crossed the scale 
platforms at all hours qf the day, so 
that light and shadow conditions 
varied. Unless branding resulted in 
excellent numerals with much white 
hair, identification was often impossi- 
ble from film. In this study, less than 
60% of the animals could be identified 
from Super-8 film, even though well 
over 80% could be identified with the 
naked eye at similar range. 
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Cliffrose Reproduction after 
Pinyon- Juniper Controll 

CLAY Y. McCULLOCHz 

Highlight 
Age classes determined by ring counts showed that re- 

production of cliffrose (Cowania mexicana) did not increase 
after bulldozing a sparse stand of pinyon and juniper 
trees in northern Arizona. 

Pinyon (Pinus edulis Engelm.) and juniper (Juni@rus 
osteoperma (Torr.) Little) trees have been controlled by 
puhing with bulldozers to improve iorage for livestock and 
mule deer (Odocoileus hemionus) on parts of the North 
Kaibab Plateau of northern Arizona. A special aim of the 
free eradication was to increase production of diifrose 
(Cowan& mexicana D. Don.) browse. The evergreen shrub 
is among the important foods of deer on winter range. Far 
many years, degree of twig use on cliffrose was viewed as an 
indicator of hunting pressure needed to control the deer 
herd. Inueased stand density of cliffrose has not been gen- 
erally obvious after tree control, although shrub repro- 
duction and survival rates conceivably could rise after pi 
tential competition from trees was reduced. Changes in 
these rates should be reflected in age composition of.a diff- 
rose stand. This note reports age classes of a cliffrose pop- 
ulation after eradication of a sparse stand of pinyon-juniper. 

Methods 
Basal stem sections were collected on the North Kaibab 

area in October 1966 from 169 cliffrose plants, which were 
the entire cliffrose population growing on 50 circular plots 
of 0.01 acre (40.5 m2) each. The plots were systematically 
spaced in a rectangular grid which encompassed 4 acres 
(1.6 ha), arbitrarily located where a sparse stand of pinyon- 
juniper (15 trees/acre = 37 trees/ha) was uprooted by bull- 
dozers in 1955. Cross section surfaces of the cliffrose speci- 
mens were polished by sanding and annual growth rings 
were counted. 

Results 
The shrub specimens with intact centers showed no in- 

crease in cliffrose regeneration in the first 1 l-year period 
after tree eradication (Fig. 1). Instead of appearing dis- 
proportionately large, the cliffrose age class established since 
frer control was smaller than some of the older classes. More 
than half of the collected specimens had partial stem *of. 
All but one of the rotted population predated tree eradi- 
cation and thus were not indicative of cliffrose survival rates 
following pinyon~juniper control. 

Resulta support the view that tree control should be de- 
ferred on parts of deer ranges where pinyon-juniper stands 
are sparse (Fig. 2). There was no apparent tendency toward 

‘Contribution of Federal Aid Project W78, Arizona Game 
and Fish Department. A. C. Crilley and N. G. Woolsey 
examined the stem specimens. Received December 30, 
1970. 

2 Present address is Research Biologist, Arizona Game and 
Fish Department, Fredonia, Arizona. 
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gains in cliffrose stand density 11 years after tree control. 
Thickening of the cliifrose population might be anticipated 
many years later, but this potential should be weighed 
against values of scattered clumps of trees lor winter shelter 
and emergency browse sources. An earlier report noted a 
general increase in cliffrose browse production, presumably 
due to stimulated uown growth on shrubs established prior 
to pinyon-juniper eradication (McCulloch, 1966). Casual 
inspection of North Kaibab sites indicated good potential 
to increase cliffrose populations by bulldozing dense wood- 
land (> 100 trees/acre), but this was not systematically in- 
vestigated. 
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Highlight 

A heat pulse velocity meter useful 
for studying sap movement is de. 
scribed. The instrument is updated 
electronically and is slightly more com- 
pact than previous units. 

Study of transpiration from grass, 
shrub, and tree species has long been 
of interest to wildland hydrologists. 
Though many techniques are available 
for studying transpiration, few are 
rapid or measure individual plants. 

In recent years several researchers 
have utilized the heat pulse technique 
to study sap movement. Swanson 
(1967b) has provided a brief summary 
of the heat pulse method, and the fol- 
lowing is taken from his paper: 

“In any pulse velocity measuring 
technique, a quantity of heat is in- 
jected into the stem of a plant, and 
its rate of travel to some point down- 
stream, indicated as a rise in tempera- 
ture, is detected by thermocouples or 
thermistors. Huber (1932) empirically 
related the first onset of heat at the 
point to sap velocity. Marshall (1958) 
derived the theoretical relation be- 
tween heat rise with time at the point 
and sap movement in conifers. ear- 
shall’s relation is exact at any sap 
speed, but because of ambient tempera- 
ture changes within a tree stem in the 
field, it yields useful values only at 
relatively high flows-those causing 
heat pulse velocities greater than 10-15 
cm/hr. Such sap velocities are un- 
common in Rocky Mountain conifers. 
A better technique for these lower 
velocities requires two temperature 
measurement points, one upstream and 
one downstream from the heat insert 
tion point (Huber and Schmidt, 1937: 
Swanson, 1962). 

According to Marshall (1958), heat 
pulse velocity is a weighted average of 
the velocity of moving sap and station- 

lDevelopment of this instrument was 
supported by the Ecology Center, 
Utah State University, under Project 
28. Received December 1, 1970. 

ary wood. At low sap velocities, the 
effect of the wood predominates, and 
heat pulse velocity is an undereatimatc 
of real sap velocity. At high sap ve- 
locities, the effect of the wood is less 
and heat pulse velocity is very close to 
real sap velocity. The weighting effect 
of the wood is a function of the area 
occupied by sap streams. This area is 
unknown and not necessarily constant. 
Therefore, true sap velocity is un- 
known; heat pulse velocity indicates 
whether or not there is sap flow, and 
to some degree its relative, but not 
true, magnitude.” 

Field and laboratory tests for vcrifi- 
cation of theory were undertaken by 
Skau and Swanson (1963), Decker and 
Skau (1964), and Ladefaged (1960). 
Measurement of sap movement by this 
procedure, or slight modifications 
thereof, have been undertaken on a 
variety of plants; Bloodworth et al. 
(1955, 1956, 1960) studied sap flow in 
cotton, Marshall (1958) and Decker and 
Skau (1964) in conifers and junipers, 
Gale and Poljakoff-Mayber (1964) in 
pine and orange trees, Wendt et al. 
(1965, 1967) in corn, sorghum, oats, and 
mesquite, Swanson (1967) in lodgepole 
pine and engelmann spruce, Doley 
(1967) and Doley and Grieve (1967) in 
eucalyptus, Hart et al., (1969) in aspen, 
and Gifford (1968) in big sagebrush. 

Swanson (1967a) outlined several im- 
portant changes in the basic instru- 
mentation which he developed earlier. 
The purpose of this paper is to de- 
scribe recent changes which update the 
instrument electronically as well as pre- 
sent a somewhat more compact unit. 
The reader is referred to Swanson 
(1967a, Appendices) for discussion of 
temperature measuring, heat sources, 
connections and spacing of probes, and 
drilling. 

The Instrument 
A Hewlett-Packard2 419 A DC Null 

Voltmeter is the basic unit used to 
determine, following heat input, when 
temperature probes are again at an 
equal temperature (Figs. 1 and 2). The 
voltmeter can detect a difference of 
20.1 microvolt and can operate 30 
hours per recharge. 

The model SK-I Heat Pulse Cons 
troller and Clock Displays is designed 
to mount on the side of the voltmeter. 
The self-contained portable controller 
provides approximately 6.25 v at the 
output terminals for precisely 2 sec. 
ends. The Controller may be operated 

2Hewlett-Packard, 1501 Page Mill 
Road, Palo Alto, California 94304. 

‘Instruction manual may be obtained 
by writing the senior author. 
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for 30 hours (1 pulse every 5 minutes) 
per charge. 

Operation Procedures 

As soon as the power switch is turned 
on, the Controller is ready to operate. 
To start a heat pulse sequence, the 
start button is depressed and released. 
A red light indicates that the heater 
voltage has been applied to the output 
terminals. At the end of a P-second 
heat pulse, the I-second counter die 
plays the number of seconds until the 
reset button is depressed. 

During- cold weather (below freez- 
ing), operation of the unit is facilitated 
by addition of an external heat source 
(small hand warmers, et+ 

Practical Applications 
The instrument can be used to study 

water movement in plants, plant re- 
sponse to herbicide applications, or for 
studying influence of insects, disease, 
or grazing on physiology of wildland 
plants. 
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Flexibility to Combat Fluctuating 
Forage Production 

HARMON S. HODGKINSON 

Range Conservationist, Soil Conservation Seroice, U. S. 
Department of Agriculture, Okanogan, Washington. 

