










Establishment of Honey Mesquite and Huis- 
ache on a Native Pasture 

R.E. MEYER AND R.W. BOVEY 

Abstract 

Scarified honey mesquite [Prosopis julqiora (Swartz) DC. var. 
ghzndulosa (Torr.) Cockerell] and huisache [haciafarnesiana(L.) 
Willd.] seeds were broadcast on a native pasture to study their 
ability to establish plants under several mechanical and chemical 
treatments. Plots were subjected to mowing, disking, or herbicide 
treatments. After 5 years, no more than 1 and 2% of the original 
honey mesquite and huisache seeds ultimately produced estab- 
lished plants. However, no treatment entirely prevented the estab- 
lishment of either species. During the 3- to 5-year period following 
seeding, honey mesquite plant numbers increased with close mow- 
ing (3 to 5 cm high) and high mowing (25 to 30 cm high) without 
fertilization. Huisache plant numbers increased most prominently 
on the untreated plots, on plots mowed close and high but without 
fertilizer, and on plots sprayed with a 1.1 kg/ha of 2,4-D [(2,4- 
dichlorophenoxy)acetic acid] the year of seeding. Overall, the most 
effective treatment for controlling both species was 1.1 kg/ha of 
picloram (4-amino-3,5,6-trichloropicolinic acid) applied during 
the fall following seeding in the spring. Neither the treatments nor 
the brush cover affected herbaceous vegetative cover or estimated 
herbage yield during the 3- to 5-year period following seeding. 

Honey mesquite [Prosopis julzji’oru (Swartz) DC. var. ghndu- 
loso (Torr.) Cockerell] and huisache [Acuciu jbme.siu?zu (L.) 
Willd.] infest about 22.7 and 1.0 million hectares, respectively, of 
rangeland in Texas (Smith and Rechenthin 1964). Honey mesquite 
can be controlled by broadcast foliar sprays containing 2,4,5-T 
(Beck et al. 1975a,b; Boyd et al. 1978; Fisher et al. 1972) and to a 
lesser extent by herbicides applied subsurface to the soil (Meyer 
and Bovey 1979). Huisache can be controlled either by foliar 
applications of picloram or picloram + 2,4,5-T(Bovey et al. 1969) 
or by soil surface of subsurface applications of tebuthiuron (N-[5-( I, I- 
dimethylethyl)-l,3,4-thiadiazol-2-yll_N,Ndimethylurea) (Bovey and 
Meyer 1978). These species can also be controlled at least partially by 
basal oiling, grubbing, chaining, mowing, rootplowing, or fire (Boyd 
et al. 1978, Fisheretal. 1959, Weddleand Wright 1970, Wiedemannet 
al. 1977, Wright et al. 1976). 

These troublesome species are spread by seed carried primarily 
in the digestive tract of animals and subsequently excreted unin- 
jured on the soil surface. Seeds of both species have a hard, 
impervious seed coat; germination occurs only sporadically until 
the seeds are scarified either mechanically or chemically, generally 
either by natural forces or by passing through the digestive tract of 
animals (Fisher et al. 1959). 

Honey mesquite germinates and produces more vigorous see- 
hings at 29’C than at 21 or 38°C (Scifres and Brock 1969). 
Seedlings can emerge and survive in continuous 50% reduction in 
radiant energy from full sunlight, but they cannot survive in over 
90% reduction in radiant energy (Scifres et al. 1973). Maximum 
seedling emergence occurred when the seeds were planted 0.5 cm 
deep at 27°C soil temperature (Scifres and Brock 1972). Seeds 
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placed on the soil suiface germinated, but the seedlings did not 
survive. Seeds planted 5 to 6 cm deep germinated but failed to 
emerge. 

The honey mesquite radicle usually emerges 12 to I8 hr after 
planting in a warm, moist environment. A noticeable collar of 
cortical tissue separates the radicle from the hypocotyl within48 hr 
(Meyer et al. 197 I, Scifres and Hahn I97 1). Generally, the cotyled- 
ons are fully expanded, and the epicotyl is prominent by the third 
or fourth day. The first true leaf above the cotyledons is com- 
pound; subsequent leaves are doubly compound. Plants grown in a 
warm greenhouse are usually IO to 20 cm tall after 2 months. 
Reproduction and establishment of velvet mesquite [Prosopis jzdi- 

from var. velutinu (Woot.) Sarg.] are similar to that of honey 
mesquite (Glendening and Paulsen 1955). 

Honey mesquite seedlings, regardless of age, fail to survive when 
the tops are removed below the cotyledonary node (Meyer et al. 
1971, Scifres and Hahn 1971). Scifres and Hahn (1971) found that 
60% of 7-day-old seedlings grown in the greenhouse survived top 
removal above the cotyledons. Top removal just above the cotyled- 
ons resulted in branching from the cotyledonary node. The number 
of sprouts per seedling increased progressively as the seedlings 
were allowed to develop up to 56 days after emergence before top 
removal. Honey mesquite seedlings grown in the greenhouse and 
field normally have a single stem unless the top is injured or 
removed above the cotyledonary node. 

Scifres (1974) found that more huisache seeds germinated at 
30° C than at 16,2 I, or 38O C. The seeds were not light-senstive, and 
optimum seedling emergence occurred when the seeds had been 
planted 2 cm deep. Few seedlings became established when the 
seeds had been left exposed on the soil surface. When planted 
deeper than 6 cm, huisache seeds germinated but failed to emerge. 

Bovey and Meyer (I 974) reported that either picloram or 2,4,5-T 
applied broadcast at 0.28 kg/ ha killed 73% or more of greenhouse- 
grown honey mesquite seedlings up to 8 weeks after emergence, but 
the percentage killed declined thereafter. Picloram killed 90% or 
more of the huisache up to 8 weeks after emergence; 2,4,5-T killed 
only 72% I week after emergence and killed a significantly fewer 
plants thereafter. 

Few data are available concerning the influence of existing 
vegetation and the microenvironment on seed germination and 
seedling growth and survival of honey mesquite and huisache 
under natural conditions. However, Ueckert et al. (1979) found 
that competition with associated vegetation overshadowed the 
effects of soil properties on honey mesquite seedling survival. 

This study was undertaken to determine the influence of various 
herbicide and mechanical practices on the establishment of honey 
mesquite and huisache from seed on a native pasture. 

Materials and Methods 

The study was conducted on a Bleibetville clay (a member ofthe 
Thermic Udic Pellusterts) with a 3% slope near Bryan, Texas, in 
the Post Oak Savannah resource area. The experimental area had 
been cultivated about 8 years prior to the establishment of the 
plots. The area was ungrazed during those 8 years and the 5-year 
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study period. 
Predominate grasses on the site included: broomsedge (Andro- 

pogon virginicus L.), johnsongrass [Sorghum halepense (L.) 
Pers.], King Ranch bluestem [Bothriochluu ischuemum (L.) Keng. 
var. songurica (Rupr.) Celerier & Harlan], longspike silver blues- 
tern [Bothriochloa saccharoides var. longipuniculutu (Gould) 
Gould], and purple threeawn (Aristidupurpureu Nutt.). Principal 
broadleaf species included western ragweed (Ambrosia psilosta- 
chyu DC.) with scattered plants of lemon beebalm (Monurdo 
citriodoru Cerv.), saw greenbrier (Smifux bona-nox L.), southern 
dewberry (Rubus trivia/is Michx.), and threadleaf groundsel 
(Senecio longilobus Benth.). 

Twenty-four plots, 21 by 38 m, were established with mowed 
buffer zones 6 m wide between them. Eight treatments with three 
replicates each were arranged in a randomized, complete block 
design. 

Approximately 6,000 scarified seeds each of honey mesquite 
(226 g) and huisache (357 g) were distributed evenly by hand over 
each plot at the beginning of the study on March 14,1974. Before 
dispersal, honey mesquite seeds had been mechanically scarified by 
a process described by Flynt and Morton (1969),and huisache had 
been chemically scarified by soaking for 45 minutes in concen- 
trated sulfuric acid (Bovey et al. 1979). 

The close mowing plots were shredded to a stubble height of 3 to 
5 cm to simulate heavy grazing. High mowing plots were shredded 
25 to 30 cm high to simulate moderate herbage use. The third 
treatment consisted of an application of 12-12-12 fertilizer at 280 
kg/ ha followed by mowing at a height of 25 to 30 cm. During 1974 
through 1977, plots were mowed in May, July, and October. No 
mowing was done in 1978 or 1979 in order to allow the woody 
plants to grow large enough to be visible for counts and to allow 
sufficient growth of herbaceous plants for composition and yield 
measurements. 

A fourth treatment consisted of disking the soil 15 cm deep and 
harrowing to form a good seed bed. The honey mesquite and 
huisache seeds were sown on the soil surface, but not subsequently 
covered with soil. 

Three broadcast herbicide spray treatments were established. 
Tebuthiuron (80% wettable powder) and the propylene glycol 
butyl ether esters of 2,4-D were applied on May 6, 1974. The 
potassium salt of picloram was applied October 7, 1974. All herbi- 
cides were applied at 1.1 kg/ha in water equivalent to 187 L/ha 
with a tractor-mounted boom sprayer. No additional herbicide 
applications were made. The eighth set of plots was left untreated. 

Honey mesquite and huisache plants were counted in each plot 
on June 1,26, and 22 in 1977,1978, and 1979, respectively. Percent 
canopy cover of each herbaceous species was estimated visually for 
each plot on June I, 1977, and June 22, 1979. Herbage production 
was estimated October 27,1978 by harvesting all herbaceousvege- 
tation mowed to a stubble height of about 4 cm from two areas 1 by 
3 m near the center of each plot. Herbage was separated into 

grasslike plants and broadleaf plants and oven-dried at 7oOC. 
Herbage yield is expressed on an oven-dry-weight basis. 

Results and Discussion 

In 1979, untreated honey mesquite and huisache averaged I .2 
and 2.5 m tall, respectively. Within a treatment, at least in 1978 and 
1979, more huisache than honey mesquite became established, 
except for the picloram spray treatment where no appreciable 
difference occurred (Table 1). Seedlings of huisache were more 
able than honey mesquite to become established even under the 
competition from existing herbaceous vegetation and attack by 
rabbits which nipped the tops of both species during the seedling 
stage. Regardless of treatment, however, both woody species were 
able to compete with the herbaceous vegetation and become estab- 
lished. Consequently, it does not seem possible to exclude the 
establishment of either honey mesquite or huisache in a native 
pasture containing viable seeds even without grazing, mowing, or 
other forage use. Herbicides and probably prescribed burning on a 
regular basis would control young woody plants better than the 
competitive effect of existing vegetation. 

The number of huisache plants tended to increase more during 
the study than honey mesquite (Table I). Huisache plant numbers 
continued to increase most prominently in plots mowed close, 
mowed high without fertilizer, sprayed with 2,4-D, and left 
untreated. Honey mesquite plant numbers only increased with 
close mowing and high mowing without fertilizer. Apparently, as is 
found in greenhouse experiment, a higher percentage of scarified 
honey mesquite germinates immediately than does huisache. Pro- 
gressive seed germination over a 5-year period would make huis- 
ache more likely to have some seedlings become established than 
honey mesquite which germinates only over a l- to 3-year period. 
Also, the growth rate of huisache seedlings is greater than that of 
honey mesquite. 

The two species responded similarly regarding plant numbers to 
the various treatments (Table I). In 1977, the most honey mesquite 
plants occurred on plots receiving disking and high mowing, with 
or without fertilizer. The fewest plants were present on the 
untreated plots and on areas receiving close mowing and 2,4-D or 
picloram sprays. In subsequent years, treatment differences 
decreased so that the only significant difference in honey mesquite 
establishment was between high mowing without fertilizer and the 
picloram treatment. 

In 1977, huisache seedling establishment was greatest on 
untreated plots and on those receiving disking and high mowing, 
particularly with fertilizer. In 1978, the only significant difference 
occurred between high mowing with fertilizer and the picloram 
spray. In 1979, fewer huisache plants were present in the plots 
treated with picloram than either the untreated or those receiving 
high or close mowing. 

Thus, picloram at I. I kg/ ha during the fall after spring seeding 

Table 1. Honey mesquite and b&ache pht numbers on plots 21 by 38 m on which 6,000 seeds bad been broadcast March 14,1974, and were counted in 
June 3,4, sod 5 years later. 

Seedlings (number per plot)’ 
Honey mesquite Huisache 

Treatment 1977 1978 1979 1977 1978 

1. Close mowing 8d 42ab 56ab 15cd 60ab 
2. High mowing 31ab 47a 74a 46ad 72ab 
3. Fertilizer i- high mowing 40a 30ab 34ab 85a 78a 
4. Disking 31ab 36ab 39ab 50a-c 54ab 
5. 2,4-D at 1.1 kg/ha Ild l4ab 24ab llcd 3lab 
6. Picloram at I.1 kg/ha 3d 9b 7b 6d 6b 
7. Tebuthiuron at I.1 kg/ ha 24bc 16ab 29ab 30bd 28ab 
8. Untreated 14cd l6ab 22ab 65ab 58ab 

Mean 20 26 36 38 48 

‘Values in columns followed by the same letter are not significantly different at the 5% level using the Duncan multiple range test. 

1979 

114a 
119a 
94a 
g6ab 
57ab 
12b 
50ab 
105a 
80 
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was the most effective treatment overall for limiting the establish- 
ment either of honey mesquite or huisache. This is not surprising 
since picloram is one of the most effective herbicides known for the 
control of these two species. However, no more than 1 and 2% of 
the honey mesquite and huisache seeds, respectively, had germi- 
nated and established plants by 5 years after seeding. 

Herbaceous cover was estimated in June of 1977 and 1979. No 
significant differences in cover values were detected among treat- 
ments for either year. In 1977, foliarcovers of total grass, perennial 
grass, annual grass, and total broadleaf plants (data for treatments 
not shown) were 87,50,37, and 7%, respectively for all treatments; 
in 1979, the same vegetation categories were 81, 76, S? and 14%, 
respectively. Johnsongrass composed 29 and 18% of the perennial 
grass cover in 1977 and 1979, respectively. The largest vegetation 
difference between 1977 and 1979 was the increase in perennial 
grasses other than johnsongrass and the decrease in annual grasses 
in 1979. Likewise, in 1978, there were no significant differences 
among treatments in herbaceous standing crop (data not shown). 
The mean total vegetation, grass, and broadleaf oven-dry standing 
crop were 2,378 2,336, and 42 kg/ ha, respectively, averaged across 
all treatments. Thus, 3 to 5 years after planting, neither the treat- 
ments imposed nor the infestations of honey mesquite or huisache 
had a significant influence on either herbaceous cover or estimated 
herbage yield. 

Although no more than 2% of the seeds planted produced estab- 
lished plants 5 years after treatment, none of the treatments 
entirely prevented the establishment of some plants. A broadcast 
spray of picloram at 1.1 kg/ ha during the fall of the year of seeding 
gave the best control of both woody species. Thus, competition 
from native herbaceous plants alone will not prevent the invasion 
of either honey mesquite or huisache in the Post Oak Savannah 
resource area of Texas. 
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Changes in Vegetation and Grazing Capac- 
ity Following Honey Mesquite Control 
KIRK C. MCDANIEL, JOHN H. BROCK, AND ROBERT H. HAAS 

Abstract 

Honey mesquite kill and suppression, vegetation response, and 
changes in grazing use and capacity were evaluated following 
brush control in north-central Texas. Tree grubbing was most 
effective for eliminating honey mesquite, but because of soil and 
plant damage the treatment did not increase grazing capacity or 
improve range condition compared to nontreated rangeland. 
Aerial application of 2,4,5-T -i- picloram was more effective in 
klllmg and defoliating honey mesquite than 2,4,5-T alone, but both 
treatments significantly increased forage production. The 2,4,5-T 
+ picloram and 2,4,5-T sprays provided a 7 to 16% increase in 
grazing capacity over a 4-year period on light and heavy honey 
mesquite infested pastures, respectively. 

Nearly 6 million hectares in the Rolling Plains of Texas are 
infested with woody plants of low forage value(Smith and Rechen- 
thin 1969). Honey mesquite (Prosopis glandulosa Torr. var. glan- 
dulosa)f is the most abundant woody invader having increased in 
density over the past century with drought, overgrazing, and the 
cessation of natural fires (Fisher 1948, Bogoush 1951, Rechenthin 
and Smith 1967). Chemical and mechanical control of honey mes- 
quite has been used extensively throughout the Rolling Plains with 
the objective of reducing the size and number of plants and to 
promote secondary succession (Fisher 1977, Scifres 1980). 

Thirty years of experience have shown that total eradication of 
honey mesquite is neither practical nor feasible. Several methods 
for controlling honey mesquite have been developed, however, and 
are widely used to maintain and increase forage production. Foliar 
applications of herbicides, such as 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T), and 2,4,5-T plus 4-amino-3,5,6 trichloropicolinic 
acid (picloram), usually “root-kill” only 25 to 40% of the honey 
mesquite plants (Fisher et al. 1972). Plants not killed by the herbi- 
cides develop new stems from previously defoliated branches or 
‘from the root crown (Younget al. 1948, Scifres et al. 1974). Prolific 
sprouting from the root crown can result in a multi-stemmed, 
shrubby growth requiring retreatment in 4 to 7 years (Scifres and 
Hoffman 1974). Grass response following spraying is most signifi- 
cant under the honey mesquite canopy and over a period of years 
expands into interspace areas between the plants (Brock et al. 
1979). 

Tree grubbing with a low energy crawler tractor equipped with a 
sharp, U-shaped blade attached to the front can eliminate over 90% 
of the honey mesquite by cutting roots 15 to 30 cm below the soil 
surface (McDaniel et al. 1978). Grasses growing beneath the can- 
opy are often uprooted with the grubbed honey mesquite leaving a 
pit of bare exposed soil. Grubbing honey mesquite usually induces 
a lower seral stage of succession because of the disturbance of soil 
under the canopy area. 
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Spraying honey mesquite is expected to give maximum increases 
in grazing capacity the first 3 years, whereas mechanical control 
may not yield a return until after 3 or 4 years( Workman et al. 1965, 
Dahl et al. 1978, Wiedeman et al. 1977). Following interviews with 
range trained personnel, Whitson and Scifres (1980) reported an 
annual rate of return from aerial applications of 2,4,5-T on honey 
mesquite in the Rolling Plains to be from 12.7 to 16.9% over a 
20-year planning horizon. Five to 9 years are required to recover 
the initial investment of aerial application of 2,4,5-T on deep soils, 
and 12 to 13 years are required on shallow soils. Tree dozed or 
grubbed areas seeded to a native mixture of adapted species require 
nearly three times the number of years to yield a return on the 
original investment compared to spraying 2,4,5-T. 

The choice of which method to use for honey mesquite control is 
more complex than the treatment’s ability to kill the plant or yield 
the greatest economic return. Environmental and management 
variables enter into the decision-making process making the choice 
of no single specific practice uniformly superior for every situation 
(Whitson and Scifres 1980). A brush control method which pro- 
vides a favorable vegetation response and which allows an increase 
in red meat production is likely to be the preferred practice. The 
objective of this research was to evaluate changes in vegetation and 
grazing capacity following several different brush control tech- 
niques on light and heavy infested honey mesquite rangeland. 

Study Area 

Research was conducted within two 280-ha pastures located 37 
km southwest of Vernon, Texas, on the W.T. Waggoner Ranch. 
Elevation is about 384 m above sea level and topography isa gently 
sloping upland plain typical of rangeland in northcentral Texas. 
Tillman clay loam soil, a member of the fine, mixed thermicfamily 
of Typic Paleustolls, is the dominant soil series (Koos et al. 1962). 
The soil has a noncalcareous brown silty clay loam surface 
horizon, a thick red argillic horizon, and becomes calcareous at 
depths greater than 60 cm (Rogers et al. 1976). The two study 
pastures, about I 1 km apart, occupy areas classified as deep hard- 
land range sites. 

Normal annual rainfall is 65.2 cm, with May, June, and October 
being months with highest rainfall (USDC 1976). January and 
February are the driest months. The growing season is approxi- 
mately 232 days (Koos et al. 1962). 

Climax vegetation is representative of the honey mesquite/ lote- 
bush/mixed grass association (McDaniel 1978). Dominant mid- 
grasses present are Arizona cottontop [Digitaria californica 
(Benth.) Henr.], Texas wintergrass (Stipa leucotricho Trin & 
Rupr), and sideoats grama [Boureloua curtipenduh (Michx.) 
Torr.]. Buffalograss [Buchloe dactyloides (Nutt.) Engelm.] is the 
dominant shortgrass species. Sand dropseed [Sporoboluscryptun- 
drus (Torr.) Gray], purple threeawn (Aristidu purpurea Nutt.), 
hairy tridens [Erioneuron pilosum (Buckl.) Nash], and tumble 
windmill (Chloris verticilluta Nutt.) have increased with grazing. 
Broadleaf plants which vary in importance depending onavailable 
soil moisture include common broomweed [Xunthocephalum dru- 
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cunculoides (DC.) Shinners], Texas filaree (Erodium texanum 
Gray), wooly plantain (Plantago purshii R & S. var. purshii), 
silvery leaf nightshade (Solanum elaenifolium Car.), and heath 
aster (Aster ericoides L.). Lotebush [Condalia obtusifolia (Hook.) 
Weberb.], tasajillo (Opuntia kptocaulis DC. var leptocaulis), and 
grassland prickly pear cactus (Opuntia macrorhizu Engelm.) are 
woody and succulent plants associated with honey mesquite domi- 
nated vegetation. 

Materials and Methods 

Replicated brush control treatments were applied in spring 1973 
in a randomized complete block design. Each treatment was app- 
lied to two blocks 503 m long by 128 m wide. Honey mesquite 
control treatments included: (1) no treatment (control); (2) aerial 
application of 0.56 kg/ ha of 2,4,5-T; (3) aerial application of 0.56 
kg/ ha of 2,4,5-T plus picloram; (4) basal spray with a 2,4,5-T-diesel 
oil mixture; and (5) tree grubbing in Pasture 1, and tree grubbing 
followed by chaining and seeding in Pasture 2. 

Honey mesquite control was determined by counting the 
number of plants either dead or alive three growing seasons after 
treatment. Live honey mesquite was noted as sprouting either from 
stems in the canopy or from basal buds near the soil line. Plants 
were counted within 6-m wide belt transects taken along six per- 
manent sample lines, 61 m in length, established in each treated 
area. Canopy cover of honey mesquite was estimated from color 
infrared aerial photography (SC. 1:3000) taken prior to treatment in 
spring 1973, and each spring or fall through 1976. 

Species composition by weight of herbaceous vegetation was 
taken 120 days after spraying the first year (October) and each 
successive spring (May-June) through 1976. Herbage production 
estimates were collected using a double sampling technique des- 
cribed previously by McDaniel et al. (1978). Ground cover for 
grasses, forbs, litter, and bare ground was estimated at the same 
time composition date were collected. All data were acquired from 
ten 0.22 m* permanent plots, located 6 m apart along the perman- 
ent transect lines. 

Forbs and grasses were grouped into one of six ecological 
classes, based on their successional status and forage value. The 
ecological classes and one or two dominant plants in each group 
were: (1) warm-season decreasers-Arizona cottontop and side- 
oats grama; (2) warm-season increasers-buffalograss and sand 
dropseed; (3) warm-season invaders-purple threeawn and tumble 
grass [Schedonnardus paniculatus (Nutt.) Trel.]; (4) cool-season 
grasses-Texas wintergrass; (5) annual grasses-rescue grass (Bro- 
mus unioloides H.B.K.) and Japanese brome (B. japonicus 
Thunb.); and (6) forbs. No measurements were made on individual 
forb species, except for common broomweed. A special seeded 
grass category was added for the tree grub treatment to include 
sideoats grama and sorghum almum (Sorghum almum L.), which 
were aerially seeded after grubbing in Pasture 2. 

Grazing capacity was determined from the forage production 
data. Using our best judgment, a proper use factor (PUF) was 
assigned to every species and multiplied by the dry weight to 
determine kilograms of potentially usable forage per hectare. 
Warm- and cool-season decreaser plants were given a 50% PUF 

value; the PUF for warm-season increasers ranged from 20 to400/a; 
and PUF’s for invaders and forbs were 10 to 20%. Annual grasses 
were not included in the calculation. Forage intake for a 400-kg 
cow was estimated as 275 kg/month based on data provided by 
Allison and Kothmann (1979). Grazing capacity was estimated by 
taking the sum of the potentially usable forage, multipled by the 
number of hectares in a treated area, and divided by the animal 
intake requirement. This calculated total divided by 12 provides an 
estimate of animal unit months of grazing. 

Actual grazing during the 4-year study was restricted to the 
December through March winter dormant season. Both pastures 
were stocked with pregnant Hereford cows at the equivalent of one 
animal per 6.9 ha season-long. Occular estimates of forage 
removed at the end of the grazing period were made using 100 
randomly placed 30 X 30 cm quadrats in each treated area. 

Data were analyzed using analysis of variance techniques. Fol- 
lowing a significant F-Test, mean separation was made using 
Duncan’s new multiple range test (Steel and Torrie 1960). 

Results and Discussion 
Honey Mesquite Control 

Before the brush control treatments were applied, honey mes- 
quite canopy cover was 8% and honey mesquite density about 247 
plants/ha in Pasture 1, and 25% and 680 plants/ ha in Pasture 2 
(Table I). Three growing seasons after brush control, honey mes- 
quite canopy cover increased 1.5% on untreated areas in Pasture 1, 
and 5.1% on the more dense Pasture 2 site. 

Tree grubbing was the most effective method of eliminating 
honey mesquite, with 94% of the plants killed in Pasture 1, and 87% 
killed in Pasture 2 (Table 1). Tree grubbing resulted in a 98% 
reduction in honey mesquite canopy cover at both sites after 3 
years. Honey mesquite top and lateral roots not completely severed 
during the grubbing operation did allow some resprouting to occur 
from the root crown. 

Basal spraying the trunk of honey mesquite with the diesel 
oil-2,4,5-T mixture killed 43 and 52% of the plants in Pastures I 
and 2, respectively (Table 1). Honey mesquite not killed by basal 
spraying resprouted primarily from crown buds, resulting in a 90% 
reduction in canopy cover after 3 years. 

The effectiveness of aerially applied 2,4,5-T and 2,4,5-T+ piclo- 
ram was somewhat reduced in Pasture 2 by a partial defoliation of 
honey mesquite by hail approximately 1 month before spraying the 
herbicides. Honey mesquite growing in Pasture 1 was not damaged 
by the storm. The 2,4,5-T -I- picloram treatment killed 43.8% of the 
honey mesquite in Pasture 1 and 25.3% in Pasture 2 (Table 1). 
Fisher et al. (1972) reported the 2,4,5-T + picloram combination 
killed on the average about 42% of the plants compared to a 
long-term average of 26% mortality on honey mesquite sprayed 
with 2,4,5-T only. Application of 2,4,5-T in Pasture 2 killed only 
9.7% of the honey mesquite, whereas the plant kill in Pasture 1 was 
near the reported long-term average at 26.7% (Fisher et al. 1972). 

Honey mesquite was completely defoliated within aerially app- 
lied 2,4,5-T and 2,4,5-T -I- picloram treatments 120 days after 
applying the herbicides (Fig. 1). The following spring, mesquite not 
killed in the sprayed areas provided a 7% canopy cover in Pasture 

Table 1. Field estimates of dead honey mesquite ($$I), plants with basal growth (%), and canopy growth (96) in the third growing season after brush control 
in light (Pasture 1) and dense honey mesquite (Pasture 2) infested pastures. 

Honey mesquite kill and regrowth (%) 
Pasture 1 Pasture 2 

Treatment Dead plants Basal growth Canopy growth Dead plants Basal growth Canopy growth 

Control 2.3 at 2.3 a 95.4 d 0.5 a 20.6 c 78.9 c 
2,4,5-T 26.7 b 42.4 c 30.9 b 9.7 b 45.1 d 45.1 d 
2,4,5-T + picloram 43.8 c 51.7 c 4.5 a 25.3 c 61.3 d 13.4 b 
Basal spray 43.2 c 32.0 b 24.8 b 52.0 d 35.9 cd 12.1 b 
Tree grubbing 94.1 d 3.6 a 2.3 a 86.6 e 12.4 b I.0 a 

lPlant control within a pasture followed by the same letter are not significantly different according to Duncan’s multiple range test (X0.05). 
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Fig. 1. Honey mesquite canopy cover (%)from aerialphoto measurements 
prior to rrearmenr(l973)andin 1976afterspraying2.4,5-Tand2,4,5-T+ 
picloram in light (Pasture 1) and dense (Pasture 2) honey mesquite 
infested pastures. 

2, and less than 1% canopy cover in Pasture 1. Honey mesquite 
canopy cover was gradually increased in the aerial spray treat- 
ments from 1974 to 1977. The most significant regrowth occurred 
within the 2,4,5-T treatments, where honey mesquite canopy 
growth nearly doubled that found in the 2,4,5-T+ picloram treat- 
ments 3 and 4 years after spraying. 

Herbrge Response to Brush Control 
Pretreatment evaluation showed no differences (X0.95) in 

grass cover or yield between areas to be treated by a particular 
brush control method (Fig. 2 and 3). Total herbage yield in Pasture 

100 

n 

PASTURE 1 

1 was about 2769 kg/ ha and grass cover about 25%. In the more 
dense honey. mesquite infested Pasture 2, herbage yield was signifi- 
cantly less than Pasture 1 at 1023 kg/ ha and grass cover about 17%. 

One year after brush control, grass cover increased significantly 
on aerial and basal spray treatments in Pasture 1 (Fig. 2). Tree 
grubbing followed by chaining significantly reduced grass cover 
and increased bare ground cover the first year in Pasture 2, and in 
the second year after tree grubbing in Pasture 1. There were few 
significant differences in ground cover parameters measured on 
sprayed and unsprayed rangeland after the second year. Overall, 
grass and litter cover was generally higher in aerial and basal spray 
treatments compared to the control or tree grub treatments, but 
these differences could not always be substantiated statistically. 
Conversely, forb and bare ground cover was generally greatest on 
nontreated and tree grubbed areas compared to sprayed 
rangeland. 

Several ecological and environmental factors influenced the 
vegetation response besides simply reducing honey mesquite activ- 
ity. Annual fluctuation in rainfall was a most important factor 
influencing vegetation growth in this study. During 2 years (1973 
and 1975) when rainfall was above the annual average (Fig. 4) 
broadleaf forbs were very productive (Fig. 3). However, above- 
normal rainfall did not greatly increase the production of perennial 
grasses. Grass production in the 2 years( 1974 and 1976) with below 
annual average rainfall was equal to or greater than in the wet 
years. Competition from annual broadleaf plants, especially com- 
mon broomweed, was largely responsible for the suppressed peren- 
nial grass production in the two wet years. In 1973 and 1975 when 
precipitation was above the annual average (14.1 and 33.3 cm, 
respectively), broadleaf forbs made up more than 50% of the total 
composition by weight. In 1974 and 1976, with below average 
precipitation (-7.8 and -6.7 cm, respectively), nearly 90% of the 
herbage consisted of grasses. Scifres and Polk (1974) inastudy on 
vegetation response following spraying of a light infestation of 
honey mesquite in northcentral Texas, reported grass production 
to increase 21.8 kg/ ha for every centimeter of precipitation 
received above the annual average. They also reported treatment 

Fig. 2. Percenr ground cover pn’or IO treatmem (1973) and after honey 
mesquite control. Treatments include: (I) control:(2)2.4.5-T; (3)2,4,5-T 

+ picloram; (4) basal spray; and (5) tree grubbing. Cover values followed by 
the same letter are not significantly di/ferent. 
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Fig. 3. Yield of grosses andforbs (kg/ha) 120 days lfall1973)andannually 
for three growing seasons after honey mesquite control. Treatments 
include: (I) control; (2) 2,4.5-T; (3) 2.45 T i- picloram; (4) baralspray; 

effects to be masked in a low rainfall and high air temperature 
years. In this study, grass production did not necessarily increase 
with additional precipitation, although total herbage production 
did. Further, grass yield in sprayed areas exceeded nonsprayed 
areas during both wet and dry years. 

Herbage production differences 120 days after application of 
foliar herbicides were closely related to the control of broadleaf 
species in addition to honey mesquite. Annual forbs, especially 
common broomweed, were abundant in spring 1973, but were 
reduced by the 2,4,5-T -I- picloram combination in Pasture 1 
resulting in a significant increase in grass production (1940 kg/ ha) 
compared to the control (1286 kg/ ha) (Fig. 3). Aerial spray treat- 
ments in Pasture 2 also had significantly fewer forbs and greater 
grass produced compared to the basal spray, tree grub, and 
control. 

One year after brush control, the 2,4,5-T spray at Pasture I was 
the only treatment to exceed the control in total grass yield (Figure 

PASTURE 2 

-1 Fork 

1 2 3 4 5 12345 1 2 3 4 5 1 2 3 4 5 
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and (5) tree grubbing. Yield values followed by the some letter are not 
signz#cantIy dlyferent. 

3). No treatment within Pasture 1 was different from nontreated 
rangeland after the second or third year. In Pasture 2, grass pro- 
duction within 2,4,5-T and 2,4,5-T i- picloram treatments 
exceeded the control by significant amounts 120 days and three 
years after spraying. Workman et al. (I 965) reported maximum 
increases in grazing capacity to generally occur the first 2 or 3 years 
after spraying honey mesquite. Dahl et al. (1978) showed signifi- 
cant grass responses from 2,4,5-T spraying the first year in west and 
northcentral Texas. Our results show that a significant grass 
response may occur within 120 days to 3 years after spraying, but 
the increase may not occur over consecutive years. 

Crazing Capacity and Plant Succession 
The mean estimated grazing capacity from 1973 to 1976 on 

nontreated rangeland averaged one cow per 6.7 ha/cow/yr in 
Pasture I, and 8.3 ha/cow/yr in Pasture 2 (Table 2). Grazing 
capacity in the control exceeded the 4-year average in 1974 in 
Pasture I (5.6 ha/cow/yr), and was below the average in Pasture 2 

Table 2. Grazing capacity (ha/cow/yr) 120 days (fail 1973) and for three growing seasons after honey mesquite control on a light (Pasture 1) and dense 
(Pasture 2) honey mesquite infested pastures. 

Treatments 1973 1974 
Grazing capacity (ha/cow/yr) 

1975 1976 X 

Pasture I 
Control 
2.45-T 
2,4,5-T + picloram 
Basal spray 
Tree grub 

Pasture 2 
Control 
2,4,5-T 
2,4,5-T + picloram 
Basal spray 
Tree grub-no seed 
Tree grub-seed 

6.72 c’ 5.63 d 7.62 lx 7.38 bc 
6.61 c 4.76 d 7.49 bc 6.66 c 
4.47 d 6.66 c 9.32 a 6.89 c 
6.66 c 6.17 cd 8.44 ab 6.37 cd 
7.83 b 6.42 cd 10.01 a 7.83 b 

6.75 c 7.98 c 10.85 b 7.67 c 8.31 A 
5.15 e 7.04 c 10.45 b 5.84 d 7.12 A 
5.45 e 7.49 c 9.78 b 6.03 d 7.18 A 
8.31 c 8.18 c 11.32 b 6.23 d 8.51 A 

10.58 b 15.43 a 10.54 b 8.64 c 11.30 B 
9.32 b 13.50 a 10.25 b 6.03 d 9.77 B 

6.69 A2 
6.38 A 
6.84 A 
6.91 A 
8.02 B 

1Means within a study pasture followed by the same letter are not significrantly different at the 95% level of probabily according to Duncan’s multiple range test. 
‘Four-year mean average within a study pasture followed by the same letter are not significantly different at the95% level of probabilityaccording toDuncan’s multiple range test. 
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(10.9 ha/cow/yr) in 1975. The estimated grazing capacity deter- 
mined from the forage production data was nearly equivalent to 
the 6.8 and 8.4 ha/cow/yr stocking rate maintained by the W.T. 
Waggoner Ranch on nontreated rangeland adjacent to Pastures I 
and 2, respectively. 

From fall 1973 to spring 1976, the yield of all ecological classes of 
grasses was greater in aerial and basal spray treatments as com- 
pared to the control, with the exception of annuals and warm- 
season invaders in Pasture 2 (Table 3). The especially favorable 
response of high producing cool- and warm-season decreasers in 
the 2,4,5-T and 2,4,5-T + picloram treatments provided a 7 to 16% 
increase in grazing capacity over the four-year period in Pastures 1 
and 2, respectively (Table 2). Texas wintergrass, Arizona cotton- 
top, and the cool-season annual, rescue grass, were abundant 
beneath the sprayed honey mesquite canopy making up more than 
50% of the total composition by weight (Brock et al. 1978). Cattle 
grazing in the winter showed a strong preference for these grasses 
and utilized nearly twice as much grass growing beneath sprayed 
honey mesquite canopies as compared to the interspace area 
between honey mesquite plants (Table 4 and Fig. 5). Cattle grazing 
in the 2,4,5-T spray treatment removed two to three times more 
forage than from comparable untreated and tree grubbed 
rangeland. 

Tree grubbing encouraged the production of early successional 
species of low forage value (Table 3). As a result, grazing capacity 

Tablt 3. Mean production differences, as a percent of the untreated con- 
trol, for brush control treatments applied on a light infestation (Pasturt 
1) and dense infestation of bonty mesquitt (Pasture 2). 

Brush control Cool and-warm- Increaser Annual and 
treatment season decreasers grasses invader grasses 

Mean Percent Difference’ 
Pasture 1 

Aerial spray t 28 t 6 I 1 
Basal spray t 4 1 8 31 
Tree grubbing 41 I8 1 t II 

Pasture 2 
Aerial spray t 30 t II 1 26 
Basal spray t 29 1 8 t II 
Tree grubbing 25 1 441 140 

‘Mean percent Diflerence = Mean treatment Wt X Mean control Wt x loo 
Mean control wt 

llndicates the percent increase in yield relative to the control. 
llndicates the percent decrease in yield relative to the control. 

in tree grubbed areas was less than the othertreatments throughout 
most of the study (Table 2). Sideoats grama and sorghum almum 
seeded into denuded areas did not become established until 3 years 
after tree grubbing when they constituted 34% of the total compo- 
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Fig. 4. Monthly normal precipitation and deviation from normal at Ver- 
non, Texas from 1972 to 1976. Long-time precipitation is 65.61 cm. 

Annual deviations from normal are shown on the top of the graph, 
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Conclusions and Management Implications 

To a largedegree, the results document what is knownaboutthe 
effectiveness of the different treatments for controlling honey mes- 
quite. Tree grubbingeliminated most ofthe honey mesquite plants 
but because of excessive grass damage and cost, this method 
should be confined to relatively sparse brush stands(less than 250 
plants/ha). Aerial application of 2,4,5-T + piclomm was more 
effective in killing and defoliating honey mesquite than 2,4,5-T 
alone, but both treatments gave similar forage responses. Individ- 
ual plant treatment, such as basal spraying, yields a forage 
response similar to aerial spraying, but is an impractical method 
when the density of honey mesquite is great. 

The 4-year duration of this study did not make it possible to 
evaluate treatment longevity. Treatment effectiveness, however, is 
not necessarily related to the number of honey mesquite killed but 
rather to the length of time that honey mesquite canopy growth is 
suppressed. Although it is still to be verified, it appears that when 
the honey mesquite canopy increases beyond I5 to 20%. there is a 

detectable decline in forage production. Brush control in dense 
stands is likely to produce the most significant increases in herbage 
production (Dahletal. 1979). On theotherhand, it ismoredifficult 
to measure a significant forage response related to control of honey 
mesquite with less than IO to 15% canopy cover(Scifres and Polk 
1974). 

An increase in the production of more desirable perennial 
grasses 1s most significant beneath the canopy zone of sprayed 
honey mesquite mther,than interspace areas (Brock et al. 1978). 
The canopy zone is cntical for the production and “release” of 
cool- and warm-season decreaser grasses into interspace areas 
between honey mesquite plants. The canopy zone isthe focal point 
for range improvement and is very susceptible to overgrazing if 
improperly managed. Deferment through the first growing season 
allows warm-season mid-grasses the opportunity to increase vigor 
and set s,eed prior to the initiation ofgrazingin thedormant season 
(approxfmately November I to April I). Ending thegraringseason 
by Aprd I provides Texas wintergrass and other cool-season 
grasses an opportunity to reproduce. 

A dormant season grazing regime following honey mesquite 
control should be carried out for one or more years, depending 
upon the range condition of treated pastures and the management 
goals. Growing season deferment and dormant season grazing 

Forage removed (%) from brush control treatments 
Control 2,4,5-T Tree grub 

3.2 8.8 
5.7 

6.9 
9.2 

17.3 3.3 26.1 
8.7 8.4 

14.7 6.2 

Forage removed (%) from honey mesquite zones 
Canopy lntenpace 

----No Data--- 
13.8 6.6 
28.4 13.6 
21.1 10.1 



maximizes range improvement on rangeland in poor to fair 
condition. 
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Interrelationships of Huisache Canopy 
Cover with Range Forage on the Coastal 
Prairie 
C.J. SCIFRES, J.L. MUTZ, R.E. WHITSON, AND D.L. DRAWE 

Abstract 

Grass production was monitored based on seasonal harvests 
under various canopy covers of h&ache on a Coastal Prairie 
blackland range site during 1978 and 1979. Grass production (Y) 
was not decreased in 1978, compared to that on essentially brush- 
free areas, until huisache canopy cover (X) exceeded 30% based on 
the reiationship, Y = 2,346 -I- 20X - 0.62X*. Texas wintergrass 
standing crop apparently increased as huisache canopy cover 
increased to 25% and its growth during winter partly compensated 
for standing crop losses of warm season species during the winter. 
In 1979, the contribution of the cool-season species was masked by 
greater production of warm-season species. Consequently, grass 
production decreased with increasing huisache canopy cover 
according to the relationship, Y = 4,047 - 14.9X -0.29X2. Based on 
the functional relationship Y = a - blX-bzX*, coefficients of 
determinations (P) ranged from 0.50 to 0.96 when estimates of 
annual production of grasses or production for the growing season 
only were regressed against huisache canopy cover. 

Excessive brush cover is frequently cited as the primary limita- 
tion to effective management of Texas rangelands for livestock 
production (Smith and Rechenthin 1964). The generally negative 
attitude toward the role of woody plants on rangeland has pro- 
vided the impetus for intensive research on control methods and 
implementation of control measures on hundreds of thousands of 
hectares of rangeland during the past 25 years (Scifres 1980). 
However, the increasing value of rangeland resources for wildlife 
habitat and recreation has stimulated an awareness of the need for 
maintaining adequate brush cover for wildlife. This awareness has 
provided the basis for reconsidering “brush management”in lieu of 
“brush control” for optimizing overall secondary production from 
rangelands (Box and Powell 1965, Scifres 1980). 

Understanding the interactions of woody plants, required in 
certain amounts as food and cover for important game animals 
such as white-tailed deer (Odocoileus virginianus), and the produc- 
tion of herbaceous range forages vital for livestock production is 
critical to development of effective brush management systems. 
Most research on this subject has related tree stand density and/ or 
canopy cover to end-of-year herbaceous standing crop. In general, 
these studies have shown that as the density of canopy cover of 
woody plants increases, herbaceous standing crop decreases 
(Jameson 1967, Halls and Schuster 1965, Dahl et al. 1978). Grelen 
and Lohrey (1978) reported that the relationship between basal 
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area (X) of longleaf pine(Pinuspalustris)and herbaceous standing 
crop (Y) was Y = 1,670 - 6.8X. Although the coefficient of 
determination was low (rz = .20), the variation in the relationship 
could be reduced when that proportion of the variation attributa- 
ble to May through September rainfall was isolated as an inde- 
pendent variable. Koshi (1953) reported the relationship Y= 1,250 
- 18.39X between predicted end-of-season herbaceous forage 
standing crop (Y) and canopy cover of woody plants (X) in the 
Texas Post Oak (Quercusstellata) Savannah. The relationship was 
developed within a canopy cover range of 0 to 20%, and with about 
80% of the long-term average annual rainfall. 

No research results are available concerning range herbage pro- 
duction interrelationships with woody plant canopy cover on the 
Coastal Prairie. The Coastal Prairie supports extensive stands of 
huisache (Acacia farnesiana) and mixed brush (Prosopis-Acacia). 
However, native vegetation in this resource area gives the Coastal 
Prairie high potential for livestock production, and it supports 
large herds of white-tailed deer. The objective of this research was 
to quantify the influence of increasing huisache canopy cover on 
herbaceous production on the Coastal Prairie. 

Description of the Study Site 

The research was conducted on the Rob and Bessie Welder 
Wildlife Refuge about 8 km south of Sinton, Texas, on the Coastal 
Prairie. The Coastal Prairie is the southernmost extension of the 
tallgrass prairie. Long-term records indicate that the area has an 
annual average rainfall greater than 76 cm (Drawe et al. 1978). 
Average annual rainfall for the Welder Wildlife Refuge during the 
past 20 years is about 93 cm with a low of 43 cm in 1963 and a high 
of 127 cm in 1973 and 1976 (Mutz et al. 1978). The growing season 
lasts about 300 days, and the Coastal Prairie is characterized by 
warm temperatures, coastal air movements, and high relative 
humidities. 

The study area was composed primarily of blackland range sites 
typified by Victoria clay (Udic Pellustert) and Monteola clay and 
Monteola complex (Typic Pellustert). Upland vegetation is typi- 
fied by mixed-brush communities interspersed with almost solid 
stands of huisache. Drawe et al. (1978) classified the mixed-brush 
stands as “chaparral-bristlegrass communities” with blackbrush 
acacia (Acacia rigidula), lime pricklyash (Zanthoxylum fagara), 
lotebush (Zizyphus obtusijblia), brazil (Condalia obovata), Texas 
persimmon (Diospyros texana), agarito (Berberis trifoli?lata). and 
spiny hackberry (Celtis pallida) as the primary woody compo- 
nents. Huisache, the primary woody species in the “huisache- 
mixed grass communities,” invaded the immediate study site after 
application of mechanical brush control treatment of the original 
“chaparral-bristlegrass” communities in 1963 (Mutz et al. 1978). 
The huisache stands are composed of plants usually having from 1 
to 5 main stems 4 to 20 cm in diameter. 

The 480-ha study pasture was part of a three-herd, four-pasture 
grazing system stocked with cows and calves at roughly 1 AU/ 5 ha 
except for December 5, 1979, through March 14, 1979 when it was 
deferred. 
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Materials and Methods 

On May 11, 1978, 12 huisache stands of varying canopy cover 
were selected based on visual assessment. Brush canopy cover was 
estimated based on intercepts along five permanent lines, 47 m long 
and spaced 1.6 m apart, established in each stand. 

Five grazing exclosures were equidistantly spaced along each 
center line in May 1978. After random selection of one of the 
cardinal directions, herbaceous vegetation in a 0.25 m* area was 
harvested to ground line at 1 m from each grazing exclosure 
immediately following their establishment. These samples were 
separated into grasses and forbs, oven-dried, and weighed to pro- 
vide an estimate of initial standing crop (SC). Standingcrop(SCr) 
in a 0.25 m* plot inside each exclosure was harvested to ground 
line, separated into grasses and forbs, oven-dried and weighed the 
following July 1978. A 0.25 m* plot located 1 m from each exclo- 
sure was also harvested in July for an estimate of standing crop 
under grazing (SCGl). The difference in standing crop inside the 
exclosure and initial standing crop (SCl-SC) was considered an 
estimate of herbaceous production since the previous sampling. 
The exclosures were relocated, and this procedure was repeated 
during the fall (October), winter (February), spring (April-May), 
and summer (July-August) until late fall (November) 1979. For 
grazing periods subsequent to the first evaluation (spring 1978), 
herbage produced for the period was estimated from thedifference 
between standing crop inside the exclosures (SCt) and that on 
adjacent grazed areas harvested at the beginning of that grazing 
period (KG+& In November 1979, the grasses were further separ- 
ated into cool-season and warm-season categories. 

Herbage production for each year was estimated as the summa- 
tion of standing crop differences (SCt - SCGt-1) categories (grasses, 
forbs) for each of the sampling periods. The functional relation- 
ship,Y=a+bX,Y=a+blX+4X*,logY=a+bX,andlogY= 
a i- b(log X) were used to evaluate the response of the dependent 
variables [grass production for the year, grass produced for the 
growing season (May-October), and total herbage (grasses i- 
forbs) produced for the growing season each year] to variation in 
the independent variable, huisache canopy cover. Based onsignifi- 
cance of regression coefficients (b) using t-test (E.05) and magni- 
tude of coefficients of determination (IQ), the quadratic equation 
was chosen as the best expression of the relationships. Data from 
1978 and 1979 were compared by testing differences between Y 
intercepts by F-tests and regression coefficients by t-tests (pI.05). 

Results and Discussion 

Rainfall Conditions 
Annual rainfall was 83 cm in 1978 and 87 cm in 1979, 89 and 

94%, respectively, of the average for the preceeding 20 years. 
During 1978, 14% of the annual rainfall occurred during the first 
quarter (January-March), compared to 25% of the annual total 
occurring during the same period in 1978 (Fig. 1). About 24% of 
the annual rainfall during both years was received during the 
second quarter (April-June). However, about half of the second 
quarter rainfall in 1978 was received in June, whereas rainfall was 
more evenly distributed during the second quarter in 1979. Rainfall 
during the third quarter (July-September) of 1979 represented 
44% of the annual total compared to 39% of the total rainfall 
occurring at the same time in 1978. The fourth quarter (October- 
December) was relatively dry in 1979 (7% of the annual rainfall) 
compared to the fourth quarter of 1978 when 23% of the annual 
rainfall was received. Thus, the primary difference between the 
years of study was the slightly greater amount and improved 
uniformity of distribution of rainfall from March through Sep- 
tember 1979, compared to the same period in 1978 (Fig. 1). 

Functional Relationships 
Based on comparisons of Y intercepts and regression coeffi- 

cients, data for years of study could not be pooled. In 1978,5O%of 
the variation in annual production (kg/ ha) of grasses (Y) was 
attributed to variation in huisache canopy cover LX(%)] with the 
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Fig. 1. Monrhly precipitation (cm) on the Welder Wildlife Refuge where 
the influence of huisache on herbage production was evaluated in 1978 
and 1979. 

relationship Y = 2,345 + 20X-0.62X* (Fig. 2). Annual production 
of grasses did not decrease until huisache canopy cover exceeded 
32%. This response curve was assumed to reflect the increasing 
importance of Texas wintergrass (Sripa leucotricha), the most 
abundant cool-season species on the study area, as huisache can- 
opy cover increased from 0 to 32%. Although grasses were not 
separated into season-of-growth fractions to allow direct evalua- 
tion of the contribution of Texas wintergrass to annual produc- 
tion, consideration of grass produced during the warm season only 
was accepted as an indirect test. Based on the warm season only, 
74% of the variation in NCSC of grasses could be attributed to 
variation in huisache canopy with the relationship, Y = 3,569 - 
3.1X - 0.43X* (Fig. 3). The negative sign of the linear regression 
coefficient, compared to the positive value in the equation for 
annual production of grasses, supports the hypothesized effect of 
cool-season species, primarily Texas wintergrass, on grass produc- 
tion in 1978. 

Brock et al. (1978) reported that canopy zones of honey mesquite 
(Prosopis gfandulosa var. glandulosa) on the Rolling Plains of 
Texas were characteristically dominated by Texas wintergrass 
while relatively small amounts of cool-season species occurred in 
the interstitial zones. Honey mesquite canopy reduction by various 
brush control methods caused a shift in the botanical composition 
of the stand towards increased relative abundance ofwarm-season 
species. 

The difference (1,223 kg/ha) between the Y intercept of the 
functional relationship describing influence of huisache canopy 
cover on annual production of grasses (Fig. 2), compared to that of 
the equation for grass produced during the growing season only 
(Fig. 3) for 1978, provided an estimate of loss of the warm-season 
fraction during the winter, attributed primarily to weathering, in 
the absence of huisache canopy cover. The magnitude of weather- 
ing loss decreased as huisache canopy increased. For example, 
predicted weathering loss of 40% huisache canopy cover in 1978 
was 603 kg/ ha and 52 1 kg/ ha at 60% huisache canopy cover, about 
half the predicted loss in the absence of huisache. 

Response of annual production of grasses in 1978 to increasing 
huisache canopy cover differed somewhat from the relationship in 
1978. Coefficients of variation were reduced, compared to those in 
1978, regardless of dependent variable (Table 1). In 1979,72% of 
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Fig. 2. Influence of varying huisache canopy cover (%) on annualproduc- 
rion of grass figf ha) on Welder Wildlije Refuge during 1978 and 1979. 

the variation in annual production of grasses was attributable to 
variation in huisache canopy cover according to the equation, P= 
4,047 - 14.9X - 0.29X2 (Fig. 2). Grass production was greater in 
1979 than in 1978, presumably the result of more rainfall and more 
favorable rainfall distribution in 1979 than in 1978. Rainfall from 
July through September, about 38 cm, promoted a flush of growth 
of warm-season species late in the growing season. Thus, the 
influence of Texas wintergrass was not as pronounced in 1979 as in 
1978, presumably the result of the “masking effect” of the increased 
abundance of warm-season grasses. 

The lower rainfall in the fourth quarter of 1979 (6.1 cm), com- 
pared to that in 1978 (19.1 cm), also apparently reduced the 
amount of standing crop loss attributable to weathering. Grass 
produced during the 1979 growing season was the only case in 
which the quadratic expression did not significantly improve the 
data fit, when regressed against huisache canopy cover, compared 
to the simple linear expression. However, for the sake of unifor- 
mity, the quadratic expression ? = 4,578 - 47X - 0.013X* is 

Table 1. Coefficients of variation (%)ofberbaceousproduction associated 
with varying huisache canopy cover in 1978 and 1979 on the Welder 
Wildlife Refuge near Sinton, Texas. 

Coefficient of variation (%) 
Herbage production variable 1978 1979 

Annual, grasses only 38 28 
Growing season, grasses only 22 9 
Growing season, grasses + broadleaves 16 II 

presented and accounted for 87% of the variation in grass produc- 
tion for the 1979 growing season as attributable to variation in the 
huisache canopy cover. The intercept for the equation representing 
influence of huisache canopy cover on grass production during the 
growing season only was 53 1 kg/ ha less than the intercept of the 
equation relating response of grass production for the year. There- 
fore, in the absence of the influence of the huisache, an estimated 

4,000 

woo 

2900 

2,000 

I.000 

0 
I 1 1 

20 40 60 

HUISACHE CANOPY COVER (%I 
Fig. 3. Influence of varying huisache canopy cover (%)ongrassproduced 

(kg/ha) during the 1978 and 1979 growing seasons on the Welder Wild- 
lif Refuge. 
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standing crop is lost to weathering during the winter, and that left 
standing is low in energy and protein content (Durham and Koth- 
mann 1977). The huisache cover apparently ameliorates the envir- 
onment, much as honey mesquite functions in the Rolling Plains 
(Brock et al. 1978), providing conditions favorable for Texas win- 
tergrass growth and development. 

Increasing huisache canopy cover also influences botanical com- 
position of the forb stands. For example, forbs on areas without 
huisache cover were primarily annual sumpweed, frostweed (Ver- 
besina virginica), sawtooth frogfruit (Phyla incisa), lanceleaf frog- 
fruit (P. lanceolata), and “sun-loving” prairie forbs such as 
clasping coneflower (Rudbeckia amplexicaulis), silverleaf night- 
shade (Solanum elaeagnifolim), western ragweed (Ambrosia psi- 
lostachya), Hooker eryngo (Eryngium hookeri). Texas croton 
(Croton texensis), and straggler daisy (Calyptocarpus vialis). 
Common forbs occurring in the shade of the huisache were Karnes 
sensitive-briar (Schrankia latidens), American snoutbean 
(Rhvnchosia americana). least snoutbean (R. minima), Carolina 

Fig. 4. Influence of varying huisache canopy cover (%) on standing crop of geranium (Geranium carolinanum), yellow woodsorrel (Oxalis 
Texas wintergrass in November 1979 on the Welder WiMlifP Refuge. dillenii), violet ruellia (Ruellia nudiflora), Florida snakecotton 

Froelichia fzoridana), and clammy groundcherry (Physalis 

weathering loss of about 12% occurred in 1979 whereas an esti- 
mated 34% loss occurred in 1978. 

heterophylla var. villosa) with spiny-a&r (Aster spin&us) and 
water hyssop (Bocopa spp.) occurring on wetter areas. 

Standing crop of Texas wintergrass in November 1979 serves as 
an example of the general relationship of cool-season grasses and 
huisache cane y cover (Fig. 4). “Best fit” of the data resulted from 
the equation, ! = 35.8 + 15.9X -0.44X*+ 0.0031X3, from which 
88% of the variation in Texas wintergrass standing crop (kg/ ha) 
was attributable to variation in percent huisache canopy cover with 
coefficient of variation of 20%. 

The bulk of the herbaceous broadleaves produced in both years 
were warm-season forbs. Thus, functional relationships for total 
herbage produced during the growing season only were considered 
to be more reliable than annual herbage production as indicators 
of the influence of huisache canopy cover on herbaceous stands. 
Functional relationships describing the response of total herbage 
production during the growing season to varying huisache canop 
cover (Ye) were P = 4,068 - 15X -0.24X2 (rz= 0.80) for 1978, and B 
= 5,68 1 - 38X -0.24X2 (r = 0.94) for 1979. Based on differences in 
intercepts of prediction equations for the growing season (total 
herbage produced-grass production), about 500 kg/ha of broad- 
leaves were present in 1978 in contrast to about 1,100 in 1979 in the 
absence of huisache canopy cover. The difference between years 
was attributed to increased abundance of annual sumpweed (Iva 
annua) in 1979. 

Ecological and Management implications 

Huisache stands on the Wilder Wildlife Foundation appear to be 
typical on the Coastal Prairie, and the blackland range site in this 
study has been subjected to sound grazing management. Herbace- 
ous warm-season forage production on the Coastal Prairie ischar- 
acterized by a spring growth peak, a lesser fall peak and usually 
limited summer growth, the latter being a result of reduced rainfall. 
The winters are relatively mild and wet, which causes considerable 
loss of the mature standing crop through weathering. The only 
cool-season species of any importance is Texas wintergrass and, on 
the blackland site, it appears to be associated primarily with the 
huisache stands. 

In 1978, there was a tendency for production of grasses to 
increase as the huisache canopy cover increased from 9 to 3070, 
compared to open areas. This response was attributed to the 
increased standing crop of Texas wintergrass which compensated 
for weathering losses of the warm-season grasses during the winter 
evaluation period. The production of grasses steadily decreased as 
huisache canopy cover increased beyond 30%. 

Food habits of white-tailed deer vary with season on the Coastal 
Prairie. During the winter-spring periods of 1963, 1964, and 1965, 
they were primarily grazers rather than browsers (Chamrad and 
Box 1968). Although the white-tailed deer strongly preferred forbs, 
preference for Texas wintergrass was third high and was fifth high 
for the cool-season species, rescuegrass (Bromus willdenowii) and 
ozarkgrass. On clay soils, huisache is one of the preferred browse 
species (Drawe and Box 1968). 

These data indicate that the influence of huisache canopy on 
grass production is most pronounced in years when rainfall 
amount and/or distribution are most favorable for growth of 
warm-season species. The composition of herbaceous vegetation 
changes markedly as huisache canopy cover increases. In the 
absence of huisache, herbaceous stands are dominated by warm- 
season grasses such as little bluestem (Schizachyrium scoparium), 
big cenchrus (Cenchrus myosuroides), meadow dropseed (Sporo- 
bolus asper var. drummondii), big bluestem (Andropogon gerar- 
dii), and other highly productive grasses desirable for livestock 
grazing (Mutz et al. 1978). As huisache canopy cover increased in 
this study, the absolute amount of Texas wintergrass increased and 
the proportion of warm season grasses decreased. Drawe et al. 
(1978) have also noted that “As the huisache overstory increases 
the understorv herbaceous vegetation has shifted to more shade- 

Since huisache contributes to quality wildlife habitat, especially 
for white-tailed deer, and since cool-season grasses are critical for 
improving nutritional status of livestock diets during the winter, it 
would appear that brush management schemes for the Coastal 
Prairie should be directed towards thinning heavy stands of huis- 
ache rather than clearing extensive areas. Livestock production 
and wildlife habitat quality can concomitantly be optimized 
through such a brush management approach. 

Conclusions 
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Special Management Needs of 
Alpine Ecosystems 

edited by Douglas A. Johnson 

This publication presents six papers given at a special symposium presented at 
meeting of the Society for Range Management in Casper, Wyoming, in February, 
include: 

Alpine Ecosystems of Western North America 
Physiological Responses of Plants in Tundra Grazing Systems 
Range Management in the Alpine Zone 
Hydrologic Aspects Related to the Management of Alpine Areas 
Revegetation of Disturbed Alpine Rangelands 
Future Management and Research Needs in Alpine Ecosystems 

the annual 
1979. Titles 

Extensive bibliographical material extends the value of the papers, which present current 
information about the mysterious world of the alpine tundra. Increased demands for food and 
fuel have created greater pressure on these fragile lands, and so current information about them 
would be of value to those responsible for their use and reclamation, environmentalists, research 
students, and individuals interested in an unusual and fascinating ecosystem. Soft-bound l 120 
pages l $4.50 postpaid. 
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Wind Erosion Curtailed by Controlling 
Mesquite 
WALTER L. GOULD 

Abstract 

A sand-dune mesquite area with very little interdunal vegetation 
was treated aerially one to three times with 2,4,5-T at 0.56 kg/ha in 
an oil:water emulsion. Four and five years after the initial treat- 
ment, the amount of blowing soil was evaluated using sandtraps 
located at various distances from the boundary between sprayed 
and unsprayed mesquite. The amount of wind-blown particles was 
greatly reduced on the area chemically treated to control mesquite. 
During the windy season the amount of blowing soil in the 
unsprayed area was more than E-fold greater than at 180 m into 
the sprayed area. Intermediate amounts were measured between 
the boundary and 180 m into the treated area. 

Extensive areas of rangeland in the southwestern United States 
and northern Mexico are infested with honey mesquite [Prosopis 
julijloru (Swartz) DC. var. glundulosa (Torr.) Cockerell]. Histori- 
cal records refer to much of the rangeland in New Mexico now 
supporting mesquite as grassland with vast and continous 
expanses of grama (Boutelouu). Mesquite was present along drain- 
ages and in small isolated areas on the mesas (Dick- Peddie 1966). 
Where the mesquite was growing on sandy soils, sand dunes typi- 
cally developed around the mesquite plants. 

The area infested by mesquite has increased rapidly since the 
introduction of large herds of cattle in the late 1800’s. The mature 
seed pods of mesquite are relished by livestock. However, most of 
the seeds are not digested, and they readily pass through the 
digestive tract (Fisher et al. 1959). Apparently, these seeds are 
scarified while in the digestive tract as they germinate readily when 
moisture and temperature are favorable. Livestock have served as 
a very effective mechanism for the distribution of mesquiteseed on 
rangeland. 

Mesquite is an inefficient user of water when soil moisture is 
adequate (McGinnes and Arnold 1939), yet it isextremely drought 
tolerant (USDA 1937). As mesquite becomes established, the lat- 
eral roots grow rapidly in all directions (Fisher et al. 1973) and take 
up soil moisture that would otherwise be used by herbaceous 
plants. Selective grazing and utilization of herbaceous vegetation 
by livestock, plus drought and competition for soil moisture, 
causes a depletion of herbaceous plants on these areas. 

The potential for wind erosion on a bare soil surface is much 
greater than for a soil with vegetation. Also, the jetting effect 
around the edges of scattered shrubs causes the wind velocity at the 
ground surface to be greater than the average wind velocity in the 
open (Schwab et al. 1971). As a consequence, large acreages of 
sandy rangelands have been transformed to sand dunes where 
mesquite has become established. During windy periods, these 
sandy sites are a major source of air pollution from blowing dust. 
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Workers in Arizona, New Mexico, and Texas found in the early 
1950’s that mesquite stands could be reduced significantly by 
spraying with 2,4,5-T [(2,4,5-trichlorophenoxy) acetic acid] 
(Fisher 1959, Valentine 1960). Clipping studies by Herbel and 
Gould’ in 1963-1967 showed that perennial grasses increased sig- 
nificantly after stands of mesquite were reduced by spraying with 
2,4,5-T. The rate of recovery for grasses depended upon the degree 
of mesquite control, the degree of grass stand degradation before 
treatment, and the amount and distribution of rainfall. Prelimi- 
nary observations in 1971 suggested that soil stabilization was 
occurring in sprayed areas of severely eroded, sand-dune mesquite 
before the grass stand had improved sufficiently to protect the soil. 
This study was conducted to quantify the erosion occurring on 
2,4,5-T-treated and untreated areas infested with mesquite. 

Methods and Materials 
The study was conducted on the Jomada Experimental Range 

approximately 35 km north of Las Cruces, N.M. The study area 
originally was grassland which became infested with mesquite. The 
soil in the area is an Onite-Pentura complex. Onite is a member of 
the fine-loamy, mixed, thermic family of Typic Haplargids, and 
Pintura is a member of the mixed, thermic family of Typic Torrisp- 
samments. The range site is classified as sandy. The Onite soil is 
deep and well drained, and is formed in alluvium between dunes. 
Typically the surface layer is loamy fine sand about I2 cm thick, the 
subsoil is sandy loam about 38 cm thick, and the substratum is 
sandy loam to a depth of 150 cm or more. Pintura soil is deep, 
excessively drained, and was formed in eolian materials on dunes. 
The surface layer typically is loamy fine sand about 15 cm thick 
overlying fine sand to a depth of 150 cm or more. The soil blowing 
hazard of both soils is very high. The sandy surface soil has blown 
into dunes up to 2.5 m in height around mesquite plants. Between 
the dunes are sparse stands of yucca (Yucca elutu Engelm.) and 
broom snakeweed (Xunthocephulum surothrue (Pursh) Shinners]. 
Scattered plants of fourwing saltbush [Atriplex cunescens (Pursh) 
Nutt.] are associated with mesquite plants in the dunes. The area 
supported a very good stand of black grama [Boutelouu eriopodu 
(Torr.) Torr.] before 1940 (Buffington and Herbel 1965), but the 
black grama has disappeared and the main grass species occurring 
on the area was mesa dropseed [Sporobolusflexuosos (Thurb.) 
Rydb.]. The grass plants were very sparse, e.g., the herbage pro- 
duction over a 4-year period averaged less than 4 kg/ha. 

The climate of the Jomada Range is typical of the arid phase of 
the semidesert grassland, with an average annual precipitation of 
22.5 cm at the Jornada Experimental Range headquarters from 
1915 to 1970. The precipitation is extremely variable. Most winter 
moisture comes as low-intensity rains or occasionally as snow. 
About 55% of the precipitation occurs in July through September 
as localized thunderstorms of high intensity. Evaporation averages 
235 cm annually. The average maximum temperature is highest in 
June when it averages 36°C and is lowest in January at 13OC. 
Wind movement is usually greatest in April and May, and least in 

‘Herbel, C.H. and W.L. Gould. Unpublished data. 
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December. The average wind velocity in~the spring months is 14.8 
km/hr. High velocity winds that produce blowing dust are not 
uncommon in any month, but occur more often in the spring. 

An area measuring approximately 550 X 1200 meters was 
sprayed with 2,4,5-T at 0.56 kg/h in June 1968. The area was 
divided into plots measuring 60 X 1200 m, and these plots were 
resprayed with 2,4,5-T at the same rate one or two additional times 
with I- to d-year intervals between spray treatments. Mesquite 
control wasdetermined by evaluating the percent of dead stems27 
months after treatments were applied. Mesquite control varied 
from 48 to 84%. The long axis of the sprayed area was oriented in a 
north-south direct/on which is nearlynormaltothepreMiling high 
velocity winds durmg the windy season. The area immediatley west 
of the sprayed area had never been treated to control mesquite. The 
prevailing winds are from the westerly quadrant. 

In February 1972, sand traps were installed at the border 
between the sprayed and unsprayed areas, and at approximately 
30, 75, 120 and 180 m eastward from the border into the sprayed 
area. Three sand traps were set in representative sites in the inter- 
dunal areas at each location. The sand traps consisted of metal 
boxes measuring 30 X 30 X I5 cm with a screen tray made from 
expanded and rerolled steel set in the top of the boxes(Fig. I). The 
trays were of proper depth to hold two layers of marbles. The sand 
traps were placed in wood frames set into the soil such that the top 
of the traps and upper surface of the marbles were flush with the 
soil surface. Soil moving by wind action fell through the layers of 
marbles and was accumulated in the metal boxes. The metal tray 
and marbles prevented the soil from blowing out of the boxes. The 
soil in each sand trap was collected weekly, or more often if 
necessary, from February 22 to May 22, 1972. The soil was air 
dried, sieved, and the various fraction weighed. The test was 
repeated in a similar manner in 1973, except that the sand traps 
were located at the border between the sprayed and unsprayed 
areas and at 90 and I80 m east and west of the border. 

Results 

The relative difference in wind erosion in March, 1972, on the 
untreated and sprayed areas is evident in Figure 2. These photos 
were taken at locations less than 200 m apart. The two sites were 
similar in appearance before spraying. Deposition and rippling of 
wind-blown soil on the leeward side of dunes and scouring of the 
interdunal areas were severe in the untreated area (Fig. 2A). The 
sparse cover of plants and plant litter from the previous season 
was sufficient to resist severe wind erosionduring the windy season 
of 1972 on the sprayed area (Fig. 2B). 

The amount of wind blown soilcaughtat weekly intevals in sand 
traps located at various distances from the border between the 
unsprayed and sprayed areas in 1972 is shown in Figure 3. The 
amount of soil collected at the edge of the unsprayed area was 

significantly greater (K.01) than at any other location. Also, the 
amounts collected at 30 and 75 m from the edge of the unsprayed 
area differed significantly from each other and from the amounts 
collected at 120 and 180 m. More soil was collected in some weeks 
than in others because ofdifferencesin windvelocityandduration. 

The ratio of theamounts ofsoil collected at the variousdistances 
from the unsprayed area, using the quantity at 180 m as unity was 
15.7 (boundary): 7.0 (30 m): 3.6 (75 m): I.8 (120 m): 1 (180 m). 

The amount of soil collected at weekly intervals in 1973 at the 
various locations is presented in Figure 4. The amounts collected at 
the boundary between the sprayed and unspmyed areas and at the 
two locations (90 and 180 m) in the unsprayed area were not 
significantly different, but they were significantly (K.01) greater 
than the amounts collected at comparable distances from the 
boundary into the sprayed area. The ratio of the average amounts 
of soil collected in the unsprayed areas and at the boundary as 
compared to the amounts collected at 90 m (location D)and I80 m 
(location E) into the sprayed area, using the quanity at location E 
as unity, was 18:3:1. 

The amounts of soil collected in 1973 were much less than 
amounts collected at comparable locations in 1972. In both years 
the periods of greatest accumulation were during periods of high 
wind velocity. The amount of blowing soil during the 2 years was 
indirectly related to the rainfall and herbaceous growth during the 
summer growmg season prior to the year of collection and to the 
winter precipitation during the period of collection. The rainfall 
for June through September in 1971 and 1972~s II I and 2lOmm, 
respectively. The summer rainfall in 1972 was great enough to 
produce significant forb growth in the interdunal areas of the 
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Fig. 3. Average cumulative weight per pan of wind blown soil collected’in 
I972 in sandtraps located in the sprayed area at various distances down- 
wind from the boundary between unrreated and 2.4.ST-treated areas 
of mesquile. 

unsprayed areas as well as in the sprayed areas, while in 197 1 there 
were few forbs in the unsprayed area. The precipitation from 
December through April was 37 mm in 1972 and 91 mm in 1973. 
The growth of winter annuals during the winter of 1972-73, while 
mesquite plants were dormant, was similar in the sprayed and 
unsprayed areas. However, the low winter precipitation in 1972 
permitted very little growth of winter annuals, so the soil was more 
subject to wind erosion than in 1973. The total miles of wind at the 
Jornada Experimental Range headquarters for February through 
May was 6,198 in 1972 and 6,168 in 1973. 

The average accumulative amount of soil and the particle size 
distributions of the blowing soil that was collected in the sand traps 
at the various locations are presented in Tables 1 and 2. In 1972 the 
sand traps located at the boundary between sprayed and unsprayed 
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Fig. 4. Average cumulative weight perpan of wind blown sand collectedin 
1973 in sandtraps located ar rhe boundary, or 90 and 180 m from the 
boundary in untreated and 2,4,5-T-treated mesquite. 

Table 1. Average particle size distribution (percent by weight) of wind- 
blown soil collected in sandtraps at variousdhtanca downwind from the 
boundary between untreated and sprayed mesquite over a 13-week 
period in 1972. 

Distance from 
boundarv (m) 

Percent of soil remaining in sieve Soil weight 
Sieve opening (~1) in sandtrap 

380 180 140 74 <74 (am) 

0 21.3 61.9 7.0 8.7 I.1 19,868 
30 17.1 61.0 9.5 10.9 I.5 8,836 
75 15.9 57.2 8.2 15.1 3.6 4,567 

120 11.1 58.3 9.5 17.0 4.1 2,247 
180 7.9 64.0 7.6 16.3 4.2 1,265 

area had the highest percent of soil particles larger than 380~ and 
the percentage of particles of this size decreased as the distance 
from the boundary increased. Conversely, the percent of soil parti- 
cles passing through lOO-mesh and 200-mesh screens (smaller than 
140 or 74~) increased as the distance from the boundary increased. 
The results in 1973 were quite similar, i.e., there was a lower 
percentage of soil particles that were larger than 380~ and a greater 
percentage of particles smaller than 140 or 74~ in the sprayed area 
than in the untreated area or at the boundary between areas. 

Soil particles are transported in wind by suspension, saltation 
and surface creep. In the unsprayed area there was very little 
herbaceous material between sand dunes, so the wind velocity at 
the soil surface would be greater than it was in the sprayed area 
where plant residues were more abundant between the dunes. 
Fungal hyphae were abundant in the upper 4 cm of soil in the area 
with a cover of plant litter, but were sparse in the untreated area. 
Fungal hyphae are important in binding soil particles (Swaby 
1949) and apparently some of the stability to wind erosion on the 
sprayed area was the effect of soil microflora. The amount of soil 
carried by suspension should have been reduced as the distance 
from the boundary into the sprayed area increased because part of 
the suspended material settled out and was not replenished from 
the surface of the sprayed area. Consequently, the amount of fine 
particles in the traps decreased as the downwind distance 
increased. The lower load of suspended material would also reduce 
air pollution by dust. 

The amount of soil moved by saltation and surface creep would 
be much greater on a bare soil than on one partially protected by 
plant residues. The soil moving by saltation and surface creep from 
the unsprayed area encroached upon the plant debris in the 
sprayed area, but as the distance from the boundary increased, the 
amount of soil moving by these processes decreased. Conse- 
quently, the total amount of soilcollected decreasedas the distance 
into the sprayed area increased, and the percentage of large and 
small particles changed because of the large reduction in large 
particles as the distance into the unsprayed area increased. 

Some wind erosion occurred in the sprayed area because of the 
death of the mesquite. Three or four years after the mesquite was 
killed, the stems deteriorated and provided less protection to the 

Table 2. Average particle size distribution (percent by weight) of wind- 
blown soil collected in sandtraps at vadous distances from the boundary 
between untreated and sprayed mesquite over a 1Zweek period in 1973. 

Distance from 
boundarv (m) 

Percent of soil remaining in sieve 
Sieve opening (p) 

380 180 140 74 <74 

Soil weight 
in sandtrap 

(gm) <_ I 

IgO-untreated 22.9 61.6 7.7 6.3 1.5 4,616 
90-untreated 21.2 59.7 9.5 7.3 2.3 4,165 
0 19.0 65.8 7.5 6.1 1.6 4,016 

90-sprayed’ 10.7 64.6 11.0 10.9 3.7 675 
I IO-sprayed’ 10.4 60.6 10.8 12.5 5.7 231 

‘Downwind from untreated area 
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top and sides of the dunes. As a result, the dunes were reduced in 
height and the soil from the dunes was deposited in the litter 
between dunes. Probably, most of the larger soil particles collected 
in the sand traps at the 90 and 180 m distance from the boundary of 
untreated and sprayed areas came from the dunes that were being 
reduced in height. 

Summary and Conclusions 

Grass stands are depleted and dunes develop on sandy soils in 
the semiarid Southwest when mesquite invades the area. These 
sand dune areas are a major source of air pollution. Under favora- 
ble moisture conditions, annual and perennial species of plants will 
reinvade the site when the mesquite stand is reduced sufficiently. 

In a study undertaken to measure the amount of blowing soil in a 
mesquite-infested, sand-dune area, sandtraps were placed at var- 
ious distances from the boundary of a 2,4,5-T-treated and 
untreated portion of the area. The soil collected in the sandtraps 
during the windy sessions of 1972 and 1973 was measured weekly. 
During a 3-month period in 1972, the amount of collected soil 
decreased dramatically with distance from the boundary of the 
untreated area into the treated area. The amount of blown soil at 30 
to 180 m from the boundary varied from 50% to 6% of theamount 
at the boundary. In 1973 the amount of soil collected in the 
untreated area at 90 or 180 m from the boundary did not differ 
from the amount collected at the boundary, but the amounts at 
comparable distances into the sprayed area were 83 and 94% lower, 
respectively, than in the unsprayed area. 

The particle size distribution of soil collected in the untreated (or 
boundary) areas showed a higher percentage of large particles 
(>380~) and a lower percentage of small particles (<74~) than in 

the sprayed area. The percentage of large particles decreased as the 
distance into the sprayed area increased. There was an increase in 
the percentage of small particles as the distance downwind into the 
sprayed areas increased, but the amount of all sizes of particles 
decreased as the distance downwind increased. These data show 
that the chemical control of mesquite on sandy sites can reduce 
wind erosion and air pollution from blowing dust. 
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Effect of Grazing Horses Managed as Manip- 
ulators of Big Game Winter Range 

RICHARD J. REINER AND PHILIP J. URNESS 

Abstract 

A sagebrush-grass range in northern Utah, a critical winter area 
for deer and elk, was grazed by domestic horses in order to evaluate 
their potential to reduce selectively herbaceous vegetation which 
competes with bitterbrush (Purshia tridentata), an important big 
game winter forage. The diets of horses were recorded during 
spring and summer grazing under two stocking levels on small 
pastures. Horses consumed largely grass species throughout the 
study period in this high seral community. Forbs were important 
forage only under heavy stocking. No use of bitterbrush was 
recorded. Rate of forage disappearance, expressed on a per- 
animal-weight basis, was found to be lower on heavily stocked 
pastures. All pastures grazed by horses responded with increased 
seasonal twig production of bitterbrush over the non-grazed state. 
Seasonal twig production was greatest in response to heavy stock- 
ing during early July. 

Herds of migratory mule deer (Odocoileus hemionus hemionus) 
and elk (Cervus elaphus nelsoni) in the Rocky Mountains and 
Great Basin often rely on foothill rangelands dominated by big 
sagebrush (Artemisia tridentata) and other more palatable shrubs 
for winter browse. Winter deer mortality in Utah appears to be 
inversely related to the amount of palatable browse species availa- 
ble (Robinette et al 1952). Bitterbrush supplies important browse 
on many big game winter ranges in this area. Much of present 
bitterbrush range in our western states is considered to be seral 
communities created and maintained by perturbations of some 
sort (Ellison 1960). Extensive livestock grazing on palatable 
grasses and forbs in the late 1800’s and early 1900’s led, in part, to 
widespread successional changes favoring bitterbrush, which was 
frequently subordinate in the pristine vegetation (Hull and Hull 
1974). In response to an increase in palatable shrubs and intensive 
management, elk and deer prospered by mid-century. 

In recent years, increasing urbanization near many foothill win- 
ter range areas has promoted a trend towards protection of big 
game winter range from livestock use because of water quality and 
soil erosion concerns. On many protected rangelands, succession is 
now favoring grasses since they receive little use during the growing 
season to balance heavy winter use of shrubs by big game (Smith 
1949, Urness 1976). As palatable shrubs disappear from the com- 
munity, productivity of these lands as deer winter habitat 
decreases. Declines in the Intermountain Region of deer herd 
productivity in the mid-1970’s (Connolly 1981) may have been 
partially due to these plant community changes. 

It is well recognized that controlled livestock grazing can be used 
in a manipulative sense to direct plant community succession 
(Anderson and Scherzinger 1975, Lewis 1969). Research with cat- 
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tle and sheep has shown that the productivity of bitterbrush can be 
increased by springtime grazing of competing herbaceous vegeta- 
tion (Smith and Doe11 1968, Jensen et al. 1972, Smith et al. 1979). 
One problem encountered when using sheep or cattle for this 
purpose is that both animals consume bitterbrush. Smith and 
Doe11 (1968) found that on moderately stocked pastures bitter- 
brush utilization by cattle increased dramatically in July, in some 
cases exceeding utilization of grasses. Jensen et al. (I 972), in devel- 
oping guidelines for sheep grazing on big game winter range, also 
reported heavy use of bitterbrush beginning in July. Both investi- 
gations suggested that stocking and season ofhvestock use must be 
precisely controlled to avoid excessive utilization of bitterbrush. 
The use of horse grazing as a “biological tool” to enhance bitter- 
brush on big game winter range was investigated in this study 
because horses were presumed to select for grass species (Stoddart 
et al. 1975, p. 257, Wagner 1978). The objectives of this study were 
twofold: (1) to investigate the use of spring-summer horse grazing 
as a means of increasing the seasonal production of bitterbrush, 
and (2) to determine the effect of grazing season and stocking 
intensity on the diets of horses grazing sagebrush-grass rangeland. 

Methods 

Study Site 
Field research was conducted during the summer of 1980 at 

Hardware Ranch, Cache County, Utah-a Division of Wildlife 
Resources property. The site is typical of much of the intermediate- 
elevation foothill range found throughout northern Utah and the 
Intermountain Region. Winter use by deer and elk is often heavy. 
Livestock use on and in the vicinity of Hardware Ranch is highly 
variable, from light or absent to heavy. 

The study pastures were approximately at 1,750 m elevation on a 
gently sloping southern exposure. Soils belong to the Ant Flat- 
Goring Series, being derived from quartsite-calcareous sandstone. 
They are predominately well-drained silty clay loams. Annual 
precipitation varies from 46 to 66cm with the major portion falling 
as snow. The frost-free period ranges from 90 to 130 days. Spring 
rains during May of 198 1 were 53% above the IO-year average for 
this month (U.S. Weather Bureau). 

Vegetation is a grass-forb-shrub community codominated by 
big sagebrush (Artemisia tridentata subsp. vaseyana) and bitter- 
brush. Other shrubs include Douglas rabbitbrush (Chrysothamnus 
viscidiflorus) and low sagebrush (Artemisia arbuscula). The her- 
baceous component is largely beardless wheatgrass (Agropyron 
inerme), Kentucky bluegrass (Poa pratensis), prairie junegrass 
(Koeleria cristata). Pacific aster (Aster chilensis), mulesear wyethia 
(Wyethia amplexicaulus) silky lupine (Lupinussericeus), and com- 
mon yarrow (Achilles millefolium). Table I shows the average 
production of these major species and the totals for each forage 
class on the study pastures. Major species were defined as those 
cumulatively composing greater than 75% of the total production 
on each pasture. 

Grazing Treatments 
The experimental layout was a 2x3 factorial design in which 
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Table 1. Mean current annual production in kg/ha for 12 major phwt species and for total forage classes at Hardware Ranch in the spring of 1980 prior to 
grazing 

Grass 
Sandburg bluegrass 
Kentucky bluegrass 
beardless wheatgrass 
prairie junegrass 
Total grass 

Forbs 
silky lupine 
common yarrow 
Pacific aster 
mulesear wyethia 
Total forbs 

Shrubs 
Douglas rabbitbrush 
big sagebrush 
low sagebrush 
antelope bitterbrush 
Total shrubs 

Total production 

Grazing period I Grazing period 2 Grazing period 3 
Mod. Heavy Mod. Heavy Mod. Heavy 

37 45 5 37 8 7 
52 59 49 97 23 52 
80 83 203 112 204 118 
59 72 53 68 47 32 

326 343 500 419 414 351 

23 38 44 88 17 93 
18 20 120 77 72 37 
95 141 140 185 214 I59 

209 234 I41 265 I28 78 
439 523 553 672 508 490 

48 26 96 72 43 75 
169 282 275 252 213 251 
I84 I38 143 162 179 210 
143 96 177 205 193 I01 
602 591 708 758 684 675 

1367 1457 1761 1849 1606 1516 

Control 

2 
62 

159 

3:: 

50 
52 

129 
I12 
501 

29 
194 
133 
136 
542 

1418 

grazing treatments were applied to 12 adjacent pastures. The 
design also included a nongrazed control pasture (Fig. 1). Three 
grazing periods (beginning June 7, July 3, July 29) which closely 
aligned with the flowering, rapid growth and hard seed stages of 
bitterbrush phenology, and 2 grazing intensities (moderate, 40% 
utilization of grasses; and heavy, 80% utilization of grasses) were 
studied. Each of the 6 grazing treatments was replicated once. The 
2 levels of utilization were achieved by varying pasture size and 
adjusting the duration of each grazing period. Moderately and 
heavily grazed pastures were 1 and 0.5 ha, respectively. The control 
pasture, which served as an area to measure bitterbrush seasonal 
twig growth and herbaceous plant production in the nongrazed 
state, was I ha. Grazing trials were terminated when daily vegeta- 
tion biomass estimates indicated that the targeted grass utilization 
values were realized. 

Sixteen adult horses (4 per treatment) were grazed for 5-9 days 
on each treatment pasture. The mean horse weight was 506 kg 
(0=72.3). An attempt was made to find horses that were either 
rtiised on or were familiar with native grass/ shrub rangeland. To 
be certain that the diet selected by the horses was not biased by lack 
of experience with the vegetation type, all the animals grazed a 12.1 
ha holding pasture for 3 weeks prior to the first trial and between 
trials. To increase the number of horses grazing each treatment 
pasture, thus reducing the effect of individual animal diet variabil- 
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Fig. 1. Diagram showing the pasture layout for 3 grazing periods (1,2.3) 
and 2 stocking intensities (moderate and heavy). Replicates share com- 
mon tiientiflcation labels. 

ity, the horses were rotated between the replicates of a particular 
grazing treatment halfway through a trial. This increased the 
number of horses having impact on a pasture from 4 to 8. 

Vegetation Measurements 
The calibrated weightestimate method (Tadmor et al. 1975) was 

used to estimate above-ground production of vegetation in the 
treatment and control pastures immediately before and after each 
grazing period. The difference between measurements on the treat- 
ment pastures represented the forage utilized (forage disappear- 
ance) by the horses. The difference between measurements on the 
ungrazed control pasture estimated plant growth during the graz- 
ing periods. Forty l-m* plots were estimated in each pasture, with 
every fifth plot being first estimated and then clipped and weighed. 
In this manner, calibration regressions were constructed for each 
plant species. 

Bitterbrush utilization by the horses was determined bymeasur- 
ing the total length of twigs on 40 permanently marked branches in 
each pasture before and after a grazing trial (Smith and Urness 
1962). The effect of horse grazing treatments on the seasonal 
production of bitterbrush was determined by comparing 1980 
(treatment year) to 1979 (non-treatment year) seasonal production 
on a marked branch basis within each experimental pasture and 
the control pasture. The 1980 seasonal production for each marked 
branch was measured in September using the total twig length 
method. Production for 1979 and utilization by big game for the 
winter of 1979-1980 were determined solely from post-winter big 
game browsing measurements of the diameter and lengths of the 
remaining portions of twigs in the spring of 1980 (Jensen and 
Urness 1981). Using this method, total twig length for the marked 
branches was “reconstructed” by developing a regression equation 
for twig basal diameter and length of nonbrowsed twigs to basal 
diameters of browsed twigs. 

Bite count data (Neff 1974) were also collected as a method of 
determining horse dietary composition within the duration of a 
grazing trial. Two, lo-minute sampling periods per pasture, in 
which the observer directly counted bites of each species consumed 
by an individual horse, were run daily in each treatment pasture. 
The horse to be observed was randomly selected for each sampling 
period. Initially, the diet was quantified by hand plucking repre- 
sentative bites of each species consumed. This method was eventu- 
ally abandoned when difficulties in determining the size of bites 
were encountered. Horses rapidly selected forage within dense 
vegetation, making it difficult for a single observer to simulate bites 
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Table 2. Mean percent utilization by horses of 12 major plant species at Hardware Ranch during three periods of 1980 (early June; early and late July). 

Grass 
Sandburg bluegrass 
Kentucky bluegrass 
beardless wheatgrass 
prairie junegrass 
Total grass 

Forbs 
silky lupine 
common yarrow 
Pacific aster 
mulesear wyethia 
Total forbs 

Shrubs 
Douglas rabbitbrush 
big sagebrush 
low sagebrush 
antelope bitterbrush 
Total shrubs 

Grazing period 1 Grazing period 2 Grazing period 3 
Mod. Heavy Mod. Heavy Mod. Heavy 

51.0 83.4 23.1 54.8 11.0 47.1 
43.5 71.3 47.9 65.4 65.4 85.3 
42.7 70.9 46.0 85.5 45.1 85.3 
50.5 84.3 54.0 86. I 45.6 79.3 
44.9 73.6 42. I 75.3 40.9 79.1 

1.8 13.7 3.4 10.4 4.0 9.3 
4.9 14.0 2.4 14.4 4.0 14.0 
3.1 12.5 4.8 9.2 9.0 20.8 

12.5 26.5 16.6 34.2 11.7 18.2 
7.7 18.3 7.4 20.0 7.8 17.6 

1.0 2.1 1.3 0.0 0.0 1.8 
0.0 0.0 0.0 4.2 0.8 0.0 
1.0 2.5 0.0 4.6 0.0 7.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.5 0.6 0.6 0.8 0.8 1.3 

while recording frequency of the plant species consumed. 

Results and Discussion 

Forage Utilization by Horses 
Horses primarily utilized grasses throughout the study although 

forbs were moderately consumed in heavily stocked pastures 
(Table 2). Analysis of variance for all plant species measured 
showed highly significant QKO.01) differences in utilization of 
grasses versus forbs, and forbs versus shrubs. Utilization of indi- 
vidual grass or shrub species was not statistically separable, yet 
L.S.D. planned comparisons within the forb class showed thistle 

MODERATE 

--MULESEAR 

DAYS 

Fig. 2. The awage dailyfrequency of tofalgrassesandforbsplus the IWO 
majorforb species, Pacljic aster and mulesear, in the diets of horsesfor 
moderate and heavy stocking intensities. Zhe data arepooledfor three 
grazing periods. 

Mean daily forage disappearance ranged from a high of 2.52 kg 
air dry weight/ 100 kg horse body weight on moderately grazed 
pastures in period 1, to a low of 1.96 kg ADW/ 100 kg BW on the 
heavily grazed pastures in period 3 (Fig. 3). The average values 
were 2.43 and 2.07 kg ADW/ 100 kg BW for moderately and 
heavily grazed pastures, respectively. Although disappearance 
largely was due to horse consumption, factors such as trampling 
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(Circium sp.), a minor vegetation component, and mulesear wye- 
thia received significantly higher utilization when compared to all 
others. The main effect of grazing period was not significant 
@<0.20) in affecting utilization of forage classes. 