Highlight 

Ranchers, range managers, and range conservationists are 
faced with the problem of year to year fluctuating forage 
production when making range and livestock management 
plans. By understanding livestock needs and the forage 
resource, they can build flexibility into a workable man- 
agement plan. Flexibility helps the grassland manager 
get optimum use of the range and related resources 
despite fluctuating forage production. 

As every rancher, range manager, and range con- 
servationist knows, climatic conditions are seldom 
the same two years in succession, thus causing for- 
age production to fluctuate year to year. This pre- 
sents the grassland manager with two main prob- 
lems: First, how to keep from overusing the forage 
resources produced in low production years and 
still fully use forage produced in high production 
years. Second, how to keep ranch income as high 
and stable as possible when the source of income, 
the forage crop, is so variable. A solution may be a 
flexible, workable, range management program 
based on knowing the forage resource and the live- 
stock needs. 

Passey and Hugie (1963) found in their Idaho 
study that total herbage production varied con- 
siderably from year to year. The experience of a 
west Texas rancher in the Edwards Plateau area 
demonstrated that soundly planned range improve- 
ment and ranch management made it possible to 
operate profitably while adjusting to fluctuating 
forage supplies (Skeete, 1966). According to Leit- 
head (1960) an eastern Washington rancher found 
profitable results for both ranch income and range 
resource by applying good grass management even 
though forage production fluctuated from year to 
year. 

McColley and Hodgkinson (1970) in their study 
showed that three range sites in excellent condi- 
tion produced different kinds and amounts of vege- 
tation. The study area was located 4.4 miles west of 
Davenport, Washington. The annual precipitation 
at Davenport from 193 1 to 1969 was 16.48 inches. 
The average precipitation for the crop year (Sept. 
I-June 30) for 1960 through 1970 was 14.74 inches 
(Table 1). 

Table 1. Annual crop year (September I-June 30) pre- 
cipitation, 1960-1970, at Davenport, Washington. 

Year Inches Year 

1960 17.26 1964 
1961 18.39 1965 
1962 13.85 1966 
1963 15.59 1967 

Inches Year Inches 

14.08 1968 10.83 
14.08 1969 15.92 
11.99 1970 14.92 
15.44 Average 14.74 

Soil texture, climate, elevation, topography, and 
aspect on the study area were uniform. The only 
difference between the three range sites was soil 
depth. 

The Very Shallow Site correlated to Bakeovenl 
cobbly silt loam soil, 5 inches deep to basalt bed- 
rock. The major plants are Sandberg bluegrass 
(Poa secunda) and stiff sagebrush (Artemisia ri- 
gida). 

The Shallow Site correlated to Kuhll silt loam 
soil, 12 inches deep to basalt bedrock, with blue- 
bunch wheatgrass (Agropyron spicatum) as the key 
forage species. 

The Loamy Site correlated to Andersl silt loam 
soil, 25 inches deep to basalt bedrock. The main 
forage plants on this site are Idaho fescue (Festuca 
idahoensis) and threadleaf sedge (Carex filifolia). 

For the years 1967 through 1970, regardless of 
range site, forage yields fluctuated with precipita- 
tion year (Fig. 1). 

By tradition, many rangeland managers stock 
grasslands on, the basis of so many acres per ani- 
mal. However, as found in the study mentioned, 
not all rangelands produce the same amount of 
forage every year. Therefore, each pasture should 
be stocked on the basis of its actual forage produc- 
tion. 

The feedlot operator decides how many animals 
he can profitably feed only after he determines how 
much roughage and concentrates are available. 
If his feed supply is low, he does not try to feed a 
large number of animals, regardless of how much 
yard space he has. Likewise, on rangelands the most 
successful livestock operator stocks on the basis of 
the amount of forage available rather than on the 
acres within his ranch or farm. 

The Soil Conservation Service helps landowners 
through Soil and Water Conservation Districts eval- 
uate the total resources of their rang-elands includ- 

1 The soil series names “Bakeoven,” “Kuhl,” and “Anders” 
are recommended for establishment, but are not yet ap- 
proved. 
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ing range sites, present range condition, and key 
forage species. Range sites are kinds of rangeland 
that differ from each other in the kinds or amounts 
of native plants they are capable of producing. 
Range sites are correlated with specific soils identi- 
fied in soil surveys. 

Range condition is the present state of vegetation 
of a range site in relation to the potential or climax 
plant community for that site. It is determined by 
comparing present vegetation with the climax for 
that site. 

Key forage species for each grazing unit are iden- 
tified, so management and growth needs of the 
plant can be recognized and become part of the 
conservation plan. 

With an understanding of range sites, range con- 
dition, key forage species, and the extent of ex- 
pected fluctuations in forage production, the gxas- 
land manager is better able to make proper 
decisions when planning and to build flexibility 
into his range and livestock management program 
(Fig. 2). 

Flexibility in the livestock, forage, and feeding 
program keeps livestock needs in balance with for- 
age production. Areas of consideration in achiev- 
ing this flexibility may include: (1) Having a com- 
bination of pastureland, rangeland, and other 
grazing land as part of the operating unit; (2) main- 
taining a portion of the livestock herd as steers or 
other stock which can be increased, adjusted, or 
sold on short notice while maintaining the base 
herd: and (3) keeping the breeding herd below the 
average stocking rate of the previous five years, or 
longer if stocking records are available. How much 
below the average will depend on how much pro- 
duction has deviated from the average. If ran.ge- 
land pastures are stocked on the basis of productlon 
in good or even in average years, they will be se- 
verely damaged during dry years. Damage from 
too-heavy use during a dry year may not be com- 

pletely corrected by proper grazing during several 
good years. 

Since no two operating units are alike, plans for 
keeping livestock numbers in balance with forage 
will not be the same for all units. Whether the 
forage production year be high or low, it is impor- 
tant for the rangeland operator to plan alternatives 
in advance, making flexibility a part of his man- 
agement program. 

Livestock numbers can be balanced with the 
forage supply in low production years to keep from 
ova-utilizing the forage resource. This can be done 
by: (1) Improving efficiency of use of present graz- 
ing lands with distribution practices such as fenc- 
mg, water developments, salting, herding, and 
using a grazing system tailored to meet planned 
objectives; (2) selling dry stock and yearling steers 
early in the season, or as soon as a dry season is in- 
dicated; (3) culling breeding herd by selling dry 
cows, slow breeders, poor milkers, and old ammals 
about the end of the normal growing season when 
the animals are in good flesh: (4) purchasing 
needed additional forage or rent other pasture; 
(5) using supplemental or temporary irrigated pas- 
tures if irrigation water is available; (6) maintaining 
a supply of emergency feed on hand in the form of 
hay or silage fed m drylot; and (7) grazing the range- 
land units in a system that will leave a unit or 
units either not grazed or grazed lightly so that 
there will be sufficient old grass on the land to 
maintain livestock until ad,justments can be made. 

To adjust livestock numbers in utilizing excess 
forage production, these ways are suggested: (1) 
buy dry stock, such as steers, for short-term gains; 
(2) hold calves longer, and put more weight on 
each animal; (3) hold over more replacements, 
which gives greater opportunity for upgrading the 
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breeding herd; (4) cut excess forage for hay or 
silage for use in years of low production; and (5) 
lease or rent grazing to other livestock operators. 

Equally important with establishing planned al- 
ternatives for keeping livestock numbers in bal- 
ance with forage is to know when to implement 
them, recognizing as early as possible when adjust- 
ments in numbers will be necessary. An operator 
doesn’t need to wait till July to decide whether he 
is having a good growing season. If moisture is 
below normal in the soil profile by mid-April, he 
knows adjustments in his program will need to be 
made by summer. 

Ranchers, range managers, and range conserva- 
tionists realize good quality grass is the cheapest 
livestock feed that can be grown on millions of 
acres of rangelands. They also know that range re- 

sources must be managed to meet the needs of both 
the plants and the animals. Flexibility in manage- 
ment plans will aid the manager in obtaining opti- 
mum use of the range and related resources despite 
fluctuating forage production. 
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Plastic Pipelines for 
Livestock Water in Northwest 

Nebraska1 

WARREN PEDEN 
Range Conservationist, Soil 

Conservation Service, Rushuille, 
Nebraska. 