During all grazing periods horses consistently selected grass 
species over other forage classes. Grasses were favored even when 
they had cured, while the major forb present, Pacific aster, 
remained green. Because the three grazing periods closely aligned 
with early development, flowering, and curing of grass species, it 
can be inferred that forage maturity and, thus, fiber content, had 
little effect on horse diet selection between forage classes. This is 
contrary to research with ruminants such as cattle and sheep, 
which generally exhibit strong selection for green versus cured 
forage (Arnold and Dudzinski 1978, p. 100, Stoddartetal. 1975, p. 
204). Analysis of variance for the main effect of grazing intensity 
was highly significant (p<O.OI) due to horses consuming propor- 
tionately more forbs and less grass under heavy stocking. 

Bitterbrush was not utilized throughout the entire experiment, 
even under the heavy stocking regime during the mid-summer 
grazing period. This is contrary to the grazing habits of both sheep 
and cattle (Jensen et al. 1972, Smith and Doe11 1968). Other shrubs 
such as big sagebrush, Douglas rabbitbrush, and low sagebrush 
received little or no use. Saskatoon serviceberry (Amelunchier 
alnifolia) and Woods rose (Rosa woodsii) were both moderately 
browsed in the heavily stocked pastures, but were too scarce to 
accurately estimate utilization. 

Intra-grazing period variability in forage consumption was evi- 
dent when daily bite-count data were analyzed (Fig. 2). Frequency 
of grass consumption remained steady (averaging 83%) through- 
out all moderate-intensity trial periods. On heavily stocked pas- 
tures, grass selection steadily dropped as grass in the pastures was 
utilized. On the first day of the trial period, frequency of grass 
selection averaged 92%; by the last day grass selection averaged 
only 1 lye, with forbs making up the bulk of the diet. The point at 
which grasses became less numerous in the diet than forbs was 
estimated to be near the point where grasses had received 65% 
utilization. 

Forage Disappearance from the Pastures. 
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Fig. 3. The mean daily disappearance of vegetation ond one half 9.5% 
confidence intervals for heavy ond moderate and grazing intensities 
during 3 grazing periods in 1980. 

loss influenced these values (Laycock and Harniss 1974). Wildlife 
use (rodents and rabbits) and plant growth was accounted for by 
measurements in the control pasture. 

Analysis of variance for the main effect of grazing period was 
nonsignificant @<0.20). The main effect of grazing intensity on the 
rate of forage disappearance was significant (p<O. 16), indicating 
that disappearance rates were lower on heavily grazed pastures. 
This may be the result of increased searching time for desired 
species, lower intake, or greater animal interactions due to the 
smaller experimental pastures used for heavy stocking. 

Bitterbrush Response to Horse Grazing 
Analysis of the variability of shrub utilization by big game 

during the winter of 1979-1980 in individual pastures failed to 
reject (p<O.OS) the hypothesis that pasture means were equal. It 
was then assumed that winter utilization of bitterbrush by big game 
was relatively uniform over all treatment pastures. The average 
(per marked branch) total twig length for the 1979 growing season 
was reconstructed by developing the regression, twig length = 
97.9-139 twig basal diameter rzz.82, s531). Figure 4 shows the 
ratio of 1980 bitterbrush twig length over the 1979 twig length for 
each horse-grazing treatment, and the seasonal progression of 
bitterbrush twig growth for the control pasture. Timing of bitter- 
brush twig elongation agrees closely with data from Jensen et al. 
(1972), except that initiation of growth was delayed nearly 2 weeks. 
Delayed growth likely resulted from cooler spring temperatures 
during 1980. 

Analysis of variance for the main effect of treatment was highly 
significant @<O.Ol), indicating a true difference in treatment 
response. The non-grazed pasture when compared by linear combina- 
nations (Ostle and Mensing 1975) to all other treatments was 
significant QKO.01) in affecting twig production. Linearcombina- 
tions contrasting both intensities in grazing period 2 with those in 
period 1 and 3 showed period 2 to be significantly (p<O.OS) higher 
in productivity. Maximum production of bitterbrush in response 
to heavy horse grazing in period 2 seems reasonable since period 2 
occurred at a time when bitterbrush twigs were rapidly developing 
(Fig. 4). Removal of herbaceous vegetation competing with bitter- 
brush for soil moisture at this point probably caused increased 
browse production (Hubbard and Sanderson 1961), although soil 
moisture measurements were not taken. No difference between 
twig growth in period 3 and the control can be explained since at 
the time of this trial twig growth had almost ceased. Lower values 
in period 1 may be due to post-grazing understory regrowth effec- 
tively competing for limited soil moisture. 

1 
1 

I 
2 

I I 0 
3 no grazing 

GRAZING PERIOD 

Fig. 4. The ratio, ond 95% C.I., of 1980 to 1979 bitterbrush total twig 
length for Igroring treotments (treatments lobeled H, heavy; M, moder- 
ate moderate ond C control). The stole to the right opplies to the curve 
which opproximates the progression of seasonal twig length for the 
spring ond summer of 1980. 

The main effect of grazing intensity was significant in affecting 
twig production at the p<O.OS level. Production of bitterbrush 
twigs on heavily grazed pastures in period 2 was 46.2% greater than 
in the nongrazed pasture. Smith and Doe11 (1968), also working at 
Hardward Ranch, reported that when herbaceous vegetation was 
periodically hand clipped within a 1.5 m radius of shrub bases, 
bitterbrush total seasonal twig length increased 58% over non- 
treated shrubs. It appears that controlled horse grazing can be used 
with nearly the same effectiveness. A year of “normal” soil mois- 
ture stress could magnify the shrub production benefits recorded in 
this study. 

Domestic horse populations in the Intermountain states have 
been increasing, particularly near population centers. Obtaining 
animals for this study was relatively easy because many horse 
owners need forage for their animals in early spring, thus were 
eager to obtain free grazing. Many Intermountain big game winter 
ranges are owned and managed by state wildlife agencies in gener- 
ally small parcels which could be temporarily fenced for horse 
grazing treatments. Horses in this study were readily contained 
within economical, single-strand electric fences, which can be 
dropped quickly in the winter to avoid interference with big game 
movements if multiple-year grazing regimes are necessary to 
achieve vegetation management goals. 
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ECOSYSTEM MANAGEMENT SHORT- 
COURSE 

The Department of Range Science will conduct its 
24th Ecosystem Management Shortcourse March 20 - 
April 1, 1983. 

The course presents up-to-date knowledge for a bet- 
ter understanding of values and techniques for the allo- 
cation of uses of our renewable wildland resources. New 
techniques for decision making are applied to modern 
ecosystem management problems, particularly where 
problems of management occur over wide areas. 

The course deals with the many aspects of ecosystem 
management including ecological, socioeconomic, and 
political considerations. 

Methods for data handling and examination of alter- 
native programs of multiple-use management are pres- 
ented. Problem solving methods are presented to 
familiarize participants with procedures. 

Lectures will be presented by a selected multi- 
university staff of 20 instructors. 

For more information write to Director, Ecosystem 
Management Shortcourse, Department of Range 
Science, Colorado State University, Fort Collins, Colo- 
ra do 80523. 
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Effects of Controlled SO2 Exposure on Net 
Primary Production and Plant Biomass 
Dynamics 
J.L. DODD, W.K. LAUENROTH, AND R.K. HEITSCHMIDT 

Abstract 

Objectives of this study were to determine effects of low level 
SO2 fumigation on above- and belowground plant biomass 
dynamics and aboveground net primary production. With two 
exceptions we were unable to measure significant effects on these 
parameters. Rates of increase in rhizome biomass over the 4-year 
period of the study were reduced by SO2 and indicate that long- 
term exposure of this grassland to low level SO2 may tiliimate’ly 
reduce the vigor of the perennating organs to a point where above- 
and belowground biomass dynamics will be altered, net primary 
production will be reduced, and species composition will be modi- 
fied. In addition, production of Bromus japonicus, a cool-season 
annual grass, was reduced by SO2 fumigation. 

Because of the increase in electrical power production in the 
northern Great Plains, air pollution (particularly SOL) is expected 
to increase (Northern Great Plains Resource Program, 1975). 
Aside from mining and power generation, the main economic 
activity of the region is range livestock production. It is quite 
possible that altered air quality will affect the livestock industry. 
Northern Great Plains rangelands are native ecosystems that are 
complex combinations of indigenous plant and animal species that 
interact with each other and their physical environment in captur- 
ing, storing, and utilizing energy in a self-sustaining manner. 
Under normal circumstances, domestic livestock production can 
be fit into this process quite profitably without interfering with the 
self-sustaining character of the ecosystem processes (Lewis 1969). 
Further, livestock production on rangelands is closely associated 
with the quantity and quality of aboveground forage production. 
The threat that air pollution poses to a livestock industry based on 
native rangeland is threefold: direct effect of air pollutants on the 
livestock, direct effect on quantity and quality of forage produc- 
tion, and effects on the self-sustaining properties of the ecosystem. 
The last two of these questions are considered for one grassland 
type in this study. 

Several investigators have reported biomass dynamics and net 
primary production estimates for the northern mixed grass prairie 
under pollution-free conditions (Coupland 1973; Lauenroth and 
Whitman 1977; Lauenroth et al. 1975; Dodd et al. 1974). These 
studies indicate rapid increases of plant biomass in late May, June, 
and early July and aboveground net primary productivity esti- 
mates ranging from 100 to 200 g l m-2 l yr-1. Although the 
species composition of these grasslands is dependent on factors, 
such as soils, rainfall, and grazing history, these grasslands are 
nearly always dominated by cool-season grass species, and in most 
cases Agropyron smithii Rydb. is the main species. 

Although much research has been done on effects of air pollu- 
tion on plants of ornamental or agronomic importance (see reviews 
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by biines 1968; Mudd and Kozlowski 1975; I Treshow 1970), 
comparatively little has been conducted on effects on productivity 
of the native plant species of the semiarid rangelands of the western 
United States. Recent studies indicate that grasses of semiarid 
rangelands are more resistant to air pollution than are agronomic 
species (Hill et al. 1974, Bennet and Hill 1973, Davis et al. 1966, 
Tingey et al. 1976). However, Ferenbaugh (1977) reported delete- 
rious effects of SO2 at concentrations as low as 0.13 ppm on 
production of Oryzopsis hymenoides, a native cool-season grass 
found in semiarid climates of the western United States. 

The objectives of this study were to determine the short- and 
near-term effects of exposure to low level SO2 concentration on 
biomass dynamics and aboveground net primary productivity 
(ANPP) of a northern mixed grass prairie. We hypothesized that 
low level exposure of SOZ throughout the growing season would 
reduce ANPP and change species and species group contributions 
to total ANPP. 

Study Areas 

The study areas (Site I and Site II) were located in southeast 
Montana in the Fort Howes District of Custer National Forest 
(4Y IS’N, 106O E). Site II was located I km southeast of Site I and 
both were on rolling upland sites with southwest-facing slopes of 
less than 4“. The soils of both sites were formed from parent 
materials deposited as outwash from nearby buttes and ridges (Soil 
Conservation Service, 1971). Site I is located ona Farland silty clay 
loam and Site II isonaThurlowclayloam(Doddet al. 1978). Both 
soil series have well developed A and B horizons with solums 
extending to E 100 cm. Both sites had previously been subjected to 
moderate cattle grazing in summer and fall. Range condition was 
estimated as good for all plots on Site I in 1974 (Taylor et al., 1976). 
A grazing pressure gradient was evident among the plots of Site II. 
Before fencing in the fall of 1975, range condition varied from poor 
on the control area to good on the high SOZ treatment plot. 

The local climate is continental, semiarid, and extremely varia- 
ble (Riley and Spolton 1974). Approximately 50% of the annual 
precipitation (approximately 360 mm) is received in April, May, 
and June, with less than 20% received between December and 
March (National Oceanic and Atmospheric Administration, 
1976). July, the warmest month, has an average temperature of 
22O C, while January, the coldest month, has an average tempera- 
ture of -8” C. Differences between daytime maximum and night- 
time minimum temperatures during July and August often exceed 
25” C. Normally, the frost-free growing season lasts approximately 
130 days and begins near mid-May (Brown 1971). 

The vegetation of the region is a ponderosa pine (Pinusponde- 
rosu Laws.) grassland complex (Kuchler 1964; Payne 1973; Ross 
and Hunter 1976). Vegetation on the uplands is classified as north- 
ern mixed grass prairie (Brown 1971) with open stands of pine 
restricted to steeper slopes of buttes and canyons. A heavy under- 
story of mid-grasses is associated with the pine stands. Western 
wheatgrass, the dominant species on both sites, is a cool-season 
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species and has the C3 photosynthetic pathway (Williams 1973). 
Grass species of secondary importance on the sites were prairie 
junegrass (Koeleriu c&rata L.); Sandberg bluegrass (POU secundu 
Presl.); Kentucky bluegrass (P. prurensis L.); needle-and-thread 
(s~@u comaru Trin. and Ruper); green needlegrass (S. viridulu 
Trin.); and Japanese brome (Bromus juponicus Thurb.). Major 
forbs were: western yarrow (Achilleu millefolium L.); common 
dandelion (Turuxucum officinule Weber); and goatsbeard (Trago- 
pogon dubuis Stop.). Fringed sagewort (Artemisiufrigidu Willd.) 
was the major half-shrub. 

Materials and Methods 

Plots (0.52 ha) on the two study sites were continuously fumi- 
gated throughout the growing season at geometric mean S& 
concentrations of <26 pg l me3 (control), 60 pg l me3 (low treat- 
ment), 105 pg l mm3 (medium treatment) and 180 pg l mm3 (high 
treatment) (Preston and Gullett 1978). The plots on Site 1 and Site 
II were fumigated for 4 years (1975-1978) and 3 years( 1976-1978), 
respectively. Sulfur dioxide was blended with air and dispensed 
through a network of aluminum pipes located approximately 0.75 
m above ground surface. Canopy-level concentrations of S& were 
determined hourly (for 7.5-min periods) with a Meloy Laborato- 
ries (Model SA 160-2) sulfur analyzer. S& was delivered to each 
plot at a constant rate; therefore, temporal variations in S& 
concentration varied with environmental conditions, especially 
wind speed. Preston and Gullett (1978) found hourly concentra- 
tions were log-normally distributed and decreased with height in 
the canopy. Concentrations at 15 cm height in the canopy were 
75% of those at canopy height (30 cm) and, although not measured, 
were presumed td be even less at ground level. Nighttime concen- 
trations were nearly twice as great as daytime concentrations. 
Details of the fumigation system are presented by Lee and Lewis 
(1978). 

Precipitation was measured on each study site between May and 
September in each year. Soil water content to a depth of 105 cm 
was determined gravimetrically on each treatment plot throughout 
each growing season. Sampling frequency varied from weekly to 
monthly during the study. 

Aboveground plant biomass was sampled on six dates in 1975 
and 1976, in mid-July in 1977 and in mid-May and mid-July in 
1978. Quadrats were located randomly, and vegetation was clipped 
at the soil surface and separated by species into current live, recent 
dead (current year’s dead) and old dead (previous year’s dead). 
Samples were oven dried at 600 C to constant weight and weighed. 
In 1975, ten circular 0.5-m2 quadrats were sampled in each treat- 
ment on each date. This was changed to 20 circular 0.25-m2 quad- 
rats in 1976, 1977, and 1978 to increase precision. 

Although numerous computational procedures exist for esti- 
mating ANPP from harvest data (Singh et al. 1975), only one 
procedure was appropriate for all treatments in all years of this 
study: the total standing crop of current production as measured in 
mid-July. The more accurate procedure summing species and spe- 
cies group peaks of current production from frequent harvest data 
could be used only in 1975 and 1976, when we sampled monthly 

throughout the growing season. We computed ANPP estimates by 
both procedures for 1975 and 1976. The summation of peaks 
procedure resulted in an 18% (SE = 3%) greater estimate of ANPP 
than did the July standing crop estimate. A comparable difference 
between the two procedures was reported for a South Dakota 
grassland of similar botanical character (Dodd et al. 1974). There- 
fore, our estimates of ANPP are July standing crop estimates 
increased by 18%. 

Belowground plant biomass to a depth of 10 cm was sampled 
monthly (May-September) in 1975, 1976, and 1978 and in mid- 
July in 1977. Lauenroth et al. (1975) and Dodd et al. (1974) have 
reported that approximately 50% of the belowground plant bio- 
mass is located in the O-10 cm layer of the rooting profile. On each 
sampling date 2 belowground samples were taken from each harv- 
ested quadrat location after harvest of the aboveground material. 
Samples were secured with a 7.5 cm diameter X 10 cm long steel 
cylinder. Plant material was separated from soil by the washing- 
flotation procedure described by Lauenroth and Whitman (1971) 
and separated into roots, rhizomes, and crowns (basal parts of 
shoots that are subterranean but positioned above the transition 
zone of the plant). This washing-flotation procedure retains all live 
and dead belowground plant material that will not pass through a 
@-mesh l in-’ screen. Separated materials were oven-dried to a 
constant weight, ashed at 6OoOC, and reweighed; results are 
reported on an ash-free basis. 

Separate statistical analyses were performed on data sets within 
each Site (1 and 11). Two-way analyses of variance were conducted 
on each data set. Tukey’s Q procedure was used to compute range 
values for comparison of means (Sokal and Rohlf 1969). 

Results and Discussion 

Precipitation and Soil Water 
Early growing season precipitation (May-July) was near normal 

in 1977, 40% greater than normal in 1975, and more than twice 
normal in 1978 (Table 1). Although early season precipitation in 
1976 was nearly 40% above normal on Site, 1 it was only slightly 
above normal on Site II. August and September precipitation was 
low and near normal in ail years. Soil water storage was high in 
early season and rapidly depleted in July and August in all years 
(Fig. 1). 

Aboveground Biomass Dynamics 
In 1975 and 1976 seasonal biomass dynamics for the total plant 

community consisted of an early period of rapid increase (late 
April to early July), followed by a period of slight increase (1975) 
or a slight decrease (1976) in standing crop of current seasons 
production (Fig. 2). The cessation of rapid growth was associated 
with diminished rainfall and rapid exhaustion of soil water (Fig. I). 
The S& treatments did not alter the timing or rates of standing 
crop increases during the rapid growth period, nor did the treat- 
ment alter the post-peak biomass dynamics. 

Community biomass dynamics were largely a reflection of the 
biomass dynamics of western wheatgrass (Fig. 3) and to a lesser 
extent of prairie junegrass (Fig. 4). Although the low frequency of 

Table 1. Growing season precipitation (mm) for Sites 1 and II, 1975-1978, compared with long-term average (1932-1977) at Brondos, Montana.1 

Month 

1975 
Site 

1 1 

1976 
Site 

11 I 

1977 
Site 

11 I 

1978 
Site 

II 
Long-term 

average 

May 104 97 
June 109 102 
July 29 38 
August 14 10 
September 6 14 
May-July 242 237 

IBroadus. Montana, is located 40 km northeast of the study sites. 

44 45 46 263 276 57 
94 91 98 57 56 80 
41 18 14 28 30 35 
17 18 18 13 11 27 
14 36 40 No data 30 

179 154 158 348 362 172 
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Fig. 1. Soil water dynamics within O-105 cm depth for Sites I and II, 197.5-1978. 
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Fig. 2. Seasonal change in current year’s production for all planr species 
combined, ZAPS, I AND II, 1975 and 1976. 

standing crop estimates prohibits precise evaluation, western 
wheatgrass appeared to have its most rapid aboveground growth 
period later in the season than did prairie junegrass. Also, western 
wheatgrass standing crop persisted longer after the rapid growth 
period than did prairie junegrass. Treatment induced changes in 
biomass dynamics of these two species were not detected. 

The effects of weather (year) and S& treatment on interseasonal 
dynamics of aboveground biomass production are shown in Tables 
2 and 3. With the exception of species groups containing Bromus 

juponicus on Site II, weather fluctuations and So1 treatments did 
not affect production in an interactive manner. 

In general, production of all major species and species groups 
was less on Site I than on Site II. Production for most groups on 
both study sites was least in 1977, the driest year studied, and was 
greatest in 1976 (Site 1) or 1978 (Site II). 

Production for both sites was dominated by cool-season peren- 
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Fig, 3. Seasonal change in current year’s production for western wheat- 
grass. ZAPS I and II. 1975 and 1976. 
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Table 2. ANIU~I variation in July standing crop (g l me’) of current production for Sites 1 and II (Averages of control and three SO? treatments).’ 

Site 1 
1975 1976 1977 

Cool-season grasses 
Agropyron smithii 56b”a 64 3Y 
Bromus japonicus I” 3’ la 
Koeleria cristata 26’b 35b 21@ 
Poa spp. 

5 
5” r 

Stipa comata s 6’ 
Stipa viridula 

3 f 
+ 

Other CSG 7” 
Total’ 98b lib 73a 

Cool-season forbs 
Achika millifolium 6’ 1P r 
7kagopogon dubius 6’ 13* 13” 

Tb Taraxacum olficinale 
: 

2. 
Other CSF 5’ s” 
Total cool- 

season forbs 23’ 36’ 27 
Other plants 9^ i 
Total current production3 131b 11$> IOf 

‘Means within rows and sites not followed by the same letter are significantly different (P = .05). 
‘Year X treatment interactions were significant (K.05). see Figure 5. 
‘This total does not include B. japonk~~. 

1978 

4lFb 
2 

21. 

:: 
+ 
4 

82 

6’ 
II’ 
+O 
r 

2c 
r 

115” 

1976 

91” 
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15’ 
3ob 
+ 

j: 

143a 

6’ 
a 

I5 

Y 

21b 
3” 

166b 

Site 11 
1977 

92” 
6 

II” 
11” 
+ 
5” 
1” 

120” 

4’ 
4” 
sb 
2” 

19b 
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143’ 
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l19b 
26 
18” 
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8” 
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162b 
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Table 3. Effect of three levels of SO2 fumigation on July standing crop (g l mm3) of current production for Sites I and II (Averages for 19751978 and 
1976-1978, respectively). 

Cool-season grasses 
Agropyron smithii 
Bromus japonicus 
Koeleria cristata 
Poa spp. 
Stipa comata 
Stipa viridula 

Other CS 
Total’ 

Cool-season forbs 
Achilles millifolium 
Tragopogon dubius 
Taraxacum officinale 

Other CSF 
Total cool- 

season forbs 
Other plants 
Total current’ 

production 

Cont. 

60” 
4” 

25” 
2” 
5*b 
+ 
3” 

94b 

8” 
lo” 
2” 
5’ 

25” 
6* 

125” 

Site I Site II 

Low Med. High Cont. Low Med. High 

49 “T 55” 95”b 124’ l? 105: 
+” 30’ 142 g2 32 

3: 2k IP 5 ab 2” 2P 31 
4” 4” 3” 1r 19” 23’ 27 

Ilb F I” + + + + 
+ + + 6” r 10” lo” 
f 8” a + I + + 

IOlb 96b 7; 117” 148” 134’b 168” 

T 4” 17b a 6’ 2’ 
I? 12” 7 :a a 5’ : L 4” 6” 4’ 13 gab 3” 
; 7” 6” 3” Ia 3” 1’ 

23” 27 36’ 14” 26 19” 13” 
6” 6’ Is” 3” r 6’ 6= 

131’ 129” 128” 135” 16P 158b 186c 

ih4eans within rows and sites not followed by the same letter are significantly different (e .05). 
2Year X treatment interactions were significant (K.05). see Figure 5. 
)This total does not include B. japonicus. 

nial grasses with Agropyron smithii the most productive species of 
the group. The major secondary grass species on Site I was Koele- 
ria cristata, while on Site II Bromus japonicus and Poa spp. were 
also important secondary grass components. Although cool- 
season forbs were a consistent component of the plant community 
on both study sites, the group was much less productive than the 
grasses and exhibited very little annual variation. 

The effects of SOL on biomass production were not dramatic 
(Table 3). On Site 1, Stipa comatu, a cool-season perennial bunch 
grass, had greater production on the low SOL treatment than on the 
high SOL, treatment suggesting a stimulation by SQ at the low level 
of exposure and an inhibition at the high level of exposure. How- 
ever, no other significant responses were noted on Site I. On Site II, 
Agropyron smithii and Taraxicum offinale. both showed some 
evidence of stimulation in production at the low and medium 
exposure levels, respectively, while Koeleria cristata production 
was increased on the medium and high treatment. The lack of 
consistency in trend of response on the two test sites suggests that 
these differences may reflect differences in the treatment plots 
which existed prior to application of the SO.Z treatments rather 
than resulted from the treatments. 

Bromus japonicus is a cool-season winter annual grass and its 
annual production is thus highly variable and dependent upon 
timing of available soil water during fall and early spring (Hyder et 
al. 1975). Production of B. juponicus was consistently low and did 
not respond to the S@ treatments on Site I (Table 3). However, on 
Site II, production of this species was higher than on Site 1 and was 
significantly depressed by the Sa treatments in 1978 and possibly 
1977 (Fig. 5). It is likely that production of this species was 
depressed by SOL on both study sites during each year of the 
experiment, but the differences were masked by sampling error 
during years of low production. During 1978 the production (y) of 
this species decreased exponentially with seasonal geometric mean 
concentration of S@ (x), [y = 72-.4’“, (RJ = .75)]. 

Explanation for the inhibitory effect of So1 on production of B. 
japonicus and not on Agropyron smithii may be associated with 
differential sulfur uptake rates by the two species. Gordon et al. 
(1978), working on the S& treatments of Site I in 1975, reported 
sulfur accumulation rates for B. japonicus that were nearly double 
those for A. smithii. It is generally accepted that physiological 
injury induced by S@ derivatives is directly related to S& uptake 
rates and that uptake of So2 increases with transpiration intensity 
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and stomata1 opening (Ziegler 1975, Winner and Mooney 1980). 
The higher uptake of SOZ by B. japonicus probably resulted from a 
stimulation of stomata1 opening by So2 (Ziegler 1975), or may 
simply reflect higher intrinsic conductance rates for B. juponicus 
than for A. smithii. We have conducted laboratory studies (unpub- 
lished) which indicate that l-hour exposures of A. smithii to low 
levels of S& (SO@-2,000 pg l rn-“) under a wide range of relative 
humidities consistently results in decreased transpiration and COZ 
uptake. Related work on these species (Lauenroth and Dodd in 
prep.) indicates that B. juponicus experienced much more chloro- 
phyll destruction in our field exposure experiment than did A. 
smithii. 

Aboveground Net Primary Production (ANPP) 
ANPP was not estimated for the test sites before exposure to 

70 r 
60 

3\ 
\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 

Cont. Low Med. High 

SULFUR DIOXIDE TREATMENT 

Fig. 5. Interseasonal biomass dynamics for Bromus japonicus on control 
and three SC& treatments. (I = 1976; 2 = 1977; 3= 1978). Means that 
dffer by > II g are significantly different (p = .05). 
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S& Therefore, our assumption that the treatment areas within 
each of the test sites were equal in production potential to the 
control areas before fumigation can only be tested with less 
appropriate information. Standing crop residual from annual pro- 
duction occurring in the year preceding fumigation was deter- 
mined in the spring of the first season of exposure and indicates 
only slight differences among the control and treatment areas on 
either site (Table 4). The low and medium areas on Site 1 had 
slightly higher residual material than did the control and high 
areas. And on Site II the residual material was slightly greater on 
the control than on the treatment areas. Since slight differences in 
residuals could also arise from differential weathering associated 
with drifted snow during the winter months we conclude that the 
residual estimates indicate slight, if any, differences in production 
potential within either test site. 

Table 4. Residual standing crop (g l m”) of previous years aboveground 
production for Site I and Site II in spring before first season of SOz beat- 

Control Low Medium High 
Site 1, April 1975 77 f 7’ 97f 8 93f 7 81 f IO 
Site 11, 

March 1976 86f 4 75f 6 66f 6 64f 4 

ANPP ranged from 119 to 268 g l me2 throughout the study 
period and Site II was more productive than Site I (Table 5). The 
greatest differences in ANPP were between years. While 1977, the 
2% year of the study (Table l), was clearly the least productive 

year on both sites, 1978, the wettest year, was the most productive 
only on Site II. In fact, ANPP in 1978 on Site 1 was not signifi- 
cantly greater than in 1977 and was lower than ANPP in 1975 and 
1976. Since most of the increase in precipitation in 1978 arose from 
May precipitation being nearly 5 times normal (with 130 mm on 
May 20), we conclude that this amount was excessive and reduced 
productivity via leaching of required nutrients on Site I. Since 
ANPP was not similarly depressed on Site II, we suggest that 
nutrients were not leached beyond the effective rooting zone 
because of differences in soil characteristics. Clay contents in the 
upper 30 cm of the profile range from 33 to 42% on Site 11 and from 
16 to 32% on Site 1 (Dodd et al. 1978). Fertility factors associated 
with these textural differences between Site 1 and Site 11 are also 
presumed to account for the differential productivity noted 
between Sites 1 and II. 

Treatment differences in ANPP were not detected on Site I. 
And, although statistically significant treatment differences were 
noted on Site II, the patterns of the differences are not suggestive of 
responses to S& exposure but instead reflect spatial variability 
within the study site. 

Belowground Biomass Dynamics 
Belowground plant biomass dynamics were dominated by 

changes in root biomass. Even though root standing crops were 
estimated monthly during the growing season on all treatments in 
1975, 1976, and 1978, we found consistent intraseasonal dynamics 
only in 1978 (Table 6). From May to July, root biomass decreased 
by about 25% and from July to September increased by about the 
same amount. This demonstration of a mid-season low is generally 
consistent with findings of other studies conducted in the northern 
mixed grass prairie (Lauenroth and Whitman 1977, Dodd et al. 

Table 5. Aboveground net primary production’ for Sites I and II, 1975-19782. 

Control 
Year X&SE 
1975 15of14 
1976 199f13 
1977 126fl2 
1978 136k 8 

1 g l m-s. 
2ANPP = July current production X 1.18. 

ZAPS 1 
Low Medium 

XfSE XfSE 
149f17 165ztl3 
18ti 9 195fll 
131fl3 131f 7 
15til4 123i 6 

High 
XfSE 
156zt14 
19% 8 
11M 5 
12% 6 

Control 
XfSE 

177f 8 
137f 7 
268f18 

ZAPS I1 
Low Medium 

XfSE X&SE 

218zt17 205zt 14 
21Ok13 169k 9 
21% 18 214f 13 

High 
XfSE 

227f 15 
19Ok11 
253f 8 

Table 6. Seasonal root biomass dynamics for Sites I and II, 1978. 

Site 1 Site 11 

Date Control Low Medium High Control Low Medium High 

20 May 1978 709zt27’ 732f28 759+31 822zt38 613f43 76ti28 688i34 791f33 
20 July 1978 65M50 614f26 624f 24 737*4 I 643f25 755f38 624f 34 608f29 
17 July 1978 549f30 501f27 521f20 491f 16 649-+27 585f35 54ti43 434f22 
16 August 1978 598f35 713f42 741f44 72of32 738f33 765zt44 827f37 708f27 
I5 September 1978 709zt37 77 If43 724i31 801f29 646k33 795*46 788i35 665i38 

Average 643 676 674 714 658 733 695 641 

IX f SE, g 8 m-l, ash-free biomass, O-10 cm depth. 

Table 7. Average standing crop (g . m”) of belowground biomass by morphological categories (O-IO cm depth), Site I, 1975-1978. 

Year SOZ Treatment 
1975 1976 1978 Cont. Low Med. High 

Crown 51’ 
:z 

97 74” 77” 74” 66. 
Rhizome 2s 3ob 37b 26’ 27” 26’ 
Roots 549^ 528” 677b 586’ 573’ 58T 596’ 
Total 624’ 629’ 803b 697’ 676’ 68Y 68T 

IMeans within a row for each year or treatment set not followed by the same letter arc significantly different (P = .05). 
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Table 8. Average standing crop (g l me’) of belowground biomass by 
mwpbological categories (O-10 cm, in depth), Site II, 1976,197s. 

YCW SB Treatment 
1976 1978 Cont. Low Med. High 

Crowns 
Rhizomes 
Roots 
Total 692’ 813b 697’ 791’ 775” 744. 

‘Means within a row for each year or treatment set not followed by the same ktterare 
significantly different (P = .OS). 

1974, Lewis et al. 1971) and simulations of belowground dynamics 
(Bartos and Jameson 1974, Detling et al. 1979). The S& treat- 
ments did not alter seasonal changes in root biomass in 1978. 

Average seasonal biomass of all belowground plant categories 
increased from 1975 to 1978 on Site I (Table 7), and from 1976 to 
1978 on Site II (Table 8). This was apparently in response to 
removal of grazing pressure or to more favorable weather during 
the study period than in preceding years (weather records not 
available from study sites prior to 1975). 

Crown and root components of belowground biomass were not 
changed by the S& treatments. However, on Site I rhizomes were 
significantly reduced on all SOJ treatments. On Site II rhizomes 
were slightly increased by the low SOL treatment and unchanged by 
the medium and high treatments. We have no explanation for the 
differential response of rhizome biomass to SOs between Site 1 and 
Site 11. Although the interactive effects of SOs treatment and year 
on rhizome biomass were tested for and found not to be significant 
(p>.lO), rhizome growth between the first year of exposure and 
1978 appeared to be inhibited by the SOa treatments. By 1978 
rhizome biomass had increased by 30%, 2070, lOTo, and less than 
10% on the control, low, medium, and high treatments, respec- 
tively, on both study sites (Table 9). 

Conclusions 

Aboveground total plant biomass dynamics, aboveground total 
net primary productivity, and total belowground biomass dynam- 
ics of northern mixed grass prairie are not immediately sensitive to 
low level SOZ exposure regimes. However, short-term reductions 
in rhizome biomass suggest that aboveground biomass dynamics 
and primary productivity may eventually be altered because of loss 
of capability of rhizomes to support aboveground processes in 
western wheatgrass, the dominant plant species in this grassland 
type. Production of Bromus japonicus was significantly decreased 
by SOL in one season. We assume that similar disruptions of 
carbon capture and/ or allocation to storage organs of other plant 
species may also occur and could ultimately contribute to signifi- 
cant changes in primary productivity, biomass dynamics, and 
species composition. 

Concentrations of SOs utilized in this study were greater than 
those expected in the vicinity of any single power plant, extant or 
proposed, for the Northern Great Plains (Duran et al. 1979). Our 
treatments represent conditions which may result frqm a large 
number of coal consuming installations in a region such as south- 
eastern Montana and northeastern Wyoming. Our treatment con- 
centrations bracket federal standards and therefore provide 

information about the short-term validity of the current standards 
and a preview of responses which may be expected if standardsare 
relaxed. 
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Some Consequences of Competition between 
Prairie Dogs and Beef Cattle 

M.E. O’MEILIA, F.L. KNOPF, AND J.C. LEWIS 

Abstract 

Competition for range herbage between black-talled prairie 
dogs (Cynomys ludovicianus) and steers was evaluated in terms of 
the effects prairie dogs have on herbage availability and use, and 
steer weight gains. Pastures grazed only by steers were termed 
control pastures and pastures grazed by pralrle dogs and steers 
were designated treatment pastures. Small mammals and rrthro- 
pods were monitored to determine lfpralrledogs influencepopula- 
tions of these animals. Prairie dogs decreased herbage availability, 
which apparently led to reduced utilization by cattle during 1977 
and 1978. The influence of pralrie dogs on the herbage crop did not 
cause a statistica& significant reduction in steer weight gains. 
However, the lower weight gains of treatment steers amounted to 
market values of $14S24/steer less than control steers. The pres- 
ence of prairie dogs appears to improve herbage quality, thus 
partially compensating the reduction in herbage avaibrble to steers. 
Pastures containing prairie dogs also supported a greater biomass 
of small mammals. Arthropod (mainly grasshopper) biomass in 
August was more than three times higher in control pastures than 
in treatment pastures. 

In prairie dog (Cy?romys spp.) towns, rangeland vegetation 
seems to be dramatically altered relative to surrounding sites. The 
physical appearance of a severely grazed dog town (denuded 
prairie dog mounds surrounded by sparse, close-cropped vegeta- 
tion) reflects an apparent intensive competition for herbage on 
rangelands simultaneously grazed by prairie dogs and cattle. 

This paper describes a study of competition for herbage in 
pastures containing black-tailed prairie dogs(C. 1udoviciunus)and 
cattle (hereafter called treatment pastures). Herbage production 
and use and cattle weight gains in treatment pastures were com- 
pared with the same aspects of control pastures that contained only 
cattle. The design enabled prairie dogs to disperse and thereby 
maintain natural densities as they would in an unconfined popula- 
tion (King 1955). We also periodically surveyed differences in the 
insect, rodent, and lagomorph communities in the pastures. 

Study Area and Methods 

The study was conducted on the USDA’s Southern Great Plains 
Experimental Range located in Harper County, 27 km northwest 
of Woodward, Okla. The study area included a 30.35-ha grassland 
divided into twelve 2.53-ha pastures. Blue grama (Boutelouagruci- 
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lis) is dominant and sand dropseed (Sporobolus cryptandrus) 
second in importance. Characteristic forbs include wooly plantain 
(Plantogo purshii), wavyleaf thistle (Cirsium undulatum), and 
Indian blanket (Gaillardia pulchella). Primary woody species are 
soapweed (Yucca gluucu) and prickly pear (Opuntia spp.). Sand 
sagebrush (Artemisiafill~olia) occurs infrequently. Forage produc- 
tion, plant cover, plant species composition, and beef production 
rates were similar among the 12 pastures during the 20 years 
preceding introduction of prairie dogs (data on tile, USDA South- 
ern Great Plains Field Station, Woodward, Okla.). Detailed des- 
criptions of the Experimental Range are presented by Savage and 
Heller (1947) and USDA (1960). 1 

A total of 31 I prairie dogs (184 in 1973, 64 in 1974, and 63 in 
1975) were released into the six treatment pastures using the gentle 
release method (Lewis et al. 1979). From 1973-1978, time-area 
counts (census from a specific point for a specified time interval) 
were conducted to provide information on relative densities of 
prairie dogs. Burrow locations and the surrounding area of 
exposed soil also were mapped and quantified for each pasture 
during the summer of 1977. Prairie dogs dispersing out of treat- 
ment pastures were intensively controlled using smoke cartridges 
and a 0.22 caliber rifle. 

Herbage availability was measured using twenty, 1.0 by 1.3-m 
exclosures per pasture. Herbage standing crop was measured 
annually using the micro-unit inventory method (Shoop and McIl- 
vain 1963). Estimated weights on micro-plots were checked by 
clipping and weighing to the nearest gram about every tenth plot to 
insure accuracy. 

Weight-gain tested hereford steers of 222-269 kg were stocked 
annually in the pastures. A group of three steers was grazed among 
three of the pastures, thus, four such groups of steers were involved 
in the study each year. Cattle received a protein supplement of 4.8 
kg of cottonseed per week per head from November 1 through 
April 15. Cattle were weighed once monthly throughout the graz- 
ing season. 

Biomass of herbivorous insects was estimated on each of the 12 
pastures annually during August of 1977 and 1978. Foliage- 
dwelling and flying arthropods were sampled by means of a sweep 
net using the procedure of Butts (1973). Sweeps were made at 
predetermined, regular distances along a diagonal transect across 
pasture. Arthropods were identified and weighed to the nearest 0. I 
g. During the summer of 1977 harvester ant (Pogonomyrmex 
occidentalis) mounds also were counted and the area of associated 
denuded vegetation recorded for each pasture. 

The small mammal population in each pasture was inventoried 
twice annually in summer and winter. Small rodents were captured 
using a variety of live traps set at intervals of 7.5 m along the 
diagonal transects used to sample arthropods. Small rodents were 
identified to species, weighed to nearest 0.1 g, marked by toe 
clipping, and released. Desert cottontail rabbits (Sylvilugw audu- 
boni) were indexed at night using the spotlight technique. Sign of 
diggings provided an index to numbers of pocket gophers(Geomys 
bursarius). 

Results 

Prairie Dog Population 
During census periods some prairie dogs were either below the 
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ground surface or not observable because of visual barriers such as 
vegetation or low hills. Therefore, numbers of prairie dogs 
observed were actually conservative estimates of the population 
present. Surveys of prairie dogs during August 1977 and August 
1978 included the young produced in spring and adults that had 
overwintered. The surveys conducted winter and spring included 
only adults and subadults of the breeding population. 

Results of the prairie dog census indicate an average minimum 
population in August 1977 of 61.8 f 4.0 prairie dogs/pasture or 
24.4/ha. In May 1978 the average minimum per pasture was 52.8 f 
12.7 prairie dogs or 20.9/ha. During the August 1978 census an 
average of 76.2 f 27.6 prairie dogs were observed per pasture or 
30.1 /ha. 

A problem was encountered with prairie dogs moving into the 
south end of control pastures from treatment pastures and 
attempting to establish burrows. This encroachment by prairie 
dogs in control pastures was not considered to significantly affect 
herbage volume in control pastures. Prairie dogs attempting to 
establish in control pastures were quickly eliminated and generally 
remained only a short time within those pastures. 

Burrow Counts and Denuded Areas 
A total of 2,570 burrows occurred on the 15.2 ha of prairie dog 

pastures in August 1977. Burrow density averaged 428.3jpasture 
or 169.3/ha. Average denuded area/mound for the six prairie dog 
pastures was 1. I m2. This average is relatively small due to the large 
number of burrows in the sample which were only burrow open- 
ings without typical earthen mounds. Denuded areas attributed to 
prairie dog burrowing activities, and digging while feeding, was 
0.28 ha for the 15.2 ha of prairie dog pastures, or 1.9% of the area. 
Total denuded area (which includes area denuded by prairie dogs, 
harvester ants, and plains pocket gophers) was 0.36 a or 2.4% of the 
area. 

Herbage Availability 
Herbage inventories revealed pronounced differences between 

pastures with respect to the availability and utilization of range 
forage in 1977 and 1978 (Table 1). Treatment pastures contained 
less herbage than control pastures for all vegetative classes, except 

forbs, during the 2 years. Forbs constituted 8% of the total herbage 
available to cattle in control pastures each year. Forbs were statisti- 
cally similar in abundance in treatment and control pastures in 
1977 (F = 0.1, mO.05) and 1978 (F = 2.0, E-0.05). 

Significantly less blue grama herbage was available to steers in 
treatment pastures than in control pastures (F = 3 1.8, KO.0 I) in 
1977. In 1978 the difference between treatment and control pas- 
tures in availability of blue grama was not significant (FE 2.4, 
p>O.O5). 

Sand dropseed was significantly less available in prairie dog 
pastures than in control pastures in 1977 (F= 15.7, KO.01) and 
1978 (F = 8.6, KO.05). Sand dropseed composed less than 1% of 
the total available herbage for cattle in prairie dog pastures, com- 
pared to 7% and 8% in control pastures for 1977 and 1978, 
respectively. 

Aboveground biomass of other grass species was also signifi- 
cantly reduced in treatment pastures compared to control pastures. 
Other grass species constituted 10% and 24% of the total herbage in 
control pastures and only 5% and 8% in treatment pastures in 1977 
and 1978, respectively. Differences between treatments were signif- 
icant in 1977 (F = 6.2, X0.05) and 1978 (F = 5.9, X0.05). 
Treatment pastures had significantly less total herbage available 
than the control pastures in 1977 (F=28.0,P<O.Ol)and 1978 (F= 
12.7, KO.01). Herbage available to cattle in treatment pastures 
was 37% less than control pastures in 1977, and 33% less in 1978. 

Herbage Utilization 
Herbage utilization differed between treatment and control pas- 

tures during 1977 in all categories except total forbs (Table I). Blue 
grama (F= 5.8, X0.05), sand dropseed (F= 14.9, X0.01). other 
grass (F = 6.O,KO.O5), total grass (F = 11.3, KO.Ol), and total 
herbage (F = 8.6, X0.05) were all utilized in significantly greater 
quantities by steers in control pastures. Steers utilized 37% more 
forbs in the treatment pastures, the difference was not significant 
(F = 2.0, -0.05). 

During 1978 (Table 1) herbage utilization by steers in control 
pastures was greater for sand dropseed (F = 9.4, KO.OS), other 
grass (F = 6.0, KO.05) total grass (F = 20.4, p<O.Ol), and total 

Table 1. Average wailability and utilization (kg/ha) of selected herbage classes in control and treatment pastures, 1977 and 1978. 

Forage year and treatment Blue grama Sand dropseed Other grass Total grass Total forbs Total forage 

1977 
Steers only 

Availability 
Utilization 
% utilization 

Prairie dogs and steers 
Availability 
Utilization 
tJ$c utilization 

Between treatments 
% difference availability 
Yc difference utilization 

1200 108 161 1469 131 1600 
994 69 121 1184 98 1282 

83 64 75 81 75 80 

818 
775 

95 

-32 -93 -70 -40 8 -37 
-22 -90 -60 -30 37 -25 

8 

8: 

49 875 141 1016 
48 830 134 964 
98 95 95 95 

1978 
Steers only 

Availability 
Utilization 
% utilization 

Prairie dogs and steers 
Availability 
Utilization 
% utilization 

Between treatments 
% difference availability 
ch difference utilization 

599 87 238 924 80 1004 
547 81 225 853 75 928 
91 93 95 92 94 92 

473 5 56 534 136 670 
455 5 53 513 132 645 

96 100 95 96 97 96 

-21 -94 -76 -42 70 -33 
-17 -93 -76 40 76 -30 
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Table 2. Average weigbt gains (kg) of 12 beef cattle in control and 12 cattle h treatment (prairk dog) pastures. 