Highlight 
A shortage of good quality livestock 

and household water has plagued 
northwest Nebraska ranchers. The de- 
velopment of Polyvinyl-chloride pipe 
has provided a method of piping good 
water into this area. Five hundred 
forty five miles of PVC pipe have been 
installed, or are planned, on 108 
ranches watering approximately 
300,000 acres of rangeland. This pro- 
ductive grassland area can now be 
grazed safely and efficiently with a 
stable, good quality water supply. 

When discussing the resources of 
Nebraska, water is cme resource 
that seems to be plentiful. There 
is an abundance of water in Ne- 
braska’s many streams, rivers and 
lakes. Good quality water is avail- 
able from shallow wells throughout 
the Sandhills region. 

The Problem 
The water situation in Sioux and 

Dawes Counties in Northwest Ne- 
braska is somewhat different. This 
area is called the “Gumbo Country” 

1 Received March 25, 1971. 

and the small amount of ground 
water available is highly mineral- 
ized and not fit for human con- 
sumptioln. 

The livestock dams and dugouts 
used to store water have a relatively 
short life due to siltation, and sites 
for new impoundments are scarce. 
In late winter and early spring 
when runoff is frequent the water 
quality is fairly good, but in late 
summer and fall when evaporatioa 
is rapid the concentration of salts 
in the water becomes quite high. 
Livestock often get mired in the 
mud when these dams are low. A 
survey in 1967 by the Nebraska Ex- 
tension Service (U. S. Dep. Agr., 
1967) indicated that livestolck dams 
are dry for an average elf 3 out of 
10 years with the water being poor 
quality for an additional 3 of 10 
years. 

In the past, the ranchers, in this 
area have relied cm dams and dug- 
outs to store surface runolff to sup- 
ply the needs for livestock water. 
To obtain water for household use 
ranchers had to haul water from 
the nearby towns of Chadron, Craw- 
ford, or Harrison. Another source 
of water was the runoff from houses, 
sheds, and barns equipped with 
downspouts that drained into a 
cistern and the water sto,red here 
for later use. Wells with a 3 foot 
diameter have been tried, but met 
with limited success and no im- 
provement in water quality. 

Resources 
This area is in the Pierre Shale 

Plains and Badlands Resource area 
in the 14 to 16 inch precipitation 
zone. The mean length of the frost 
free period is approximately 120 
days. 

The major soils are Samsil, Pierre 
and Kyle clay. These are upland 
soils (U. S. Dep. Agr,, 1969), devel- 
oped in the weathered, gray shale 
of the Pierre formation. All have 
clay surfaces and subsoils, but differ 
in the thickness of the soil material 
over the unweathered parent shale. 
Samsil is shallow, Pierre is mod- 
erately deep, and Kyle is a deep soil. 

The vegetation is dominantly 
western wheatgrass (Agropyron 
smithii), green needlegrass (Stipu 
viridula), blue grama (Bouteloua 
gracilis), sideoats grama (Bouteloua 
curtifiendula), and buffalograss 
(Buchloe dactyloides). 

These ranges yield from 500 to 
1500 pounds of air dry forage per 
acre (Jensen, 1968). This is a valu- 
able grass resource that the ranchers 
have not been able to use efficiently 
because of the water situation. 

The ranches in this area are pri- 
marily cow, calf, and yearling opera- 
tions with some sheep production. 
The hay supply is limited and the 
livestock are ranged year round. 
The antelope population is quite 
high and there are some deer. 

This “Gumbo” area is fortunate 
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breeding herd; (4) cut excess forage for hay or 
silage for use in years of low production; and (5) 
lease or rent grazing to other livestock operators. 

Equally important with establishing planned al- 
ternatives for keeping livestock numbers in bal- 
ance with forage is to know when to implement 
them, recognizing as early as possible when adjust- 
ments in numbers will be necessary. An operator 
doesn’t need to wait till July to decide whether he 
is having a good growing season. If moisture is 
below normal in the soil profile by mid-April, he 
knows adjustments in his program will need to be 
made by summer. 

Ranchers, range managers, and range conserva- 
tionists realize good quality grass is the cheapest 
livestock feed that can be grown on millions of 
acres of rangelands. They also know that range re- 

sources must be managed to meet the needs of both 
the plants and the animals. Flexibility in manage- 
ment plans will aid the manager in obtaining opti- 
mum use of the range and related resources despite 
fluctuating forage production. 
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forty five miles of PVC pipe have been 
installed, or are planned, on 108 
ranches watering approximately 
300,000 acres of rangeland. This pro- 
ductive grassland area can now be 
grazed safely and efficiently with a 
stable, good quality water supply. 

When discussing the resources of 
Nebraska, water is cme resource 
that seems to be plentiful. There 
is an abundance of water in Ne- 
braska’s many streams, rivers and 
lakes. Good quality water is avail- 
able from shallow wells throughout 
the Sandhills region. 

The Problem 
The water situation in Sioux and 

Dawes Counties in Northwest Ne- 
braska is somewhat different. This 
area is called the “Gumbo Country” 
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and the small amount of ground 
water available is highly mineral- 
ized and not fit for human con- 
sumptioln. 

The livestock dams and dugouts 
used to store water have a relatively 
short life due to siltation, and sites 
for new impoundments are scarce. 
In late winter and early spring 
when runoff is frequent the water 
quality is fairly good, but in late 
summer and fall when evaporatioa 
is rapid the concentration of salts 
in the water becomes quite high. 
Livestock often get mired in the 
mud when these dams are low. A 
survey in 1967 by the Nebraska Ex- 
tension Service (U. S. Dep. Agr., 
1967) indicated that livestolck dams 
are dry for an average elf 3 out of 
10 years with the water being poor 
quality for an additional 3 of 10 
years. 

In the past, the ranchers, in this 
area have relied cm dams and dug- 
outs to store surface runolff to sup- 
ply the needs for livestock water. 
To obtain water for household use 
ranchers had to haul water from 
the nearby towns of Chadron, Craw- 
ford, or Harrison. Another source 
of water was the runoff from houses, 
sheds, and barns equipped with 
downspouts that drained into a 
cistern and the water sto,red here 
for later use. Wells with a 3 foot 
diameter have been tried, but met 
with limited success and no im- 
provement in water quality. 

Resources 
This area is in the Pierre Shale 

Plains and Badlands Resource area 
in the 14 to 16 inch precipitation 
zone. The mean length of the frost 
free period is approximately 120 
days. 

The major soils are Samsil, Pierre 
and Kyle clay. These are upland 
soils (U. S. Dep. Agr,, 1969), devel- 
oped in the weathered, gray shale 
of the Pierre formation. All have 
clay surfaces and subsoils, but differ 
in the thickness of the soil material 
over the unweathered parent shale. 
Samsil is shallow, Pierre is mod- 
erately deep, and Kyle is a deep soil. 

The vegetation is dominantly 
western wheatgrass (Agropyron 
smithii), green needlegrass (Stipu 
viridula), blue grama (Bouteloua 
gracilis), sideoats grama (Bouteloua 
curtifiendula), and buffalograss 
(Buchloe dactyloides). 

These ranges yield from 500 to 
1500 pounds of air dry forage per 
acre (Jensen, 1968). This is a valu- 
able grass resource that the ranchers 
have not been able to use efficiently 
because of the water situation. 

The ranches in this area are pri- 
marily cow, calf, and yearling opera- 
tions with some sheep production. 
The hay supply is limited and the 
livestock are ranged year round. 
The antelope population is quite 
high and there are some deer. 

This “Gumbo” area is fortunate 
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in having a source of well water 
nearby in the sandstone formation 
along the Pine Ridge escarpment. 
This Pine Ridge escarpment angles 
across the northwest corner of Ne- 
braska. Most of the wells are 8 
inches in diameter, are 50 to 250 
feet deep, and produce 10 to 40 gal- 
lons per minute. 

Materials and Methods 
Prior to the development of Poly- 

vinyl-chloride pipe (PVC), livestock 
water pipelines were impractical. 
The cast of metal pipe was toO high 
to make pipelines feasible and the 
soils in this area are highly corro- 
sive to metal pipe. PVC comes in 
40 foot lengths, is resistant to COP 
rosion and damage by rodents, and 
has a low friction loss. 

Ranchers and farmers interested 
in inar;dli”g a pipeline contact the 
Somil Co,nservation Service for tech- 
nical assistance. Surveys are made to 
get the elevations along the pro- 
posed pipeline and other informa- 
tion is gathered that is necessary to 
design the pipeline. Cost sharing ia 
provided by the Agricultural Con- 
servation Program (ACP) or the 
Great Plains Conserwtio~” Pro- 
gram. TVhen there arc several 
ranchers interested in a pipeline, 
they can form i( nonprotit organira- 
tion and make application for a 

pooling agreement for participation 
in one OC the cost sharing pro~grgrams. 
\\rhe” the pipeline design is com- 
pleted the organization puts the 
pipeline up for bids, or negotiates 
with the contractor for construction 
of the line. 

Each ranch is alloted a certain 
percentage of the cost sharing pay- 
ment and is assessed with a per- 
centage of the maintenance costs. 
T& percentage is generally based 
on the acres, and/or cattle numbers, 
served by the pipeline on each 
Xt”Cll. 

The pipelines are designed to 
provide 20 gallons per day per ani- 
mal “nit and 500 gallons per day 
per ranch headquarters. Irrigating 
of lawns and gardens is not allowed. 

The PVC pipe is of the rigid or 
serni-rigid type, placed in a mini- 
mum of 12 inch wide trench (Fig. 1) 
and buried 5 feet deep to stay below 
the frost line (U. S. Dep. Agr., 1967). 
The pipe is snaked in the trench to 
maintain some slack for contraction 
and the joints are glued (Fig 2). 
The line is tested before back- 
filling to check Coor leaks. Care is 
needed in the backfilling operation 
to see that no sharp rocks co’mme in 
direct contact with the pipe. If 
leaks develop after backfilling the 
trench, the area over the leak can 
be excavated with a backhoe and 
repaired. When leaks occur, the 
water comes to the surface rapidly 
because the day content of the soils 
prevents deep percolation of the 
water. 

Electric pumps are placed in the 
wells and at booster stations along 
the line to maintain operating pres- 
sure. The pressure on the line may 
vary from 20 to 160 psi. The elec- 
tric pumps vary from ?/a to 5 horse- 
power depending on the length of 
the line and the total lift. Air re- 
lease valves are required on apexes 
in the line to prevent air locks. The 
safe operating pressure on the ma- 
jority of PVC pipe is 160 psi. When 
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Table 1. Summary of installed and planned Pipelines in Sioux and Dawes 
Counties Nebraska. 

Jordan- 
Wa%?rbIlrger 

Ant&JptY 
Isham 
Prairie Dag 
Robertson 
Indian Creek 
sugar Loaf 
Lindekin 
Stumph 
Larserl 
EllWXl 
M0ntr0stY 
Sand Creek 
Whetstone 
Spring Creek 
Cottonwood 
Wayside 
Bowen 

Total 

12 50.4 
1 1.3 
1 1.” 
1 .9 
1 1.9 
5 31.6 
7 18.8 

10 45.0 
15 86.9 
11 18.2 
14 125.0 

1 20.0 

108 545.3 

6,254 
16,891 
16,067 
15.385 
8,303 

36,500 

298,970 

pressures approach 160 psi, pressure 
reducing valves or cisterns are in- 
stalled. Vacuum release valves are 
installed where there is a danger of 
the pipe collapsing from negative 
pressure. 

The livestock watering tanks on 
the pipeline are provided with 
floats to control the water level 
and check valves to prevent the pas- 
sibility of tank watt from draining 
back into the line. The tanks are 
galvanized steel with concrete, or 
steel, bottoms and vary in size from 
10 to 20 feet in diameter. The 
larger tanks have been more success- 
ful because of the additional star- 
age capacity. Some tank installa- 
tions have a length of concrete pipe 
placed over the intake valve and 
float. This pipe has a cover to pre- 
vent freezing, and to protect the 
float mechanism from breakage. 
Each tank is provided with a shut- 
off, so service to the rest of the line 
is not interrupted when mainte- 
nance is required. 

and gradually decrease down to 1 
inch on the spur lines. To date, 
these pipelines water about 63 
ranch headquarters and approxi- 
mately 300,000 acres of rangeland 
with about 760 tanks (Fig. 3). An 
occasional country schoolhouse is 
also supplied with water from these 
pipelines. 

The cost of these pipelines is high 
and without financial assistance 
from Federal programs, they would 
not be feasible. The per acre costs 

Discussion 
The pipelines that are completed 

or are in the planning stages (Table 
1) have from 1 mile up to 125 miles 
of pipe. The longer lines start o,ut 
with 3 inch inside diameter pipe Ra. 3. The end producL--a supply of 9_ood quality watu for a registered cow hrn,. 

33,700 
2,000 

520 
1,280 

900 
12,819 
8,111 

23,onn 
42,000 
12,240 
51,000 
12,000 

iv”. “f NO. 
farmstcxk tanks 

1 12 
5 33 
1 32 
4 38 
1 16 
8 90 
6 90 
1 5 
0 2 
0 3 
0 6 
4 43 
4 21 
6 54 
9 90 
0 28 

II 150 
2 40 

63 753 

1967 
1967 
1968 
,968 
1968 
1968 
1967 
196G 
1968 
1968 
1969 
1969 
1970 
Planning 
1967 
Construction 
Construction 
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for supplying water through pipe- 
lines is, approximately, $4.00 to 
$5.00 per acre. Although the costs 
are high, the benefits are far reach- 
ing. The water supply can be 
placed where it is needed the most. 
Planned grazing systems are now 
possible and areas formerly over- 
grazed have been rested and non- 
grazed areas are now providing val- 
uable Corage. Livestock distribution 
is greatly improved and livestock 
performance has improved with the 
good quality water being available. 

Some ranchers believe that year- 
ling cattle will gain an additional 
50 to 150 pounds more with good 
water. Assuming a calf crop of 85%, 
there would be about 12,000 calves 
produced per year. Using an aver- 
age of 100 pounds additional gain 
per yearling, this would mean an 
additional l,ZOO,OOO pounds of beef 
produced. If beef is worth 25$ per 
pound, this would mean $300,000 
additional income, per year, to the 
area. 

PVC pipelines make water avail- 
able to fight range fires and the 
clear water will not plug up the 
nor&s on fire fighting equipment. 

It is needless to say that the 
ranchers’ wives are extremely happy 
with the good quality water brought 
into their homes by the pipelines. 
There are no more pipes and fau- 
cets clogged with salts and minerals, 
and there is nothing like being able 
to get a good, cool drink of water. 
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America’s Changing Environment. 
Edited by Roger Revelle and 
Hans H. Landsbag. Houghtoln 
Mifflin Co., Boston. 314 p. Illus. 
1970. $6.95. (Beacon Press Paper- 
back #BP369. $2.95) 

This book is a collection of papers 
expressing various viewpoints concern- 
ing decision making in environmen- 
tal problems. The impending theme 
throughout the book is that the causes 
of the degradation of our surroundings 
are: (1) rapid population ‘growth; (2) 
increase in Gross National Product; 
and (3) changing patterns of our lives. 
Revelle and Landsberg point out in 
their fine introductory chapter that as 
our nation grew in affluence each in- 
dividual used a larger quantity of ma- 
terials and thus there was more to 
throw away. We could afford, because 
of our affluence, to discard many ob- 
jects we once saved and reused. But 
as the primary wants of the great ma- 
jority have become satiated, we are now 
more concerned with the quality rather 
than the quantity of “life.” They go 
on to say, “Thus in the past our grow- 
ing affluence has led to environmental 
destruction but in the future it can 
give us greater opportunities both to 
perceive and to protect the quality of 
life and the diversity, beauty, and 
wonder of our land.” 

The tools used to achieve these goals 
serve as the major groupings of the 
chapters, namely: science, economics, 
politics, technology and education. 
Many fields are represented among the 
twenty contributors. The social sci- 
entists far outnumber the biological 
scientists. Thus, the emphasis of the 
book is on the interactions and be- 
havior of people and their subsequent 
effects on the environment rather than 
on the standard biological and physi- 
cal aspects of the ecosystem. Fifteen of 
the twenty essays were first published 
in the fall 1967 issue of the Journal of 

the American Academy of Arts and 
Sciences. The other four essays and 
the introductory chapter are published 
here for the first time. 

The science section stresses ecology as 
an integrative and synthesizing science 
both in dealing with different levels of 
biological organization and in point 
of view. The chapters under economics 
and political action contain not only 
general essays pointing out the diffi- 
culty of evaluating environmental 
problems in terrns of the present mar- 
ket systems, but also contain interesting 
case histories involving particular gov- 
ernment agencies and specific prob- 
lems. It is emphasized that economists 
have dealt with only half of the prob- 
lem, i.e., the economic benefits of pol- 
lution to the pollutor and the eco- 
nomic costs of pollution control. The 
other half-the costs of pollution and 
benefits of pollution control-is hard to 
state in ordinary economic terms be- 
cause these values cannot be dealt with 
in the market place as it exists today. 
Since pollution ignores political boun- 
daries, one must think in terms of air- 
sheds and watersheds instead of areas 
of cities, counties, or nations. To over- 
come’ these difficulties of political ac- 
tion, it is suggested that it may be 
necessary to invent new political insti- 
tutions or modify old ones. Technolog- 
ical innovations may remove or ameli- 
orate some problems. We should not 
indict neutral technology for the con- 
sequences we find ourselves in today, 
but rather should indict our inability 
to organize intelligently for its (tech- 
nology) beneficial use. 