Year Winter 
Control 

Summer Year Winter 
Treatment 
Summer Year 

1976-1977 Mean 34.8 127.5 162.3 22.2 126.7 148.8 
SD 8.7 11.4 13.4 14.1 11.7 22.8 

1977-1978 Mean 30.5 108.0 138.5 25.0 105.7 130.7 
SD 6.6 11.6 11.8 11.1 13.5 21.3 

herbage (F = 7.0, KO.OS), than in pastures containing prairie 
dogs. Utilization of bluegrama and totalforbs was similar between 
treatment and control pastures (1977: F= 0.7, P>O.O5; 1978; F= 
2.1, DO.05). 

The four major herbage classes made up the following percen- 
tages of total herbage utilized by steers in control pastures in 1977 
and 1978, respectively: blue grama 78% and 59%, sand dropseed 
5% and 9%, other grass 9% and 24%, and total forbs 8% and 8%. In 
treatment pastures, steers took the following percentages: blue 
grama 80% and 71%, sand dropseed 0.7% and 0.7%, other grass 5% 
and S%, and total forbs 14% and 20% in 1977 and 1978, 
respectively. 

except the insectivorous grasshopper mouse. Insects are also 
important in the diet of thirteen-lined ground squirrels. Numbers 
of small mammals live-trapped were consistently greater in treat- 
ment pastures than in control pastures during all survey periods, 
although the difference in total numbers for 1977-1978 was not 
significant (F = 4.2, mO.05). However, grasshopper mice, the 
most common species encountered, were three times more abund- 
ant in treatment pastures than in control pastures (F = 28.2, 
KO.01). 

Steer Weight Gains 
Steers were stocked the first year on December 22, 1976, and 

remained on the pastures until September 22, 1977, a total of 275 
days. The next year, steers were stocked on December 13, 1977, 
and remained on the pastures until September 14, 1978, a total of 
276 days. 

Analysis of results of 1977 and 1978 steer weight gain perfor- 
mances (Table 2) reveals no statistically significant difference 
between steers that were grazing treatment pastures and control 
pastures during winter, summer, or annual periods. Mean treat- 
ment gains for summer were similar in both years. Steers grazing 
control pastures averaged 0.8 kg/head (F= 0.01, BO.05) and 2.3 
kg/head (F = 0.08, mO.05) greater summer gains than steers 
grazing treatment pastures in 1977 and 1978, respectively. 

Spotlight counts for desert cottontail rabbits were difficult to 
interpret. Numbers of rabbits seen were low and similar between 
treatment and control pastures. However, based on observations 
of rabbits during prairie dog surveys, the density of rabbits in 
treatment pastures was much higher than indicated by spotlight 
counts. Dano (1952) found more cottontails in dog towns than in 
similar adjacent range where there were no prairie dogs. He 
thought the abundance of cottontails on prairie dog towns was 
largely due to the abundance of burrows that provide ideal cover. 
Rabbit activity appeared to coincide more with the early morning 
and evening feeding periods of the prairie dogs rather than at night 
when spotlight counts were conducted. 

Number of pocket gopher mounds were low (<0.5/ha) in treat- 
ment and control pastures. Phillips (1936) noted that pocket 
gophers were absent from heavily overgrazed pastures. The effects 
of pocket gophers on range forage in our areas were believed to be 
inconsequential. 

Differences in weight gains between treatment and control pas- 
tures in winter were more pronounced. Steers in pastur& without 
prairie dogs averaged gains of 12.6 kg/ head (F= 3.1, mO.05) and 
5.5 kg/ head (F = 0.9, -0.05) more during winter than steers in 
pastures with prairie dogs in 1977 and 1978, respectively. Differen- 
ces in annual weight gain performance between treatment and 
control pastures also were statistically insignificant at 13.5 kg in 
1977 (F = 1.4, nO.05) and 7.8 kg in 1978 (F= 0.5, mO.05). 

Arthropod Populations 

Small Mammal Populations 

Sweep net sampling of the arthropod populations revealed sig- 
nificant differences in biomass between treatment and control 
pastures. Sweep samples of control pastures consistently had over 
three times the biomass of insects in treatment pastures during 
sample periods August 9-14, 1977 (F = 12.23, KO.01); August 
8-13, 1978(F=49.98,KO.OI);andAugust21-26,1978(F=26.90, 
KO.01) (Table 4). Sweep net samples were made up almost 
entirely of Orthopterans (grasshoppers). 

Results of small mammal live-trapping surveys are summarized Numbers of harvester ant niounds were similar in treatment and 
in Table 3. All the small mammals listed are primarily herbivorous control pastures with an average of lO.S/ha and 1 I/ ha, respec- 

Table 3. Biomass (g) and numbem of small mammals livetrapped during 3000 trap days and percent difference between control and treatment paslures, 
1977-1978. 

Control pasture Treatment pastures 90 difference 

Species 
Onychomys leucogaster 

Northern grasshopper mouse 
Perognathus hispidus 

Hispid pocket mouse Spermophilus tridecemlineatus 

Thirteen-lined ground squirrel 
Peromvscus maniculatus 

Biomass No. Biomass No. Biomass No. 

954.5 26 3037.5 82 218 215 

832.0 24 248.0 8 235 200 

1453.0 12 2751.0 23 89 92 

77.0 8 209.0 13 171 63 
Dee; mouse 

Peromyscus leucopus 
White-footed mouse 

Reithrodontomys montanus 
Plains harvest mouse 

Dipodomys ordi 
Ord’s kangaroo rat 

Total 

34.0 3 73.5 3 116 0 

42.0 5 0 0 

71.5 1 0 0 

3464.0 79 6319.0 129 82 63 
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Table 4. Arthropod biomass on control and treatment prsturee. 

Sample 1 Sample 2 Sample 3 

Control Pastures 
(steers only) 

Total 
x 
SD 

Aug 9-14 Aug 8-13 Aug 12-26 
1977 1978 1978 

132.0 252.5 167.0 
22.0 42.1 27.8 

9.4 8.4 7.3 

Treatment Pastures 
(steers and prairie dogs) 

Total 
X 
SD 

37.5 78.0 53.5 
6.3 13.0 8.9 
3.6 3.5 

tively. However, the denuded area around any mounds was greater 
in treatment pastures (total of 0.01 ha) than in control pastures 
(0.004 ha) indicating that the effect of these ants was greater in 
treatment pastures. 

Discussion 
The results of the study are summarized for comparative pur- 

poses in Table 5. 

Effects on the Vegetative Community 
Prairie dogs are frequently described as competitors with live- 

stock for range herbage. The competitive interaction, however, 
should vary with population density of the prairie dog or stocking 
intensity of the cattle. The mean density of 25.1 prairie dogs/ ha in 
this study is similar to densities reported in natural populations 
(Hassien 1976). 

Steer numbers were maintained at a stocking rate of l/2.5 ha 
which is considered “moderate” (Mcllvain and Savage 1951) for 
the Southern Great Plains Experimental Range. However, length 
of the grazing season during this study probably represents a heavy 
stocking rate, because it was 275 days versus only 172 days for 
McIlvain and Savage’s study. Bement (1969)found that maximum 
dollar returns per acre from yearlings on shortgrass range were 
obtained when 336 kg/ ha of air-dry forage remained at the end of 
the grazing season. His average optimum stocking rate was 1. I 
ha/ yearling/ month. Herbivore densities in our experimental pas- 
tures certainly forced a competitive interaction. 

Table 5. Summary of factors influencing vegetation in control and experi- 
mental pastures, and consequences of those influencea to cattle forage 
weight gains. 

Control Treatment 
Pastures Pastures 

Factors 
Beef cattle (n) 6 6 
Prairie dogs (n) trace 240456 
Small mammals 

Northern grasshopper mouse X’ 3x 

Hispid pocket mouse 3x X 

Thirteen-lined ground squirrel X 2x 

Other small mammals X X 

Desert Cottontail Rabbit less more 

Grasshoppers 3x X 

Consequences (to beef cattle) 
Forage available (Kg/yr) I ,ooo- I ,400 670-I ,000 
Forage use (Kg/yr) 900-1,300 650-950 
Cattle weight gains (Kg/yr) 138-162 131-149 

The X’s indicate for comparative purposes the relative populations of small mammals 
and arthropods. e.g., treatment pastures contained three times as many grasshopper 
mice as occurred in control pastures. 

Previous studies of prairie dog food habits (Fagerstone 1979, 
Lerwick 1974, Summers and Linder 1978) have been interpreted 
relative to potential for competition with beef cattle. Our studies 
reveal considerable dietary overlap of prairie dogs and cattle, 
particularly relative to grasses. Hansen and Gold (1977) also noted 
that prairie dogs and cattle selected similar herbage in each season. 

Prairie dogs affect rangeland vegetation in at least two ways. 
Firstly, and most obviously, they remove a percentage of the 
herbage crop. Secondly, their clipping selectively influences the 
abundance of various plants (Koford 1958). Through time Bon- 
ham and Lerwick (1976) noted on the Central Plains Experimental 
Range in Colorado that prairie dog grazing preceded increases in 
the densities of plants with greater tolerance to their grazing. 
Continuous clipping of tall and mid grasses by prairie dogs reduces 
relative proportions of these grasses, favoring shortgrass species 
that are more tolerant of grazing (Branson 1953). Grazing by 
prairie dogs lowers potential production by reducing or eliminat- 
ing the tall and mid grass species which characteristically produce 
greater quantities of aboveground biomass. 

The decline of tall and mid grass species in favor of the dominant 
shortgrass species (blue grama) as a percentage of total herbage in 
treatment pastures is not completely detrimental. Savage and 
Heller (1947) considered blue grama to be the superior warm 
weather grass for grazing purposes on the Southern Great Plains 
Experimental Range due to its chemical composition, palatability, 
and protein content. 

Prairie dog activity slightly favored forb production within our 
treatment pastures. Koford (1958) and Bonham and Lerwick 
(1976) found forbs to be more plentiful within dog towns than 
outside the towns. Hassien (1976) also found that forbs, particu- 
larly annuals, flourished in the disturbed soils of the prairie dog 
towns. 

Availability of herbage influenced utilization. Steers apparently 
consumed different quantities and relative proportions of the var- 
ious herbage items in control and treatment pastures. Control 
steers utilized 3 I8 kg/ ha and 283 kg/ ha more total herbage than 
treatment steers for 1977 and 1978, respectively. Sand dropseed 
and the category “other grasses’* averaged 24% of the total herbage 
utilized by steers in control pastures, although these grasses aver- 
aged less than 7% of the total herbage for treatment steers, during 
1977 and 1978. Treatment steers fed primarily on blue grama (X= 
76%) and forbs (X = 17%). 

The data on herbage availability and utilization indicates that 
severe competition may have existed between steers and prairie 
dogs in treatment pastures. 

Effects on Steer Weight Gains 
The statistically similar steer weight gain performances during 

the green-herbage period indicates that sufficient herbage was 
available to meet the demands of both steers and prairie dogs, even 
under a regime of heavy utilization. Differences in steer weight 
gains were only apparent during the fall and winter months when 
most vegetation was dormant. These differences remain slight, 
however, considering the gross differences in herbage availability 
and utilization for treatment pastures. 

Plausible explanations of why weight gains of treatment steers 
and control steers were not significantly different, though the 
former consumed considerably less forage, include: 

(I) The greater proportions of blue grama and forbs in diets of 
treatment steers may have partially compensated for the reduction 
in their intake of tall and mid grass species. Protein content of forbs 
usually is superior to that of grasses (Cable and Shumway 1966, 
Hoehne et al. 1968, Savage and Heller 1947). 

(2) The constant clipping of vegetation by prairie dogs may be 
maintaining herbage in an early phenological stage. Herbage qual- 
ity diminishes with plant tissue age and higher quality herbage 
gives higher nutritional yield (Armstrong et al. 1964, Braun 1973, 
McNaughton 1979, Miller et al. 1965). Inaddition, palatability and 
nutritional level of herbage improves with clipping. 
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(3) Prairie dogs may influence forage quality by increasing the 
organic content and fertility of the soil through the addition of 
their feces, urine, and bodies. Previous research on rodents (Has- 
sien 1976, Laycock and Richardson 1975) indicates especially that 
the presence and activities of fossorial small mammals can increase 
the quantity and availability of total soluble salts of important 
nutrients. 

Although prairie dogs are reducing herbage availability and 
subsequent utilization of herbage by cattle, it appears possible that 
their effects on herbage quality and composition partially compen- 
sate the reduction in herbage use. 

Effect on Rodent and Insect Communities 
Comparison of small rodent and arthropod populations in treat- 

ment pastures and control pastures indicate that prairie dogs sub- 
stantially influenced biomass of these populations. Total biomass 
and numbers of small rodents were greater in treatment pastures. 
Grasshopper mice and thirteen-lined ground squirrels probably 
respond to the presence of unused prairie dog burrows which 
provide shelter (Koford 1958, Smith 1958). Maintenance of vegeta- 
tion in a relatively low successional stage by prairie dogs isparticu- 
larly favorable to ground squirrels (Evans and Holdenried 1943, 
Slade and Balph 1974). 

Results of insect surveys disagree withearly studies (Coyer 1938, 
Smith 1940, Weese 1939) which suggested that arthropod popula- 
tions increase with grazing intensity. Biomass of arthropods was 
about three times greater in control pastures than in treatment 
pastures (Table 5). Arthropod populations in treatment pastures 
may have been limited by the more dense populations of insectivor- 
ous grasshopper mice (Bailey and Sperry 1929, Cockrum 1952) and 
thirteen-lined ground squirrels (Bailey 1893, Fitzpatrick 1925). 
Prairie dogs also have been shown to eat insects (Koford 1958, 
Smith 1958). Western burrowing owls (Speoryto cuniculuria 
hypungaeu) occurred on treatment pastures in good numbers and 
are also insectivorous (Butts 1973). 

Insect populations, particularly Orthopterans, are cyclic in 
nature and during severe outbreaks can inflict serious damage to 
range vegetation and croplands (Shotwell 1941). Prairie dogs, in 
creating habitat for insectivores, may indirectly moderate localized 
insect irruptions. 

Harvester ants appear to be slightly favored by the presence of 
prairie dogs. Lower successional stages (found in prairie dog 
towns) generally support more harvester ants than higher succes- 
sional stages on rangeland (Costello 1944). The denuding of areas 
at ant mounds may not result in a loss of herbage because higher 
production at the periphery of ant mounds compensates for the 
denuded area in the middle (Wight and Nichols 1966). This higher 
herbage production at the periphery of ant mounds may be a 
response to higher nutrient levels in the soil directly adjacent to the 
mounds (Rogers and Lavignel974). 

Conclusions 

Findings of this study generally support Hansen and Gold’s 
(1977) conclusions that prairie dogs regulate prairie ecosystems by 
influencing primary production (herbage availability), and 
increasing diversities of plant and animal communities. Thesignifi- 
cunce of the effects of prairie dogs on the weight gains of steers, 
however, can be viewed from different perspectives. 

Cattle grazing in treatment pastures with prairiedogsgained less 
weight anually than in control pastures without prairie dogs. These 
trends in weight gains did not show statistical difference, possibly 
due to a positive impact that prairie dogs may have on range 
herbage and/or major losses of available herbage to insects in 
pastures without prairie dogs. These two factors very likely com- 
pensated, in part, the clipping and harvesting of range herbage by 
prairie dogs. 

Alternatively from an economic perspective, cattle operations 
often realize low profit margins. In terms of cost to the rancher(at a 
January 1981 market price of $0.80.lb) the loss would have been 

S23.8l/steer in 1977 and $13.76/steer in 1978. These represent 
significant economic losses. 

Thus, this study shows that (under heavy stocking levels of beef 
cattle) prairie dogs may reduce the profit margin of a ranching 
operation. How these results would change with “proper” cattle 
stocking rates is uncertain. 
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Crested Wheatgrass Vigor as Affected by 
Black Grass Bug and Cattle Grazing 

R. JAMES ANSLEY AND C.M. MCKELL 

Abstract 

Light to moderate popuhtions (50-200 per m2) of black grass 
bugs in a seeded monoculture of crested wheatgrass appeared to 
reduce plant vigor. Vigor of ungrazed plants was compared to 
plants gazed only by black grass bugs and plants grazed by black 
grass bugs and cattle. Generally, vigor decreased as levels of graz- 
ing increased. Leaf length, seedhead height, root crown nonstruc- 
tural carbohydrates, and plant color correlated positively with 
vigor while functions of axillary tillering such as basal area and 
seedhead density correlated negatively with vigor. Cattle grazing 
was not in excess of intensities recognized as proper for the area. 

Black grass bugs (Labops hesperius Uhler) are an important 
factor in some intermountain area rangeland ecosystems(Bohning 
and Currier 1967, Todd and Kamm 1974, Haws 1978). Apparently 
the insect is native to the West, having been sighted in some western 
states as early as 1870. However, since the acreage of seeded, 
largely monocultural wheatgrass (Agropyron sp.) stands has 
increased, the insects have expanded greatly in number and range 
(Bohning and Currier 1967, Jensen 1971). Areas seeded to grass 
provide an optimum habitat for the insect because food is abund- 
ant and reproductive conditions are favorable, while natural pre- 
dators such as spiders find the grass monoculture generally 
unsuitable. 

The life cycle of the black grass bug begins usually in late March 
after snow melt and lasts about 3 months. Only one generation is 
produced per year and the insects overwinter as eggs (Todd and 
Kamm 1974). Greatest feeding intensity occurs during the adult 
stage which lasts from late April to the end of June (Bowers 1976). 

The black grass bug appears to favor cool-season grasses such as 
crested wheatgrass (Agropyron cristatum) when feeding and dam- 
ages plant tissue by piercing cell walls of leaves and stems and 
removing intercellular liquids (Haws 1978). The effect of the insect 
on photosynthetic capacity could be significant because of this 
feeding characteristic. Jensen (1971) noted that the insect can give 
wheatgrass fields a straw colored appearance during critical spring 
growth periods. Moderate to heavy populations of black grass 
bugs (100 -I- per m*) have also reduced total dry weight production, 
digestibility, nutritional value, and palatability (Bohning and Cur- 
rier 1967, Todd and Kamm 1974, Higgins et al. 1977). Lower 
populations (less than 100 per mz) did not significantly affect dry 
herbage yield or digestibility (Malechek et al. 1977). 

Herbage production, digestibility, nutritional value, and palata- 
bility all reflect forage value of the plant but may not be the best 
indices for determining plant vigor (Mueggler 1975, Cook 1977). 
This study measured effects of black grass bugs on crested wheat- 
grass characteristics such as vertical and lateral growth, density of 
growth, plant color, carbohydrate reserves, and phenology which 
may provide an indication of how the insect affects plant vigor. A 
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reduction in vigor could ultimately affect community characteris- 
tics such as trend, condition, and grazing capacity (Cook 1977). 

Materials and Methods 

The study was conducted from September 1976 to May 1978 on 
the Sterling Ranch in Diamond Fork Canyon, located east of 
Spanish Fork, Utah. The elevation and annual precipitation are 
1700 m and 40 cm, respectively. The study area was seeded to a 
monoculture of crested wheatgrass in 1965. 

The experimental design consisted of three different treatments: 
ungrazed control, insect-grazed, and insect/livestock-grazed. The 
ungrazed treatment consisted of five fenced exclosures (con- 
structed by the U.S. Forest Service in December, 1974) (each 25 
m*) treated each spring with Temik, a granual systemic insecticide 
(C~HI~N~OZS), at the rate of 187.5 g/.25 n¶* (Union Carbide Corp. 
1975). The insect-grazed treatment consisted of five fenced exclo- 
sures without Temik treatment. Five unfenced areas (each 25 m*) 
on open rangeland represented the insect/livestock-grazed 
treatment. 

Strips of sheet metal 30 cm high were attached to the base of the 
fenced exclosures to keep rodents out of the exclosures. However, 
it was noticed that the rate of snow melt in the spring was reduced 
in areas adjacent to the metal strips. This increased moisture 
availability for plants growing near the fence. Therefore, all sam- 
pling was done at least one meter away from the fence. 

Vertical and lateral growth were measured in terms of leaf length 
(cm), seedhead height (cm), basal area (cm*), and density of 
growth. Leaf length and seedhead height were measured at 2-week 
intervals during the fall of 1976 and spring through fall of 1977. Six 
plants were chosen at random in each exclosure each time leaf 
length and seedhead height were measured. Leaf length and seed- 
head height were measured from the root crown to the tip of the 
longest leaf and tip of the highest seedhead respectively. Leaves 
were straightened to their full length when measured. Only one leaf 
and seedhead were measured per plant. Basal areas of the plants 
were measured once in the spring of 1978. Six plants were chosen at 
random in each exclosureformeasurement. Density ofgrowth was 
estimated by measuring seedhead quantities per plant. Seedhead 
density was measured once in the summer of 1977 after seedheads 
for all plants in all treatments were fully developed. Six measure- 
ments per exclosure were taken. 

Crested wheatgrass root crown nonstructural carbohydrates 
(RCNC) were measured as an indication of reserve sugar levels 
because they are the main storage site of nonstructural carbohy- 
drates in this species and are subject to the least amount of short 
term variation (White 1973). Root crown tissue was collected from 
live plants, washed free of soil in cold water, and maintained in 85% 
ethanol until analysis. The samples were oven dried at 500 C for 48 
hours and ground in a Pika mill to a fine powder. Crested wheat- 
grass stores RCNC in the form of short chain fructosans which 
undergo nearly 100% hydrolysis in a mild acid (Smith 1969). 
Therefore, 0.5 g samples (5 samples per exclosure) were refluxed in 
50 ml 0.2 N sulfuric acid at IOO-105°C for 1 hour to separate 
RCNC from structural material (Smith et al. 1964). Samples were 
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filtered (Whatman No. 2). neutralized with 2 ml 30% NaOH and 
brought to a final volume of 100 ml with HzO. 1 ml of sample 
solution was added to 2 ml dinitrosalicyclic acid reagent and boiled 
in a water bath 15 minutes. After cooling, samples were diluted 
with 5 ml HsO. Within 1-2 hours after boiling, color intensities 
were measured with a Beckman Model DU Spectrophotometer at 
540 mu and compared to glucose standards. Values were reported 
in milligrams RCNC per gram dry weight of root crown material. 
The acid reagent was prepared by dissolving (with warming) 5 g 
3,5-dinitrosalicyclic acid in 100 ml 2N NaOH. This solution was 
mixed with a 60 percent potassium-sodium tartrate solution (pre- 
pared by dissolving 150 g in 250 ml Hz0 with warming). Hz0 was 
added to make a final volume of 500 ml. 

The phenology of crested wheatgrass and the stages of the black 
grass bug life cycle were recorded at 2-week intervals from spring to 
fall. Plant color, a general indicator of photosynthetic activity, was 
estimated by visual observation during late summer and fall. Color 
was ranked according to the percentage of the whole plant which 
appeared green. Rankings were O-25, 25-50,50-75, and 75-100% 
green. 

Leaf length, seeded height, basal area, density of growth, RCNC 
reserves and plant color were evaluated statistically by analysis of 
variance (completely randomized design with subsampling). Com- 
parisons of treatment means at each sampling date were accomp- 
lished by Duncan’s Mean Comparison test (Steel and Torrie 1980). 

Black grass bug population densities outside the exclosures 
averaged between 50 to 100 bugs per m* in the spring of 1977. One 
of two black grass bugs per meter* were found in the Temik treated 
exclosures. Black grass bugs were observed to be the predominant 
insect at the site. No insect population data were taken in 1976. 
However, Browsers (1976) found 200 black grass bugs per rnr in 
early June 1975 and Malechek et al. (1977) found between 30 and 
156 insects per rnz in early June 1974. 

Cattle grazing at the ranch was managed by the U.S. Forest 
Service from 1965 to 1977. Grazing data are shown in Table 1. 
Herbage production at Sterling Ranch is about 1700 kg/ ha (1500 
lb/acre) annually (Malechek et al. 1977). Proper use (33% total 
production) is therefore 560 kg/ ha or, about 1.54 AUM perhectare 
(assuming one AUM requires 363 kg air dry forage). Proper use 
was exceeded only 1969 (Table 1). 
Table 1. Cattle grazb~g intensities at Sterling Ranch’ from 1966 to 1978. 

AUM Grazing Use 
Year level (AUM ha-‘) Grazing duration 

1966 0 0 Pasture was rested 
1967 111 .65 June 6-June 25 
1968 83 .49 June 6-June 25 
1969 577 3.39 June 6-July 1 
1970 253 1.49 June g-June 20 
1971 167 .98 Sept. ll-Sept. 27 
1972 194 1.14 June IO-June 22 
1973 - - Fall roundup only 
1974 107 .63 June 15-June 25 
1975 - - Fall roundup only 
1976 186 I .09 June 3-July I 
1977 - - Fall roundup only 

IThe pasture at Sterling Ranch is 170 hectares. 

Precipitation data for spring and summer of 1977 showed that 
April and the first part of May were rather dry (2.54 cm total). A 
wet period occurred during the last two weeks of May (7.19 cm) 
and was followed by a very dry period throughout June (0.30 cm). 
A normal amount of precipitation for the area occurred during 
July (3.48 cm) and August (4.0 cm). September was usually dry 
(2.88 cm). No precipitation data were available before October 
1976. Precipitation from October to December 1976 was 2.69 cm. 

Results and Discussion 
Effects of the Black Grass Bug Alone 

Comparisons between crested wheatgrass phenology and the 

Table 2. Comparison of crested wheatgrass pbenology to the life cycle 
the black grass bug at Sterlag Ranch in 1977. 

Crested wheatgrass Date Black grass bug 

First leaf stage 

Second leaf stage 

Third leaf stage 

Fourth leaf stage/ 
Heading 

Fifth leaf stage/ 
Flowering 

March 20 
April I 
April 10 
April 20 
May 5 
May 16 

June 4 

June 25 

Eggs hatched 
Second instar 
Third instar 
Adult stage 
Maximum adult 

population 
Adult population 

decline 
All adults dead 

Mature seed July 17 

black grass bug life cycle in 1977 show that the most active period 
of crested wheatgrass growth (second leaf stage to flowering) was 
concurrent with the adult stage of the insect’s life cycle (Table 2). 
This confirms earlier reports by Todd and Kamm (1974). 

Some of the data suggest that the black grass bugs alone had 
significant effects on crested wheatgrass vigor. Plants grazed only 
by insects had significantly shorter leaf length (22.7 cm) than 
ungrazed plants (29.3 cm) during the fall of 1976(Table 3). In 1977, 
leaf length was significantly shorter on plants grazed only by 
insects (27.4 cm) than on ungrazed plants (31.2 cm) by June 25 
when leaves were fully developed (fifth leaf stage; see Table 2 and 
.3). Relative differences in leaf length between insect-grazed plants 
and ungrazed plants remained essentially the same after June 25 
although differences showed only trends and were not significat at 
X0.05. Leaf length decreased in all treatments from August 10 to 
September 27, 1977, probably because of leaf dessication and 
curling. Differences in leaf length between insect-grazed and 
ungrazed plants were not significant before June 25 except on 
April 1 when insect-grazed plants actually had longer leaves (8.3 
cm) than ungrazed plants (6.3 cm). 

Table 3. Average leaf length of crested wheatgrass in 1976 and 1977. 

Date 

(1976) Sept. 16 
(1977) April I 

April 29 
May 16 
June 4 
June 25 
July 17 
August 10 
Sept. 27 

Average leaf length (cm) 

Plants grazed by 
Plants grazed insects and 

Ungrazed plants by insects and livestock 

29.3 x’ 22.7 y 15.9 z 
6.3 x 8.3 y 7.1 x 

16.5 x 17.2 x 15.2 x 
20.4 x 20.5 x 17.2 y 
26.0 x 26.4 x 22.2 y 
31.2 x 27.4 y 25.1 y 
30.9 x 28.2 xv 25.8 v 
31.7 x 28.6 x; 25.3 ; 
26.7 x 23.9 x 19.8 y 

‘Means having the same letters are not significantly different (KO.05) between treat- 
ments within a particular sampling date (within rows). 

Culm elongation in 1977 occurred primarily after floral initia- 
tion (Table 2 and Fig. 1). During elongation culms act as a carbo- 
hydrate sink and import assimilates from leaf sources rather than 
root storage tissue (Moser 1977). The degree of elongation and 
subsequent seedhead height may therefore be partially dependent 
on the amount of carbohydrates it imports from leaves. Hence, 
reduction in leaf photosynthetic capacity could adversely influence 
stem elongation. Of course, other factors involved in elongation 
such as hormone balance, light intensity, daylength, phytochrome 
balance, etc., should not be overlooked. 

In this study seedhead height was significantly greater in 
ungrazed plants (36.7 cm) than insect-grazed plants (28.6 cm) by 
July 17 and remained significantly higher for the rest of the 
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Fig. 1. Height of crested wheatgross inflorescenceot Sterling Ranch during 
the summer of 1977. Confidence intervals (X0.0.5) have beenpkaced on 
each treatment mean. Means with overlapping conftience intervals are 
not significantly d#ierent during a particular sampling date. 

summer (Figure 1). Seedhead height showed trends of being higher 
in ungrazed plants than insect-grazed plants during both June 
sampling dates. 

RCNC reserves were generally higher for plants in all three 
treatments during September than in April (Fig. 2). This agrees 
with Cook (1966) who found crested wheatgrass carbohydrate 
reserves were lower during leaf development in the spring than 
during fall dormancy. 

At the onset of fall dormancy in September 1976and September 
1977 RCNC reserves were lower in insect-grazed plants than in 
ungrazed plants although differences were not significant at 
KO.05 (Fig. 2). Differences between these two treatments were 
significant at KO. 10 on both September sampling dates, however. 
RCNC reserves were essentially the same between insect-grazed 
(120.9 mg/g) and ungrazed plants (122.7 mg/g) on April 1. RCNC 
reserves were significantly greater in insect-grazed plants (142.2 
mg/g) than ungrazed plants (124.8 mg/g) on August 10. 

Black Grass Bug and Livestock Effects 
The combined effect of black grass bug and cattle grazing on 

crested wheatgrass also appeared to be detrimental to vigor and, in 
many instances, reduced vigor more than insect grazing alone. In 
the fall of 1976 and on all sampling dates after April 29 in 1977, leaf 

x 

x 

I 

n Grazing Excluded 

Pa Insect Grazed 

cl Grazed by Insects 
and Livestock v 

- 
September 16 

1976 
April I August IO 
1977 1977 

SAMPLING DATE 

September 27 
1977 

Fig. 2. Root crown nonstructural carbohydrate (RCNC) reserve levels of 
crested wheatgrass when exposed to three kinds of grazing stress. Means 
having the same letters are not significantly diJferent (KO.05) during a 
particular sampling date. 
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length was significantly shorter on insect/livestock-grazed plants 
than on ungrazed plants (Table 3). There were no significant 
differences in leaf length between insect/livestock-grazed plants 
and ungrazed plants in April 1977, however. Leaf length was 

significantly shorter on insect/livestock-grazed plants than on 
plants grazed only by insects in September 1976 and late May, 
early June and September 1977 (Table 3). Leaf length was shorter 
for insect/livestock-grazed plants than insect-grazed plants on all 
other sampling dates (except April 1, 1977) although differences 
showed only trends and were not significant at KO.05. 

Seedhead height showed similar trends to leaf length when 
comparing the three treatment effects. Seedhead height was signifi- 
cantly lower in insect/livestock-grazed plants than ungrazed plants 
on all sampling dates in 1977 (Fig. 1). Seedhead height was signifi- 
cantly lower in insect/livestock-grazed plants (25.1 cm) than 
insect-grazed plants (29.3 cm) on July 30 and showed trends of 
being lower in insect/livestock-grazed plants than insect/grazed 
plants on all other sampling dates although these differences were 
not significant at ZYO.05. It is interesting to note that culm elonga- 
tion from June 25 to August 10 in ungrazed plants was4.8 cm while 
only 1.4 cm and 0.6 cm, respectively in insect-grazed plants and 
insect/livestock-grazed plants was only 1.4 cm and 0.6 cm, respec- 
tively. Perhaps this is another indication of better vigor in 
ungrazed plants. 

RCNC reserves were significantly lower in insect/livestock- 
grazed plants than ungrazed plants in both the April 1 and Sep- 
tember 27 sampling dates (Fig. 2). Insect/livestock-grazed plants 
actually had a higher RCNC level than ungrazed plants on August 
10 although this difference was not significant (X0.05). On both 
April 1 and September 27,1977, insect/livestock-grazed plants had 
lower RCNC levels than insect-grazed plants although these differ- 
ences were not significant at KO.05. August 10 data showed no 
significant difference in RCNC levels between plants in the two 
grazed treatments although insect-grazed plants had slightly 
higher ,levels. 

In summary, leaf length and seedhead height became shorter and 
lower with increased grazing except during early spring sampling 
dates. Differences in leaf length and seedhead height were generally 
greater between ungrazed plants and insect-grazed plants than 
between insect-grazed plants and insect/livestock-grazed plants. It 
was apparent that insects alone had an effect. RCNC reserves 
generally decreased with increased grazing except during the 
August 10 sampling date. 

Phenological Acceleration 
Results from Table 4 show that ungrazed plants were signifi- 

cantly greener than insect/livestock-grazed plants on all sampling 
dates and were significantly greener than insect-grazed plants on 
all dates except September 27. Insect-grazed plants showed trends 
of being greener than insect/livestock-grazed plants on all sam- 
pling dates although differences were not significant at KO.05. 
These results, like leaf length and seedhead height, show greater 
differences between ungrazed and insect-grazed plants than 
between insect-grazed and insect/livestock-grazed plants. 

Generally, Table 4 results suggest that ungrazed plants remained 
greener for a longer period of time than plants in grazed treatments 
and, that insect-grazed plants remained greener for a longer period 

Table 4. Percent of overelI greenness of crested wbeatgrass durhg late 
summer and fall of 1977. 

Plants grazed by 
Plants grazed insects and 

Date Ungrazed plants by insects livestock 

July 30 73.0 x’ 45.0 y 35.0 y 
August 10 64.0 x 33.0 y 21.0 y 
September 12 44.0 x 21.0 y 16.0 y 
September 27 31.0 x 19.0 xy 14.0 y 
‘Means within similar letters are not significantly different (KO.05) between treat- 
ments within a particular sampling date (within rows). 



of time than insect/ livestock-grazed plants. Differences, of course, 
became less apparent in late September as plants in all treatments 
became less photosynthetically active. These results suggest that 
plants in the grazing treatments were accelerated in their phenolog- 
ical development and entered into late summer quiescence earlier 
than ungrazed plants. Insect/livestock-grazed plants showed 
trends of being more phenologically accelerated than insect-grazed 
plants. 

Phenological acceleration of grazed plants explains why leaf 
length was shortest for ungrazed plants in early spring 1977, but 
increased in June and was longest in ungrazed plants by June 25 
(Table 3). Acceleration in grazed plants also explains why RCNC 
reserves increased for plants in the two grazed treatments before 
August IO (see Fig. 2), but did not increase in ungrazed plants until 
after the August 10 sampling date. RCNC results show along with 
Cook (1966), White (1973), Cook (1977), and many others that 
RCNC reserves can be used to determine grazing impact and plant 
vigor. However, comparisons should not be made of plants in 
different phenological stages or results could be misleading. Other 
parameters of plant activity should be used in addition to carbohy- 
drate reserves to accurately assess vigor (Cook 1977). 

Seedhead Density and Basal Area 
Seedhead density increased with increased grazing (Table 5). 

Insect/livestock-grazed plants had significantly more seedheads 
per plant than insect-grazed and ungrazed plants. Insect-grazed 
plants had significantly more seedheads per plant than ungrazed 
plants. 

Insect/livestock-grazed plants showed a significant increase in 
basal area over the ungrazed control. The study assumed that basal 
areas of all plants were equal in 1974 before the exclosures were 
constructed. No base data were taken during 1974 to confirm the 
assumption, however. Three growing seasons occurred between 
the time of exclosure construction and basal area measurement. 
Only 1976 had substantial cattle grazing (see Table 1). Several 
studies have shown that basal areas of bunchgrasses can increase 
within 1 to 3 years after grazing or clipping treatment (Jameson 
1963, Vogel and Van Dyne 1966, Trlica 1977). Ward and Blaser 
(1961) found tillering in orchardgrass increased by 7- 10 new tillers 
per shoot one month after defoliation. Of course, none of these 
studies observed insect effects on tillering. It appears from this 
study that black grass bugs affected tillering in such a way as to 
increase reproductive culm production but not basal area. 

Results from these data suggest that grazed plants had terminal 
buds either removed or sufficiently damaged to induce lateral 
tillering. Black grass bugs did not affect tillering as much as cattle. 
Several studies have shown that the growth form of cool-season 
bunchgrasses is more or less perpendicular on ungrazed areas, but 
grazing (by cattle or sheep) causes a more horizontal growth with 
more shoots and less total plant height (Hickey 1961, Vogel and 
Van Dyne 1966, Hyder 1972). 

Assessment of Crested Wheatgrass Vigor 
Vigor implies that a plant has an extra capacity to withstand 

environmental stresses and can respond readily to favomblegrow- 
ing conditions in terms of production (Cook 1977, Trlica 1977). 
Results from this study suggest that increased plant vigor may not 
be reflected by an increase in some plant production parameters. 
Parameters which are a function of tillering such as seedhead 

Table 5. Number of seedbeds per plant and basal area of crested whcat- 
grass in May, 1978. 

Plants grazed by 
Plants grazed insects and 

Ungrazed plants by insects and livestock - _ 
Seedheads per plant 14.7 al 30.8 b 63.5 c 
Basal area (cm*) 436.0 x 428. 6 x 629.0 y 

‘Means with similar letters are not significantly different within each row (KO.05). 

JOURNAL OF RANGE MANAGEMENT 35(5), September 1982 

density per plant and basal area are perhaps not good indicators of 
vigor because these parameters are more often a reflection of the 
plant’s reaction to meristematic tissue removal or destruction than 
to the actual vigor of the plant. Mueggler (1975) and Hazel1 (1965) 
found that flower stalk number and density of growth in terms of 
leaf quantities were not reliable indexes to measure vigor. Hyder 
and Sneva (1959) found that removal of shoot apices stimulated 
tillering in crested wheatgrass but reduced dry matter yields. Cook 
(1977) suggested that some plants may increase seed production 
rather than form vegetative growth when they are in poor state of 
vigor. 

Production parameters which are not directly a function of 
axillary tillering such as leaf length, seedhead height, and RCNC 
reserves are perhaps better indices of crested wheatgrass vigor. 
Many authors believe leaf length and plant height are the most 
consistent indicators of vigor (Johnson 1956, Hazel1 1965, 
Mueggler 1975). As was mentioned earlier, carbohydrate reserves 
appear to be a reliable vigor index when making comparisons of 
plants in similar phenological stages. Generally, however, results 
from this study agree with Cook (1977) that no single production 
characteristic is believed to be a consistently reliable index of vigor 
and several characteristics should be observed before determining 
vigor. 

Summary and Conclusions 
Results suggest that black grass bugs alone have a deleterious 

impact on crested wheatgrass vigor by adversely affecting leaf 
length, seedhead height, and root crown carbohydrate reserves. 
Reductions in these parameters plus an accelerated plant phenol- 
ogy and the occurrence of the adult stage of the insect during the 
most active growth period of the plant may either cause or result 
from a decrease in photosynthetic capacity. Insect-grazed plants 
showed signs of more axillary tillering than ungrazed plants. This 
was interpreted as a sign of grazing stress and poor plant vigor. 

Decreases in vigor became more apparent in all parameters 
measured when crested wheatgrass was exposed to combined black 
grass bug and cattle grazing even when cattle grazing intensities 
were not in excess of that recognized as proper for the area. 

These results support other studies which suggest that black 
grass bug infestation can be a significant problem and merits 
further study in determining black grass bug effects both physio- 
logically and ecologically. Further studies should include field 
measurements of plant respiration, analysis of chlorophyll con- 
tent, 14C& fixation rates, and carbohydrate storage analysis to 
determine more completely the effect of the insect on photosyn- 
thetic capacity. Some preliminary work has been initiated in this 
area by Weibe and Schimpf (Haws 1978). 

More research is needed in the area of black grass bug control. 
Several authors have suggested Malathion (Temik is not accepta- 
ble as it is toxic to livestock) treatments or cultural management 
practices (Higgins et al. 1977, Kamm and Fuxa 1977, Dickerson 
1978). Infestation may be avoided in future renovation projects if 
cool-season bunchgrasses are not seeded to monocultures. Control 
would appear to be economically feasible because in areas such as 
Sterling Ranch, plant vigor is being reduced even though cattle 
grazing has not been excessive. 

Range managers should consider the density of blackgrass bugs 
and other insects before making conclusions regarding cause for 
changes in plant vigor and phenological development of crested 
wheatgrass-seeded rangelands. 
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Partial Defoliation Stimulates Growth of 
Arizona Cottontop 
DWIGHT R. CABLE 

Abstract 

Responses of Arizona cottontop to partial defoliition were 
determined by removal of the terminal growing point in the latter 
half of July of basal culms that were in various stages of deveiop- 
ment at the time. If soil moisture was available cottontop 
responded well to grazing throughout its growing season. Removal 
of the growing point stimulated axillary shoot growth regardless of 
the stage of development. 

Responses of range grasses to grazing, or partial defoliation, 
differ among species. Grazing systems, therefore, should be 
designed to take advantage of the after-grazing growth responses 
of the major species. 

Arizona cottontop (Trichuchne califomica (Benth.) Chase)’ is 
an especially valuable perennial grass on southwestern ranges, 
because of its highly developed ability to use soil moisture at any 
time during the growing season: to initiate and grow new shoots, to 
develop and mature inflorescences, and to thrive under relatively 
heavy use (up to 55 or 60%) (Cable 1979). This study on Arizona 
cottontop was designed to determine how removal of the growing 
point affects subsequent regrowth. Removal of the growing point 
was done to simulate partial defoliation by grazing. 

Low resistance to grazing in perennial grasses has been asso- 
ciated with early elevation of the growing point and with a high 
ratio of reproductive to vegetative shoots (Branson 1953, Rechen- 
thin 1956). Previous work, however, suggests that Arizona cotton- 
top is very resistant to grazing even though it possesses both of 
these “low resistance” characteristics (Cable 197 1, 1979). 

Unlike those of many grasses, culms of Arizona cottontop do 
not die back to the ground each year. Instead, individual basal 
culms of Arizona cottontop may live 3 years or more and can 
produce up to eight mature axillary shoots during their lifetime 
(Cable 1971). Typically, elongation of a basal shoot begins in the 
spring and is completed in the summer of the same year. Axillary 
shoots can originate during any growing period on either intact or 
grazed shoots, and inflorescences can mature almost throughout 
the summer. In southern Arizona the spring and summer growing 
periods are separated by a drought-induced period of dormancy in 
May and June. It is not surprising that Arizona cottontop with its 
perennial, branching culms, and extreme flexibility in time of 
shoot and fruit development, should respond differently than 
grasses whose culms are initiated only during a single short period 
of the growing season. 

Study Area 
This study was conducted during the summer of 1970 on the 

Santa Rita Experimental Range, about 50 km south of Tucson, 
Ariz., at an elevation of 1043 m. Annual precipitation averages 
32.2 cm, with about 56% falling during the July-September 
summer growing period. In 1970 summer rainfall was 44% above 

Author. now retired, was principal range scientist, Rocky Mountain Forest and 
Range Exp. Sta., U.S. Dep. A r. Forest Service, Research Work Unit at Tucson, in 
cooperation with University o f Aruona. Station headquarters is in Fort Collins, in 
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average. Soil at the study site is a gravelly sandy loam. Arizona 
cottontop was the dominant perennial grass, with smaller amounts 
of three-awn (Aristida spp.), bush muhly (Muhlenbergia porteri), 
and plains bristlegrass (Setaria macrostachya). Plants of the half- 
shrub burroweed (Aplopappus tenuisectus) were scattered on the 
study area, with occasional trees of velvet mesquite (Prosopis 
jul#lora var. velutina). 

Methods 

Replicate pairs of similar culms at six stages of development 
were selected and tagged on each of 16 medium-size, healthy, 
field-grown plants during the last half of July 1970 (most on July 
IS). In a few instances, all developmental stages were not present 
on the selected plants, and additional pairs of culms were tagged on 
nearby plants. The growing point was removed from one culm of 
each pair and the length of all axillary shoots on each culm, from 
the collar of the enclosing leaf sheath to the tip, were measured 
weekly for the next 11 weeks. The six stages of development and 
culm heights at time of tagging were (Fig. 1): 

I. Vegetative-Growing point in vegetative condition. Shoots 
averaged about 174 mm overall. In removing growing points, the 
culms were severed through the topmost elongated internode, just 
below the collar of the third fully expanded leaf blade. 

2. Early Reproductive-Panicles mostly less than 2 mm long at 
tagging, with some up to 5 mm. Shoots averaged about 200 mm 
overall. Treated culms severed through the topmost rapidly elon- 
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Fig .l. Arizona cottontop ctdms in six stages of development (arrows 
indicate where treated culms were severed). In the vegetative stage, 
qqermost (rolled) leaf is leaf number 5: 4 shorter leaves surround the 
vegetative growing point. In the early reproductive stage, uppermost 
(roiled) leaf is leaf nwnber 5; 4 shorter leaves surround the short panicle. 
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gating internode, removing the topmost fully developed leaf, an 
inner exserting rolled blade, and four smaller developing leaves. 

3. Early Boot-Blade of flag leaf just fully exposed above the 
collar of the leaf immediately below. Shoots averaged about 270 
mm overall at tagging. Treated culms were severed by cutting 
through the culm just below the uppermost identifiable node. In 
most cases this removed three internodes and two axillary buds. 

4. Late Boot-Panicle ready to exsert. Shoots averaged 3 14 mm 
overall. Treated culms were severed just below the base of the flag 
leaf sheath. This treatment removed one internode and no axillary 
buds. 

5. Panicle Exserted-No Axillary Shoots Visible-Shoots 
averaged 453 mm overall. Treated culms were severed through the 
panicle internode; no axillary buds were removed. 