The ro’le of education in helping to 
remedy the environmental crisis is pre- 
sented as threefold: (1) production 
of many kinds of specialists to deal 
with specific problems; (2) formulation 
of moral and intellectual values on 
which environmental improvement 
must rest; and (3) creation of a height- 
ened sensitivity among young people 

to the world around them. Many of 
the basic concepts and problems con- 
cerning environmental quality are re- 
peated often. This repitition makes 
reading difficult, but also makes in- 
dividual chapters more complete. Al- 
though no specific references are made 
to rangelands, this does not or should 
not keep us from recognizing the im- 
plications of this work to our own 
fields.-Michael C. Stroud and Harold 
H. Biswell, Berkeley, California. 

Innocent Killers. By Hugo and 
J ane van Lawick-Goodall. 
Houghton Mifflin Co., Boston. 
222 p. illus. 1971. $lO.O,O. 

Although the authors are probably 
best remembered for their 1965 tele- 
vision program about behavior among 
wild chimpanzees, they have also been 
conducting a considerable study of some 
of Tanzania’s carnivores. This book re- 
ports observations on behavior of wild 
dogs (Lycaon pictus), golden jackals 
(Canis aureus) and spotted hyenas (Cro- 
cuta crocuta). One facet of their studies 
was to determine whether killing or 
scavenging provide the principle means 
by which these carnivores obtain food. 
They concluded that these particular 
species depend primarily upon hunt- 
ing to procure their food, but being op- 
portunists, they are scavengers when- 
ever the rewards exceed the risks. 
By logical inference from these studies 
and the studies of chimpanzees, the 
authors suggest that early man was 
most probably dependent upon hunt- 
ing, rather than scavenging, as his pri- 
mary source of meat. 

Most of the book is devoted to ob- 
servations on behavior of the three 
carnivores and the related fauna. The 
photographs are technically excellent, 
and some are of near “salon” quality. 
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(Unfortunately, none of the photo- 
graphs are in color.) 

It is indeed rare to find a book such 
as this one where lucid writing, and 
superb photography, are combined to 
summarize so much information. 

The book can be highly recom- 
mended as delightful reading for any- 
one who wants something different 
from the usual humdrum nature books. 
This book is different.-William J. Mc- 
Ginnies, Fort Collins, Colorado. 

8 

Research Methods in Plant Science. 
Richard M. and Deana T. Klein. 
The Natural History Press, 501 
Franklin Avenue, Garden City, 
New York 11530. 756 p., 1970. 
$20. 

Every student, professor, and in- 
vestigator in plant sciences has wished 
for a comprehensive, logically arranged 
reference of research methods. RE- 
SEARCH METHODS IN PLANT 

SCIENCES is strictly a book of meth- 
ods used by plant scientists. No one 
man has used all research methods; 
and no one book can describe all of 
them. Nevertheless, this is the most 
complete and comprehensive book of 
methods available to date. The ma- 
terial covers most aspects of plant sci- 
ence, beginning with the acquisition 
and maintenance of plant collections, 
and proceeding to the structure of 
plants, environmental control of plant 
growth, measurements, water relations 
and mineral nutrition, and so on 
through 13 chapters plus index. Where 
descriptions of methods are incomplete, 
pertinent literature citations are given 
for further study. Illustrations of ma- 
terials and equipment are used liber- 
ally to accent the text. I have used it as 
a reference for several months and ap- 
preciate it more with each use. Con- 
sequently, I rate it highly for any in- 
vestigator of structure, environment, 
cultivation, biochemistry, growth, me- 
tabolism, reproduction, and pathology 
of plants.-D. N. Hyder, Fort Collins, 
Colorado. 

The Manual of Brands and Marks. 
by Manfred Wolfstine edited by 
Ramon F. Adams, University of 
Oklahoma Press, Norman, Okla- 
homa. 434 p. illus. 1970. $9.95. 

The history of brands is traced from 
their appearance in Egyptian tombs to 
the present day brand registration laws 
in 24 of the United States. The sum- 
mary of the brand laws for each of 
these states includes the dates the laws 
were enacted and amended. 

A comprehensive discussion of brand- 
ing implements and methods covers 
the field to include modern day freeze 
branding. 

Over 1100 figures show brands and 
marks used by private individuals, 
companies and governments. 

The detailed history of the U. S. 
Army Remount Service and their Pres- 
ton Branding System is of particular 
interest. 

Range men will find this an inter- 
esting and useful book.-Robert E. 
nement, Fort Collins, Colorado. 

WASHINGTON, D.C. 
Host City for SRM’s 

Silver Anniversary Meeting! 

February 5-l 1, 1972 

The attractions of the nation’s capital are 

many, varied, and unique. The meeting 

schedule has been set up to allow ample 

time for visiting one of the great cities of 

the world! Here is an opportunity-e’spe- 

cially for young people-that shouldn’t be 

missed. 

Preregistration and hotel room reserva- 

tion forms will be included in the Decem- 

ber issue of Rangeman’s News. And don’t 

forget to sign up by December 5 for one of 

the special money-saving charter flights! 
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Tentative Program 

Twenty-Fifth Annual Meeting 

Society for Range Management 
Marriott Twin Bridges Motor Hotel, 

Washington, D.C. 

February 4-11, 1972 

Rangeland Resources and Society’s Needs- 
A Look Ahead to the 21st Century 

Registration 

Preregistration check-in on Saturday (February 5) and Sun- 
day (February 6). Regular registration from 8:00 AM Satur- 
day until 12:OO noon Tuesday. 

Special Meetings 

Friday, February 4-Range Seeding Equipment Committee. 
Saturday, February .%-Range Seeding Equipment Commit- 

tee, Board of Directors (all day). 
Sunday, February 6-Board of Directors (morning), Advisory 

Council (morning), all SRM committees, including newly- 
appointed 1972 committeemen (afternoon), Range Science 
Education Council (evening). 

Monday, February 7-Session chairmen orientation (early 
morning), Board of Directors, Advisory Council, Range 
Plant Contest coaches, Great Plains Technical Committee 
and other special groups as arranged (all meetings in the 
morning only). 

Tuesday, February S-1973 Annual Meeting Committee 
(evening). 

Wednesday, February 9-SRM General Meeting: President’s 
Address, Installation of Officers, Presentation of Awards 
for Range Plant Contest and Photo Contest. 

Friday, February 11-Joint meeting of Board of Directors 
and Advisory Council (afternoon). 

Ladies Program 

Hospitality Room will be open daily Monday through 
Friday. “Get-Acquainted Tea” on Monday, February, 7. 
Special tours to the White House and Capitol on Wednes- 
day and Friday. Sightseeing, field trips, and attendance 
of regular programs on your own. 

Employment-Interview Service 

This service will be available for receiving employment ap- 
plications and arranging for interviews from Tuesday morn- 
ing through Thursday afternoon. 

Youth Groups 

Monday, February 7-Youth Range Forum papers (morning). 
Tuesday, February S-Range Plant Contest (early morning), 

coaches critique (evening), Youth Range Forum business 
meeting (evening), Student Conclave business meeting 
(evening). 

Wednesday, February g-university Student papers (concur. 
rent with technical sessions). Youth Range Forum and 
Student Conclave participants are welcome on White 
House and Capitol tours on Wednesday or Friday. 

Photo Contest 

Photos will be accepted oa Sunday and Monday. All con- 
test photos will be on display from Monday noon until 
Wednesday afternoon. Balloting, open to all registrants, 
closes at 4:00 PM on Wednesday, February 9. 

Banquet 

The Silver Anniversary Banquet will be Thursday evening, 
February 10. Presentation of Awards and Colorado Sec- 
tion Slide Program. 

Monday Afternoon, February 7 
OPENING PLENARY SESSION. Chairman: David G. Wilson 
Musical Prelude, National Anthem, Welcomings and Pre- 

liminary Announcements. 
Keynote Address: Speaker to be announced 
Response to the Theme: 

Intern&ion& Aspects: Jonathan J. Norris, FAO, Rome, 
Italy. 

Mexican Aspects: Leandro Lujan, Chihuahua Cattle- 
men’s Association, Chihuahua, Mexico. 

Canadian Aspects: Alex Johnston, Canada Research Sta- 
tion, Lethbridge, Alberta, Canada. 

United States Aspects: Marion Clawson, Resources for the 
Future, Inc., Washington, D.C. 

Tuesday Morning, February 8 

PLENARY SESSION: The Environment-Where Do We Stand? 
Chairman: J. B. Hilmon. Speakers to be announced. 

Tuesday Afternoon, February 8 
SEMINAR SESSIONS: Visits to selected agencies and offices. 

Specific tours to be announced. 

Wednesday Morning, February 9 

CONCURRENT SESSION Al : University Student Papers-“Ca- 
reers in Range Science, 21st Century Training and Em- 
ployment.” Papers to be announced. 

CONCURRENT SESSION B 1: Range Ecosystems. Co-chairmen: 
Robert C. Coupland and James K. Lewis. 

A Demographic Study of Some Semidesert Grassland Plants. 
Phillip L. Dittberner, Colorado State University, Fort Col- 
lins, and Carlton H. Herbel, ARS, Las Cruces, New Mexico. 

Primary Production of a Desert Grassland Ecosystem. Rex 
D. Pieper and John W. Russell, New Mexico State Univer- 
sity, and Carlton H. Herbel, ARS, Las Cruces, New Mexico. 

The Big Sage/2,4-D, Grass Cycle. Forrest A. Sneva, ARS, 
Burns, Oregon. 

Edaphic Factors as Affected by Honey Mesquite Canopies. 
J. H. Brock, TAMU Research and Extension Center, Lub- 
bock, Texas. 

Range Relict Areas-Benchmarks for Multiple Land Uses. 
Lamar Mason, SCS, Salt Lake City, Utah. 

CONCURRENT SESSION Cl: New Uses of Range Plants. Co- 
chairmen: A. Perry Plummer and Wayne G. McCully. 

Arboreal Forage--Leucuenu. William A. Slick and V. M. 
Harris, The M. G. and Johnnye D. Perry Foundation, 
Robstown, Texas. 

Range Plants as Ornamentals. Reldon F. Beck and Robert 
E. Steger, New Mexico State University, Las Cruces. 

Grasses for Coastal Dune Construction and Stabilization in 
Texas. D. W. Woodard and B. E. Dahl, Texas Tech Uni- 
versity, Lubbock. 

CONCURRENT SESSION A2: University Student papers. Papers 
to be announced. 

CONCURRENT SESSION B2: Range Improvements. Co-chuir- 
men: Karl H. Baker and Elmer L. Smith. 

High Rate Fertilization of Native Rangelands in Wallowa 
County, Oregon. Donald M. Baldwin, SCS, Enterprise, 
Oregon. 
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Establishing Irrigated Pastures on Rangelands. James T. 
Nichols and Donald C. Clanton, North Platte Station, 
University of Nebraska, North Platte. 

Evaluation of Herbicides for the Control of Mesquite and 
Other Undesirable Range Plants. C. E. Fisher, C. H. 
Meadors and John Brock, TAMU Research and Extension 
Center, Lubbock, Texas. 

The Brush Chain-Myth or Miracle. Billy G. McIlvain, 
BLM, Burley, Idaho. 

Estimation of Range Utilization with Grazed-Class Photo 
Guides. Ervin M. Schmutz, IJniversity of Arizona, Tucson. 

CONCURRENT SESSION C2: Range Nutrition. Co-Chairmen: 
John H. Chohlis and Richard W. Rice. 

Botanical Composition of Cattle Diets on Velvet Mesquite- 
Fair and Non-Mesquite-Good Desert Grassland. H. D. 
Galt, SCS, Las Cruces, New Mexico, C. Brent Theurer, 
University of Arizona, Tucson, and S. Clark Martin, USFS, 
Tucson, Arizona. 

Additional Cattle Gains with Creep Feeding of Calves on 
Northern Mexico Ranges. J. L. Gutierrez and M. H. Gon- 
zalez, Ranch0 Experimental La Campana, Chihuahua, 
Chihuahua. 

A New Feeding Concept for Wintering Brood Cows. Dean 
E. Hodge, Ralston Purina Co., St. Louis, Missouri. 

Leaching Compared to a Microdigestion Index. R. M. 
Hansen and D. F. Pendleton, Colorado State University, 
Fort Collins. 

More Beef and Forage with Fertilization of Semiarid 
Ranges in Northern Mexico. M. H. Gonzalez, Ranch0 
Experimental La Campana, Chihuahua, Chihuahua. 

Wednesday Afternoon, February 9 

CONCURRENT SESSION Al : Range Physiology. Co-chairmen: 
C. Wayne Cook and Donald N. Hyder. 

Mobilizable Carbohydrate in a Key Sedge: Seasonal Levels 
and Response to Grazing. George A. Garrison, USFS, La 
Grande, Oregon. 

Increasing Crude Protein Content of Range Forage with 
Atrazine. Walter R. Houston, ARS, Fort Collins, Colo- 
rado. 

Effects of Light Intensity, N-Level, and Their Interaction 
on Persistence and Production of Blue Grama. Russell J. 
Lorenz, Wayne 0. Willis and George A. Rogler, ARS, 
Mandan, North Dakota. 

A Field Method to Indicate Plant Vigor. A. K. Majorowicz, 
BLM, Lakeview, Oregon. 

Yields of Weeping Lovegrass in Relation to Frequency and 
Height of Cut. E. H. McIlvain and M. C. Shoop, ARS, 
Woodward, Oklahoma. 

CONCURRENT SESSION Bl : Range Watersheds. Co-chairmen: 
J. Robert Owen and Glen D. Fulcher. 

Semidesert Ecosystems-Who Will Use Them? How Will 
We Manage Them. 7 S. Clark Martin, USFS, Tucson, 
Arizona. 

Applying Grazing Systems to Yearlong Southwestern Ranges. 
Kenneth R. McAdams, BLM, Roswell, New Mexico. 

Montana Rangeland Resource Program. Peter V. Jackson, 
rancher, Harrison, Montana, and Robert L. Ross, SCS, 
Bozeman, Montana. 

Environment and Man. C. M. McKell, Utah State Univer- 
sity, Logan. 

Multi-Value Engineering Applied to Access. Winfred H. 
Glover, BLM, Denver, Colorado. 

CONCURRENT SESSION A2: Range Mammals. Co-chairmen: 
Jack R. Beer and Marvin R. Kaschke. 

Mustangs. Charles Fisher, BIA, Stewart, Nevada. 
Grass Winter Range for Mule Deer. Chester E. Conard, 

BLM, Baker, Oregon. 
Managing the Ecosystem for Greatest Economic Returns 

from Wildlife and Livestock in Texas. Vernon P. Hicks, 
SCS, Temple, Texas. 

Constructing Fences That Hold Livestock, Yet Enable 
Antelope Passage. Raymond D. Mapston, BLM, Casper, 
Wyoming. 

CONCURRENT SESSION B2: Range Recreation. Co-chairmen: 
J. Merle Prince and Richard L. Bury. 

Recreational Aspects of the Southeastern Colorado Prairies. 
Robert E. Wagner, USFS, Pueblo, Colorado. 

Potential Recreation Resources of Private Rangelands. 
F. Robert Gartner, South Dakota State University Re- 
search and Extension Center, Rapid City. 

Controlled Harvest of Rangeland Recreation Values. Floyd 
E. Newby, BLM, Washington, D. C. 

Great Plains Recreation. James E. Lees, USFS, Chadron, 
Nebraska. 

CONCURRENT SESSION C2: Grazeable Forest Lands. Co-chair- 
men: Lowell K. Halls and James A. B. McArthur. 

Southern Pine Regeneration Under Regulated Grazing. 
H. A. Pearson, USFS, Alexandria, Louisiana. 

Management Alternatives for Marginal and Submarginal 
Ponderosa Pine in the Black Hills of South Dakota. 
F. Robert Gartner and Wes W. Thompson, South Dakota 
State University Research and Extension Center, Rapid 
City. 

Grazing Resources of the Appalachian Region. Thad B. 
Trew, SCS, Pulaski, Virginia. 

Pinyon- Juniper Woodland Management. Neil E. Jensen, 
USFS, Tonopah, Nevada. 

Blackland Areas of Arkansas. Ivan R. Porter, SCS, Little 
Rock, Arkansas. 

Thursday, February 10 . I 
Precipitation-Runoff Characteristics of the Subarctic Cari- 

bou Creek Watershed in Interior Alaska. Dwane J. Sykes, FIELD TRIP A-Pautuxent Wildlife Research Center, Pau- 
University of Alaska, College. tuxent, Maryland. 