6. Panicle Exserted-Axillary Shoot Tips Showing-Axillary 
shoot tips showing above the collar of one or more culm leaves. 
Shoots averaged 576 mm overall. Treated culms were severed 
through the panicle internode; no axillary buds were removed. 

Although culms with exserted panicles (stages 5 and 6) were 
physiologically mature at the time of tagging, the culms were not at 
their maximum length. Panicle internodes continue to elongate for 
some time (up to 200 mm or more, depending on available soil 
moisture) after the panicles are fully exserted (Cable 1971). 

At the time of tagging, no axihary shoots were visible on the 
study culms except for stage 6 culms. 

Significance of differences in numbers and lengths of axillary 
shoots among treatments and between treated and control culms 
was determined by analysis of variance and t tests. 
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Results and Discussion 

Axillary sprouts began appearing on both treated and control 
culms soon after tagging. However, over 2.5 times as many axillary 
shoots apeared on treated culms as on control culms in the first 2 
weeks, and total length of axillary shoots averaged over three times 
as much on treated as on control culms (Fig. 2). As the growing 
season progressed, differences in numbers and total length of 
axillary shoots between treated and control culms narrowed, 
Heavy rain (60 mm total) in the eighth week stimulated considera- 
ble additional sprouting of axillary buds, particularly on control 
culms, and resulted in noticeable increases in total length of axil- 
lary shoots (Fig. 2). The additional sprouting was nearly all from 
second-order buds (those on first order shoots) on treated culms, 
and about half from first- and half from second-order buds on 
control culms. By the end of the summer growing season, numbers 
of axillary shoots were similar on intact culms and treated culms, 
about I.5 shoots per culm. However, total length of axillary shoots 
on treated culms averaged 314 mm, still significantly higher than 
the 232 mm for intact culms (PrO.05) (Fig. 2). 

Axillary shoot development on undisturbed (control) culms 
varied widely among culms at different stages of development. 
Culms that were vegetative on July 15 did not showaxillaryshoots 
until September 8 (eighth week) (Fig. 3). Culms in early reproduc- 
tive stage on July 15 showed axillary shoots on August 4 (third 
week), and axillary shoots appeared on early boot, late boot, and 
exserted-no axillary shoots culms was severely restricted, to about 
the same total growth as axillary shoots on vegetative culms. 
exserted-no axillary shoots culms were severely restricted, to about 
the same total growth as axillary shoots on vegetative culms. 

Rates of growth of axillary sprouts varied widely during the 
growing season, depending on the stage of development at the start 
of the summer (Fig. 3). By the end of the growing season, total 
length of axillary shoots on treated culms averaged between 118 
mm per culm for those that were vegetative when treated and 525 
mm per culm for those with exserted seed heads and axillary shoots 
visible at the time of treatment. Control culms for the same initial 
treatment stages averaged 70 and 456 mm per culm respectively 
(Fig. 3). 

In general, the more advanced the development of the culms at 
the time of tagging (for both the treated and control culms) the 
greater the growth of axillary shoots during the remainder of the 
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growing season. A notable exception is the group of culms tagged 
at the exserted-no axillary shoots present stage. Control culms in 
this group produced no more axillary shoot growth thanvegetative 
control culms; treated culms in this group, however, produced 
about twice the axillary shoot growth as the vegetative treated 
culms, but only about half as much as the early boot, and exserted- 
axillary shoots present treated culms (Fig. 3). 

As measured at the end of the growing season, the greatest gain 
in axillary shoot growth caused by removing the growing points, 
was produced on exserted-no axillaty shoots present culms (232% 
more than control culms). Late boot treated culms, at the other 
extreme, produced only 3% more axillary shoot growth than their 
control. Culms with growing points excised at other growth stages 
produced from 15% to 68% more axillary shoot growth than their 
respective controls (Fig. 3). Differences between treated and con- 
trol culms in total length of axillary shoots at the end of the 
growing season were significant (P=O.OS) for all stages except late 
boot and exserted-axillary shoots present. 

Second-order axillary shoots began appearing within 4 weeks 
after tagging on culms with exserted seed heads. Second-order 
shoots appeared increasingly later on culms tagged at earlier stages 
of development, during the tenth week for early reproductive and 
vegetative culms. 

The likelihood of a given axillary bud sprouting was strongly 
related to its position on the culm. For both treated and control 
culms, 53% of axillary shoots originated from the topmost bud 
(Fig. 4). Second-order axillary shoots were more numerous (33% 
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Fig. 4. Numbers and total length of axillary shootsper culm, arisingfrom 
different axilkwy buds on treated and control culms by the end of the 
study period (I = uppermost budonculm;2ndorder=shootsfrom buds 
on first-order axilkry shoots) Numbers are averaged across growth 
stages. 
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and 22% of the total) than were shoots from the 2nd, 3rd, and 4th 
axillary buds on treated and control culms, respectively. Of these 
second-order shoots, 86% were on shoots originating from top- 
most buds. Differences between treated and control culms in 
numbers of axillary shoots for individual bud locations were not 
significant. 

The growth of axillary shoots was even more strongly associated 
with position on the culm than were number of culms. For both 
treated and control culms, slightly more than 70% of total axillary 
shoot length was produced on shoots from topmost buds (Fig. 4). 
Percentages in Figure 4 agree closely with data obtained in other 
studies (Cable 1971). 

Conclusions and Management Implications 
Arizona cottontop produces axillary sprouts from culm buds as 

a normal part of its seasonal growth and development, whether or 
not the growing point is intact. However, removing the growing 
point from the culms in certain stages of development (e.g., vegeta- 
tive, early reproductive, exserted-no axillary shoots) greatly 
speeds up the rate of appearance and growth of axillary shoots 
early in the growing season, and results in significantly more total 
seasonal growth of axillary shoots. This stimulation of axillary 
sprout growth has been recognized as an indicator of the ability of 
a grass to persist under heavy or continuous grazing (Dahl and 
Hyder 1977). It also suggests that Arizona cottontop produces 
more and better forage under moderate grazing than under no 
grazing. 

The development of as many axillary shoots on intact as on 
treated culms during the 1970 summer growing season (Fig. 4) 
demonstrated cottontop’s weak apical dominance. Apical domi- 
nance was most pronounced early in the summer and decreased to 
near zero later (Fig. 2). Weak apical dominance is a valuable 
characteristic for range grasses because it permits the development 
of axillary shoots without removal of the growing point (partial 
defoliation), thereby increasing herbage production compared to 
that of species with strong apical dominance. 

All six stages of development are typically present on any given 
cottontop plant at any given time in the growing season. As a 
consequence, there is no time during the growing season when 
cottontop is especially harmed by grazing. Also, if soil moisture is 
available, cottontop’s ability to recover is relatively high and uni- 
form throughout the growing season. 

Two important management implications can be derived from 
the data presented and other data cited: 

1. Cottontop’s highly developed ability to make use of soil 
moisture whenever it is available to: (a) initiate and grow new 
shoots, and (b) develop and mature inflorescences, make it highly 
tolerant to grazing. 

2. Cottontop’s growth habit, in which shoots in all stages of 
development are present throughout most of the growing season, 
its ability to produce axillary shoots from culms in ail stages of 
development, and the fact that axillary shoot growth is stimulated 
by removal of the growing point, regardless of stage of develop- 
ment, suggest that cottontop will thrive under grazing at any 
season, if use does not exceed 55 to 60% (Cable 1979). There is no 
strongly “most vulnerable” time of year for Arizona cottontop. 
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Standing Crop and Vigor of Defoliated Rus- 
sian Wildrye in Southeastern Colorado 
TONY SVEJCAR AND LARRY R. RITTENHOUSE 

Abstract 

Russian wildrye plants were clipped at all possible combinations tion (simulated grazing) on standing crop and vigor of Russian 
of three clipping dates (April 15, May 15, June 15) at two intensities wildrye. 
(35 and 65% harvest of current year’s growth). From 19761977 
increasing freauencv and httensitv of defoliations increased total Studv Area 
biomass iemokl oier the I-year-period. There was no trend for 

” 

reduced yield over time with any clipping treatment. However, This study was conducted at the Southeastern Colorado 

percent plant crown alive (1976-1978) and end-of-season standing Research Center, located 16 km southwest of Springfield in Baca 

crop (1978) both indicated that increasing frequency and/or inten- County, Colo. Soils on the study site are Ustollic Haplargids 

sity of defoliition decreased plant vigor. belonging to the Wiley series. The upper 20 cm are typically silty 
clay loam in texture, and both wind and water erosion are consi- 

There are few native grasses capable of providing early spring 
forage in southeastern Colorado. Of species tested in seeding trials, 
Russian wildrye (Elymus juncew Fisch.) was found to be the only 
introduced cool-season grass adapted to the area (Cook et al. 
1974). The value of Russian wildrye to ranchers in the South 
Central Great Plains will depend on itsabilityto withstand defolia- 
tion. A dearth of information on grazing adaptability at this lati- 
tude exists. 

Russian wildrye is a long-lived bunchgrass used primarily for 
range and pasture seedings. This grass is capable of early spring 
growth (Heinrichs et al. 1976), generally 3-6 weeks earlier than 
native species. It is very drought tolerant and has an extensive root 
system, which often reaches 3 m (Rogler and Schaaf 1963). The 
species is very palatable (Lang et al. 1975) and has a high leaf 
component (Kilcher 1975). Smoliak and Bezeau (1967) and Hein- 
richs and Carson (1956) compared important forage species in 
Canada and found Russian wildrye to have one of the highest 
crude protein levels throughout all stages of development. Smoliak 
(1968) noted that 30-year-old stands of Russian wildrye remained 
productive despite many years of heavy grazing. 

Frequency, intensity, and season of defoliation are all factors 
important to the well being of a grass. Generally, grass yields 
decrease with increasing frequency of defoliation (Buwai and 
Trlica 1977, Owensby et al. 1974, Everson 1966). However, Cook et 
al. (1958) found that under favorable conditions crested wheat- 
grass [Agropyron deserrorum (Fisch.) Schult] yielded more from 
multiple clippings than from a single autumn clipping. Yields may 
also decrease as defoliation intensity is increased (Krall et al. 1971, 
Everson 1966, Neiland and Curtis 1%6, Albertson et al. 1953). 
However, Frame and Hunt (1971) obtained higher production 
from perennial ryegrass (Loliumperenne L.) swards as intensity of 
clipping was increased. Cook et al. (1958) reported that spring 
harvested crested wheatgrass plants produced a lower 5-year total 
yield than plants clipped in early summer, but were producing 
more at the end of the experiment. Similarly, Drawe et al. (1975) 
found that of various clipping treatments, Russian wildrye plants 
clipped early produced the least forage, but maintained the highest 
vigor. 

The objective of this study was to evaluate the effect of defolia- 
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dered problems on this soil (Woodyard et al. 1975). The climate 
and vegetation are typical of the South Central Great Plains. The 
shortgrasses, blue grama [Boutelouo gracilis (H.B.K.) Lag.] and 
buffalograss [Buchloe ductyloides (Nutt.) Engelm.] dominate the 
native vegetation. Average annual precipiation between 1957 and 
1978 was 38.8 cm. Annual precipitation was 25.7,39.1,40.8,56.6, 
and 33.9 cm for 1974 through 1978, respectively. Average pan 
evaporation and wind speed during the study were 187.5 cm and 
6.2 km per hour, respectively. 

The study site was used for sorghum [Sorghum bicolor (L.) 
Moench] research prior to the first Russian wildrye planting in 
1968. Russian wildrye was seeded into sorghum stubble in early 
spring each year from 1968 through 1971; however, unfavorable 
climatic conditions caused the 1970 planting to be unsuccessful. 

Materials and Methods 

Clipping treatments imposed on Russian wildrye from 1974 
through 1977 involved three clipping dates (4-15, 5-15, 6-15) and 
two intensities (35 and 65% harvest of current year’s growth). 
Plants were clipped at the seven possible combinations of the three 
clipping dates within each intensity (Table 1). Thus, plants were 
clipped either once, twice, or three times during the season (fre- 
quency 1,2, and 3, respectively), or in the case of controls were left 
unclipped. These dates correspond to the potential defoliation 
periods of various grazing regimes. Plants were clipped at 35 or 
65% of current year’s growth at the time of clipping (light and 
moderate clipping, respectively). Clippings of individual plants 
were oven dried at 65’C for 24 hours, and weighed. 

Measurements considered indicative of plant vigor were taken 
during the third week in August of 1976, 1977, and 1978. The 
measurements consisted of two perpendicular diameters of each 
plant and a rating of degree of plant crown alive. The rating was on 
a scale from zero to four, where 0 = O%, I = 25%, 2 = 50%, 3 = 
75%, and 4 = 100% live plant crown. During 1978 all plants were 
allowed to grow unhindered until the end of August, when they 
were clipped to ground level to determine total standing crop as 
affected by previous year of treatment. 

Russian wildrye stands planted in 1968, 1969, and 1971 were 
used as replications. Each planting consisted of five drill rows, with 
row spacings of 35 cm. Transects were taken across the drill rows, 
and the plant in each drill row closest to the transect was assigned 
to an experimental unit. Thus, there were 5 plants per experimental 
unit. There were two complete sets of treatments within each 
replication. Treatments were randomly assigned within replica- 
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Table 1. Clipping treatments imposed on Russian wiidrye during 1974 
through 1977. Dashes indicate plants were clipped on that date. 

Treatment number’ April I5 May I5 June 15 

35% Removal 
- 

- 
- 

- - 
- 

- - 
- - - 

9 
IO 
II 
12 
13 
14 
15 

65% Removal 
- 

- 
- 

- 
- - 

- - 
- - - 

Treatment number 8 was a control and was not clipped. 

tions. Once assigned plants were clipped at the same time and 
intensity each year. 

The study was designed as a repeated measure experiment, with 
cutting year the repeated measure. Clipping data from 1974 
through 1977 and vigor data from 1976 through 1978 were ana- 
lyzed as split plots over time using analysis of variance (Steel and 
Torrie 1960). Factorial analysis of variance was used for 1978 
standing crop data. 

Results 

Plants clipped once a year yielded 40.2 and 83.4% more standing 
crop QKO.05) on May 15(1.37g/plant)and June 15(1.79g/plant), 
respectively, than on April 15 (0.98 g/plant) (Table 2). Large 
differences QKO.01) in biomass removed were measured among 

Tahk 2. Standing crop (g/plant) removed on April 15, May 15,or June 15 
and various combinations of these dates at two intensities (35 vs 65%). 
Values represent 4 years of clipping (19761977). 

Clipping 
intensity 

(%I April 

Clipping date 

May June Total 

35 0.76 f 0.69’ 0.76 
65 1.19 f 0.64 1.19 

Average 0.98 f 0.69 0.98 

35 1.36f 1.13 1.36 
65 1.38 f 0.97 1.38 

Average 1.37f 1.03 1.37 

35 1.39f 1.15 1.39 
65 2.18 f 2.00 2.18 

Average 1.79 f 1.66 1.79 

35 0.64 * 0.51 1.12 f 0.79 1.76 
65 1.01 f 0.62 1.08 f 0.96 2.09 

Average 0.82 f 0.59 1.10 f 0.87 1.92 

35 0.54 f 0.38 0.93 f 0.70 1.47 
65 1.00 f 0.74 1.39f 1.70 2.39 

Average 0.71 f 0.62 1.16f 1.31 I .93 

35 0.99 f 0.92 0.59 f 0.55 1.58 
65 1.94f 1.30 1.01 f 0.83 2.95 

Average 1.46 f 1.21 0.80 f 0.73 2.26 

35 0.46 f 0.39 0.74 f 0.61 0.70 f 0.94 1.90 
65 1.46 f 0.70 1.28 f 1.13 0.84 f 0.72 3.58 

Average 0.96k 0.76 1.01 f 0.93 0.77 f 0.83 2.74 

Ifone Standard Deviation (includes year variation). 

years (Table 3). Rapid early growth in 1976 and an unusually high 
seasonal growth rate in 1977 resulted in a significant @<O.Ol) 
cutting year X clipping date interaction. 

Plants clipped moderately in the three possible combinations of 
frequency 2, i.e., April and May, April and June, and May and 
June, yielded greater @<O.Ol) cumulative biomass per plant per 
year (2.48 g) than lightly clipped plants (1.60 g). Although not 
significant @>0.05), plants clipped in May and June tended to 
yield more than plants clipped in April and May or April and June 
(Table 2). 

When plants were clipped 3 times a year, the average yield per 
harvest varied only among years QKO.01). No other significant 
main effects @>0.05) were detected. Opportunity for regrowth 
varied among years, greatly influencing yield on individual harvest 
dates. 

Data from all plants clipped in April, regardless of treatment 
(see Table 1) were analyzed separately to determine if clipping 
altered early-season yield. Moderate clipping resulted in greater 
@<O.Ol) biomass yield (1.17 g/plant) than light clipping (0.60 
g/plant). There were no adverse effects of any frequency or inten- 
sity of defoliation from 1974 through 1977 on April yield. 

There were no differences wO.05) in crown diameter of Rus- 
sian wildrye with varying intensities or frequencies of clipping. 
However, crown diameters of control plants were significantly 
(p<O.OS) larger (12.1 cm) than those of clipped plants (10.0 cm). 
Control plants had a higher wO.0 1) percentage crown alive (68%) 
than clipped plants (50%). 

Plants clipped lightly had more QKO.01) living plant crown 
(54%) than did plants moderately clipped (46%). Plants clipped 
once had greater wO.05) live plant crown (55%) than either those 
clipped twice (49%) or three times (45%). Average percentage live 
plant crown for all treated plants was lower(p<O.Ol) in 1977(36%) 
than in either 1976 (61 TO) or 1978 (60%). The trend among years for 
control plants was similar to that for clipped plants. Control plants 
had greater absolute crown loss between 1976 (87% plant crown 
alive) and 1977 (36% plant crown alive) than clipped plants (61% vs 
36, respectively); however, control plants made a greater recovery 
in 1978 than treated plants (i.e., 78% vs 60% plant crown alive, 
respectively). 

End-of-season standing crop in 1978 should have reflected the 
cumulative effects of treatments over time (Table 4). Plants clipped 
once had greater (p<O.O5) end-of-season standing crop (2.81 
g/plant) than those clipped twice (1.77 g/plant), which in turn had 
more than those clipped three times (1.24 g/plant). Plants pre- 
viously clipped at the light intensity yielded more @<O.Ol) end-of- 
season standing crop (2.63 g/plant) than those moderately clipped 
(1.65 g/plant). Control plants produced more @<O.O 1) standing 
crop (5.12 g/plant) than treated plants (1.94 g/plant). 

Clipping studies have indicated that growth rates of grasses were 
influenced by defoliation (Cook et al. 1958, Albertson et al. 1953). 
Under semi-arid range conditions the trend has generally been for 
decreased production under defoliation (Trlica 1972). In the study 
being reported, increasing the frequency of clipping at either inten- 

Table 3. Average total biomass removed each year (g/plant) from different 
cutting frequencies’, averaged over cuffing intensitks. 

Frequency 
of cut 1974 1975 1976 1977 Average 

1x* I .03 0.62” 1.4T 2.oP 1.27 
2x’ 1.36“ 1.06’ 2.08b 2.8T 1.83 
3x4 1.41” 1.98’ 2.67b 3.89 2.49 

IMeans within rows followed by different letters are significantly different at the 0.05 
level of probability. 

2Plants clipped April, May, or June. 
‘Plants clipped April-May, May-June. 
‘Plants clipped April, May, and June. 
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Table 4. Average end-of-senson standing crop (g/plant) harvested in 1978 
from plants clipped at variolrs intensities and frequencies between 1974 
and 1977. 

Frequency Intensity of cutting (%) 

of cutting 35 65 Average 

IX’ 3.45 f I .47 4 2.18f 1.14 2.81 f 1.45 
2x2 2.27 f .88 1.27f .50 1.77 f .87 
3X’ 1.25 f .29 1.23f .92 1.24 f .65 

Average 2.63 f 1.36 1.65 f .98 2.14 f 1.28 

‘Plants clipped April, May or June. 
zPlants clipped April-May. April-June or May-June. 
)Plants clipped April, May and June. 
Yone standard deviation. 

sity resulted in increased cumulative standing crop removed (Table 
2). The natural growth rate of Russian wildrye would be best 
represented by yield of plants clipped once during the season; i.e., 
in this case one set of plants was allowed to grow until April, then 
clipped, a second set until May and clipped, and the third set grew 
until June. This approach ignored growth after June 15. Seasonal 
(month of clipping) effects could have altered growth rate; how- 
ever, no seasonal effects were detected for plants clipped once. 
Plants clipped in both April and June followed a growth pattern 
similar to that of plants clipped once (Fig. 1). The April-May and 
May-June clipping combinations resulted in increased yield over a 
single May or June clipping, respectively. Thus it would appear the 
initial clipping had a stimulatory effect for the two-cut combina- 
tions. Two months of rest between clippings (April-June clipping 
combination) did not increase yield bver that of the April and May 
clipping combination, which received only 1 month of rest between 
clippings. Allowing unhindered growth in April (May and June 
combination) increased total yield over the other combinations of 
two clippings. Plants clipped 3 times yielded more cumulative 
biomass by May 15 or June 15 than any other treatment, although 
the cumulative yield of the first two cuttings was similar to that of 
the April and May combination (Fig. 1). Yearly variations in 
growth curves existed; however, the relationships among treat- 
ments were similar throughout the four years of clipping; i.e., 
plants clipped three times yielded the most and plants clipped once 
the least (Table 3). 

Several factors may help explain the increasing yield with more 
rigorous clipping treatments: (1) decrease in losses to the litter layer 
(Kelley et al. I974), (2) change in spectral quality of light reaching 
the plant’s crown (McKee 1963), (3) increase in water use efficiency 
as area of transpiring plant tissue decreases (Bakerand Hunt 1961), 
and (4) plant hormone shifts (Trlica 1972). 

While both frequency and intensity of cut influenced yield, there 
was no statistical evidence of beneficial or adverse seasonal effects 
of defoliation over the period of this study. Regardless of defolia- 
tion date, no treatments caused yield to decline in successive years. 
Apparently, no defoliation date corresponded to any single critical 
stage of Russian wildtye growth or treatments were discontinued 
before effects could be expressed. There was no tendency for 
decreasing yield in successive years; in fact, the opposite was 
generally found to be true (Table 3). Thus, the clipping data from 
this study tend to support the suggestions of Smoliak (1968) and 
Johnson (1959) that weather may be more important than defolia- 
tion regimes in managing Russian wildrye. 

Production of standing crop was closely linked (r2= 0.66 to 0.98) 
to annual rainfall. Seasonal distribution of rainfall was also impor- 
tant to plant production. For example, during 1976 plants clipped 
3 times per year yielded the most biomass from the April cutting 
and least from the June cutting, with May intermediate. The fall 
and winter preceding the 1976 growing season received more rain- 
fall than those preceding any other cutting year; however, there 
was below-average growing season precipitation. Consequently, 
there was high initial growth in 1976. But soil moisture wasproba- 
bly heavily used for growth, reducing subsequent monthly clipping 

yields. There was little fall and winter precipitation preceding the 
1977 season, but spring precipitation was unusually high. The 
result was much higher production in May and June than in April. 

In the study being reported spring standing crop for the various 
treatments was inversely related to percent plant crown alive. 
Yearly variation in plant crown alive was greatly influenced by 
rainfall, There was a decrease in live plant crown alive from 1976 to 
1977, and subsequent recovery in 1978. Control plants followed the 
same trend and, in fact, exhibited a greater decrease in plant crown 
alive from 1976 to 1977 than did clipped plants (51 and 25% 
decrease in live crown for control and clipped plants, respectively). 
The lowered “vigor” was possibly a result of excessive use of 
carbohydrate reserve for plant production during 1977 when rain- 
fall was high. Trlica and Cook (1972) found that watering Russian 
wildrye during the growing season lowered plant carbohydrate 
levels in the fall. Unlike percent live plant crown , crown diameter 
did not vary significantly @>0.05) among treatments, so was of no 
value in assessing vigor. 

Detrimental effects of clipping could have delayed initiation of 
growth in years subsequent to clipping, thereby decreasing April 
yield. However, moderate clipping in April yielded more biomass 
than light clipping during all years of the study. No significant 
differences (p>O.O5) among frequencies were detected. There was 
no trend for decreasing April yield over time; in fact, 1974 and 1977 
production was not statistically different @>0.05). 

Allowing a growing season of unhindered growth, then clipping 
to ground level to determine standing crop should provide an 
indication of cumulative clipping effects (Wilson et al. 1966, Trlica 
1972). In this study plants previously defoliated at the light inten- 
sity yielded 37% more end-of-season standing crop in 1978 than 
those moderately defoliated @<.Ol). Two and three defoliations 
decreased end-of-year standing crop 37 and 56%, respectively, over 
a single defoliation Q&01). Any clipping treatment decreased 
@<.Ol) end-of-year standing crop compared to the control. Con- 
trols yielded 48% more end-of-year standing crop than even the 
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Fig. 1. Growth rates of Russian wikfrye as represented by cumulative bio- 
mass removed for the various clipping treatments. Values are averaged 
over 2 intensities (35 and 65% removal of current year’s growth) and 4 
years (I 974-l 977). 
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least detrimental clipping regime, i.e., a single clipping at 35% 
harvest. Although multiple clippings at the moderate intensity 
yielded more biomass yield than other treatments, 1978 end-of- 
season standing crop suggested the moderate clipping resulted in 
some physiological drain on the plant. 

Conclusions 
Increasing frequency of monthly defoliations during April, 

May, or June increased growing season yield of Russian wildrye 
(1974-1977) regardless of intensity. Harvesting 65% of the stand- 
ing crop on April 15, May 15, June 15, or any combination thereof 
resulted in greater seasonal yield of Russian wildrye than harvest- 
ing at 35%. 

Defoliation reduced end-of-year standing crop (1978) and per- 
cent live crown (1976-1978) of Russian wildrye compared to 
unclipped plants. The decrease was greater with increasing fre- 
quency and/ or intensity of cut. However, there were no cumulative 
effects of either frequency or intensity of cutting which tended to 
reduce April growth. Thus the response seems somewhat contra- 
dictory in that yield of all treatments increased each successive year 
(apparently in response to rainfall), yet measurements thought to 
be representative of vigor indicated the more rigorous a clipping 
treatment the more detrimental. 

Russian wildrye should be suited to spring grazing in southeast- 
ern Colorado, thus having the potential to reduce the length of time 
during which supplemental feeds are necessary. Although appar- 
ently hardy under variable rainfall conditions, grazing manage- 
ment to maintain vigor would be recommended. 
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Effects of Burning on the Algal 
Communities of a High Desert Soil near 
Wallsburg, Utah 
JEFFREY R. JOHANSEN, ADCHARA JAVAKUL, AND SAMUEL R. RUSHFORTH 

Abstract 

A recently burned area near Wallsburg, Wnsatch County, Utah, 
was sampled to determine if differences existed between the soil 
algal flora of a burned area and that of an adjacent ecologically 
similar unburned area. Soil samples were cultured and analyzed to 
determine presence and relative frequency of living algae. The 
frequency of visible algal patches present after eight days of 
culturing was much higher in the unburned soil samples than in the 
burned samples. Percent relative frequencies and absolute 
densities of diatoms were also determined. Diatom floras of the 
two areas were very similar. However, the absolute densities of 
diatoms were significantly greater in the unburned samples. The 
major effect of the bum was to decrease algal biomass, although 
the flora remained remarkably similar. 

Edaphic algal communities have been studied throughout the 
years in many parts of the world. Landmark studies include those 
of Bischoff and Bold (1963), Bristol-Roach (1926, 1927), Fritsch 
and John (1942), Moore and Carter (1926), Moore and Karrer 
(1919), Lowe and Moyse (1935) and Shields and Durrell (1964). 
Novichkova-Ivanova (1968) reviewed soil algal studies conducted 
in the U.S.S.R. Algal soil communities in arid regions of the world 
have received attention from several workers (Ali and Sandhu 
1972; Anantani and Marathe 1947a, 1974b; Cameron 1964; 
Chantanachat and Bold 1962; Deason and Bold 1960; Durrell 
1959; Fletcher and Martin 1948; Forest and Weston 1966). 

Edaphic diatom communities have likewise been studied (Bristol 
1920; Hayek and Hulbary 1956; Lund 1945, 1946; Petersen 1915, 
1935; Reimer 1970). All of these studies deal with communities 
found in mesic soils and diatom studies of arid regions of the world 
are rare. The populations of playas and dry lakes of western North 
American have been studied by St. Clairand Rushforth (1978) and 
Van Landingham (1966). However, though such sites experience 
long periods of dryness and high temperature, they are 
occasionally flooded and thus differ from true desert soils. 
Anderson and Rushforth (1976) examined desert soils crusts 
throughout Utah and discussed the taxonomy and distribution of 
the diatoms as well as other cryptogamic crust components. In a 
more recent study conducted in Navajo National Monument, 
Kayenta County, Arizona (Johansen et al. in press) we found that 
untrusted soils, though poor in green and blue-green algae, sup- 
port a viable and occasionally rather diverse diatom community. 

We had several objectives in mind at the outset of the present 
study. First, we wanted to learn more about algal communities in 
arid soils of western North America. Second, we wanted to 
determine absolute densities of diatoms in these soils. And third, 
we wished to discover if differences existed between the algal 
populations of recently burned soils and those of adjacent 
unburned soils. This could be of particular interest since burning is 
a commonly used technique for the management of some 
rangeland ecosystems of western North America. 

Authors are with the Department of Botany and Range Science, Brigham Young 
University, Provo, Utah 84602. 
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Site Description 

The site of the present study wasaproximately 5 km northwest of 
Wallsburg, Wasatch County, Utah. This region of Utah is subject 
to periodic burning from unplanned range fires. The last tire 
occurred in the summer of 1976. It was ignited by lightning and 
burned about 1,210 hectares over a 2-day period. Sampling sites 
were selected in an area near U.S. Highway 189 overlooking Deer 
Creek Reservoir. 

Soils of the study site are sandy with varying amounts of silt. 
They are ultimately derived from the Oquirrh Formation, which 
has locally prominent intercalated limestone and sandstone beds 
with minor shales and siltstones. Average annual precipitation is 
approximately 30 cm. Precipitation occurs primarily as winter 
snow and summer thunderstorms, although gentle spring rainsare 
not uncommon. 

Vegetation of the study area is primarily comprised of shrubs 
and grasses. Sagebrush (Artemisia tridentata) and serviceberry 
(Amelanchier alnifolia) are the most abundant shrubs and are 
dominant in the unburned regions. Cheatgrass (Bromus tectorum) 
and several wheatgrasses (Agropyron species) are the most 
abundant grass species and are found primarily in the burned area. 
Shrubs in the study area provide winter browseformuledeer while 
domestic grazers more commonly utilize the grasses. Visible soil 
cryptogamic communities are rare throughout the study area and 
the absence of such communities is likely due to grazing(Anderson 
et al. 1982, Loope and Gifford 1972). However,even thoughcrusts 
are absent, algae probably still bind soil particles and thus function 
to protect against erosion (Durrell and Shields 1961). 

Materials and Methods 

Fifteen paired stands were established at 30-m intervals along a 
400-m section of the fireline. Each paired stand consisted of 2-m 
square quadrats, one in the burned area and one in the unburned 
area, each placed 30 m away from and perpendicular to the fireline. 
The slope and exposure of both members of each stand pair were 
required to be approximately the same. A 15-20 g soil sample, 2 cm 
deep, was taken randomly within each quadrat. Frequencies of 
visible cryptogams were recorded. 

Upon returning to the laboratory 10 g of each soil sample were 
moistened in 10 ml of deionized water in sterilized petri dishes. 
After 4 days an additional 10 ml of water were added. After 8 days 
under continuous light, the samples were examined. Frequency of 
visible algal patches was determined by placing a petri dish lid 
which had been marked into quarters over the culture and 
recording the number of quarters containing algae. A subsample 
from each quarter was mounted on a microscope slide, the algal 
patches being sampled when present. Frequency of living algal 
species was determined by observing 20 microscope fields and 
recording the number of times each species was seen. 

Permanent diatom slides were prepared by boiling the remaining 
10 g of soil from each sample in concentrated nitric acid. After 
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rinsing, diatoms were mounted in Naphrax diatom mountant. 
Through the use of quantitative dilutions, all diatom slides 
contained the equivalent of 2 mg of soil. Diatoms were identified 
and quantified by studying transects across the slide until at least 
50 frustules had been observed. In most cases the completion of the 
transect made it necessary to count more than 50 diatoms and 
consequently a total of more than 2000 frustules was counted 
during this study. 

Table 2. Average percent relative densitiea and importance values of dia- 
toms encountered in tbe study: UB = Unburned; B = Burned Area. 

Snecies 

Average percent Importance 
relative dens. values 

UB B UB B 

Achnanthes species 5.67 4.11 9.20 
Amphora ovalis var. affinis (Kuetz.) 

V.H. ex Det. .I2 
A. perpusilla (Grun.) Grunow .I3 .I 
Cyclotella comta (Grun.) Kuetzing .I1 .l 
C. kutzingiana Thwaites 1.77 I .97 20.0 
C. ocellata Pantocsek .I I .22 .I 
Diploneis oblongella (Naeg. ex Kuetz.) 

Ross .I0 
Hantzschia amphioxys (Ehr.) Grunow 33.14 37.18 574.: 
Navicula excelsa Krasske 2.89 3.55 36.0 
N. mutica Kuetzing 7.30 6.54 III.2 
N. mutico var. cohnii (Hilse) Grunow 25.03 23.46 410.0 
N. muticu var. nivalis (Ehr.) Hustedt .I6 .8l 3.3 
N. mutica var. undulatu (Hilse) 

Grunow 5.32 7.75 109.2 
N. pelliculosu (Breb. ex Kuetz.) Hilse 1.17 .58 2.4 
N. tripunctata (O.F. Muell.) Bory .II .I 
Navicula species .2l .23 I.1 
Pinnularia borealis Ehrenberg 13.39 10.39 278.0 
Stauroneis kriegeri Patrick 3.51 2.86 51.0 
Stephanodiscus species .I2 

55.2 
Using the Spearman rank correlation coefficient (Siegel 1956), 

the frequencies of diatoms along each transect were compared with 
frequency of the same species along other transects taken at that 
sample location to determine uniformity among subsamples. By 
using this test, we found that our sampling methods were adequate 
to describe qualitatively the diatom communities. 

The Spearman rank correlation coefficient (Siegel 1956) was 
also used to determine the similarity of living algal floras of 
samples from burned and unburned areas. Similarity of the diatom 
floras was calculated using Ruzicka’s (1958) similarity index. 
Shannon-Wiener diversity indices (Krebs 1978) were calculated for 
each diatom sample. 

.I 

14.0 
3.1 

468.0 
19.2 
61.6 

218.0 
3.0 

Results and Discussion 85.0 
1.6 

A total of 27 algal taxa were observed during this study. 
Nineteen of these were diatoms (Bacillariophyta), 7 were blue- 
green algae (Cyanophyta), I was a green alga (Chlorophyta), and I 
was a Euglena (Euglenophyta). Fourteen taxa were observed as 
living specimens in the fresh mounts. Algal biomass in both burned 
and unburned soils was dominated by blue-green algae, primarily 
Microcoleus vaginatus. This alga and Phormidium tenue were the 
chief components of the algal patches observed after moistening. 
Hantzschia amphioxys was the most abundant diatom. It occurred 
together with other diatoms in the matrix of the blue-green algal 
patches as well as in the soil between patches. Percent frequencies 
of the algae observed in the fresh mounts are given in Table 1. 

The diatom community was dominated by Hantzschia amphi- 
oxys, Navicula mutica var. cohnii and Pinnularia borealis, in that 
order. Navicula mutica and Stauroneis kriegeri were also impor- 
tant. These taxa are characteristic of arid soils throughout Utah 
and Arizona (Anderson and Rushforth 1976, Johansen et al. in 
press). Average percent relative densities as well as importance 
values equal to frequency times absolute density (Warner and 
Harper 1972) are presented in Table 2. 

Statistical analyses of the data proved fruitful. Frequencies of 
algal patches in the samples from the unburned and burned areas 
were compared using a two-tailed t-test. They were significantly 
different at the (Y = .05 level. The unburned area had higher 

.5 
145.0 
20.0 

frequency of such patches and greater algal biomass. Mean abso- 
lute densities for unburned and burned areas were 1850 dia- 
toms/ mg soil and 1280 diatoms/ mg soil respectively. The means 
were significantly different (K.05) ina two-tailed test. From these 
two tests, it appears that the algae have both higher densities and 
biomass in the unburned area. 

Table 1. Percent relethe frequencies of the algae observed infhb mounts 
made from soil collected from burned and unburned soils. 

The living algal floras of the two areas were found to be highly 
similar using the Spearman rank correlation coefficient w.01). 
The diatom floras were even more closely associted w.0002). 
Using average percent relative densities (Table 2), the diatom 
communities were calculated to be 84.9% similar using Ruzicka’s 
similarity index. Diversities were also very similar. The mean 
Shannon-Wiener diversity index values for the unburned and 
burned areas were 1.68 and I .63, respectively. These values are not 
significantly different when compared through use of a paired t- 
test. Diversity was also similar in that an average of 8.33 diatom 
species were found in both burned and unburned samples. 
Likewise, an average of 8.33 and 8.27 living algal species per 
sample were found in fresh mounts of burned and unburned 
samples. 

Species Unburned Burned 

Cyanophyta 
Chroococcus rufescens (Kuetz.) Naegeli .? .6 
Chroococcus turgidus (Kuetz.) Naegeli .2 
Microcoleus vaginatus (Vauch.) Gomont 50.1 34.1 
Oscillatotia angusta Koppe .9 1.3 
Oscillatoria boryana Bory .6 
Phormidium tenue (Menegh.) Comont 10.2 4.5 

Chlorophyta 
Unknown coccoid green algae 4.6 

Euglenophyta 
Euglena gracilis Klebs 2.9 

Bacillariophyta 
Achnanthes species .2 .3 
Hantzschia amphioxys (Ehr.) Grunow 28.0 49.1 
Navicula mutica Kuetzing 2.2 1.3 
Navicula mutica var. cohnii (Hilse) Grunow .2 
Pinnulnria borealB Ehrenberg I.1 1.6 
Stauroneis kriegeri Patrick .9 2.9 

Though differences in density and biomass were observed 
between the algal floras of the two areas, the causes for these 
differences are unknown. Several possible causes can be 
postulated, though more research is needed to verify any of these 
possibilities. (1) It may be that the algal populations were damaged 
by fire and have not had sufficient time to regain their former size. 
(2) The fire could have affected nutrients in the soil, causing 
differential algal growth. (3) Fire-crusting of the soil observed in 
the burned area increases runoff and consequently less water is 
absorbed into the ground. (4) Vascular plant floras are different, 
with shrubs dominating the unburned region and grasses 
dominating the burned region. Vascular plants affect soil 
nutrients, temperature, and water content, as well as the amount of 
light reaching the soil surface. (5) Allelopathic reactions may be 
occurring in the burned area to inhibt algal growth. (6) Livestock 
may preferentially graze on the burned site because of the higher 
amount of grass, and thus may exert more pressure on the soil 
communities of this area by trampling. 

Our findings of nearly identical diatom floras in burned and 
unburned soils which differ only in their densities suggest a need 
for more quantitative edaphic diatom studies. Previous studies 
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have shown that diatom communities tend to be similar 
throughout the world. Thus, if the effects of soil type, grazing 
pressure, litter, climatic conditions, etc., on such communities are 
to be discovered and understood, better quantitative approaches 
must be employed than have been used in the past, 

The effects of fire on soil algal communities are important to 
understand since burning is a management tool for control and 
modification of many western North American rangelands. Since 
algae are important as soil stabilizing agents, it is possible that 
continued burning of plant communities in a given area could 
cause accelerated erosion and thus decreased carrying capacity for 
both plants and animals. This is particularly important since many 
soil cryptogam communities are apparently slow to recover from 
disturbance (Anderson et al. 1982). On the other hand, since 
floristic changes in the algal communities we studied were slight, 
and viable algae were present in the burned soil after only 3 years, it 
is likely that burning with rests between of several years would not 
significantly modify the algal communities. Further research on 
this issue is planned. 
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Waterponding for Increasing Soil Water on 
Arid Rangelands 
JOHN M. TROMBLE 

Abstract 

Ponding dikes constructed to slow and control the overland flow 
of runoff water were evaluated. Infiltration and runoff measure- 
ments from a sprinkling infiltrometer indicated no differences 
between the control and the water ponding area. Examination of 
20 years of precipitation records for June through September 
showed that enough ponding events occurred to supply an ade- 
quate amount of water for wetting the soil profile to below the 
plant rooting zone. The control areas were low in available soil 
water even immediately following precipitation events. 

A wide-spread erosion problem exists in arid areas of Australia 
and the southwestern United States. In many areas in both coun- 
tries the erosive forces of water and wind have removed surface soil 
from unprotected areas, exposing the subsoil that is, or subse- 
quently becomes, relatively impermeable to water. The top soil, 
usually a sandy loam readily eroded to expose a clay subsoil. 

Average annual rainfall for these areas in Australia is generally 
low but may range up to 500 mm (Cunningham et al. 1974). In the 
southwestern United States incidence of rainfall is greater in 
summer than winter when individual storms of high intensity and 
short duration occur (Herbel and Gile 1973). 

Volk and Geyger (1970) have reported sites free of vegetation in 
many warm-arid areas of the world. These areas were distributed in 
a mosaic-like pattern, although precipitation was adequate for 
plant growth. Soil salinity or overgrazing did not cause these 
barren areas. There is some value as catchments for dirt tanks, 
though the high yields of runoff from the impermeable surface 
means that only a relatively small surface area is needed to fill the 
tank. These areas are, therefore, essentially waste land supporting 
little vegetation. 

The features of low, unreliable rainfall, high temperatures and 
the nature of the eroded surfaces on these areas result in inadequate 
soil water (Newman 1966). Providing adequate soil water for plant 
growth is thus extremely difficult due to the low total quantity of 
rainfall, low infiltration, and high runoff rates. Jones (1969) 
showed that retention of water on barren sites without soil distur- 
bance in Australia can gradually improve soil water availability 
and consequently plant growth, even though the infiltration rates 
are initially unaffected. 

The objectives of this study were to observe the effects of water 
ponding on the amount and temporal distribution of water in the 
soil profile. Infiltration and runoff from both the control and water 
ponding treatments were examined using a sprinkling rainfall 
simulator. 

Study Area and Methods 

In March 1975,2 areas on the Jornada Experimental Range in 
south central New Mexico having approximately a 1% slope were 
selected for a water ponding treatment with an adjacent area used 
as a control. Horseshoe-shaped dikes were constructed for pond- 
ing onsite and surface flows. Two depths for ponding water were 
selected, 7.5 and 15 cm, with 5 dikes per site. Construction of the 

Author is a research hydrologist, with the USDA-AR& Jornada Experimental 
Range Box UER, NMSU Las Cruces 88003. 
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Fig. 1. Diagrammatic cross-section of the western sbpe of the Son Andres 
Mountains. 

7.5cm dikes was performed with a farm tractor and irrigation 
border disc, while the 15-cm dikes were constructed using a motor 
grader. 

Soils at both sites were classified (E. Bullock’, personal com- 
munication) as being a fine loamy, mixed thermic Typic Haplar- 
gid. These soils are of the Dona Ana series and are in hydrologic 
soil group B having a final infiltration rate (fe) of 0.38 to 0.76 cm/ hr 
(Musgrave 1955). 

The primary source of soil materials for the study area is the San 
Andres Mountain Range (dominantly marine carbonate rocks) 
which occur about 10 km east of the study site. The broad flat 
covered with tarbush (Flourensia cernua) and grass is underlain by 
silty alluvium deposited by sheet floods moving from the higher 
elevations. The grass cover has deteriorated over the past century 
(Buffington and Herbel 1965). A series of arcuated erosional scar- 
plets exists on the cohesive silty alluvium. It is upon these scarplets 
that the study areas are located (Fig. 1). 

. 

Effect of ponding water on the hydrologic response of the soil 
surface of these problem areas was estimated by examining three 
l-m2 infiltrometer plots within the 7.5-cm dikes, the 15-cm dikes, 
and on each of the 2 control areas. The sprinkling rainfall simula- 
tor applied water at a rate of 16.4 cm/ hr for 1 hour. This applica- 
tion rate was used to decrease the time before initiation of runoff 
and to reduce evaporation. lnfiltrometer measurements were made 
2 years after construction of the dikes. 

Runoff from the l-m2 infiltrometer plots, with 3 replications per 
treatment, was recorded continuously by a water stage recorder 
installed on a volumetric tank. The effects of antecedent soil water 
on infiltration were determined for the 4 treatments by repeating 
the infiltration test 24 hours after the initial test. Treatments were 
analyzed using an analysis of variance and Duncan’s multiple 
range test (Duncan 1955). 

Infiltration data were collected in June, 1976, prior to the 
summer convective storms which generally began in July. The 
dikes would pond water from onsite precipitation or runin water 
with the advent of the summer storms and supply increased 
amounts of soil water when compared to the control areas. Annual 

‘E. Bullock, soil scientist, Soil Conservation Service, Las Cruces. N. Mex. 1976. 
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precipitation is approximately 23 1 mm with 55% occurring in the 
summer and 45% occurring from fall and winter frontal storms. 

Soil water content was monitored by using a neutron probe. The 
soil water profile measurements were taken to a depth of 180 cm in 
3O-cm increments. Three replications were made within the 3 pond- 
ing areas in both the 7.5 and 15cm dikes as well as 3 replications in 
each of 2 control areas. 

Results and Discussion 

Runoff values from the l-m* infiltrometer plots were similar to 
those that might be expected for the bare, fine textured soils. 
Runoff began in less than 5 minutes after beginning of rainfall 
application for all plots. No differences were observed to beginning 
of runoff between the initial and antecedent soil moisture plots. 