Infiltration Rate and Sediment Production Trends on a 
FIELD TRIP B-Agricultural Research Service Center, Belts- 

Plowed Big Sagebrush Site. Gerald F. Gifford, Utah State ville, Maryland. 
University, Logan. Friday Morning, February 11 

Runoff, Seepage and Evaporation at Range Watersheds in 
South Dakota. Armine R. Kuhlman, ARS, Newell, South CONCURRENT SESSION Al : Range Ecosystems. Co-chairmen: 

Dakota. James K. Lewis and Robert C. Coupland. 

Influence of Vesicular Crusts on Infiltration Rates in Ne- 
Net Primary Productivity in a Fescue Grassland. Melvin S. 

vada. W. H. Blackburn, University of Nevada, Reno. 
Morris and J. David Brunner, University of Montana, 
Missoula. 

CONCURRENT SESSION Cl : Range Planning. Co-chairmen: 
Donald R. Robertson and Howard R. DeLano. 

CO, Exchange Measurements Over Shortgrass Sod. A. J. 
Dye, Colorado State University, Fort Collins. 
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Root Biomass Fluctuations in a Shortgrass Ecosystem. Dale 
Bartos, Colorado State University, Fort Collins. 

Dynamics of Bouteloua gracilis (H.B.K.) Lag. ex Steud. in a 
Shortgrass Ecosystem. Daniel Uresk, Colorado State Uni- 
versity, Fort Collins. 

Range Ecosystem Information Processing and Analysis. 
Charles D. Bonham, Colorado State University, Fort Col- 
lins. 

CONCURRENT SESSION Bl : Range Birds. Co-chairmen: Don- 
ald R. Dietz and Joseph E. Townsend. 

Improvement of Mountain Meadows for Livestock and 
Wildlife. Richard E. Eckert, Jr., and Gerard J. Klomp, 
ARS, Reno, Nevada. 

The Relationship of Sage Grouse to Upland Meadows. 
Glen C. Christensen, David Savage, and Robert Oakleaf, 
Department of Fish and Game, Reno, Nevada. 

A Rangeman’s View of Wild Turkey Habitat Improvement 
Through Timber Harvest and Range Revegetation. Rob- 
ert Partido, USFS, Sacramento, New Mexico. 

CONCURRENT SESSION Cl : Range Improvements. Co-chair- 
men: Elmer L. Smith and Karl H. Baker. 

Little Bluestem (Andropogon scoparius Michx.) Mortality 
Resulting from Fire and Defoliation. George E. Probasco 
and John S. Crosby, USFS, Columbia, Missouri. 

Nitrogen Fertilization for Increased Production and Range- 
land Improvement in the Northern Plains. George A. 
Rogler and Russell J. Lorenz, ARS, Mandan, North Da- 
kota. 

Uses of Irrigated Pastures in Great Plains Ranching. Don- 
ald C. Clanton and James T. Nichols, North Platte Sta- 
tion, University of Nebraska, North Platte. 

New Life for Serpentine Soils. Gerald Brandvold, BLM, 
Ukiah, California. 

Low and Ultra Low Volume Applications for Herbicides 
for Control of Mesquite and Annual Weeds on Range- 
land. C. E. Fisher, C. H. Meadors, and John Brock, 
TAMU Research and Extension Center, Lubbock, Texas. 

CONCURRENT SESSION AZ: New Uses of Range Plants. Co- 
chairmen: Wayne G. McCully and A. Perry Plummer. 

Why Little Bluestem is a Key Plant in the Composition of 
Nebraska’s Rangelands. Walter Fick, rancher, Inman, 
Nebraska. 

Using Desert Saltgrass (Distichlis stricta) for Groundcover 
on Intensive Use Areas. Robert W. Delzell, SCS, Pueblo, 
Colorado. 

Research Discovers Techniques and Dryland Shrubs for 
Restoration of Disturbed Sites. Richard L. Hodder, Mon- 
tana State University, Bozeman. 

Integrating Warm Season Native Grasses into a Total For- 
age Program. B. H. Rountree, SCS, Elseberry, Missouri. 

CONCURRENT SESSION B2: Range Physiology. Co-chairmen: 
Donald N. Hyder and C. Wayne Cook. 

Primary Productivity of Two Salt Desert Shrubs. Richard 
S. White, Russell T. Moore, and Martyn M. Caldwell, 
Utah State University, Logan. 

Carbohydrate Reserves and Photosynthesis in the Hiluriu 
Genus. Fred C. Pinkney and Phil R. Ogden, University of 
Arizona, Tucson. 

Close September-October Grazing Injures Bluestem and 
Weeping Lovegrass. M. C. Shoop and E. H. McIlvain, 
ARS, Woodward, Oklahoma. 

Seasonal Changes in Truns-Aconitate and Mineral Compo- 
sition of Agropyron desertorum in Relation to Grass 

Tetany. D. M. Stuart, H. F. Mayland, and D. L. Grunes, 
ARS, Reno, Nevada. 

Responses of Crested Wheatgrass Seeds to Environment. 
A. M. Wilson, ARS, Pullman, Washington. 

CONCURRENT SESSION C2: Range Watersheds. Co-chairmen: 
Glen D. Fulcher and J. Robert Owen. 

Gullies-A New Look at an Old Problem. Hy Wilson, BLM, 
Belle Fourche, South Dakota. 

Runoff and Sediment Production from 0.1 l-Acre Runoff 
Plots on Chained vs. Unchained Pinyon-Juniper Sites. 
Gerald F. Gifford, Utah State University, Logan. 

Employing the Hydrologic Function to Evaluate Multi-Use 
Effects on the Range Resource. Frank E. Busby, Jr., Utah 
State University, Logan. 

Pawnee Grasslands Lysimeter. Clarence F. Becker, Univer- 
versity of Wyoming, Laramie. 

Friday Afternoon, February 11 

CONCURRENT SESSION Al: Range Education. Co-chairmen: 
Larry D. White and John L. Artz. 

Range Education in Navajoland-A Developing Nation in 
Our Midst. Niels L. Martin and William P. Lee, Utah 
State University Extension Service, Indian Programs, 
Blanding. 

Management of Ranch Resources-A Growing Need. John 
F. Vallentine, Brigham Young University, Provo, Utah. 

Environmental Quality-A Challenge. Ralph J. Kotich, 
Colorado State University, Fort Collins. 

Audio-Tutorial Instruction for Environmental Education. 
Leonard R. Askham, University of California, Berkeley. 

A Cooperative Approach to Range Education. Lewis L. 
Yarlett, SC.S, Gainesville, Florida, and Larry D. White, 
University of Florida, Gainesville. 

CONCURRENT SESSION Bl : Range Planning. Co-chairmen: 
Howard R. DeLano and Donald R. Robertson. 

Rangeland Planning Today for Tomorrow’s Needs. Gerald 
E. Hillier, BLM, Billings, Montana. 

Little Blue Valley: An Ecological Approach to Land Devel- 
opment. Jack F. Hooper and Joel S. Brummel, The 
Armendaris Corporation, Kansas City, Missouri. 

The Boise Front Multiple Use Complex. Richard L. 
Thompson, BLM, Boise, Idaho. 

No Brag-Just Fact. Bob Twing, rancher, Buffalo, Wyo- 
ming. 

CONCURRENT SESSION Cl : Range Mammals. Co-chairmen: 
Marvin R. Kaschke and Jack R. Beer. 

A “New” Range Animal for the Twenty-First Century: The 
Eland. Dennis Huckabay, University of California, 
Berkeley. 

Fire Rehabilitation on Big Game Winter Range in Blow 
Sand Soils. Lester K. Rosenkrance and Gene L. Schloe- 
mer, BLM, Idaho Falls, Idaho. 

Environmental Factors Affecting Detection of Wild Deer 
with an Airborne Thermal Infrared Scanner. H. Denni- 
son Parker, Jr., USFS, Fort Collins, Colorado. 

CONCURRENT SESSION A2: “Potpourri.” Co-chairmen: Rich- 
ard L. Bury and J. Merle Prince. 

History of the International Boundary Survey Along the 
Mexican Border. Charles Ames, USFS, Tucson, Arizona. 

A Computerized Method for Range Resource Analysis- 
Simplified, Practical, and It Works! R. V. Loper, BLM, 
Baker, Oregon, W. Pulford, BLM, Denver, Colorado, and 
Charles D. Bonham, Colorado State University, Fort Col- 
lins. 
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The Treatment of Exclosures in Wyoming. Alan A. Beetle, A 20.Year Trend Record of Woody Vegetation in Southern 
University of Wyoming, Laramie. Nevada. James R. Brunner, BLM, Las Vegas, Nevada. 

Panchromatic, Color, and Infrared Photography for De- 
tailed Vegetation Mapping. J. C. Shaver and H. G. Fis- 

CONCURRENT SESSION B2: Range Economics. Co-chairmen: 
H. R. Hochmuth and Calvin C. Boykin, Jr. Papers to be 

ser, University of Wyoming, Laramie. announced. 

A 
Absher, C. W., 75 
Acidifying nitrogen compounds and 

range fertilization, 203 
Adams, Robert E., 457 
Aldon, Earl F., 344 
America’s changing environment, re- 

viewed, 476 
Analysis of state-owned rangeland re- 

sources for multiple-use management 
in southeastern Oregon, reviewed, 
239 

Anderson, E. William, 6, 174 
Arid lands of Australia, reviewed, 323 
Aro, Richard S., 188 
Askham, Leonard R., 439 
Astragalus tenellus, 161 
Australian grasslands, reviewed, 79 
Atriplex vesicaria, 435 
Ayuko, Lucas J., 357 

B 
Bedell, Thomas E., 125 
Bement, R. E., 287, review, 477 
Binns, Wayne, 110 
Biswell, Harold H., review, 476 
Blue grama response to nitrogen and 

clipping under two soil moisture 
levels, 47 

Blue grama vegetation responds in- 
consistently to cholla cactus control, 
52 

Bonham, Charles D., 310 
Book reviews, 79, 163, 239, 322,402, 476 
Botanical and chemical composition of 

cattle and sheep diets on pinyon- 
juniper grassland range, 425 

Botanical and chemical composition of 
esophageal and rumen fistula sam- 
ples of sheep, 121 

Bow and arrow brush transects, 309 
Box, Thadis, W., 167 
Brink, V. C., 198 
Bristlegrass, plains, 292 
Britton, Carlton M., 136 
Brock, J. H., 157, 206, 370 
Broomweed, common, 370 
Brown, M. J., 366 
Browns, James E., 105 
Buehring, Normie, 378 
Buffelgrass, 14 1 
Bunchgrass, 407 
Burn and Lehmann lovegrass, 454 
Burning, 22 
Burzlaff, D. F., 60, 154 
Busby, Frank E., Jr., 285 

Index, Volume 24, 1971 
c 

Cable, Dwight R., 17 
Cactus, cholla, 52 
Caldwell, Martyn M., 394 
Campbell, R. S., reviews, 79, 322 
Cattle dips are used as a tool for range 

management in Masailand, Tanzania, 
314 

Cedar, eastern red, 378 
Changes on a sagebrush-grass range in 

Nevada ungrazed for 30 years, 397 
Chapline, W. R., 329 
Chapman, Stephen R., 414 
Chatterton, N. J., 37 
Cheatgrass, 407 
Child, R. Dennis, 339 
Clanton, D. C., 73, 134 
Clary, Warren P., 373 
Cliffrose, 468 
Cliffrose reproduction after pinyon- 

juniper control, 468 
Clover, subterranean, 147, 385 
Collins, 0. B., viewpoint, 238 
Comparison of lysimeter and neutron 

scatter techniques for measuring 
evapotranspiration from semiarid 
rangelands, 390 

Control of larkspur with herbicides 
plus nitrogen fertilizer, 110 

Cook, C. Wayne, 321 viewpoint, 339, 
418 

Cooper, Clee S., 414 
Cornelius, Donald R., 439 
Correlation of weather and fuel vari- 

ables to mesquite damage by fire, 
136 

Cost-size relationships of Utah cattle 
ranches, 462 

Costs and returns in a study of common 
property range improvements, 248 

Cottontop, Arizona, 292 
Cow-calf response to stocking rates and 

grazing systems on native range, 100 
Coyne, Patrick I., viewpoint, 319 
Cronin, E. H., 258 
Cundy, D. R., 121 
Currier, W. F., 2 

D 
Dahl, B. E., 210, 323 
Defoliation effects on carbohydrate re- 

serves of desert species, 418 
Desert saltbush saponin and germina- 

tion, 439 
Developmental morphology of switch- 

grass and sideoats grama, 357 

Dietz, Donald R., viewpoint, 317 
Dogwood, flowering, 236 
Dormaar, J. F., 185 
Dwyer, Don D., 47 

E 
Eastern red cedar and control proce- 

dures, 378 
Eckert, Richard E., Jr., review, 240 
Ecology of the subarctic regions, re- 

viewed, 240 
Economic effects of forage development 

and management, 174 
Ecosystem concept in natural resource 

management, reviewed, 240 
Effect of a February burn on Lehmann 

lovegrass, 454 
Effect of Astrugalus teneks on sheep, 

161 
Effect of site class and rainfall on an- 

nual range response to nitrogen and 
pho,sphorus, 366 

Effect of spraying with 2,4-D upon 
abundance of pocket gophers in 
Franklin Basin, Idaho, 230 

Effect of time and extent of harvesting 
basin wildrye, 414 

Effects of several factors on saltbush 
establishment in California, 2 16 

Effects of soils on forage utilization in 
the desert grassland, 431 

Effects of Utah juniper removal on 
herbage yields from Springerville 
soils, 373 

Efficiency of combining improvement 
practices that increase steer gains, 
113 

Elwell, Harry M., 378 
Emergence of grass seedlings under 

crop residue culture, 226 
Establisment of subclover in relation 

to nodulation, time of seeding, and 
climatic variations, 147 

Estimating digestible energy from di- 
gestible dry and organic matter in 
diets of grazing cattle, 73 

Eurotia lanata, 24, 395 
Evaluation of an interseeded sideoats 

grama stand four years after estab- 
lishment, 223 

Evans, Raymond A., 41, 118, 451 
Everson, A. C., 287 
Experimental methods for evaluating 

herbage, 164 
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F 
Fianu, Francis K., 385 
Flexibility to combat fluctuating for- 

age production, 471 
Forage development and management, 

174 
Forage utilization in the desert grass- 

lands, 431 
Fowler, William B., 158 
Freeze branding cattle for individual 

identification, 466 
Freeze vs. fire branding as methods of 

beef cattle identification, 75 
Frodsham, Gary D., 469 
Fults, Jess, review, 164 

G 
Galbraith, William A., 6 
Garcia, George, 344 
Gartner, F. Robert, 272 
Gates, Dillard H., review, 403 
George, M. R., 210 
Germination responses of three desert 

grasses to moisture stress and light, 
292 

Gifford, Gerald F., 469 
Gilbert, Carl S., 304 
Goodin, J. R., 37 
Gophers, pocket, 230 
Grama, blue, 47, 52, 154, 287 
Grama, sideoats, 223, 357 
Grass mixtures for seeding sagebrush 

lands, 150 
Grass seedling emergence and survival 

after treatment with fungicides, 383 
Grass seedlings under crop residue cul- 

ture, 226 
Grass species ‘growth on a volcanic ash- 

derived soil cleared of forest, 200 
Grazing capacity, sheep gains: Cheat- 

grass, bunchgrass ranges in southern 
Idaho, 407 

Grazing history of the Northwest, 6 
Grazing in the Middle East: Past, 

present and future, 13 
Green, A. J., 346 

H 
Hahn, R. R., 206, 296, 370 
Halls, L. K., 236 
Hamilton, John W., 304 
Harlow, R. F., 236 
Hartless, Patrick F., 216 
Harvesting basin wildrye, 414 
Herbicide, 2,4-D, 230 
Herbicide, 2,4,5-T, 210 
Hervey, Donald F., 55 
Hodgkinson, Harmon S., 471 
Hollingsworth, Dale, 22 
Honey mesquite seedlings and top re- 

moval, 296 
Hooper, Jack F., 462 
Houston, Walter R., 457 
Howard. D. A., 162 

INDEX, VOLUME 24, 1971 

How to attract, house, and feed birds, 
reviewed, 79 

Hull, A. C., Jr., 145, 150, 230, 383 
Hurst, Wm. D., 83 
Hyder, D. N., 287, 357, reviews 239, 

477 

I 
Ibrahim, fiamal M., 312 
Imbibition by alkali sacaton seeds, 71 
Improved heat pulse velocity meter, 

469 
Improvement practices that increase 

steer gains, 113 
Increasing utilization of weeping love- 

grass by burning, 22 
Influence of desert saltbush saponin on 

germination, 439 
Influence of row spacing on crested 

wheatgrass seed production, 387 
Influence of secondary succession on 

honey mesquite invasion in north 
Texas, 206 

Influence of site on mesquite mortality 
from 2,4,5-T., 210 

Information for Authors, opposite 164 
Innocent killers, reviewed, 476 
Interseeding for range improvement in 

the northern Great Plains, 457 
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