Infiltration was very low with greater than 85% of the applied 
water appearing as runoff for all treatments. These results were 
supported by the work of Hudson (1965), who found that the 
infiltration rate on similar disturbed areas in Australia was as low 
as I.58 cm/ hr and that runoff from barren sites was almost 100%. 

An analysis of variance was performed to determine if the treat- 
ments affected runoff significantly at the end of I5 and 60 minutes, 
respectively. Treatment differences were found to be nonsignifi- 
cant for the 15-minute period with means ranging from 2.9 1 to 3.56 
cm. The analysis of variance performed on data collected at the end 
of 60 minutes indicated a significant difference between 
treatments. 

Treatment differences were more thoroughly examined using 
Duncan’s multiple range test (Table 1). After 60 minutes the I5-cm 
ponding dike wet treatment had significantly less runoff than all 
other treatments. The greatest amounts of runoff occurred on the 
15-cm, and on the 7.5-cm control dry treatments, respectively. 

Table 1. Mean runoff for three replications for the 75cm and IS-cm water 
pending dikes after 60 minutes of artificial rainfall application. 

Treatment 7 4 5 8 3 1 6 2 

Means (cm) 14.1 15.1 15.2 15.2 15.7 15.7 15.8 16.3 

2 

‘(1) 7.5-cmpondi~dike,dry;(2)7.5-cmcontrol,dry;(3)7.5-cmpondingdike,wet;(4) 
7Ssm control, wet; (5) 15sm ponding dike, dry; (6) IS-cm control, dry; (7) 15-cm 
ponding dike. wet; (8) IS-cm control, wet. 
*Means connected by II continuous line were not significantly different from each 
other. 

Measurements made on the 7.5- and 15cm ponding dike treat- 
ments indicated high runoff potential under both the wet and the 
dry antecedent soil water conditions. The lack of distinct differen- 
ces in runoff between the ponding dikes and the control areas may 
indicate little change to the soil structure as a result of Water 
ponding. Also, the similarity in runoff rates between the Wet 
antecedent soil water and the dry antecedent soil water treatments 
may indicate that runoff is controlled more by the soil surface 
morphology rather than soil water content. 

In June 198 I,6 years following construction of the dikes, intil- 
tration and runoff were again evaluated on both the controls and 
the water ponding areas. The objective was to determine if differen- 
ces existed in infiltration and runoff after 6 years and if so, were 
they attributable to the water ponding. The same sprinkling infil- 
trometer was used in 1981 as had been used in 1976. 

Differences in infiltration and runoff between the controls and 
the water ponding areas were very small (<O.l cm/ hr). These data 
indicated that ponding on site and runin water had no effect on 
changing the soil surface for increasing the infiltration rate. 

Our study differed from Australian studies (Cunningham et al. 
1974) in which a swelling and heaving of the clay subsoil followed 
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infiltration and was accompanied by leaching of salts at selected 
sites. In Australia the smooth surface soil disintegrated, giving way 
to a deeply, well-structured surface which readily absorbed water 
and increased infiltration rates. Although Australian studies(Cun- 
ningham et al. 1974) indicated soil cracking, increased infiltration 
rates, and vegetation growth on similar soils after 2 years, our 
studies indicated relatively stable runoff rates, no increase in infil- 
tration rates, and very little soil cracking occurring on the nonsa- 
line Jornada soil. Benefits from water ponding would result: (1) by 
increasing the length of time for infiltration to occur rather than 
through increased infiltration rates and (2) by reducing the velocity 
of surface flows, thereby reducing erosion. 

July through September corresponds to the summer rainy sea- 
son and consequently the growing season in southern New Mexico. 
Rainfall for this period in I976 was 80 mm, well below the 126 mm 
average, and yet precipitation was adequate for the enhancement 
of soil water due to water ponding within the dikes. 

It was determined through infiltrometer studies and by visual 
observation that 5 mm of precipitation would cause overland flow 
and water ponding. On this basis, inspection of onsite rainfall 
records indicated that 13 ponding events occurred from May 1976 
through September 1977. Seven events occurred in the first year 
(May 1976-May 1977) which resulted in water ponding. These 
events were evenly distributed throughout the year with 4events in 
the summer and 3 events in the winter. The other 6 ponding events 
occurred during the summer convective storm period of 1977. 
Total precipitation for this period was 358 mm, with a maximum of 
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Fig. 3. Soilwaterprofilesfor thecontrol. 7.5-cm, and 15-cm waterponding 
dikes for July 31, 1979. 

38.3 mm occurring from a single event on August 12, 1977. 
Twenty years of rainfall records for June through September 

were examined to determine the number of years that ponding 
water by a dike system would be successful. These data showed that 
the least number of ponding events that occurred in any one year 
was 6. From the data collected on soil water it wasdetermined that 
6 ponding events would supply an adequate amount of water for 
wetting the soil profile to below the plant rooting zone. 

The soil water data collected within the ponding area indicated 
that soil water was not limiting to plant growth at or below the 20 
cm depth in the ponding areas (Tromble and Gibbens 1977). The 
length of dryness of the soil surface within the ponding areas is 
regulated by the frequency and intensity of rainfall events. 

Rainfall distribution and amounts from events greater than 5 
mm are shown in Figure 2 for June through October of 1979 and 
1980 for the 7% and 15-cm water ponding study sites. Soil water 
for the 30-cm depth is also shown for the same period. There were 
approximately twice the number of events occurring in 1979 as in 
1980 and 2 of the events were of much greater magnitude than any 
of those occurring in 1980. These events appear to be reflected in 
the increase in soil water in 1979 when comparing the 1979 and 
1980 data for the water ponding dikes. In 1979 soil water content 
was much greater in the dikes than in the control. There was a 
decrease in soil water content for October 1979 at both study sites, 
possibly a function of no ponding events occurring after the middle 
of September. The summer rainfall for 1980 was later than normal 

with the first runon events occurring in August. Figure 2 shows a 
decrease in soil water during June and into July for both study 
sites. There is a slight increase occurring the latter part of July 
caused by low rainfall (<5 mm) with greater increase in soil water 
following the ponding event of August 10 for the 7.5-cm dikes. 
Essentially no response in soil water was noted for the 15-cmdikes 
until September when rainfall occurred. 

Measurements taken on the control areas show these areas to be 
low in available soil water even immediately following precipita- 
tion events. Soil water content on the control sites remained rela- 
tively constant through the summer thunderstorm period 
averaging about 13.5%. 

Soil water measurements were taken orthogonal to the dikes. 
This provided an opportunity to examine the effects of water 
ponding at different depths on the soil water profile. The soil water 
profile is shown in Figure 3 for the different water ponding depths. 
The soil profile for the control was uniformly dry throughout when 
compared to the 7.5-and 15-cm treatments. The 7.5cm treatment 
showed increased amounts of soil water in the profile, but with a 
gradual decrease occurring below 60-cm and approaching the 
water content of the control at 180 cm. The soil profile was moist 
throughout the measured depth for the 15-cm treatment. This 
would indicate that ponding water between the depths of 7.5-to 
15-cm should provide adequate soil water for the growth of forage 
grasses. 

An important factor limiting forage production on semiarid 
rangeland is lack of available soil water. Increasing the soil water 
content through the use of water ponding dikes on shallow slopes 
may be a feasible means for supplying additional soil water to low 
producing marginal rangelands. 
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Forage Yield and Quality in a Great Basin 
Shrub, Grass, and Legume Pasture 
Experiment 
M.D. RUMBAUGH, D.A. JOHNSON, AND G.A. VAN EPPS 

Abstract 

A study was conducted in central Utah to determine the forage 
and protein yield relationships among the components of grass- 
shrub-legume plantings in a semiarid rangeland pasture. Forage 
and protein yields of crested wheatgrass (Agropyron cristatum) 
and total herbage increased when fourwing saltbush shrubs (Atri- 
pkx canescens) or legumes (Astragalus cicer, A. fakatus, or Medi- 
cage sativa) were grown in association. The shrub and legume 
species directly contributed to the increase in these yields and to 
more rapid regrowth of crested wheatgrass. 

Rehabilitation of depleted rangelands in the United States has 
received much research attention since the mid 1930’s. This has 
guided successful seeding of several million hectares throughout 
the West. Seeding emphasis was on grasses and only a little atten- 
tion was given to forbs and almost none to shrubs (Blaisdelll972). 
The two crested wheatgrasses, standard crested wheatgrass (Agro- 
pyron desertorum) and ‘Fairway’ crested wheatgrass (Agropyron 
cristarum), were most commonly seeded. 

Fairway crested wheatgrass can grow on dry sites where few 
other grasses survive (Plummer et al. 1968). It isa preferred species 
for inclusion in mixtures with other grasses, forbs, and shrubs. 
Dubbs (1966) found that Fairway crested wheatgrass was more 
palatable than standard crested wheatgrass over a longer part of 
the year. Neither sheep nor heifers liked standard crested wheat- 
grass after heading. Fairway was leafier than standard crested 
wheatgrass but no higher in protein content. 

Fourwing saltbush (Atriplex canescens) is a native, dioecious 
shrub that occurs on desert and foothill ranges in western America 
and has been included in some range plantings. It grows to heights 
of 60 to 180 cm with most of the seasonal growth in midsummer. 
This shrub was reported to be one of the most abundant producers 
of forage and seed tested on Utah game ranges (Plummer et al. 
1968). Springfield (1966) considered it to be a useful shrub for 
ranges of southwestern United States. Palatability of fourwing 
saltbush forage to sheep was intermediate between prostrate 
summer cypress (Kochia prostrata) and Artemisia herba alba in 
Iran where it was considered a promising forage plant for large 
scale plantings (Nemati 1977). Monsen (1980) successfully inter- 
seeded fourwing saltbush and crested wheatgrass into southern 
Idaho rangelands dominated by sagebrush (Artemisia spp.)and an 
annual grass. The presence of the saltbush shrubs did not reduce 
the grass density or herbage yields. Cattle readily accepted the 
saltbush as a forage species and utilized approximately 50% of the 
annual growth. 

A number of legume species have been suggested for use in range 
renovation programs. Townsend et al. (1975) tested 14 legumes 
and concluded that cicer chickpea milkvetch (Astragalus cicer), 
sicklepod milkvetch (Astragalus falcatus), and alfalfa (Medicugo 
sutiva) merited additional evaluation for potential use under dry- 
land or range conditions. Cicer milkvetch was considered adapted 
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to areas of the Central Great Plains that receive 40 cm or more 
precipitation annually. Cornelius and Talbot (1955) recommended 
the use of cicer milkvetch at elevations from 1,650 to 2,300 m in 
northeastern California. Hafenrichter et al. (1968) stated that it 
was adapted in parts of the Pacific Northwest and Great Basin 
states above 1,200 m where it was superior to alfalfa in longevity of 
stand and yield. Cicer milkvetch grew well within the morefavora- 
ble part of the pinyon-juniper and big sagebrush belts at lower 
elevations in Utah (Plummer et al. 1968). It was described as a 
useful rhizomatous legume which was productive in association 
with shrubs and which was tolerant of partial shading. 

Sicklepod milkvetch has a long, heavy taproot that can pene- 
trate more than 2 m. Plummer et al. (1968) reported that the plant 
was best adapted to the mountain brush zone in Utah but grew well 
in the more favorable areas of pinyon-juniper and big sagebrush 
types. This species was grazed by big game in summer but mature 
plants were valuable in the winter because they often protruded 
above the snow. Williams et al. (1976) found sicklepod milkvetch 
to be high in toxic nitrogenous compounds. They suggested that 
existing stands should be eradicated. Cicer milkvetch does not 
present toxicity hazards for grazing ruminants. 

Alfalfa has been used successfully to improve yields of crested 
wheatgrass. Lorenz and Rogler (1962) were able to establish a few 
alfalfa plants in an old crested wheatgrass pasture at Mandan, N. 
Dak., with an average annual precipitation of 40 cm and an aver- 
age annual evaporation rate from a free water surface of 83 cm. 
Plots where these alfalfa plants were growing yielded as much 
forage as crested wheatgrass plots treated with 34 kg N/ha (30 lb 
N/acre) in the fall of each year. Wheatgrass grown in a mixture 
with alfalfa was slightly higher in protein content than grass grown 
without alfalfa (Rogler and Lorenz 1969). Throughout the growing 
season, the protein content of the alfalfa component was twice as 
high as that of grass grown without alfalfa. Alfalfa is adapted to 
drier sites than the milkvetches and certain cultivars such as 
‘Rambler’ have been described by Plummer et al. (1968) as being 
suited to ranges where annual precipitation exceeds 23 cm. 

The objective of this research was to measure and interpret the 
interactions of shrub, grass, and legume components on forage 
yield and quality in 3 selected species mixtures that have a potential 
value for range improvement in the Intermountain Area. 

Methods 

The experimental site was located on the Nephi Field Station 
120 km south of Salt Lake City, Utah. This station is on an alluvial 
fan known as the Levan Ridge and is at an elevation of 1,615 m. 
The soil is a Nephi silt loam derived from the weathering of 
adjacent mountain ranges, reddish brown in color, and uniformly 3 
m or more in depth. It has a nitrogen content of 0.1% in the surface 
foot (Bennett et al. 1954). Long-term (1903-1979) weather records 
at the station show that the average annual precipitation is 32 cm 
with approximately one-third occurring during the spring months 
of March through May. The frost-free period atthe site is 1 IOdays. 
Average July daily temperature is 24OC and daily maximum 
temperature in July commonly exceeds 38°C. Evaporation from a 
free water surface for the 7 months April to October over the 
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period I908 to 194 1 averaged 12 I cm or approximately 3.78 times 
the total precipitation for the year. 

This experiment was initiated on November 24, 1970 by seeding 
Fairway crested wheatgrass on the entire site with rows oriented 
north to south and spaced 53 cm (21 inches) apart. The shrub and 
legume components of the planting were established April 9, 1971 
with the rows in an east-west direction. Single rows of fourwing 
saltbush were transplanted from bare root stock continuously 
across the site at 6-m (20 foot) intervals and extending a distance of 
73 m (240 feet). A double row of legumes 61 cm (2 feet) apart was 
seeded parallel to the shrub rows and 122 cm (4 feet) from it. Each 
legume plot was 9 m (30 feet) long. The 5 legume treatments were: 
(1) no legume, (2) Rambler alfalfa, (3) cicer milkvetch, (4) sickle- 
pod milkvetch, and (5) a mixture of the 3 legume species. The 
experimental design was a randomized complete block with 3 
replications. A single replicate is diagrammed in Figure 1-A. 

Forage yields were measured at 4 times: August 28-30, 1978; 
May 21-25, 1979; July 9-12, 1979; and August 27-30,1979. At each 
harvest a 107-cm (42 inch) wide belt transect 6 m (20 feet) long, 
consisting of twenty 30-cm (1 foot) segments, was established on 
each plot at right angles to and centered on the row of shrubs. This 
is illustrated in Figure 1-B. Transect locations were selected to 
ensure that the 3 kinds of species, grass, shrub, and legume, would 
be included in each plot. Only forage produced during the current 
season was harvested and each species was harvested separately 
within each segment of the transect. At the last harvest in 1979, 
those transects previously clipped were reharvested. All forage was 
dried in a forced air oven at 38OC. Crude protein yields were 
calculated by multiplying the oven dry forage weights by their 
nitrogen concentration determined from chemical analyses (Chat- 
terton and Silvius 1979) and by the multiplication constant 6.25. 
Soil moisture was determined at each harvest for each species 
association and replication by gravimetric procedures. Soil depths 
sampled were O-15, 15-30, 30-61, and 61-91 cm. 

Species mixtures were defined by the species growing within 
each transect segment. The 9 mixtures are listed below: 

Crested wheatgrass grown alone. 
Crested wheatgrass grown with fourwing saltbush. 
Crested wheatgrass grown with alfalfa. 
Crested wheatgrass grown with cicer milkvetch. 
Crested wheatgrass grown with sicklepod milkvetch. 
Fourwing saltbush grown with crested wheatgrass. 

Grass- Legume- Shrub Plot Layout 

Field Station at Nephl. Utah 

Alfalfa grown with crested wheatgrass. 
Cicer milkvetch grown with crested wheatgrass. 
Sicklepod milkvetch grown with crested wheatgrass. 

Results 
Precipitation and Soil Moisture 

Precipitation at the Nephi Field Station in 1978 deviated 
markedly from the long-term average with more than normal 
accumulative amounts of moisture recorded for each of the 12 
months (Fig. 2). Weather in 1979 followed the average precipita- 
tion pattern much closer than in 1978. Moisture accumulation for 
1979 was above normal from January through May but somewhat 
below average the remainder of the year. The summers of both 
years were periods of plant drought stress. Precipitation during 
June and July 1978 totaled 0.03 cm and only slightly more, 0.74 cm, 
was measured in these 2 months in 1979. 

Soil moisture at harvest averaged 9.4% during the course of the 
experiment. Analysis of variance revealed significant differences 
(X0.01) among dates and depths of sampling but not among 
species mixtures. None of the interactions among the time, depth, 
and species mixture factors were statistically significant (DO.05). 
Soil moisture was 5.2% on August 30, 1978. This was less than at 
any of the other harvest dates. Percentages were 12.8,lO. I, and 9.6 
in May, July, and August 1979, respectively. Soil samples nearest 
the surface tended to be drier than those at greater depths in the 
profile on all dates. Moisture in the O-15 cm zone averaged 7.4%, 
10.8% in the 15-30 cm zone, 9.5% in the 30-61 cm zone, and 9.9% 
in the 61-91 cm zone. Although the effects of species mixture were 
not statistically significant, it is of interest to note that the soil was 
driest, 8.5% moisture, under cicer milkvetch plants and wettest, 
10.2% moisture, under sicklepod milkvetch. 

The differences in precipitation caused large changes in the 
variables measured during the experiment. Mean forage dry mat- 
ter harvested in August 1978 was 296 g/m* and in August 1979 was 
g/m* (Table 1). Approximately half of the dry matter harvested in 
1978 was from fourwing saltbush while in 1979 the shrub compo- 
nent was less than a third of the current growth (Fig. 3). Increased 
soil moisture during the first part of 1978 apparently permitted 
more plant growth than in 1979. The greater biomass in turn 
resulted in drier soils in August 1978 than in August 1979. Protein 
content differed from 8.0% in the first year to 5.9% in the second. 
Protein yield, averaged over all treatments, was 24 g/m* in August 
1978 and only 9 g/m* in August 1979. The differences between the 
means for each of the three variables for these 2 harvests were 
highly significant (KO.01). However, the interaction of years by 
treatments for each of the 3 plant response variables was not 
significant (DO.05). Since the 1979 data were obtained in a more 
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Fig. 1 A. Diagram of one replication in the experimentalplanting. None = 
no legumes, ASCI = Astragalus cicer, ASFA = Astragalus faleatus, 
MESA = Medicago sativa, ALL = a mixture of the 3 legumes, ATCA = 
Atriplex canescens, and AGCR = Agropyron cristatum. 1B. Illurtration 
of plant growth in the 20 increments of a typical transect. 
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Fig. 2. Accumulative annual precipitation at Nephi, Utah. 
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Table 1. Mean forage and protein yields and protein concentrations of 5 
seeding treatments on 4 harvest dates in 1978 and 1979 at Nephi, Utah. 
Standard errors are shown in parentheses. 

Seeding Harvest date 

treatment’ August 1978 May 1979 July 1979 August 1979 

(I) Check 
(2) M. srrriva 
(3) A. cicer 
(4) A. folcorus 
(5) Mixture 

Mean 
L.S.D. 
(0.05) 
(0.01) 

(I) Check 
(2) M. sorivo 
(3) A. cicer 
(4) A. folcotus 
(5) Mixture 

Mean 
L.S.D. 
(0.05) 
(0.01) 

(I) Check 
(2) M. sorivo 
(3) A. cicer 
(4) A. folcotus 
(5) Mixture 

Mean 
L.S.D. 
(0.05) 
(0.01) 

286 (38) 
310 (35) 
261 (33) 
349 (47) 
273 (33) 
296 (17) 

:: 

8.4 (0.5) 
7.5 (0.4) 
7.7 (0.4) 
8.6 (0.4) 
7.4 (0.4) 
8.0 (0.2) 

0.5 
0.7 

24 (4) 
23 (4) 
20 (4) 
30 (4) 
20 (4) 
24 (2) 

2 
3 

Forage yield (g/ m2) 
99 (IO) 166 721) 131 (17) 

155 (15) 184 
iloj 

(181 211 (23) 
I08 190 (lsj 163 (2lj 
146 (10) 230 (20) 157 (16) 
II7 (9) I98 (20) 135 (14) 
125 (5) 194 (8) 159 (8) 

5 8 8 
6 IO 10 

Protein concentration (%) 
14.9 (0.4) 7.1 (0.3) 
15.2 (0.3) 7.0 (0.3) 
14.6 (0.2) 5.9 (0.2) 
14.5 (0.5) 6.6 (0.3) 
15.1 (0.3) 7.4 (0.3) 
15.0 (0.2) 6.9 (0.1) 

0.4 0.4 
0.5 0.5 

Protein yield (g/m*) 
I5 (2) I2 (2) 
24 (3) I3 (I) 
I6 (I) II (I) 
2I (2) I5 (I) 
I8 (I) I5 (2) 
I9 (I) I3 (0) 

I I 
2 I 

6.0 (0.3) 
5.6 (0.3) 
6.0 (0.3) 
5.9 (0.3) 
5.1 (0.3) 
5.9 (0.1) 

0.4 
0.5 

8 (I) 
I2 (2) 
IO (2) 
9 (I) 
7 (I) 
9 (0) 

I 
2 

‘Check = crested wheatgrass and fourwing saltbush without a legume component. 
Treatments 2-5 contained crested wheatgrass, fourwing saltbush, and the indicated 
legume. 

typical moisture environment for the experimental site than the 
1978 data and the interaction with treatments was nonsignificant, 
the following interpretations often will be based primarily on the 
1979 results. 

Forage Yields 
Mean forage yield in the experiment during 1979 was 159 g/m*. 

Fairway crested wheatgrass produced 110 g/m* or 68.8% of the 
total. Saltbush yielded 30 g/m* or 18.4% and the legumes averaged 

< 
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5 IO 15 

Transect Increment 

Fig. 3. Forage yields on 4 sampling dares of the crested wheotgross, four- Fig. 4. Forage yields of crested wheotgross, fourwing saltbush, and 
wing sobbush, and legumecomponents in 5 seeding treatments. Each bar legumes in rhe 20 transect increments during 1979 when overoged over all 
represenls meons of 60 measurements. legume treatments and harvest dates. 

20 g/m* or 12.8% of all dry forage. Forage yield increased from 
May to July but then declined (Fig. 3). At no time in 1979 was it 
equal to the amounts measured for any treatment in August 1978. 
The quantity of shrub foliage relative to that of the grass and 
legumes tended to increase as the growing season progressed, 9.8% 
of all forage in May, 16.9% in July, and 27.0% in August. Treat- 
ment 2 which included alfalfa as the legume component yielded 
more on the average than the other treatments but not significantly 
more than treatment 4 with sicklepod milkvetch. 

Orthogonal single degree of freedom partitioning of the treat- 
ment variance of 1979 data demonstrated that the mean total 
forage weight of transects containing cicer milkvetch was not 
different than that of transects of sicklepod milkvetch (mO.05). In 
the same way, the average forage yield of treatments 2 and 5, each 
of which contained alfalfa, did not differ from that of treatments 3 
and 4, which contained the two milkvetch species. However, the 
check treatment did yield significantly less than the average of the 4 
legume treatments (X0.01). 

It was anticipated that crested wheatgrass would yield more than 
the shrub or legume components since grass was seeded in all 
segments of each transect and the shrub and legumes were res- 
tricted to only a part of each transect in which they occurred. 
Crested wheatgrass tended to produce more forage in transects 
containing a legume than in those in which there was no legume 
(Fig. 3). In 1979 the mean weight ofgrass in treatments 2 through 5 
was 113 g/m* in contrast to 98 g/m* in treatment 1 which did not 
contain a legume. Treatment 5 in which the 3 legumes were seeded 
as a mixture contained slightly less grass forage than the check 
treatment although the difference was not statistically significant 
(-0.05). 

Crested wheatgrass responded dramatically to close association 
with the saltbush and the legumes (Fig. 4). The weight offorage per 
harvest in 1979 was plotted for each of the 20 transect segments 
averaged over all treatments, harvests, and replications. Segments 
1-5 only occasionally contained either saltbush or legume foliage. 
Segments 6-13 included considerable saltbush vegetation and a 
marked increase in the quantity of wheatgrass was detected. An 
average of 138 g/m* of crested wheatgrass forage was clipped in 
segments 6 through 13 in contrast to an average of 68 g/m* in 
segments 1 through 5 where there was little impact of either salt- 
bush or the legume species. Most of the legume top growth was 
located in segments 14 through 17. Crested wheatgrass grown in 
that section of the transects yielded an average of 124 g/m* or 
about 10% less than similar segments containing more shrubs but 
183% of those segments without either saltbush or legumes. At the 
south end of the transects where minimal legume or saltbush 
foliage was harvested, segments 18-20 averaged 84 g/m2 crested 
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wheatgrass. This was slightly more than the amount at the north grass was planted. This could be a response to nitrogen and mineral 
end of the transects. accumulation under the shrub. 

Single degree of freedom contrasts for the crested wheatgrass 
yields of the 5 treatments indicated that there was no difference 
between the effect of cicer milkvetch and that of sicklepod milk- 
vetch (-0.05). Treatments which included alfalfa (2 and 5) were 
superior to those including only milkvetch species (3 and 4) as the 
legume component (X0.01) and the average of the legume treat- 
ments was better than the check treatment (1) containing only the 
grass and shrub species (X0.05). 

Seasonal distribution of forage yield varied somewhat among 
the 5 plant species. Fourwing saltbush contributed to the total 
forage yields throughout the 1979 growing season. Average yields 
(g/mZ) were 12 in May, 33 in July, and 43 in August. Despite 
considerable leaf drop induced by dessication, alfalfa also main- 
tained its dry matter yield throughout the summer. Alfalfa yields in 
treatment 2 at the May, July, and August harvests were 29,36, and 
37 g/m*, respectively. Crested wheatgrass and the 2 vetch species 
tended to deteriorate as the season progressed. Fairway crested 
wheatgrass produced an average of 96 g/m* topgrowth by the May 
harvest, 136 g/ m* by July, and 97 g/m* by August. Corresponding 
values for cicer milkvetch in treatment 3 were 10,6, and 7 g/ m2 and 
for the sicklepod milkvetch in treatment 4 were 21,17, and 20 g/ m2. 
The deterioration of the grass component was reflected by the drop 
in mean total forage yield from 194 g/m2 in July to 159 g/m2 in 
August (Table 1). 

Maximum mean weights of the legumes occurred in segments 16 
or 17 of the transects in which they were seeded. Alfalfa averaged 
238 g/ m2 dry forage in segment 16 of treatment 2 transects. Maxi- 
mums for cicer milkvetch and sicklepod milkvetch were 65 and 1 I2 
g/m* or less than half the amount provided by alfalfa. Fourwing 
saltbush vegetation was centered on segment 10 and amounted to 
126 g/m2 when averaged over all treatments and harvests. Maxi- 
mum yield of crested wheatgrass also was located in increment 10 
and was 172 g/m2. 

Fairchild and Brotherson (1980) found greater concentrations of 
minerals under fourwing saltbush than under 5 other shrub species. 
Garcia-Moya and McKell(l970), Charley and West (1975). Char- 
ley (1977), and Fairchild and Brotherson (1980) measured nitrogen 
accumulation under shrubs and detected an associated concentra- 
tion decline in the surrounding environment. An increase in nitro- 
gen fixation by free living microorganisms in and under litter mats, 
animal activity, and canopy capture of wind transported soils were 
suggested as possible causes of the nitrogen gradients. 

It is difficult to accept the increased growth of crested wheat- 
grass measured in this experiment as a general response to the 
presence of shrubby plants since Rittenhouse and Sneva (1976) 
found a negative correlation between Wyoming big sagebrush 
(Artemisia tridentata Wyomingensis) crown cover and crested 
wheatgrass cover. Frischknecht (1963) also measured a decrease in 
crested wheatgrass yield under crowns of big sagebrush but an 
increase under crowns of rubber rabbitbrush (Chrysothamnus 
nauseosus). He attributed these responses to differences in the 
location of roots of the shrubs. Big sagebrush had highly developed 
lateral roots extending into the same zone as those of the grass, 
whereas relatively few lateral roots of rubber rabbit brush occurred 
in that zone. Also, the most active growth periods of crested 
wheatgrass and big sagebrush coincided, but crested wheatgrass 
made most of its growth prior to the most active growth of rubber 
rabbitbrush. Both brush species increased the deposition of drift- 
ing snow and the soil moisture around the plants in early spring. In 
our study, differential snow catchment by the shrubs and legumes 
did not appear to explain the grass response since significant 
differences in soil moisture among the species mixtures were not 
detected. Whatever the mechanism, Fairway crested wheatgrass 
was very responsive to the presence of fourwing saltbush and the 
legume species used in this experiment. 

The impact of the shrub and legume species upon forage yield of 
Fairway crested wheatgrass in this experiment was significant and 
positive. The simple correlation between the forage weights of the 
shrub and grass species in the transect increments of the three 
harvests was positive (r = 0.28) and significant (KO.01). These 
two species were compatible and grew well in association with each 
other. The response to alfalfa was similar to that observed in the 
Northern Great Plains by Lorenz and Rogler (1962). At Nephi, 
Utah, the two species of milkvetch did not produce as much forage 
as alfalfa and did not induce as much growth response by crested 
wheatgrass as did alfalfa. Cicer milkvetch and sicklepod milkvetch 
apparently are not as well adapted to the environment of the study 
site as to the locations considered by Hafenrichter et al. (1968), 
Plummer et al. (1968), and Townsend et al. (1975). 

Protein Content and Yield 
Average crude protein concentrations of all forage was highly 

dependent upon date of harvest. It ranged from a high of 15.0% in 
May to a lgw of 5.9% in August, 1979 (Table 1). These large 
differences attributable to time were statistically significant 
(X0.05) whereas the small differences among treatments were not 
(P>O.OS). This also was true of the mean percent protein ofcrested 
wheatgrass and of the square root transformations of the wheat- 
grass and total forage protein percentages. 

The favorable interaction of the fourwing saltbush and crested 
wheatgrass supported the conclusion of Monsen (1980) that the 
presence of saltbush shrubs did not reduce grass density or herbage 
yields. We found more than twice as much grass forage in segments 
of the transects containing the shrub as in segments where only 

The plant species included in the 5 seeding treatments varied in 
their protein content at each harvest (Table 2). Foliage of the shrub 
and legumes contained approximately twice the protein concentra- 
tion of the grass foliage on every one of the 4 sampling dates. The 
percent protein of crested wheatgrass tended to increase when that 
species was grown in proximity to saltbush or the legumes. Tran- 
sect segments with only grass grew forage with 5.5% protein when 
averaged for the 4 harvests. When the grass grew in segments where 
fourwing saltbush leaves were harvested, the grass tissue contained 
5.8% protein. Similar percentages when it was grown with the 

Tabk 2. Mean protein concentration (%) in forage of individoal species barvested on 4 dates in 1978 and 1979 at Nepbi, Utab. Standard errors are shown 
in parentheses. 

Species Associated Harvest date 

analyzed species August I978 May 1979 July 1979 August 1979 
A. cristotum - 3.1 (0.1) 10.9 (1.2) 4.7 (0.2) 3.3 (0.2) 
A. cristotum A. conescens 3.8 (0.3) 11.4 (0.9) 4.8 (0.6) 3.2 (0.1) 
A. cristotum M. sorivo 3.7 (0.1) 12.4 (1.3) 4.9 (0.5) 4.0 (0.3) 
A. cristotum A. cicer 3.8 (0.4) 11.2 (1.0) 5.0 (0.2) 3.4 (0.2) 
A. cristotum A. folcotus 3.8 (0.3) 11.9 (1.1) 5.1 (0.3) 4.0 (0.4) 
A. canescens A. cristotum 12.6 (0.5) 28.0 (3.1) 13.6 (1.4) 12.5 (0.7) 
M. sativo A. crisiotum 7.7 (0.7) 21.2 (1.2) 9.7 (0.6) 5.2 (0.6) 
A. cicer A. cristorum 8.6 (0.0) 21.8 (1.4) 12.3 (1.1) 5.8 (0.2) 
A. folcotus A. cristotum 8.0 (0.2) 25.8 (2.6) 14.8 (0.8) 5.2 (0.4) 

L.S.D.(O.OS) 0.3 I.3 0.6 0.3 
(0.01) 0.4 1.8 0.8 0.4 
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legumes were 6.2% for alfalfa, 5.8% for cicer milkvetch, and 6.2% 
for sicklepod milkvetch. The increase in protein was greatest at the 
May harvest and least at the July harvest. 

Greatest protein yield was obtained in August 1978 (Table 1). In 
1979 maximum protein was found in the forage clipped in May. 
The values for the two August dates were significantly different 
(X0.0 1). In 1978 there was 24 g/m* protein compared to 9 g/ rn2 in 
August 1979. This was caused primarily by the difference in growth 
of the fourwing saltbush in the 2 years (Fig. 5). Protein yield of 
saltbush in 1978 was more than twice the amount of that in the last 
harvest of 1979. This resulted from a change in forage quantity 
rather than in protein concentration. Protein yield from the grass 
in 1978 was 148% of that in August 1979. 

Some differences among the seeding treatments for mean total 
protein yield in 1979 were detected. Treatment 2 with alfalfa and 
treatment 4 with sicklepod milkvetch were superior to treatment 3 
with cicer milkvetch and treatment 1 with no legumes (X0.01). 
Treatment 5 containing the legume mixture was intermediate in 
total protein production. Protein yield of crested wheatgrass was 
significantly higher in transects with legumes than in those without 
legumes (KO.05). 

Mean total protein yield for each segment of the transects in 
1979 was plotted (Fig. 6). The impact of the shrub and legume 
species and of the response by crested wheatgrass to an association 
with these other species were readily apparent. Major peaks were 
located at segment 10 where saltbush was centered and at segment 
16 where the legumes were centered. Crested wheatgrass protein 
yield was lowest in segments 1 through 5 where it was the only 
species present. Step-wise multiple regression analysis of total 
protein yield per transect segment in 1979 indicated that the most 
important predictive variable was forage weight of saltbush. Other 
variables in decreasing order of predictive value were forage weight 
of alfalfa, protein content of crested wheatgrass, forage weight of 
crested wheatgrass, forage weight of sicklepod milkvetch, forage 
weight of cicer milkvetch, protein content of sicklepod milkvetch, 
forage weight of cicer milkvetch, protein content of saltbush, and 
protein content of alfalfa. The multiple correlation coefficient was 
R = 0.91. Eighteen percent of the variation observed in total 
protein yield of the segments was not explained by the variation 
found in the component parts used to compute total protein yield. 

No significant differences were detected for any of the recog- 
nized sources of variation for nitrogen content of soil samples 
taken from the 4 depths under each of the 5 plant species in August 
1979. The mean of all samples was 0.11% nitrogen. Nitrogen 
concentration did tend to decline with increasing depth at which 
the samples were obtained. Values were 0. IS%, 0.1 l%, 0.1 I%, and 
0.08% for the O-15, 15-30,30-61, and 61-91 cm zones, respectively. 

These results document the value of includingfourwing saltbush 
and legumes in plantings of crested wheatgrass. Increased protein 

q  Faurwing raltburh 

w Crested wheatgrass 

0 I2345 I2345 I 2.3 45 I2345 
Aug, 1978 May, 1979 July, 1979 Aug., 1979 

Time and Treatment 

Fig. 5. Protein yields on 4 sampling dates of the crested wheatgrass, 
fourwing saltbush, and legume components in 5 seeding treatments. 
E&h bar represents means of 60 measurements. 

I a Lo9umr 

[8p Fourwing raltburh - 

l Crrrtrd wheat9rarr 

5 IO 15 

Transect Increment 
Fig. 6. Protein yields of crested wheatgrass, fourwing saltbush, and 

legumes in the 20 transect increments during 1979 when averaged over all 
treatments and harvest dates. 

concentration, forage yield, and protein yield of crested wheatgrass 
and of the total herbage resulted. 

Regrowth 
All transects were reharvested in August 1979. The time of the 

previous clipping had a significant (X0.01) effect on the quantity 
of forage regrowth. Average yields from all species and treatments 
were 168,49, and 5 g/m* from transects first harvested in August 
1978, May 1979, and July 1979, respectively. Differences among 
seeding treatments were not statistically significant (p>O,O5) but 
the interaction of time of first harvest with seeding treatments was 
significant (X0.05). The check treatment and treatment 3 with 
cicer milkvetch had somewhat less regrowth than the other 3 
treatments in transects first harvested in August 1978 but more 
regrowth than the other 3 treatments in transects first harvested in 
July 1979. 

The rates of regrowth of species included in pasture improve- 
ment plantings and the effect that each has on other species with 
which they are grown is important in planning management strate- 
gies. Crested wheatgrass grown by itself at Nephi and first harv- 
ested in August 1978 yielded 63 g/m* when reharvested a year later 
(Table 3). When it was first harvested in May or July 1979, recov- 
ery was very low. Fourwing saltbush, however, yielded as much 
regrowth when first clipped in May 1979, 145 g/m*, as when first 
clipped in August 1978, 13 1 g/m*. It could, therefore, be grazed in 
either fall or spring and be expected to recover equally well for 
grazing the following August. This was not true of crested 
wheatgrass. 

Inclusion of legumes in the planting had a synergistic effect on 
the recovery of crested wheatgrass from the August 1978 clipping. 
Grass yields from transect increments containing alfalfa, cicer 

Table 3. Regrowth yklds(g/m*) of individual species in August 1979after 
prior clipping treatments. Standard errors are shorm in parentheses. 

Species Associated Time of first harvest 

harvested species August 1978 May 1979 July 1979 

A. ctistatum - 63 (5) 3 (I) 3 (2) 
A. cristatum A. canescens 157 (10) 2 (1) 1 (1) 
A. cristatum M. sativa 139 (26) 0 (0) 0 (0) 
A. cristatum A. cicer 105 (24) 1 (0) 8 (2) 
A. cristatum A. falcatus 85 (17) 0 (0) 0 (0) 
A. canescens A. cristatum 131 (21) 145 (19) 8 (3) 
M. sativa A. cristatum I12 (30) 45 (12) 0 (0) 
A. cicer A. cristatum 14 (5) 4 (2) 0 (0) 
A. falcatus A. cristatum 47 (24) 3 (2) 0 (0) 

L.S.D. (0.05) 18 11 3 
(0.01) 24 14 4 
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milkvetch, and sicklepod milkvetch were 221, 167, and 135%, 
respectively, of the grass yield from transect increments I through 4 
where it was the ony species grown. Thus, in all treatments, associ- 
ation of crested wheatgrass with a legume or fourwing saltbush 
enhanced the regrowth of the grass. The legume forage also con- 
tributed directly and importantly to total regrowth forage. Alfalfa 
recovered faster after clipping than the milkvetch species when first 
harvested in August 1978 or in May 1979. None of the legumes 
were able to recover from July to August 1979 when soil moisture 
was most limiting. 

The regrowth rates observed at Nephi indicated that fourwing 
saltbush and adapted legume species such as alfalfa can make 
major contributions to forage yield when included in semiarid 
crested wheatgrass pastures. These gains were made because of an 
increase in grass yield as well as because of the shrub and legume 
forage. Extensive plantings of crested wheatgrass exist as mono- 
cultures in the western United States. Modification of these pas- 
tures by the interseeding of appropriate shrubs and legumes could 
increase their productivity and value. 

Conclusions 

Interpknting of a shrub (fourwing saltbush) or legumes (cicer 
milkvetch, sicklepod milkvetch, or alfalfa) into a stand of crested 
wheatgrass significantly increased the forage yield, protein concen- 
tration, and protein yield of the grass. The shrub and legume 
components markedly increased the amount and quality of the 
forage in the semiarid pasture. These results were measured in 1 
year with above-average precipitation and in another with severe 
drought stress. Total vegetative regrowth was more rapid where 
fourwing saltbush or legumes grew in association with crested 
wheatgrass than where only crested wheatgrass was seeded. 
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Basal-Area Growth and Reproductive 
Responses of Thurber Needlegrass and 
Squirreltail to Weed Control and Nitrogen 
Fertilization 
RICHARD E. ECKERT, JR., AND JOHN S. SPENCER 

Abstract 

Effects of weed control and added nitrogen were evaluated in 
terms of basal area growth, number of reproductive culms, seed 
yields, and test weight and germination of seed from individual 
plants of squirreltail (sitanion hysirir) and Thurber needlegrass 
(Stip thurberiana) from 1974 to 1979. Basal-area growth of 
Thurber needlegrass plants continued during the study period but 
at a reduced rate during dry years. Parts of squirreltail crownsdied 
during dry periods. A reduction in competition by weed control 
and added nitrogen stimulated basal area growth of Thurber nee- 
dlegrass, enhanced germination of squirreltail seed, and increased 
the number of reproductive culms and seed yield of both species, 
particularly in years of high precipitation. Germination of squirrel- 
tail was much greater than that of Thurber needlegrass. Results are 
discussed in relation to community ecology, range improvement 
practices, and seed production for commerce. 

Herbage production by a bunchgrass stand is, in part, dependent 
on the number and size of plants. Various range improvement 
practices that control weeds and reduce intraspecific competition 
have been used to increase the density and size of desirable resident 
species. Practices such as control of brush and annual weeds can, at 
least temporarily, increase soil moisture and nitrogen available to 
residual plants (Hyder and Sneva 1956; Hedrick et al. 1966; Eckert 
and Evans 1967; Eckert et al. 1970, 1972). Information about the 
growth and reproductive characteristics of species can be used to 
predict possible responses of basal cover and plant density after 
vegetation manipulation. 

In this study we evaluated the effects of weed control and nitro- 
gen fertilization on basal area, on the number of reproductive 
culms, and seed production by individual plants of Thurber needle- 
grass (Stipa thurberiana) and squirreltail (Sitanion hystrix), and 
on test weight and germination of seed from these plants. 

Methods 

The study was conducted at Bedell Flat about 32 km north of 
Reno, Nev., on a site representative of the Wyoming big 
sagebrush/Thurber needlegrass (Artemisia tridentata ssp. 
wyomingensis)J(Stipa thurberiana) habitat type (Hironaka and 
Fosberg 1979). Soil is classified as a coarse-loamy, mixed mesic 
Mollic Haplargid. Sagebrush at this site was destroyed by a 
wildfire in the 1950’s. When an exclosure was built in 1962, the 
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vegetation consisted of scattered plants (<I% canopy cover) of big 
sagebrush with Thurber needlegrass, squirreltail and cheatgrass 
(Bromus tectorum) in the understory. Precipitation for October 
through June was: 22 cm in 1973-74; 25 cm in 1974-75; I 1 cm in 
1975-76; 1 I cm in 1976-77; 24 cm in 1977-78; and 13cm in 1978-79. 
On the average, 90% of the total annual precipitation falls during 
this period. About 6 cm of the total precipitation in 197677 
occurred from April through June. In other years, precipitation for 
this period was less than 0.6 cm. 

Thirty plants (10 plants/ treatment) of Thurber needlegrass and 
squirreltail were randomly selected in each of three replications in 
the fall of 1973. We used these sample plants to evaluate treatments 
throughout the study. Plants in the check treatment were subjected 
to severe competition from cheatgrass and other annual species. 
Previous work at this site showed that soil moisture under this 
condition was above -15 bars at 23 cm by the middle of May and 
about -9 bars at 46 cm by the end of June (Evans et al. 1970). In 
addition, NG-N levels were low in the surface 30 cm of soil and 
averaged 4.5 kg/ ha during the growing season (Eckert et al. 1970). 
Each year the weed control treatment was hoed to remove all 
herbaceous vegetation from a circular area of 0.22 m* around each 
plant. Previous work showed that such a reduction in competition 
resulted in a soil moisture pattern of about -1 bar at 23 cm by the 
middle of May and less than -1 bar at 46 cm through the growing 
period. Also, weed control resulted in an average accumulation of 
22.1 kg/ ha of NOs-N in the surface 30 cm of soil during the spring 
and early summer through mineralization. The third treatment was 
weed control plus 45 kg/ ha nitrogen as urea applied in the fall of 
each year. 

Reproductive culms were clipped and bagged when seed was 
mature, usually in the last week of June or the first week of July. 
Both species have an indeterminate type of reproductive maturity 
with seed at the top of the inflorescence ripening first. When ripe, 
seed of Thurber needlegrass easily disarticulates above the glumes 
and falls from the plant in response to a slight breeze. The rachis of 
squirreltail easily disarticulates at each node and entire sections of 
the inflorescence break from the plant in a gentle breeze. Even 
though we observed reproductive maturity carefully to select a 
sample date to minimize seed loss, an estimated 10% of the seed 
yield was lost before harvest and about 5% of the seed was imma- 
ture. The number of reproductive culms per plant was counted in 
the laboratory. Seed was removed from the inflorescence, hand- 
processed to remove awns, and weighed. 

Treatments were evaluated by measuring changes in basal area, 
the number of reproductive culms and seed yield/cm2 of basal area 
of each plant, the test weight/ 100 seeds, and germination after 21 
days, Number of culms and seed yield were evaluated on the basis 
of basal area because regression analysis showed a weak, but 
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significant, positive relationship (r2~20.5 and 17.9%, respectively) 
between these two parameters and basal area. Germination tests 
were conducted a constant 15O C. This is the optimum temperature 
for squirreltail (Young and Evans 1977). No optimum germination 
temperature has been reported for Thurber needlegrass. Measure- 
ments were made in 1974 through 1979 except that number of 
culms was not determined in 1974. Live and dead basal area of each 
plant was calculated in 1974, 1977, and 1979 by the ellipse formula 
(A=mb), where a and b are the major and minor radii, respec- 
tively. Basal area measured in 1974 was used to calculate the 
number of culms and seed yield per unit of basal area for the 1974 
and 1975 treatments. Because 1976 and 1977 were dry years, basal 
area from 1977 was used for treatment comparisons in those years. 
Basal area from 1979 was used to compare 1978 and 1979 treat- 
ments. Treatment means for basal area growth and reproductive 
characteristics were compared by Duncan’s multiple range test at 
the 5% level of probability. 

Results and Discussion 
Basal-Area Growth 

Environmental factors, such as precipitation, and treatments 
that influence available soil moisture and soil nitrogen would be 
expected to influence the size of established plants and thereby the 
number of vegetative and reproductive primordia. The basal area 
of individual grass plants averaged over all treatments was signifi- 
cantly larger in 1979 (125 cm2) than in 1974 and 1977 (94 and 90 
cm2, respectively). Each species, however, responded differently. 
Basal area of Thurber needlegrass increased from 68 cm2 in 1974 to 
93 cm2 in 1977, and to 140 cm2 in 1979. Basal area of squirreltail 
decreased from 121 cm2 in 1974 to 85 cm2 in 1977, then increased to 
1 IO cm2 in 1979. 

The reduction in basal cover of squirreltail occurred after low 
precipitation in 1975-76 and 1976-77. During this period the 
amount of dead cover increased by 77%. From 1976 to 1979 basal 
growth resumed, probably in response to the moist year of 1977-78, 
although measurements were not taken until 1979. During this 
period, the amount of dead basal area decreased by 33%. Basal 
growth of Thurber needlegrass increased by 37% during the dry 
years and the amount of dead area increased by only 16%. The 
amount of dead basal cover also increased an additional 11% from 
1977 to 1979. In spite of this, the large increase in live basal area by 
1979 resulted in significantly larger Thurber needlegrass plants 
(140 cm*) than squirreltail plants (110 cmz), a reversal of the 
situation that existed at the start of the study. 

The average basal cover of squirreltail plants ranged from 102 to 

110 cm2 with no significant difference among treatments. The 
average basal cover of Thurber needlegrass plants was significantly 
greater on the weed control and weed control plus nitrogen treat- 
ments (121 and 103 cm?, respectively) than on the check (78 cm2). 

Results showed that basal area growth of squirreltail was more 
variable than that of Thurber needlegrass particularly in low pre- 
cipitation years. Squirreltail is an increaser species in the 
sagebrush-grass region (Tisdale and Hironaka 198 I). It reproduces 
well but is relatively short-lived (5-7 years) (Hironaka and Fosberg 
1979). Perhaps older plants of this species in the stand were sus- 
ceptible to dry conditions in 1976 and 1977 or plants of the species, 
in general, are not as well adapted to dry situations as are plants of 
the climax-dominant species, Thurber needlegrass. Results also 
show that the basal area of Thurber needlegrass can be increased 
by treatment. In practice, the most likely treatment would be one 
that reduces competition through the weed control rather than 
through additional nitrogen. An effective treatment should result 
in more ground cover for watershed stability, more vegetative 
primorida for initiation of vegetative culms and increased yield, 
and more reproductive primoridia for initiation of reproductive 
culms and increased seed production under favorable environmen- 
tal conditions. 

West et al. (1979) showed that community stability in a shrub 
/grass type appearently was achieved more by fillingacompetitive 
vacuum by change in basal area of resident grasses rather than by 
changes in age-class distribution. Plant density, however, did 
increase in years after a reduction in basal area. Hyder and Sneva 
(1956) also showed a 30% increase in the number of bunchgrass 
plants following sagebrush control. Therefore, in addition to 
changes in basal area, environmental factors or treatments that 
reduce competition or add nitrogen also may affect changes in the 
reproductive potential of resident grasses. 

Reproductive Characteristics 
The number of reproductive culms, seed yield, and test weight 

and germination of seed varied with year, species, and treatment 
(Table 1). The greatest number of reproductive culms and largest 
seed yield were produced in 1975followed by 1974,1978, and 1977. 
No seed was produced in 1976 or 1979. The small reproductive 
response in 1977, in spite of the generallydryconditions, may have 
been the result of above average spring precipitation in that year. 
The small reproductive response in 1978, in spite of generally wet 
conditions, may have been the result of a residual effect of the 
preceding two very dry years. Seed test weight was highest in 1974 
and 1978 and lowest in 1975 and 1977. Germination was highest in 
1978, less in 1975 and 1977, and least in 1974. The averagenumber 

Table 1. Effects of weed control and nitrogen fertilization on number of reproductive culms, and on yield, test weight, and germination of squirreltail and 
Thurber needlegrass seed for 6 years. 

Reproductive culms (no Seed yield (mg/cm* Seed test weight Germination 
Experimental variable cm* basal area) basal area) (mg/ 100 seeds) (%) 

Year: 
1974 --I 45.2b 244a 37.4c 
1975 I .9a2 67.4a 198b 58.8b 
1976 O.le OIk - - 
1977 0.4c 4.5d 196b 62.6b 
1978 0.9b I7.7c 234a 71.4a 
1979 0.2d O.Oe - - 

Species: 
Squirreltail 0.6a 33.6a 191b 83.6a 
Thurber needlegrass 0.7a 33.8a 248a 30.6b 

Treatment: 
Check 0.5b 24.6b 216a 51.7b 
Weed control 0.6b 32.2b 204a 58.4a 
Weed control plus nitrogen 0.9a 44.3a 207a 58.5a 

'No data. 
‘Means for Year, SPeCieS, Or treatment with COhmS followed by different letters are significantly different at the 5% level of probability as determined by D”,,~~,,‘~ multiple 
range test. 
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of reproductive culms and seed yield/cm* of basal area were similar 
for squirreltail and Thurber needlegrass. Seed of Thurber needle- 
grass had a higher test weight (202 to 282 mg) than did squirreltail 
(170 to 212 mg) in each year. 

The treatment combination of weed control plus nitrogen 
resulted in more reproductive culms and a higher seed yield than 
did the other two treatments. This treatment was particularly 
effective in increasing the number of reproductive culms of 
Thurber needlegrass but did not increase seed yield. Both species 
produced seeds of similar test weight in all treatments. Germina- 
tion of squirreltail seed in each treatment was greater than for 
Thurber needlegrass seed in comparable treatments. Germination 
of squirreltail seed from weed control and weed control plus nitro- 
gen treatments (90 and 87%, respectively) was higher than on the 
check (74%). Germination of Thurber needlegrass seed (29 to 33%) 
did not differ significantly among treatments. Sneva et al. (1958) 
found that nitrogen fertilization also increased the number of seed 
heads per plant, allowed normal seed maturation, and did not 
impair seed viability even in the driest year. 

Average germination of Thurber needlegrass (29 to 33%) was 
much lower than for squirreltail seed (84%) in the present study 
and for native bunchgrasses such as bluebunch wheatgrass (Agro- 
pyron spicarum) (89%), (Young et al. 1981); Idaho fescue (Fesruca 
idahoensis) (77%), (Young et al. 1981); and Sandberg bluegrass 
(Pea sandbergii) (86%), (Evans et al. 1977). Is the low germination 
of Thurber needlegrass due to inherent characteristics of the spe- 
cies or to our inability to test the germinability of its seed? Young 
(unpublished results, Agricultural Research Service, Reno, NV) 
found that Thurber needlegrass seed collected yearly from 1973 to 
1977 germinated from 7 to 70% at 15°C. Germination of seed 
collected at four locations in 1975 ranged from 25 to 60% at 150 C. 
Based on limited data, the optimum temperature for germination 
appears to be 15 or 200 C. Young concluded that the “germinability 
of Thurber needlegrass seed is erratic and often quite low, and the 
nature of the dormancy controlling germination is unknown. 
Occasionally a dramatic enhancement in germination can be 
obtained by exposing imbibed seeds to red light filtered to exclude 
wavelengths longer than 760 mm. Usually this enhancement can- 
not be duplicated in repeated experiments using seed from the 
same lot.” Obviously much more research on the germination of 
this species is required before the question posed above can be 
answered. 

Application of Results 

Several of the interactions among experimental variables sug- 
gest useful information for management. Greatest crown growth, 
and most reproductive culms and highest seed weight/ cm* of basal 
area occurred in the most favorable precipitation years and with 
the weed control plus nitrogen treatment. Therefore, range 
improvement practices designed to reducecompetition should give 
the best response in wet years. For example, a sagebrush control 
project planned for late May could either be postponed or imple- 
mented on the basis of antecedent precipitation and soil moisture. 
In a high precipitation year, resident grass plants would be 
expected to produce more crown growth, more reproductive 
culms, and more germinable seed than if the brush control pro- 
gram were conducted in a dry year. Such planning would be 
particularly important in stands with a marginal density of desira- 
ble grasses. The objective would be to fill the environmental void 
created by weed control as rapidly as possible to prevent an 
increase in undesirable native or alien species (Young et al. 1969). 
Hopefully, after weed control in a sparse stand, we would find that 
the community plasticity described by West et al. (1979) would be 
controlled more by an increase in density of desirable species than 
by an increase in basal growth only. The environmental potential 
for soil moisture and soil nitrogen released by weed control would 
benefit germination of seed produced and also emergence and 
establishment of seedlings. 

Seed weight/plant was converted to kg/ha (based on 0.9 m 

between plants) in order to estimate seed production under field 
conditions, and potentially under cultivation. Yield of squirreltail 
seed ranged from 1 to 2 kg/ha in the dry year of 1977 on all 
treatments, to 63 and 73 kg/ha on the check and weed control 
treatments, respectively, and to 132 kg/ ha on the weed control plus 
nitrogen treatment in the wet year of 1975. Seed yield of Thurber 
needlegrass ranged from 6 to 9 kg/ha on all treatments in 1977, to 
28 kg/ha on the check, and 41 to 48 kg/ha from treated plants in 
1975. Seed of both species could be harvested in good precipitation 
years on sites with an adequate plant density and where weeds had 
been controlled. These yields would approximate those on the 
weed control treatment in this study. In the wettest year, seed yield 
of both species was increased by addition of nitrogen, but only 
squirreltail significantly so. The highest seed yield of squirreltail 
(11 g/plant) compares favorably with yield of crested wheatgrass 
(Agropyron deserrorum) of 9 g/plant obtained in other study on 
similar sites (Eckert 1979). In comparison, the best seed yield of 
Thurber needlegrass was about 4 g/plant. Although a nitrogen 
treatment would likely not be used to increase seed production 
under dryland conditions, nitrogen with irrigation may increase 
seed production under cultivation. Standing brush, alive or dead, 
would interfere with machine harvesting; therefore, burning or 
some mechanical form of brush control would be necessary on 
some areas before seed could be collected. 

Squirreltail seed is available commercially. Theauthors know of 
no commercial source of Thurber needlegrass seed. Results of this 
study have indicated seed yields that can be expected under field 
conditions and this may help native seed collectors determine the 
benefit/cost of field collection or perhaps of raising seed of this 
species under cultivation. A source of Thurber needlegrass seed 
would give the land manager the option of using a climax- 
dominant native species for reseeding the drier sagebrush com- 
munities where only crested wheatgrass has been used previously. 
Low seed germination, however, and very low seedling vigor 
(Hironaka and Fosberg 1979) of Thurber needlegrass could result 
in poor stands. For example, Wood et al. (1982) compared emer- 
gence and establishment of crested wheatgrass, squirreltail, and 
Thurber needlegrass. When the three grasses were planted at the 
rate of one seed/ 1.3 cm of row, average emergence was, respec- 
tively, 21, 18, and 6% in a normal year and 8, 6, and 1% in a dry 
year. Average establishment of the three species was 68,62, and 
45% frequency per 3O-cm row in a normal year and 62,48, and 3% 
frequency in a dry year. In addition, Thurber needlegrass is not as 
tolerant to grazing during the growing season as is crested 
wheatgrass. 

Results obtained from the check treatment in this study would 
simulate the responses of a bunchgrass growing under intense 
competition from weedy species in a closed community(Robertson 
and Pearse 1945). Such a condition exists in a low-condition plant 
community containing a few palatable herbaceous species and a 
heavy cover of unpalatable shrubs or weedy annuals. In dry years, 
basal growth of grass would be slowed or crowns may actually 
disintegrate, and the reproductive capacity would be very low. In 
wet years, however, the potential for a reproductive response of 
both desirable and undesirable species increases. If basal growth 
does not respond rapidly enough to fill the competitive vacuum, 
space is available for seedlings of the most adapted species. This 
void may well be filled by seedlings of undesirable species, particu- 
larly on ranges in poor or fair ecological condition (unpublished 
research, Agriculture Research Service, Reno, NV). Low seed 
production, poor germination, and weak seedling vigor of Thurber 
needlegrass suggest reasons why range improvement through graz- 
ing management alone in a closed community will occur very 
slowly if at all. 
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Use of Historical Yield Data to Forecast 
Range Herbage Production 
C.L. HANSON, J.R. WIGHT, J.P. SMITH, AND S. SMOLIAK 

Abstract 

An analysis of the 51-year berbage yield series from the Many- 
berries Range Experimental Farm in southeastern Alberta showed 
that there was a slight dependency between current year’s herbage 
yield and previous year’s yield. The analysis showed that the condi- 
tional probability of a below-average yield following a below- 
average yield year was about the same as the unconditional 
probability of having a below-average yield in any given year. The 
conditional probability of an above-average yield following a year 
with a below-average yield was significantly below the uncondi- 
tional probability of having an above-average yield in any year. 
The probability of an above-average yield following a year with an 
above-average yield was significantly greater than the uncondi- 
tional probability. 

There have been numerous studies on the effects of drought on 
vegetation and animal life, a summary of which can be found in 
Hounam et al. (1975). Periodic droughts are part of the rangeland 
environment. Their occurrence can drastically reduce both plant 
and animal populations. In the northern Great Plains, the 1930’s 
drought resulted in severe reductions in plant density and available 
forage (White et al. 1978). Such forage losses complicate the prob- 
lems of range management. These problems are further intensified 
by the unpredictability of occurrence, intensity, and duration of 
drought, Also of importance to range resource managers are the 
carryover or residual effects of drought on forage availability. 

The purpose of this paper was to determine if there was a 
dependency between current and the previous 1 or 2 years’yields. 
Of particular interest was the effect of below-average annual her- 
bage yields on the probability of below-average yields in subse- 
quent years. 

Data Set 

The herbage yield data used in this study were obtained from the 
Manyberries Range Experimental Farm in the mixed prairie 
region (Coupland 1950) of southeastern Alberta. Principal species 
included needle-and-thread (Stipa comata), western wheatgrass 
(Agropyron smithii), blue grama (Bouteloua gracilis), and June- 
grass (Koeleria cristata) (Smoliak 1956). Soils at the study site were 
classified as Brown Chernozemic with a loam texture (Dormaar 
1975). 

Annual yield was measured at peak standing crop as the total 
herbage clipped at ground level. Yield information was available 
for the period 1930 through 1980, with the exception of 1941,1944, 
1945, and 1946. Because a continuous record was desirable for this 
study, yields were estimated for the 4 missing years, using the linear 
relationship between May plus June precipitation and yield given 
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by Smoliak (1956). The time series of annual herbage yields is 
shown in Figure 1. Figure 2. shows the relative frequency of 
exceeding or not exceeding a yield in any given year. The yields 
averaged 388 kg/ ha and ranged from a low of 96 kg/ha in 1961, to a 
high or 924 kg/ha in 1942. Additional information about the 
vegetation on the study site and harvesting methods can be found 
in Smoliak (1956). 

Statistical Analysis 

Standard regression techniques were used to determine the 
linear dependence of the current year’s yield on the 2 previous 
year’s yields, lag I and lag 2 serial correlations, and to test the 
significance of the linear dependence (Chow 1964; Haan 1977). The 
same procedures were used to investigate the linear dependence 
between the current year’s precipitation (August 1 through July 31) 
and the previous 2 year’s precipitation. 

The above analyses indicated that a 3-state Markov chain may 
be used to describe the stochastic process. A Markov chain is a 
stochastic process described by transition probabilities of going 
from one state to another with the property that a given state 
depends on its value at time t-l, and not on how the value at t-l 
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Fig. 1. Annual yields expressed as percent of mean-Manyberries, 
Alberta. 
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arrived at that state. The transition or conditional probability that 
a process X, at time t is in statej, given that the process is in state a’ at 
time t-l can be written. 

fixt = j 1 Xi-1 =i] 

The unconditional probability, denoted by [Xt =jJ. is the probabil- 
ity that the process will be in statej at time t without any knowledge 
of the state of the system at time t-l. 

The “below-average” state was defined to include all yields less 
than 0.7 of the long-term average yield (n; the “average yield” 
state included yields equal to 0.7 p through 1.3 9, and the above- 
average” state included all yields greater than 1.3 ?. The below- 
average state is somewhat similar to the drought categories 
established by Hurtt (195 1) at Miles City, Montana, where he 
found that drought conditions prevailed when spring and summer 
growing precipitation was less than 0.7 times the average precipita- 
tion for that season. In our study 27% of the yields were in the 
below-average state, 49% in the average state, and 24% in the 
above-average state. 

The conditional and unconditional occurrences for the catego- 
ries shown in Table 2 were tested using the Chi-square test (Ostle 
1963). The occurrences were tested using binomial contingency 
tables and not as a single table. 

Discussion 
The lag 0 and lag 1 cross correlations matrices for crop year 

precipitation and herbage yield are given inTable 1. There is a high 
lag 0 cross correlation (0.76) between herbage yield and precipita- 
tion. The lag 1 cross correlation maxtrix shows a serial correlation 

Table 1. Precipitation and yield, lag 0 and lag 1, cross correlation matrices. 

lag 0 

Precipitation Yield 

Precipitation 
Yield 

Precipitation 
Year (t-l) 

Yield 
Year (t-1) 

1 .oo 0.16 
0.76 1.00 

lag 1 
Precipitation Yield 

year (t) ye= (t) 

0.06 0.22 

0.15 0.32 

of 0.32 in the herbage yield series, which was significant at the 5% 
level; however, the information obtained from the last year’s yields 
only improved the current year’s yield estimates by about 6% as 
determined by multiple regression analyses. There was no serial 
correlation in the precipitation series (0.06). The lag 1 cross corre- 
lation between yields and last year’s precipitation (0.22) was not 
significant at the 5% level. There was no significant lag 2 effects in 
either the herbage series or the precipitation series. 

The data in Table 2 indicated that there is little difference in the 
conditional probability of a below-average yield year following a 
below-average yield year, and the unconditional probability of a 
below-average yield in any given year (0.31 vs. 0.27). However, the 
conditional probability of an average yield year following a below- 
average yield year is somewhat greater than the unconditional 
probability (0.62 vs 0.49). The conditional probability of an above- 
average yield year following a below-average yield year is very 
small; only 0.07 as compared to the unconditional probability of 
0.24. 

Table 2. The transition probabilities matrix’ and the unconditional pro- 
babilities calculated from Manyberries herbage yield data. 

Yield categories Below-average Average Above-average 

7 Below-average 0.31 0.62 0.073 
C Average 0.28 0.56 0.16 
2 Above-average 0.17 0.25’ 0.58’ 
; ____________________~__~-~----__~_-_-~__~__~___~__-_--~___-_-______ 

Unconditional 
Probabilities* .21 .49 .24 

‘This matrix contains the conditional probabilities. They reflect the effects of the 
previous year’s growing conditions on current year’s yield. 

*The unconditional probabilities assume no yield relationship between years and are 
based only on random chance. 
%ignificantly different from the unconditional probability at 20% level. 
%Signiticantly different from the unconditional probability at 10% level. 

&her probabilities can be determined from Table 2. For exam- 
ple, the conditional probability of an average yield year following 
an average yield year is 0.56; the unconditional probability is 0.49. 
The conditional probability of an above-average yield year follow- 
ing an above-average yield year was 0.58, while the unconditional 
probability was only 0.24. 

The probability of an average or above-average yield year fol- 
lowing a below-average yield year is 0.62 plus 0.07, which is 0.69, 
and the unconditional probability of an average or above-average 
yield is 0.49 plus 0.24, which is 0.73. This indicates that a below- 
average yield year reduces the probability of a good yield the next 
year. Also, the probability of an average or above-average yield 
year following an average yield year is 0.56 plus 0.16, which is 0.72, 
and the probability of an average or above-average yield year 
following an above-average yield year is 0.25 plus 0.58, which is 
0.83. This indicates that the probability of a good yield is related to 
the previous year’s yield. 

The probability of a run of 3 consecutive below-average yields is 
0,07. The historical record shows only 2 occurrences of 3 consecu- 
tive below-average yields during the 51 years of record. As can be 
seen in Figure 1, these 2 sequences of below-average yields were 
together in the early 1960’s. The probability of a run of 3 
consecutive above-average yields is 0.14, which is a higher 
probability of above-average yields being in sequence than below- 
average yields. There were 4 sequences during the 51 year series 
where there were 3 years of above-average yields. These sequences 
were in 2 periods, one during the mid 1950’s and the other during 
the late 19605. The above-average yield years in the late 1960’s 
followed the very low yields of the early l%O’s. Because there was 
no dependency between seasonal precipitation, the dependency 
between yields must be associated with factors, such as soil water, 
plant vigor, and other biological factors; but whatever the reasons 
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are, they are contained in the historical series. 
The herbage-yield, frequency curve (Fig. 2) can be used to 

estimate the frequency of expected yields. For example, one can 
expect a yield of up to 5 IO kg/ ha once in 5 years, and a yield of up 
to 640 kg/ ha once in 10 years. The use of Figure 2 with Table 2 can 
give the range manager an idea of expected yields, as well as how 
they are distributed. 

Conclusions 
I. The previous year’s herbage yield has a significant wO.05) 

effect on the current year’s yield with a serial correlation of 0.32; 
however, the past year’s yield added only a small amount of 
information about the current year’s yield. The conditional proba- 
bility of a below-average yield following a year with a below- 
average yield was only slightly higher than the unconditional 
probability (0.3 1 vs. 0.27). However, the probability of having an 
average or below-average yield following a year with below- 
average yields was considerably higher (0.93 vs. 0.76). 

2. There was no significant linear dependence between the cur- 
rent year’s yield and the yield 2 years previous. 

3. The probability of an above-average yield year following an 
above-average yield year was considerably greater than that 
expected due to random chance (0.58 vs. 0.24). 

4. These conclusions were based on data from one location and 
on a data series of only 5 1 years. Caution should be taken when the 
probabilities are used to forecast herbage yields. The transition 

probabilities may be considerably different for other locations. 
However, the tendency for yields to be higher followingaverageor 
above-average years, than following below-average years, proba- 
bly occurs on most range sites. This tendency has potential use in 
determining management decisions. 
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The Chemical Constituents of Sagebrush 
Foliage and Their Isolation 
RICK G. KELSEY, JEFFREY R. STEPHENS, AND FRED SHAFIZADEH 

Abstract 

Five foliar constituents were measured seasonally from the three 
subspecies of big sagebrush in Montana. Monoterpene, crude 
terpenoid, and crude fat levels were lowest in the spring, increased 
through the summer with maximum quantities at flowering or in 
the fall and winter months thereafter. Crude protein and total 
nonstructural carbohydrates were at highest concentrations in the 
spring, decreased in the summer, and rose again in the fall. Sage- 
brush foliage consists of an external and internal component. The 
external material is glandular secondary metabolic products, prim- 
arily terpenoids, and cuticular waxes. The internal constituents are 
cell-wall polymers, protein, nonstructural carbohydrates, and lip- 
ids. A S-mhmte chloroform extraction of fresh whole leaves 
removed the external material (crude terpenoids) with minimal 
affect on the internal components. Steam distillation extracted the 
epidermal terpenoids and the internal nonstructural carbohydrates 
leaving the cuticular waxes and protein in the dry matter residue. 

Plants are capable of biosynthesizing a tremendous number of 
chemicals that have potential uses as food, fiber, fuels, and chemi- 
cals (Buchanan et al. 1978 a,b). Many of these resources, however, 
have been unutilized because of high costs, inadequate technology 
and limited knowledge of chemical composition. The rising cost of 
fossil fuels, particularly oil, has stimulated an interest in the chemi- 
cals and biomaterials that can bederived from plants. In the United 
States and Mexico research is being directed toward both native 
and introduced species that have evolved and adapted to the harsh 
semiarid and arid environments (Campos-Lopez and Roman- 
Alemany 1980, Johnson and Hinman 1980), where inadequate 
water supplies have limited agricultural development. On these 
drier sites, new crops could be established without affecting current 
food and fiber production. 

Big sagebrush (Artemisia tridentata) is an abundant shrub on 
semiarid rangelands with considerable economic and biological 
impact (Gifford et al. 1979). Its distribution and population densi- 
ties have increased during the last century due to overgrazing of the 
associated grasses, fire control, and the shrubs’ inherent resistance 
to herbivores (Morris et al. 1976, Younget al. 1979). Improvement 
of sagebrush-grasslands for livestock production is a desirable 
management practice and requires the eradication of sagebrush. 
This can be accomplished by a variety of techniques with variable 
costs and returns (Nielsen 1979). Harvesting the shrubs for their 
biomaterials might be a feasible alternative to destroying them and 
could provide some management flexibility for sagebrush- 
grasslands. 

Sagebrush biomass has two distinct components, wood and 
foliage. The stems and branches are primarily cell-wall polysaccha- 
rides held together with lignin and chemically similar to the wood 
of other angiosperms (Shafizadeh and Buckwa 1970). The foliage 
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is a mixture of cell-wall polymers, protein, nonstructural carbohy- 
drates, lipids (Hickman 1975), and secondary metabolic products 
(Shafizadeh and Melnikoff 1970, Brown et al. 1975, Kelsey et al. 
1978, Kelsey and Shafizadeh 1980). The objective of this study was 
to examine the chemical composition of bigsagebrushfoliage with 
emphasis on the secondary metabolic products and methods for 
their isolation. It is these compounds that have immediate poten- 
tial as a renewable source of energy-rich hydrocarbons, chemical 
feedstocks, or specialty chemicals. 

Procedures 

To determine the seasonal changes in foliage constituents of big 
sagebrush, single populations of Artemisia tridentata ssp. triden- 
tata, ssp. vaseyana, and ssp. wyomingensis were located in west- 
central Montana near Perma, Missoula, and Ramsay, respectively. 
Composite leaf and twig samples were gathered from numerous 
plants in each population on 5 dates over a l-year period, 
November 1979, and February, June, September, and December, 
1980. Plants sampled were always from the same geographic area 
within the population. The fresh tissue was sealed in a plastic bag, 
transported with dry ice to a freezer and stored until needed. Before 
analysis the leaves were frozen with liquid nitrogen and dislodged 
from the twigs, which were removed and discarded. The leaves 
were then analyzed for monoterpenes (essential oils), crude terpe- 
noids, crude fat, total nonstructural carbohydrates (TNC), and 
crude protein. 

Monoterpenes were quantified by steam distillation for 2 hours 
in an apparatus that held the leaves above the water of the steam 
generator. The oils were trapped over a water column in an ice 
cooled water condenser. After the water column was drained, the 
oil was transferred to a preweighed vial, where excess water was 
removed with a syringe. The vial was reweighed after drying in a 
calcium chloride desiccator for 15 hours. Crude fat contents were 
measured by dry ether extraction of oven-dried leaves (1000) for 16 
hours in a Soxhlet extractor. The ether extracted leaf residue was 
oven dried to a constant weight for calculation by difference. 
Crude protein was assayed by microkjeldahl procedures and the 
methods of dasilveira et al. (1978) were used for TNC. Crude 
terpenoid levels, a mixture of secondary metabolic products (prim- 
arily terpenoids) and cuticular waxes on the epidermis of the 
leaves, were determined by extracting 10 g of fresh leaves with 240 
ml of chlorform for 5 minutes. The chloroform was filtered 
through cotton and coarse filter paper, into a preweighed flask. 
Solvent was removed on a rotoevaporator with vacuum and a 
warm water bath. Final traces of chloroform were eliminated by 
gradually increasing the water bath temperature to 60-65O C and 
holding it within this range for.1 hour. The flask was desiccated for 
30 minutes and weighed. These analyses were all conducted in 
duplicate, averaged, and reported as percent of tissue dry weight 
(1OooC). 

Further studies of the inter and intra subspecies variation in 
crude terpenoid concentrations were conducted. In the fall of 1979 
three geographically distinct populations of each big sagebrush 
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subspecies were located in east-central Oregon near Squaw Butte for duplicate crude terpenoid extracts from 100 g samples 
(9 populations total). Approximately 100 g of leaf and twig mate- vuseyuna leaves collected in February of 1980. The heat values 
rial was collected from 1 randomly selected mature plant in each were measured with an automatic adiabatic calorimeter and the 
population. The tissue was sealed in a plastic container, frozen, and H, 0, N, and ash analysis was performed by Galbraith Laborato- 
transported to the University of Montana where it wasanalyzed in ries, Inc., Knoxville, Tennessee. 
triplicate for crude terpenoids. 

Results from the seasonal analyses described above indicated Results 
that the chemical constitution of the foliage changed substantially 
in the spring. To monitor these changes more precisely, the leaves Seasonal Changes in Foliage Constituents 
of vuseyunu were sampled frequently during this period, On March The seasonal sampling included tissue from 2 growing seasons. 
27, 1981, 3 individual plants from the Missoula population were During the first 2collection periods, November 1979 and February 
tagged. Five branches were selected from throughout theircrowns, 1980, the leaves harvested were produced in the spring of 1979, 
and 3 leaves marked on each branch, 1 at the top, middle, and whereas the June 1980 material had overwintering leaves from 
bottom. These leaves were all attached to the outside of the clusters 1979 as well as new spring leaves from 1980. The September and 
and represented the oldest overwintering leaves from the previous December 1980 foliage was all formed in the preceeding spring 
growing season. Colored threads allowed identification for future growth period. The subspecies were flowering, or about to flower, 
measurements. Leaf length was taken from attachment to the on the September collection date, and in December the seeds had 
longest point on the tip, and the width was recorded just beneath matured and were being disseminated. 
the lobes. Leaf and twig tissue was collected from the untagged The monoterpenes, crude terpenoids, and crude fats were 
portions of the crown and transported to the freezer on ice. Leaf 1 their lowest concentrations in the spring and increased through the 
measurements and samples were taken on 5 additional dates, April summer months (Fig. I). Crude terpenoids and fats were at their 
9 and 30, May 14, June 4, and July 15. Terminal stem growth was maximum levels during the reproductive period in the fall and the 
measured on each marked branch through June 4. A sample of following winter months. Monoterpene concentrations peaked 
exclusively new spring leaves was also collected on this date. The near flowering, decreased in the fall, with little change during the 
leaf tissues from the 3 plants at each date were mixed and analyzed winter. The crude terpenoids were a major constituent of the fall 
for crude terpenoids, crude protein, and TNC as described above. leaves with quantities that differed substantially between subspe- 

Two methods for isolating the secondary metabolic products ties, rridentufu (24.8% dry matter basis), wyomingensis (17.9%) 
were examined, steam distillation and solvent extraction. The and vuseyunu (14.2%). 
effect of steamdistillation was tested using fresh vuseyunu collected The crude protein and TNC were high in the spring, decreased 
November 1979, and all 3 subspecies collected in June 1980. The during the summer and rose again in the fall (Fig. 1). Changes were 
leaves were steam distilled for 2 hours in the same apparatus used variable during winter. Protein concentrations levels did not differ 
to quantify monoterpenes. The steamed leaves were air-dried and much between subspecies; wyomingensis had the smallest amount 
analyzed in duplicate for crude fat, crude protein, and TNC. The except in the fall of 1980. It also had the least TNC at all dates. 
spring samples were also examined for crude terpenoid levels. The Spring Leaf Growth and Composition 
solvent extraction experiments were conducted with November 
1979 vuseyunu foliage. Three weighed samples of fresh leaves, 

On March 27,. 1981, 15 overwintering leaves were tagged and 

approximately 115 g each, were placed into breakers and covered 
measured from throughout the crown on each of three vaseyunu 

with 2,400 ml of either chloroform, ethanol (95q70), or water, and 
plants. No new leaf growth was visible at this time. Approximately 
2 weeks later, April 9, the old leaves had expanded significantly 

stirred for 5 min. The solvent was filtered off and the leaves 
air-dried, 30 minutes for chloroform and water, overnight for 

(1% level, student’s t test for paired samples) in length on all 

ethanol. Each was analyzed for monoterpenes, crude fat, crude 
plants (Fig. 2). New leaves were just starting to develop, but not 
large enough to measure. By the end of the month, April 30, the 

protein, and TNC. Complete chloroform Soxhlet extractions (16 
hours) were conducted with the fresh leaves from all 3 subspecies 

overwintering leaves were significantly longer and wider and the 
new leaves averaged 1 .O cm long. New stem growth on the branch 

collected December 1980. 
In order to evaluate the chemical constitution of the crude 

tips was first measurable on May 14 and increased 4 to 6 times this 

terpenoid extract, it was fractionated into 3 distinct components, 
length in the subsequent 3 weeks. Between March 27 and June 4 the 

steam distillable oils, hexane soluble hydrocarbons, and a residual 
overwintering leaves had expanded an average of (5.5,7.8 and 7.0 

chloroform soluble fraction. Duplicate solvent free crude terpe- 
mm) in length and (1.0, 1 .O and 1.3 mm) in width, respectively, on 

noid extracts were prepared and quantified, as described above, 
the three plants. Visual observations indicated that new growth did 

from 115 and 203 g of fresh vaseyunu leaves collected March 27, first of June 
not constitute a major portion of the foliage biomass before the 

1981. Each was fractionated separately, To determine the mono- 
terpene content the extract was redissolved with a minimum 

Physiological changes were also occurring as reflected in the 

amount of chloroform in a boiling flask. Steam was passed 
changes in chemical composition. The TNC concentration went up 

through the solution to remove both the chloroform and the 
during the period when the old leaves began to expand (Fig. 2). 
This remained high until the start of rapid stem elongation, 

volatile oils. After 1 hour condensed water had filled the flask. This between May 14 and June 4, and then dropped substantially. The 
was evaporated on a roto-evaporator with vacuum and a warm 
water bath. When the water appeared gone, the water bath temper- I 

quantity of TNC in leaves (15.4%) was about equal to that in the 

ature was increased to 60-65” C for 1 hour. The flask was desic- 
mixed old and new leaf sample (16.1%) from June. Crude protein 

cated for 30 minutes, weighed and the monoterpenes quantified by 
content began to rise with the development of new leaves, it peaked 

difference. The residue in the boiling flask was dissolved in 100-I 25 
in June and diminished as the leaves matured (Fig. 2). New leaves 
from June were much higher in crude protein (17.6%) than the 

ml hot ethanol (95%) and transferred to a separatory funnel. An 
equal volume of hot distilled water was added. The solution was 

mixed samples containing old leaves (12.8%). Crude terpenoid 

washed 4 times with 125 ml of hexanes. The washes werecombined 
concentration decreased throughout the active growth period with 

and concentrated on the rota-evaporator. Traces of solvent were 
a subsequent increase by mid July (Fig. 2). The quantity in new 
June foliage (6.4%) was lower than from the mixture of new and 

removed by increasing the water bath to 60-65” C and holding for 1 , old tissue (8 loom 
hour. The extract was weighed after 30 minutes of desiccation. The 

. . 

ethanol-water solution in the separatory funnel was then extracted Effects of Steam Distillation and Solvent Extraction 
with three 125 ml portions of chloroform. These were combined Steam distillation extracted all the monoterpenes, 67 to 82% 
and processed in the same manner as the hexanes. the crude terpenoids, and 64 to 70% of the TNC, resulting in the 

The heat content and elemental composition were determined protein being concentrated by 12 to 38% in the residue (Tables 

618 JOURNAL OF RANGE MANAGEMENT 35(5), September 1982 



l? 

14 

1: 

1c 

IONOTERPENES 

RUDE TERPENOIDS 

RUDE FAT 

RUDE PROTEIN 

I I I I I I I I I I I I I I 

OTAL NONSTRUCTURAL CARBOHYDRATES 

N D J F M A M J 
198DJ A 

S 0 N D J 
1979 1981 

Fig. 1. Seasonal variation of thefoliar constituents in the threesubspecies 
(t, tridentata; Y, vaseyana; w, wyomingensis) of big sagebrush. 
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Fig. 2. Old leaf expansion, new stem growth , and changes in foliage 
chemical composition of vaseyana during spring. Numbers correspond 
to individual plants. 

and 2). The crude fat remaining in the steam distilled leaves 
increased when spring foliage was used (Table 1), but decreased in 
the residue from material collected in the fall (Table 2). 

The three solvents, chloroform, ethanol, and water, used to 
extract the leaves had similar effects on the chemical composition, 
but in different degrees (Table 2). All reduced the monoterpenes, 
crude fat (except water), and the crude protein; TNC were concen- 
trated. Chloroform caused the greatest changes, removing all mon- 
oterpenes and 8 1% of the crude fat. The crude protein was reduced 
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Table 1. Tbe chemical composition of fresh and steam distilled spring 
(June, 1980) big sagebrush leaves. 

_- Leaf components (% leaf dry weight) 

Total 
Crude Crude Crude nonstructural 

Subspecies terpenoid fat protein carbohydrates 

tridentata 
Fresh 10.6 2.1 13.1 17.6 
Steam distilled 

(& (la:::) 
18.0 

(138.1) (3::) 

voseyono 
Fresh 1.5 14.0 19.4 
Steam distilled 4:; 18.0 

(32.9) (l$.?) (128.4) (3:::) 

wyomingensis 
Fresh 11.0 2.0 12.5 15.7 
Steam distilled 

(2X) (13%) 
16.4 

(131.6) (3::;) 

‘The number in parenthesis is the percentage remaining in the steam distilled sample 
relative to what was present in the fresh material. 

by 9% whereas TNC were concentrated by 19%. Neither ethanol 
nor water were effective in extracting the organic constituents 
(monoterpenes and crud’e fat), they decreased the crude protein 
17% and 20% and concentrated the TNC 3%and 35%, respectively. 

Cbioroform Crude Terpenoid Extraction and Extract 
Composition 

The efficiency of the 5-minute chloroform crude terpenoid 
extraction was tested by comparing these quantities with a com- 
plete (16 hours) chloroform Soxhlet extraction of fresh leaves, 
(Fig. 3). The rapid procedure was quite thorough and took out 
79%, 81%. and 87% of the total chloroform soluble constituents in 
vaseyana, wyomingensis, and tridentata, respectively. Cutting the 
extraction time from 5 minutes to 1 minute resulted in only minor 
reductions of extract (Fig. 4). 

Near Squaw Butte, Ore., thetridentata had a significantly higher 
concentration of crude terpenoid (5% level, nested classification 
ANOVA and Duncan’s multiple range test) than vuseyuna or 
wyomingensis (Table 3). There was no difference between the latter 
two. The variation within each subspecies was the same, with a 4% 
range between the lowest and highest values, wyomingensis (10.9 
to 14.8%),vaseyunu(l3.6to 17.6%)andtridenturu(18.6to22.9%). 

Solvent fractionation of the crude terpenoid extract revealed 
that 16.2% was steam-distillable monoterpenes. The distilled 
residue contained a 16.0% (based on the total extract) nonpolar 
hexane fraction and a 66.7% residual chloroform soluble portion. 
Elemental composition of the complete extract was C (69.9%), H 

Tabk 2. The chemiul compotdtion of mgebruh leaves subjected to various 
types Ot extraction (W.FQWM, November, 1979). 

Leaf comoonents I% leaf drv weinhtl 

Extraction 
oroccdurel 

Mono- 
temenes 

Crude 
fat 

Total 
Crude nonstructural 

orotein carbohvdmtes 

Fresh 2.0 8.2 14.0 14.2 
Steam distilled 

(& (658.43, 
15.6 4.3 

(111.8) (30.2) 
Chloroform 

(Z) (1;:;) 
12.7 16.9 

(90.8) (118.7) 
Ethanol 

(7::;) (8:::) 
11.6 14.6 

(83. I) (102.8) 
Water 1.8 

(93.4) (lOZ) 
11.2 19.2 

(80.2) (135.1) 

Steam distillation was 2 hours, solvent extractions were 5 minutes. 
ZThe number in parenthesis is the percentage remaining in the treated sampled relative 
to what was present in the fresh material. 
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Fig. 3. Crude terpenoid yields from S-minute and 16-hour (Soxhlet) 
chloroform extractions offresh whole sagebrush leaves. Numbers ot left 
of bars ore the 5-minute yields as a percentage of the 16 hour yielak 
Subspecies: t, tridentata; v, vaseyana; w. wyomingensis. 

(8.9%), 0 (21.1%), N (<O.OS), and ash (0.56%). The heat content 
was high at 32.6 megajoules per kilogram (7790 calories per gram). 

Discussion 

The terpenoids, monoterpenes (Welch and McArthur 198 I), and 
sesquiterpene lactones (Kelsey and Shafizadeh 1979, 1980) are the 
major secondary metabolic products in sagebrush, with lesser 
quantities of coumarins (Shafizadeh and Melnikoff 1970, Brown et 
al. 1975) and flavonoids (Rodriguez et al. 1972, Brownet al. 1975). 
All of the sesquiterpene lactones and some of the monoterpenesare 
stored in glandular trichomes on the epidermis of the leaves (Kel- 
sey and Shafizadeh 1980). Consequently, these compounds are 
readily accessible to solvent extraction with minimal processing of 
the tissue. The glands can be burst and their terpenoid contents 
released by washing for 60 seconds in chloroform (Kelsey and 
Sahfizadeh 1980). This solvent is also very effective in removing the 
cuticular waxes (Silva Fernandes et al. 1964). 

To get an approximate measure of the readily accessible chemi- 
cals on the surface of sagebrush foliage (crude terpenoids), fresh 
whole leaves were extracted with chloroform for 5 minutes. The 
short extraction time and the physical barriers, due to cell walls 

N F J 
DATE 

Fig. 4. Cn& terpenoid yields from 5- and l-minute chloroform 
extractions of fresh whole vaseyana leaves, Numbers at kft of bars are 
the l-minute yielcis as a percentage of the S-minute yields. Dotes: N, 
November 1979; F, J, S ore February, June, and September 1980. 
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and water in the fresh whole tissue, helped restrict the extraction to 
the epidermal surface. This simple procedure was quite efficient, 
removing 79 to 87% of the chloroform soluble material in the 
foliage (Fig. 3). Yields from l-minute extractions were similar (Fig. 
4), further confirming the accessibility of the compounds. Chloro- 
form was the best solvent for isolating monoterpenes and crude fat 
(Table 2); and 5-minute washes with fresh whole leaves extracted 
more material than Soxhlet extracting dry tissue 16 hours with 
ether (Fig. 1, compare crude terpenoid and crude fat values). 
Dichloromethane was about as effective (1 I .8%) as chloroform 
(12.7%) for isolating crude terpenoids. It would be a desimble 
substitute commercially because it is less expensive, has a lower 
boiling point, and is less toxic. 

After solvent removal the extract is a complex mixture of steam 
distillable monoterpenes (16.2%), cuticular compounds (I 6%, long 
chain hydrocarbons, esters, and alcohols) soluble in hexane (Tho- 
mas 1976) and a residual fraction (66.6%) with sesquiterpene lac- 
tones and other more polar compounds including coumarins and 
flavonoids (these were detected in the chloroform fraction by 
thin-layer chromatography). 

The chemical composition and harvestable yields of plant mate- 
rials are strongly associated with the phenological stage of the 
plants. The yearly cycle for sagebrush can be broken down into 
four periods, the primary growth of spring, secondary growth and 
differentiation in the summer, reproduction in the falland a winter 
quiescence. The monthly timing of these stages may vary depend- 
ing on species and subspecies, environmental, and climatic condi- 
tions (Wright 1970, DePuitand Caldwell 1973, Daubenmire 1975). 

The winter dormancy is broken by the expansion of overwinter- 
ing leaves and new leaf development (Fig. 2). The formation and 
rapid growth of new stems, both vegetative and reproductive, then 
begins with their subsequent new leaf growth. There is a transition 
into summer as the vegetative growth slows and expanded over- 
wintering leaves begin to drop (Daubenmire 1975, Rickard and 
Warren 1981). During summer, primary growth of vegetative and 
reproductive stems stops, followed by secondary growth and dif- 
ferentiation into woody tissue. New leaf development continues 
but at a reduced rate. Overwintering and ephemeral spring leaves 
are shed. Flower buds form on the inflorescence, these matureand 
open, marking the end of this period. The reproductive stage in the 
fall is initiated by flowering and lasts until the seed is mature and 
shed from the plant. Very little vegetative growth is observed and 
all tissue differentiation is completed. During the winter the shrubs 
are physiologically dormant relative to the other seasons. 

Crude terpenoids were most concentrated on the foliage in the 
fall and winter (Fig. l), during which time subspecies differences 
were most pronounced. Subspecies tridentata produced the grea- 
test quantities of epidermal chemicals in both the Montana and 
Oregon populations (Fig. 1, Table 3). Harvesting the shrubs late in 
the growing season would provide the best yields per unit of dry 
matter, but it may not give the greatest yields potentially available 
from an individual plant. Overwintering leaves remain on the 
plants through the primary spring growth period so that maximum 
foliage biomass occurs just prior to leaf shedding. Although the 
crude terpenoid concentrations decrease on a dry matter basis (Fig. 
2) this is most likely the result of leaf expansion and a dry weight 
increase rather than an actual loss of crude terpenoids. Between 
March 27 and April 30, the foliage on vaseyana was predominately 
overwintering leaves expanding in size (Fig. 2). During this time 
the crude terpenoid concentration dropped but there were too few 
new leaves present with their low crude terpenoid levels to cause a 
dilution effect. These compounds could have been used in metabo- 
lism as a source of carbon and energy, but this seems unlikely since 
TNC levels were at their peaks (Fig. 2) and should have been 
sufficient to meet these needs. If the quantity of crude terpenoid on 
each overwintering leaf remains unchanged during spring growth, 
then harvesting the shrubs at maximum foliage biomass, before 
leaf shed in early summer, will provide the greatest crude terpenoid 
yields on a per plant basis because of the additional material on the 
new leaves. By early June the new leaves had a crude terpenoid 
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Table 3. The crude terpenoid content of the three big sagebrush subspecies 
at Squaw Butte, Oregon. 

Plant Subspecies (% of leaf dry weight) 

sample’ wyomingensis rridentara vaseyana 

I 14.8 (0.2)’ 18.6 (0.4) 13.5 (0.5) 
2 10.9 (0.3) 19.4 (0.6) 15.8 (0.2) 
3 14.4 (0.4) 22.9 (0.6) 17.6 (0.4) 
Subsoecies avg. 13.4Gf2.21 20.3b12.3J 15.772.oj 

‘Each plant represents a distinct and seperate population. 
The number in parenrhesis for each plant is I standard deviation from triplicate 
analysis; for subspecies it is the standard deviation for all 9 analyses. 
%tbspecies averages followed by the same letter were not significantly different at the 
5% level according to Duncan’s multiple range test. 

had a crude terpenoid content of 6%. The concentration of the 
individual chemicals in these extracts could vary between spring 
and fall, but this is probably not significant unless a particular 
compound was being sought. 

Steam distillation had a different effect on the epidermal chemi- 
cals than solvent extraction. The apparatus used for distillation 
held the leaves above the steam generator and all the monoterpenes 
were volatilized and trapped as an oil over a water column in a 
condenser. Steam distilled-air-dried leaves were free of their char- 
acteristic terpenoid odor. During distillation steam condensed on 
the leaves and dripped back into the generator, carrying with it 
nonvolatile water soluble compounds such as sesquiterpene lac- 
tones, coumarins, fIavonoids, sugars, and starch. The crude terpe- 
noid constituents in the water were recovered by washing with 
chloroform. A total of 67 to 82% of the crude terpenoids were 
taken from the tissue (Tables 1 and 2) and the residual left behind 
was probably the nonpolar, water insoluble cuticular waxes. This 
is supported by the high crude fat concentrations remaining in the 
steam distilled tissue, 66% in fall leaves (Table 2), and 134 to 167% 
in the spring foliage (Table 1). Unlike solvent extraction, steam 
distillation fractionated the various chemical groups that make up 
the crude terpenoids, but the total yield of material (monoterpenes 
plus the chloroform extract from the steam generator) was much 
lower 2.4%, 2.3%, and 2.4% than the solvent-extractable crude 
terpenoids, 10.695, 6.6%, and I l.O$?i from June 1980 tridenrata, 
vaseyana and wyomingensis, respectively. 

Seasonal changes of the crude protein and TNC concentrations 
in the foliage followed the same basic pattern (Fig. I). They were 
high in the June tissue, decreased during the summer and rose 
again in December as the plants entered their winter dormancy. 
Hickman (1975) reported similar changes for crude protein but 
with a greater increase in spring, because his sample was exclu- 
sively new growth, and a smaller increase in the fall because he 
included low protein stem tissues in the clippings. The proportion 
of crude protein in the total foliage dry matter does not change a 
great amount throughout the year (Fig. 2). New tissues have more 
protein (17.6% vaseyana, June 4, 1981) but if all the leaves were 
harvested in early summer at peak biomass this would be offset by 
the lower quantities in the overwintering leaves (12.8% in a mixed 
new and old leaf sample from vaseyana, June 4,198l). The amount 
of crude protein in the new leaves also drops quite rapidly after it 
peaks (Hickman 1975). TNC accumulate in the previous years 
twigs (Coyne and Cook 1970) and old leaves (Fig. 2) as new growth 
begins. This reserve is utilized and depleted during the period of 
rapid stem development. These low TNC levels remain until the 
need for carbon and energy decreases when metabolic activity 
slows in the fall. Solvent extraction and stem distillation affected 
these two tissue constituentsdifferently. Chloroform reduced pro- 
tein levels slightly and concentrated the TNC (Table 2). Steam 
distillation fractionated them, isolating 64 to 70% of the carbohy- 
drates (Tables 1 and 2) into the water of the steam generator, and 
concentrating the protein in the leaf residue (Tables I and 2). 

The foliage biomass of sagebrush can be viewed as a 2- 
component (external and internal) system. The external portion is 
composed of secondary metabolic products (monoterpenes and 
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sesquiterpene lactones) and cuticular waxes; whereas the internal 
component is cell-wall polymers, protein and nonstructural car- 
bohydrates. Rapid solvent extraction with chloroform is an effec- 
tive method for separating these two groups. The extract provides 
a complex mixture of oxygenated hydrocarbons and the dry mat- 
ter residue retains its protein and carbohydrates. The extract could 
be further processed for chemicals while the leaves could be used 
for feed. Steam distillation also changes the composition of sage- 
brush foliage but in a much different manner. The secondary 
metabolic products and nonstructural carbohydrates were isolated 
and partially fractionated. The monoterpenes were recovered asan 
oil and the sesquiterpene lactones and carbohydrates were mixed 
in water solution. These latter two were separable by organic 
solvent extraction of the water. The cuticular waxes remained on 
the epidermis of the tissue and the protein was concentrated as the 
other constituents were removed. The terpenoid fractions could be 
used for their chemicals, the carbohydrates are fermentable, and 
the dry matter, high in protein, has value as feed. Steam distillation 
is certainly a less efficient method than solvent extraction for 
isolating the external organic chemicals from the tissue. 

The plant species chosen and commercially developed for botan- 
ochemicals and biomaterials will depend on a variety of botanical, 
chemical, technical and economic considerations. Sagebrush is of 
interest because it is naturally abundant on semiarid rangelands 
and has little value, at least in terms of livestock production. 
Furthermore, it is representative of many semiarid plants that 
produce substantial quantities of secondary metabolic products 
and leaf resins in association with epidermal glands and glandular 
trichomes (Dell and McComb 1978). These species of plants, with 
external chemicals, should be examined very thoroughly, since this 
characteristic allows easy access to a wide variety of desirable 
compounds with minimal processing. 

High concentrations of epidermal secondary metabolic products 
in glandular trichomes may also have considerable biological sig- 
nificance. Many glandular consitituents, particularly terpenoids, 
including some of those in sagebrush, are biologically active (Kel- 
sey et al. in press), being phytotoxic, cytotoxic, antimicrobial, and 
insect pheromones and feeding deterrents. Therefore the potential 
exists for these chemicals to function as a defense mechanism. As a 
physically dominant component of rangeland communities, in 
both time and space, sagebrush appears to be grazed by a dispro- 
portionately small number of insect herbivores, and ungulate con- 
sumption is only common from native species, mule deer and 
antelope, that have coevolved with the shrubs. The primary 
defense of the epidermal secondary metabolic products could be 
against herbivores. Escape of phytotoxic chemicals into the envir- 
onment (Kelsey et al. 1978) through volatilization, leaching and 
litter deposition might provide secondary benefits by reducing 
excessive competition from their own seedlings and the associated 
plant species. 
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Switchgrasses: Forage Yield, Forage Quality 
and Water-use Efficiency 

P.T. KOSHI, J. STUBBENDIECK, H.V. ECK, AND W.G. MCCULLY 

Abstract 

The purpose of the study was to evaluate 3 strains of switchgrass 
(Panicum virguturn L.) under 3 water and 3 harvest regimes. Dry 
matter yields, under natural rainfall and full irrigation, averaged 
2.0 and 6.7 metric tons/ha, respectively. Productivity of the 3 
strains ranked G 3OO>HV-341>Biackweii. Yields of HV-341 and 
Blackwell were similar under 1,2, or 3 harvests per year but those 
of G-300 were reduced by 2 or 3 harvests. Switchgrass forage 
contained about 10.8% crude protein (CP) and 0.23% P in late 
June. In November, previously unclipped forage contained 4.3% 
CP and 0.12% P, while that clipped twice contained 5.5% CP and 
0.15% P. Maximum production was obtained with 116.5 cm of 
water use but maximum water use effhziency was obtained with 
about 85.5 cm of water use (rainfall f irrigation + soil water), The 
switchgrasses are adapted for use both without irrigation and 
when varying amounts of irrigation water are availbie. G-300 
yielded more and produced earlier and later than the other two 
strains thus it may be the best choice for use for rangeimprovement 
or for irrigated pastures. However, it requires careful management 
because it is more susceptible to overuse than the other two strains. 

Switchgrass (Panicurn virgatum L.) is a perennial tallgrass 
adapted to the diverse climate and soils of the mid-continent and is 
widely distributed throughout the United States (Hitchcock) 
1951). It is a productive warm-season forage-grass used primarily 
for summer grazing, and is most abundant on sandylands of the 
remaining natural grasslands of the Great Plains. Adapted strains 
and varieties are used in pure stands or in mixtures with other 
warm-season prairie grasses for range, pasture, and conservation 
plantings. 

In the Southern High Plains, yields of upland native rangeland 
were estimated to be from 730 to 1,120 kg/ ha on deep sand sites 
(Wilhite 1965), and from 2,240 to 2,575 kg/ ha on sandhill sites with 
more favorable plant-soil-water relations (Wilhite 1959). Most of 
these sites are now producing much less than their potential 
because of deteriorated range condition. 

Forage quality is an essential criterion in the selection and 
management of forage for livestock consumption. Phosphorus and 
protein are the most deficient components in livestock nutrition in 
the southwest. 

Crude protein in Texas range grasses decreases duringthe grow- 
ing season and is not closely related to soil nitrogen content (Fudge 
and Fraps 1945). In Northwest Texas the phosphorus content of 
forage was sufficient for range cattle in 66% of the grasses early in 
the growing season but deficient in 91% of the grasses at maturity 
(Fudge and Fraps 1945). Average protein content of short and 
mid-grasses of the southern mixed prairie in Texas seldom meet the 
protein requirements of beef cows (Rogers and BOX 1967). 

Performance with limited moisture is of primary concern in 
evaluating and selecting superior forage plants. Water-use effi- 
ciency (forage production/unit of water) is of prime importance in 
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selecting material for seeding deteriorated mngelands and submar- 
ginal croplands in semiarid areas. 

Water-use efficiency varies among native grasses (Weaver 1941). 
Dobrenz et al. (1969) working with eight clones of blue panic 
(Panicurn anridorale Retz) showed no significant difference in 
transpired water between the highest and lowest water-use effi- 
ciency clones. In Nebraska, southern switchgrass yielded more 
forage than either local or northern strains (Newell 1968). A late- 
maturing southern strain, however, was adversely affected by close 
and frequent clippings. 

This study was designed to compare the effects of three water 
regimes and three harvesting regimes on forage yield, water-use 
efficiencies, and forage quality of three switchgrasses from Texas 
and Oklahoma. Knowledge of the performance of these grasses 
under different water inputs and availability would be valuable in 
plant selection and breeding. This knowledge would also be very 
useful in developing management practices to maximize forage 
yields. 

Methods and Materials 

The study was conducted at the U.S. Big Spring Field Station, 
Big Spring, Texas, on Amarillo fine sandy loam, an Ardic Paleus- 
talf of the fine-loamy, mixed, thermic family. The soil has been 
described in detail by Burnett et al. (1962). The 14-year average 
preseasonal precipitation (November-March) and seasonal pre- 
cipitation (April-October) are 9.7 and 37.1 cm, respectively. The 
average growing season is 222 days. 

The three strains of switchgrass were: Blackwell (originally col- 
lected near Blackwell, Okla.); G-300 (collected from South Texas 
near Raymondville); and HV-341 (collected from North-Central 
Texas near Breckenridge). 

Three water regimes and 3 harvest regimes were applied in a 
4-year study. Water variables occupied main plots (9 X 12 m); 
switchgrass strains occupied subplots (3 X 12 m); and harvest 
variables occupied sub-subplots (3 X 4 m) in a split-split-plot 
design with 3 replications. Main plots were leveled and bordered to 
contain all precipitation and irrigation water. In 1968, greenhouse- 
grown seedlings were transplanted into cl-row plots at 50-by 50-cm 
spacings. Water regimes and harvesting treatments were started in 
1970. Data were collected from the center 2 rows. 

Water regimes were: WI (precipitation only); WZ (1Ocm of water 
applied when Ws required irrigation); and Ws (20 cm of water 
applied when 20 cm of water had been depleted from the upper 180 
cm of the soil profile. Soil water was measured each month, using 
the neutron scattering technique. Measurements were made at 
20-cm increments to a depth of 360 cm. Growing season precipita- 
tion, irrigation water applied, soil water depletion, and total water 
use are presented in Table 1. Growing season precipitation was 
only 59% of average in 1970, near average in 1973, and above the 
long-time average in the other seasons. 

Harvesting intensities to remove half the current production 
were (HI) 1 clipping to 3S-cm stubble height at the end of the 
growing season; (HZ) 2 clippings to 35-cm stubble height, one at 
mid-season, and the other at the end of the’growing season; and 
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(Ha) clippings at 6 or IO-week intervals during the growing season. 
Clipping began in 1970 when 50% of the above-ground production 
yielded stubble 10 cm high and then at 6-week intervals for a total 
of 5 clippings. This level of harvesting seemed too severe and the 
1971-1973 Ha clippings were started when 50% forage removal 
yielded stubble 30 cm high. Succeeding clippings were at IO-week 
intervals for a total of 3 clippings. Representative forage samples 
(approximately IOOOg) were oven-dried at 65” C. Forageyieldsare 
reported on the oven-dried basis. Oven-dried samples wereground 
with a Wiley mill to pass a 40-mesh screen. 

Total nitrogen ws determined by the Kjeldahl method (as modi- 
fied to include nitrates) and multiplied by 6.25 to obtain percent 
crude protein (CP). Forage was wetashed by the method of Wolf 
(1944) and total phosphorus was determined calorimetrically 
(Watanabe and Olsen 1965). The data were statistically evaluated 
by analysis of variance and significances were tested by the 
Student-Newman-Keuls method (Federer 1955). 

Soil tests were made each year and fertilizer was applied to 
obtain vigorous plants and good grass growth. In 1969, 1970, and 
1971, 16-20-o fertilizer was used. Rates of nitrogen and Pa@ were, 
respectively, 100 and 125 kg/ha in 1969, and 200 and 250 kg/ha in 
1970 and 1971. In 1972 and 1973, the soil tests indicated that only 
nitrogen was required. In those years, ammonium nitrate was 
applied at 200 kg N/ha. 

Fertilizer was applied in a single spring application in 1969. In 
later years, a split application was used with half of the fertilizer 
applied in April or May, and the other applied in July. 

Results and Discussion 

The southernmost strain, G-300, began growing 1 to 3 weeks 
earlier than HV-341 or Blackwell. Blackwell headed in early June, 
HV-341 in mid-June, and G-300 in late June to early July. In 1971, 
the representative plant heights after heading were 120, 125, and 
150 cm for Blackwell, HV-341, and G-300, respectively. 

Forage Yields 
Average annual yields of the 3 strains were G-300:5.9; HV- 

341:4.6; and Blackwelk4.1 metric tons per hectare(Fig. 1). Without 
irrigation, the 3 strains produced similar yields, on the W-2 treat- 
ment, Blackwell and HV-341 produced similar yields and G-300 
outyielded both of them; and on the Ws treatment, yields were 
highest from G-300, intermediate from HV-341 and lowest from 
Blackwell. Average annual forage yields on the lower irrigation 
level were almost triple those on the nonirrigated treatment and 
were 87% of those on the higher irrigation level. The switchgrasses 
showed more response to irrigation than cane bluestems. In a 
similar experiment (Koshi et al. 1977) cane bluestem responded to 
the lower irrigation level but additional water did not further 
increase yields. 

The average data show that similar total yields were produced 
under all 3 harvest regimes (Fig. 1). However, harvest regimes had 

Fig. 1. Meanforage yields of threeswitchgrass strains. &rrs with the same 
letter are not significantly diffeerent at the 0.05 level of probability. 

some effect on when the forage was produced and the 3 selections 
performed differently under different harvest regimes (Fig. 2). 
With end of season harvest only (HI), the grasses produced about 
37% of their growth by mid-June, about 22% between mid-June 
and mid-July, and 41% after mid-July. When harvested in July and 
November (Hz), they produced 72% of their growth by mid-July 
and 28% after mid-July. When harvested in mid-June, late August, 
and November (Ha), they produced 41% of their growth by mid- 
June, 50% between mid-June and mid-August and 9% after mid- 
August. 

Two factors made major contributions to the higher forage 
yields of G-300. They were (1) its ability to produce high yields with 
end of season harvest only (HI) and (2) its higher production after 
mid-July (Fig. 2, HZ. Under HI, it outyielded the other 2 selections 
and with 2 harvests per season (He) it outyielded Blackwell. With 3 
harvests. per season (Ha) the 3 selections produced similar yields. 
The trend of decreasing relative yield with increasing harvest pres- 
sure, plus yield data and observations in 1970 when the grasses 
were harvested 5 times (Fig. 2), indicate that G-300 was more 
adversely affected by frequent harvesting than the other 2 grasses. 

Forage Quality 
The crude protein (CP) data (Table 2) show that strains and 

water levels had relatively minor effects on CP concentrations 
while harvest regimes had major effects. Average CP was highest in 
G-300, intermediate in HV-341 and lowest in Blackwell. Average 
CP was highest in the nonirrigated treatment while levels were 

SBlackwell gliv-341 

gCi-300 
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Fig. 2. Per-clipping yields of three switchgrass strains from H3 and Hz 
harvest regimes. Ears with the same letter are not significantly dijferent at 
the 0.0s level of probability. 
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Table 1. Growing season precipitation, irrigation, soil water depletion, and 
seasonal water ose by swikhgrasses. 

Water regime (cm) 

Year Water input W w2 W3 

1970 Precipitation 22.0 22.0 22.0 
Irrigation 0.0 35.0 70.0 
Soil water depletion’ 37.9 38.1 21.9 

Total water use 59.9 95.1 113.9 

1971 Precipitation 43.7 43.7 43.7 
Irrigation 0.0 40.0 80.0 
Soil water depletion 7.5 -17.4 -13.2 

Total water use 51.2 66.3 110.5 

1972 Precipitation 44.2 44.2 44.2 
Irrigation 0.0 46.0 81.0 
Soil water use -7.8 3.1 3.9 

Total water use 36.4 93.3 129.1 

1973 Precipitation 37.7 37.7 37.7 
Irrigation 0.0 20.0 43.3 
Soil water use 22.9 30.8 31.3 

Total water use 60.6 88.5 112.3 

Average annual water use 52.0 85.5 116.5 

‘Total soil water lo 360 cm in March less that present in November. 

similar on the WZ and Ws treatments. The 1971-73 data show that 
CP was high early in the season and it declined as the season 
advanced. In previously unharvested grass it averaged 10.82% in 
late June, 8.98% in mid-July, and 4.29% in mid-November. How- 
ever, when the grass was harvested in June and again in August, CP 
contents remained higher throughout the season. The average had 
declined to 9.92% by late August and to 6.06% by mid-November. 
The effect of harvest regime on forage' yield, CP yield, and CP 
content of the harvested forage is illustrated in Figure 3. Data are 
combined averages for 3 switchgrass strains for Ws for 1971, 1972, 
and 1973. In the A section, data are plotted for the first dates of 
sampling from &, Hz, and HI. The resulting curves are assumed to 
describe cumulative growth for HI. In the B section, all data are 
from Hs and describe cumulative growth for that harvest regime. 
Utilization during the growing season increases both CP yields and 
average CP content of the total forage produced. When plants were 

not harvested until the end of the season (HI), they proceeded 
through the reproduction stage with much of the forage matured at 
the time of removal, resulting in sharply decreased protein con- 
tents. However, when they were harvested before they reached 
maturity, forage at the first harvest was high in protein and later 
growth remained vegetative and protein contents were maintained 
at higher levels. Data from the HZ harvest regime (Table 2) show 
that delaying the first harvest until mid-July resulted in decreases 
in protein contents but those decreases were not nearly so drastic as 
those encountered when harvest was delayed until the end of the 
growing season. 

The CP data obtained in 1970 (Table 2) were not consistent with 
those obtained during the 1971-73 period. Inconsistency in data 
from the IG harvest regime may be partially attributable to the 
frequency of harvests in 1970. Also, timing of irrigation and of 
fertilizer application may have caused inconsistencies in HB as well 
as in the other harvest regimes. 

The CP requirements specified by the National Academy of 
Sciences (6) for beef cattle are: 9.2% for 450 kg cows nursing calves; 
8.9% for growing steers with 0.5 kg/day gain; and 5.9% for dry 
pregnant cows. A grazing schedule similar to the H3 harvest could 
supply nursing cows with adequate CP for at least 3 months. The 
forage of the first clipping of all strains and second clipping of the 
G-300 from the HZ harvest could supply the CP needs of growing 
steers. Mature forage from the HI harvest was inadequate and 
would require CP supplementation regardless of the class of beef 
cattle used. 

Trends in the phosphorus (P) data were similar to those in the 
CP data, even to the extent that the 1970 data were not consistent 
with those from 1971, 1972, and 1973. Phosphorus content, like 
CP, was more affected by harvest regime than by water levels or 
switchgrass strains (Table 3). G-300 was highest in P, Blackwell 
was intermediate, and HV-341 was lowest. However, P contents in 
Blackwell and HV-341 were not significantly different. Average P 
level was highest on the nonirrigated treatment while levels were 
similar on the WZ and Ws treatments. Also, like CP, Pcontent was 
high early in the season and declined as the season advanced. The 
1971-73 data show that in previously unharvested grass, it aver- 
aged 0.232% in late June, 0.223% in mid-July, and 0.116% in 
mid-November. However, when the grasses were harvested in June 
and again in August, P contents remained higher throughout the 
season. The average had declined to 0.2 1 I TO by late August and to 

Table 2. Crude protein concentrations (%) in switchgress forage at various clipping dates. 

Harvest 
regime 

Ha 

HZ 

HI 

Clipping 
dates 

512 
6119 
8/3 
9115 

IO/27 
7116 

IO/27 
IO/27 

Means 

W1 

6.56 
5.12 
5.92 

14.32 
15.44 
3.48 

13.20 
6.58 
8.83B 

Water Regime Strains s 
w2 W3 Blackwell G-300 HV-341 Means 

1970 
6.60 7.07 7.78 6.13 6.32 6.74E’ 
5.56 5.24 4.89 5.44 5.59 5.30F 

10.24 10.79 8.64 9.67 8.64 8.94D 
15.49 14.84 14.38 15.26 15.00 14.88A 
13.43 12.88 13.67 14.76 13.33 13.92B 
6.45 5.88 4.71 5.62 5.49 5.27F 
9.85 8.60 9.49 12.37 9.78 10.55c 

8.24 7.66 5.71 8.02 8.76 7.49E 
9.48A 9.12AB 8.66B 9.66A 9.1 IAB 9.14 

H3 
6125 12.5 la* 10.20b 9.74b 
8127 10.36b 9.84b 9.54bc 

II/13 6.18e 5.62ef 6.4Oe 

1971-73 
10.64ab 
9.79bc 
5.09gh 

11.3Oa 10.51b 10.82A 
lO.llb 9.85bc 9.92B 
7.56e 5.5% 6.06D 

H2 7118 9.55bc 8.62d 8.76d 8.75d 
11/13 5.5Oef 5.50ef 5.9lef 4.78ghi 

II1 11/13 5.04f 3.728 4.lOg 3.961 
Means 8.19A 7.23B 7.4lB 7.17c 

‘Means with different upper-case letters are significantly different a? the 0.05 level of probability. 
*Averages with different lower-case letters arc significantly different at the 0.05% level of probability. 

9.lOcd 9.0&d 8.98C 
6.67f 5.36gh 5.&E 
4.40hi 4.5Ohi 4.29F 
8.19A 7.47B 7.61 
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Fig. 3. Forage yield, protein yield andpercent crude protein in forage at 
various harvest dates, Ws. average 1971-73; (A) HI harvest regime;(B) Ha 
harvest regime. 

0.154% by mid-November. Data from the HZ harvest regime (Table 
3) show that delaying the first harvest until mid-July did not result 
in significant decreases in P content of the forage. The effect of 
harvest regime on forage yield, P yield and P content of the 
harvested forage is illustrated in Figure 4. Data were selected from 
the same treatments as those used for CP in Figure 3. Results and 
reasons for them are similar to those given for CP. 

The National Academy of Sciences (1970) P requirements of 
beef cattle are: 450 kg cows nursing calves, 0.22%; for growing 
steers with 0.5 kg/day gain, 0.18%; and for dry pregnant cows, 
0.16%. Forages of the three switchgrass strains could supply the 
required dietary P for nursing cows at least through mid-July. Also 
there is adequate P for growing steers to late August. With two or 
more clippings, forages at the end of the growing season are almost 
adequate for dry pregnant cows, especially with the G-300 strain. 

A __ P YIELD 

7/w WL7 11 
DATE OF SAMPLING 

Fig. 4. Forage yield, phosphorusyieldandpercentphosphorus inforageat 
various harvest dotes, Ws, average 1971-73; (A) HI harvest regime, (B) Ha 
harvest regime. 

The mature forage of the HI requires phosphorus supplementation 
for all classes of beef cattle. 

Water Use and Water-use Efficiency 
Water use data are given in Table 1. The WZ and Ws treatments 

were irrigated 4 times yearly from 1970 through 1972. Only 2 
irrigations were necessary in 1973 because of substantial soil water 
storage from above-average, early-season precipitation which was 
followed by well distributed growing season precipitation. Aver- 
age annual water use on the WI, WZ, and Ws treatments was 52.0, 
85.8, and 116.5 cm, respectively. Stored soil water was very impor- 
tant under the WI and We treatments. 

Water-use efficiency data are presented in Figure 5. Since the 3 
switchgrass strains exhibited similar total water use, water use 
efficiencies were proportional to forage yields. Thus, the 3 strains 

Table 3. Phosphorus concentrations (%) in switchgrass forage at various clipping dates. 

Harvest Clipping Water Regime 
regime dates Wl w2 W Blackwell 

1970 
512 0.271 0.264 0.244 0.254 
6119 0.193 0.174 0.173 0.168 

H.3 813 0.154 0.263 0.269 0.233 
9115 0.244 0.258 0.279 0.228 

IO/27 0.258 0.201 0.223 0.204 

Hz 7116 0.108 0.188 0.200 0.146 
IO/27 0.233 0.253 0.23 1 0.221 

HI IO/27 0.127 0.119 0.120 0.108 
Means 0.199B 0.215A 0.218A 0.194c 

1971-73 
6125 0.252a* 0.227ab 0.218b 0.228ab 

H3 8127 0.219b 0.212b 0.202b 0.205bc 
II/13 0.174c 0. I35def 0.152cde 0.143e 

Hz 7118 0.247a 0.213b 0.208b 0.226ab 
11/13 0.165cd 0.14Odef 0.162cd 0.144e 

HI II/13 0.125ef O.llOf 0.116f 0.129e 
Means 0.197A 0.173B 0.176B 0.179B 

‘Means with different upper-case letters are significantly different at the 0.05 level of probability. 
ZAverages with different lower-case letters are significantly different at the 0.05% level of probability. 

Strains 
G-309 

0.270 
0.208 
0.227 
0.294 
0.257 

0.171 
0.270 

0.131 
0.228A 

0.248a 
0.22lab 
0.177d 

0.231ab 
0.183cd 

0.108f 
0.195A 

HV-341 

0.256 
0.166 
0.237 
0.259 
0.221 

0.179 
0.227 

0.127 
0.209B 

0.221ab 
0.207bc 
0.142e 

0.21 Ibe 
0.141e 

0.112e 
0.172B 

Means 

0.26OA’ 
0.18OC 
0.229B 
0.26OA 
0.227B 

0.165C 
0.239AB 
0.122D 
0.210 

0.232A 
0.211B 
0.154c 

0.223AB 
0.156C 

0.116D 
0.182 
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WATER REGIME 

SBlackwell 

$6-300 

EHV-341 

a 

b 

HARVEST REGIME YEARS 

Fig. 5. Waler-use efficiencies of three swirchgrass strains. Bars wirh rhe same letter are not signifcantly differenr at rhe 0.05 level of probability. 

had the same relative ranking in water-use efficiency as they had in 
yield. Highest water-use efficiencies were obtained under the inter- 
mediate water level. Those under the high water level were interme- 
diate while those on the nonirrigated treatment were lowest. Since 
water use efficiency was higher on W2 than on Ws and yields on Ws 
were only slightly higher than those on WZ, it appears that the 
average annual water use on WZ (85.5 cm) was insufficient for 
maximum yields of switchgrass while that on W3 (116.5 cm) was in 
excess of the needs of the plants. If the timing of irrigation was 
satisfactory to keep the plants growing rapidly, the average annual 
water use on Ws (116.5 cm) was more than adequate for maximum 
yields of these switchgrasses under the uniform fertility imposed. 

Water-use efficiency was significantly higher on the HI harvest 
regime than on the & regime. This was caused by the compara- 
tively high yield of G-300 on the HI regime (Fig. I). 

Summary and Conclusions 
Three strains of switchgrass (Panicurn virgutum L.) were evalu- 

ated under 3 water and 3 harvest regimes. Strain G-300 yielded 
more forage and had higher water-use efficiency, higher crude 
protein, and higher phosphorus content than Blackwell or HV- 
341. Yields were highest on the wettest water regime [(ws) 20 cmof 
water applied when 20 cm of water had been depleted from the 
upper I80 cm of the soil profile] but water was used more efficiently 
under the intermediate water regime [(wz) 10 cm of water applied 
when Ws required irrigation]. Water use efficiency was lowest 
under natural rainfall conditions (WI). The 3 strains produced 
similar yields when harvested 3 times per season but with 2 harv- 
ests, G-300 yielded significantly more than Blackwell and with a 
single harvest, it outyielded both Blackwell and HV-341. Frequent 
harvesting weakened G-300 more than the other 2 strains. 

Forage crude protein and phosphorus levels were affected more 
by harvest regimes than by strains or water levels. They were 
highest with 3 harvests per season and lowest with a single harvest. 
With summer grazing, the switchgrasses would supply sufficient 
crude protein and phosphorus for all classes of beef cattle for most 
of the growing season. However, for winter utilization of the 
forage, both crude protein and phosphorus supplementation 
would be required. 

The switchgrasses produced about 2 metric tons of good quality 
forage ha-’ yi’ under nonirrigated conditions and 6.7 metric tons 
ha-’ under full irrigation. Since they tolerate dry conditions and 
respond to irrigation, they are adapted for use both without irriga- 
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tion and when varying amounts of irrigation water are available. 
Since G-300 yielded more and produced earlier and later than the 
other 2 strains, it may be the best choice for use for range improve- 
ments or for irrigated pastures. However, if it is used, it should be 
managed carefully since it is more susceptible to overuse than the 
other 2 strains. 
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Habitat Relationships of Basin Wildrye in 
the High Mountain Valleys of Central Utah 
G.R. WALKER AND J.D. BROTHERSON 

Abstract 

Habitat relationships between stands of basin wildrye (EZymus 
cinerezts) and adjacent sagebrush-grass steppe were studied in the 
Strawberry Valley of central Utah. Fifteen sites of basin wildrye 
and 15 adjacent sites of sagebrush-grass steppe were selected and 
sampled for various biotic and abiotic environmental variables. 
Stands of basin wiidrye were dominated by this grass(90% compo- 
sition). The adjacent sagebrush-grass steppe exhibited more diver- 
sity of species and life forms. Basin wiidrye and badger diggings 
were correlated 95% of the time. Potassium concentrations 
(P<.OS) and soil depth (kY.01) were significantly greater in the 
basin wiidrye sites. Secondary successional patterns were observed 
on disturbed sites. 

Today’s rangelands are important because of their potential for 
multiple use. In addition to forage for domestic livestock, they 
provide water, wildlife habitat, many forms of recreation, puritica- 
tion of air, and esthetic values. As the human population increases 
and public demands on vital land resources also increase, precise 
knowledge of the ecological requirements of the natural plant 
cover of these lands will become increasingly useful. Native grasses 
are particularly valuable because of theircontribution to the veget- 
ative cover, available forage and community stability of these 
ranges. Basin wiidrye (Elymus cinereus Scribn. and Merr.) is one of 
the important grasses of the western North America. This paper 
reports on basin wiidrye and some of its ecological relationships in 
part of the Great Basin. 

Named by John C. Fremont in 1844, the Great Basin is a 
physiographic area in western North America. Having somewhat 
indefinite boundaries it comprises most of Nevada and Utah with 
fringes in California, Oregon, Idaho, and Wyoming (Lesperance et 
al. 1978). Basin wiidrye is common throughout the basin. It derives 
its scientific name from the Greek elumos, which was an ancient 
name for a kind of grain. The wiidrye genus belongs to the barley 
tribe of grasses (Tririceue) which among others includes the wheat 
grasses and the grains wheat, barley, and rye. Basin wiidrye occurs 
in ail western statesexcept New Mexico(U.S. Forest Service 1937). 
Hiilman (1896) working in several areas of Nevada reported stems 
of basin wiidrye attain heights of 10 feet but with most plants 
nearer 6 feet. Griffiths (1901) working in the Quinn River Valley, 
Nevada, reported thousands of acres of basin wiidrye growing on 
the bottomlands and fringing outward into the sagebrush zone. 
Freighters of the last century reported that they never carried hay 
for their oxen but turned them loose at evening in patches of the 
grass, which were so extensive, tall and dense that the beasts were 
sometimes lost for several days. Later the grass cover became so 
scanty on some of those same areas due to serious overgrazing that 
cattle were easily visible across the entire area (U.S. Forest Service 
1937). Recent inventories indicate approximately 800,000 acres of 
potential basin wiidrye habitat in the Humboit River Basin. In 
addition, much of current cropland located along the Humbolt was 

Authors are instructor of biology, Springville High School, Springville, Utah ‘Each designation of elevation includes a range of 360 m. For example 1200 = 1499 
84663, and associate professor of botany and range science, Brigham Young Univer- meters in elevation. Elevation was not recorded on 16% of the 49 sheets examined. 
sity, 492 WIDB, Provo, Utah 84602. 2Soil data were found to be indecisive or absent from collection labels, and therefore 

Manuscript received June 22, 1981. no attempt was made to evaluate soil data. 

probably formerly dominated by basin wiidrye. Therefore, the 
total habitat under prestine conditions was roughly a million acres 
or 10% of the entire basin (Lesperance et al. 1978). 

Basin wiidrye (according to the Plant Information Network, Ft. 
Collins, Colorado) occurs in a wide variety of communities such as 
fir and pine, mountain mahogany and oak, sagebrush and grass, 
saitbush and greasewood, wheatgrass and bluestem, as well as 
disturbed areas. It grows best on gentle to moderate slopes withan 
optimal 20-inch base of loam or sandy loam soil. Basin wiidrye 
cover as value for habitat has beendetermined to be fair for eikand 
deer and good for antelope, birds and small mammals. Food value 
ranges from fair for elk, birds, and small mammals to poor fordeer 
and antelope. Palatability of basin wiidrye for domestic livestock 
varies from fair to good. Energy value is good and protein content 
is fair. In reclamation related studies the grass has been considered 
to have good potential for erosion control and long-term revegeta- 
tion. Anthesis occurs from June to August (PIN 1980). 

Data taken from specimens of basin wiidrye deposited in the 
herbarium of Brigham Young University (Table 1) support the 
statistics obtained from the Plant Information Network (PIN) in 
Colorado. As shown the grass grows across a wide elevational 
gradient and was found in many community types in Utah. How- 
ever, the data indicate the plant was found most often between 

Table 1. Distribution and habitat within Utah of basin wildrye. Data were 
based on collections found at the herbarium of Brigham Young Univer- 
sity. Forty-nine total sheets were examined. Data were collected from the 
labels of the sheets examined. 

Elevation’ (m) 

1200 1500 1800 2100 2400 2700 

Percent 12 12 12 30 14 4 
of sheets 
examined 

Plant Community or Percent of sheets 
site condition examined 

Meadow 
greasewood-sbadscale 
sagebrush-grass 
pinyon-juniper 
oak 
mountain brush 
lodgepole pine 
aspen 
douglas fir-sage 
spruce-fir 
streamside 
washes and ditchbanks 
roadsides and disturbed 
other 

4 
8 

28 
IO 
2 
4 
4 
6 
2 
2 

sites 

10 
2 

10 
8 
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2100 and 2400 m elevation and in the sagebrush-grass, streamside, 
and pinyon-juniper communities as well as along roadsides and in 
other disturbed areas. The grass is widely distributed in Utah. 

In spite of the attractiveness of this plant to the range manager, 
basin wildrye has not been well studied. Lesperance et al. (1978) 
suggested that this may be due to the fact that once abundant 
stands have been grazed to depletion. He also indicated that low 
seed germination and poor seedling vigor of the plant when being 
worked with in the laboratory tended to frustrate plant breeders. A 
number of publications exist which report on the forage quality 
and grazing sensitivity of basin wildrye: (Hillman 1896, Griftiths 
1901, Perry and Chapman 1974, Murray et al. 1978, and Lawrence 
1978). Other research dealing with basin wildrye includes cytoge- 
netics and hybridization (Dewey 1972 and 1972a), classification via 
epicuticular waxes (Tulloch and Hoffman 1977), germination 
problems (Frelich et al. 1973), vole habitat (Batzli 1974), resistance 
to rust (Chapman et al. 1975) response to copper contaminated 
substrates (Pengelly 1974), and environmental effects on turgor 
pressure (Johnson 1978). Little has been reported on theecological 
relationships of basin wildrye. 

The purpose of this study was to identify the ecological similari- 
ties and differences between sites of basin wildrye and adjacent 
sagebrush-grass steppe in the Strawberry Valley, Utah. A precise 
knowledge of such relationships and differences should be of value 
to the range manager working within this vegetative zone and in 
identifying the potential of this plant in revegetation efforts. 

Study Area 
Strawberry Valley (Fig. I) is located in northwestern Utah, 

Wasatch County, approximately 30 km southeast of Herber City, 
(Lat. 400 11’15” N, Long. 11 lo 11’30” W). Topographical features 
include Strawberry Reservoir, tributary creeks, and low rounded 
hills approximately 20-100 m high (60-300 ft.) which are wea- 
thered from fluvial and lacustrine sediments of the Ecocene Uinta 
formation (England 1979). 

The study area supports sedge-grass meadows in the valley 
bottoms, sagebrush-grass steppe in the intermediate elevations and 

Fig. 1. Map of study site location in Utah. 
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aspen-conifer forests at the highest elevations. 
The climate of the area is characterized by cool summers and 

freezing winters accompanied by heavy snow cover. Annual pre- 
cipitation averages 6 10 mm (24 inches) of which 60% falls as winter 
snow (England 1979). According to Thornthwaite (1933), the cli- 
mate would be classified as Cc’s (subhumid microthermal, precipi- 
tation deficient in the summer). Elevation at the study locations 
ranges from 2300 m (7600 ft.) to 2436 m (8040 ft.). 

Soils were formed from weathered sandstone and siltstone. Soils 
located at hilltops were predominately lithic cryoborolls and lithic 
cryorthents. Those of mid slopes were a mixture of lithic and typic 
cryoborolls (USDA 1975, England 1979). Soils of the mid and 
bottom slopes were often extensively reworked by badgers and 
ground squirrels. 

The area serves as a summer range for deer, elk, sheep, and 
cattle. In places, heavy grazing by domestic livestock is apparent, 
but the range is generally in good condition. 

Methods 
Vegetational data were gathered when most plant species had 

reached their maximum growth. Fifteen sites dominated by basin 
wildrye and 15 adjacent sites dominated by sagebrush-grass steppe 
were selected for study. The sites exhibited minimum evidence of 
direct human disturbance. Twenty additional sites were observed 
where badger and rodent activity were noted. 

Study plots (10 m X 10 m), established at each site were confined 
to the same slope, elevation and exposure. The plots were deli- 
neated by a 10 m cord attached to I m stakes. Flagging at 2 m 
intervals along the cord aided in uniform placement of 20 quadrats 
(.5 m X .5 m), across the surface of each plot in 4 rows of 5 quadrats 
each. 

The following characteristics were recorded for each plot: topo- 
graphical position (ridgetop, midslope, or drainage accumulation 
area), aspect, elevation (topographical map), grazing impact, ero- 
sion, general animal activity, and number of badger and rodent 
burrows. 

Average soil depth was determined at each plot with the use of a 
1 m penetrometer (Greenwood and Brotherson 1978). Five mea- 
surements were taken, 1 at each corner and I in the middle of the 
plot. Soil samples were collected to a depth of 20 cm from 3 areas 
within the plot (2 adjacent corners and the middle). 

Living plant cover, litter, exposed rock, bare soil, and individual 
species cover were estimated using the cover class categories sug- 
gested by Daubenmire (1959). Plant cover was subdivided into 
trees, shrubs, subshrubs, perennial forbs, perennial grasses, sedges, 
annual forbs, and biennial forbs for composition purposes. Total 
cover and frequency percentages were calculated for individual 
species, litter, bare soil and exposed rock. Percent composition and 
calculated for the 8 categories of plant cover. In addition, plants 
not appearing in any of the 0.25 mr quadrats but still found within 
the.study plot were recorded and used in compiling an overall 
species, litter, bare soil and exposed rock. Percent composition was 

Soil samples were analyzed for texture (percent sand, silt, clay, 
fines (silt plus clay) and gravel; Bouyoucos 195 I), pH, soluble salts, 
organic matter and mineral content. Potassium, magnesium, cal- 
cium, and sodium ions were extracted with neutral normal ammo- 
nium acetate (Jackson 1958, Hesse 1971, Jones 1973). Individual 
ion concentrations were determined using a Perkin-Elmer Model 
403 atomic absorption spectrophotometer (Isaac and Kerber 
1971). Soil phosphorus was extracted by sodium bicarbonate 
(Olsen et al. 1954). Nitrite analysis was made using a macro- 
kjeldahl procedure (Jackson 1958). Total soluble salts were deter- 
mined by a Beckman Electrical Conductivity Bridge. A paste of 1: 1 
soil to water mixture (Russell 1948) was used to determine pH and 
soluble salts. 

Data analyses consisted of computing means and standard devi- 
ations for each paired category. Parametric tests of significance 
were done by using a group t-test (Steel and Torrie l%O). Stand 
diversity values were computed using the equation B = l/&2 
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where “B”is equal to the niche width and/or diversity and “pi”is a 
measure of the relative abundance of a species in a given habitat 
(Levins 1966, MacArthur 1972). 

Dense stands of basin wildrye associated with elevated microto- 
pography and varying degrees of disturbance and ranging in size 
from 3 m X 3 m to IS m X 30 m, are distributed throughout the 
sagebrush-grass steppe of the mountain valleys of central Utah. 
Because of their height (1-2 m) and strong homogenity, stands of 
basin wildrye show a distinct, green mosaic pattern on the mids- 
lopes and bases of the valley foothills (Figs. 2-5). 

Sixty-one species of plants were identified from the study area. 
Table 2 lists the most prevalent species of each community and 
their average percent cover values. Prevalent species were chosen 
for each community on the basis of the mean number of plant 
specxs per stand. Basin wildrve communities averaged 9 species 
per stand, while the sagebrustt-grass steppe community had 13 
mevalent soecieq 

Basin wildrye stands supported a total living aerial coverof9I% 
while the adjacent sagebrush-grass stands supported 77% total 
cover (Table 3). Basin wildrye also averaged 16% coveron the sites 
studied compared to the next most prevalent species, Richardson 
geranium (Geranium richardsonii), with an average 3% cover 
(Table 2). The population of basin wildrye individuals was highly 
dense often to the exclusion of other species. Other species present 
were insignificant in comparison and grew mainly on the outer 
edge of the community or along edges of game trails and openings 
within the community. 

The sagebrush-grass steppe community exhibited an increase in 
diversity and life forms when compared to the basin wildrye com- 
munity. Shrubs provided the main canopy with grasses, forbs, and 
subshrubs the understory. Mountain sagebrush (Artemisio triden- 
ma var. voseyona) was the most important species (20% average 
cover). Asevidenceofabundanceofspecies,anddiversity,thenext 
eleven prevalent species had but 8% average cover spread between 
them (Table 2). Basin wildrye was rarely found in this community. 

Table 3 lists the means, standard deviations and significance 
levels ofthevariousfactorsanalyzedfor thestandsofbasinwildrye 

Species 
Basin wildrye community 

Nvmus einerrut 

Average % cover 

76.4 
3.0 

1.6 
I.3 
1.0 

and adjacent sagebrush-grass steppe. The level of significance 
given for each factor indicates thevalueof that factorasadiscrimi- 
nator between the two community types. 

Elevation as a discriminator between the communities was ofno 
significance due to the methodology employed in sampling (i.e. 
sites were studied in adjacent pairs). Elevation averaged 2,373 m 
(7,831 ft.) and varied between 2,303 m and 2,424 m at different 
locations. Percent litterand exposed rockaverages were greater in 
the sagebrush-grass community but thedifferenceswerenonsignif- 
xant (Table 3). The average site of basin wildrye was located 
midslope facing 206’ southwest. Individual aspect readingsvaried 
between 125’ and 280° but differences werenotstatisticallysignifi- 
cant (Table 3). 

Percent exposed soil was significantly greater in the sagebrush- 
grass steppe (17%) when compared to basin wildrye(S%)(Table 3). 



Table 3. 
basin 
t-test. 

Measured environmental factors along with their mans, stnndard deviations, and indkatiorts of signifknnt differences in the means relative to 
wildrye and adjacent sagebrush-grass steppe commtmitks in the Strawberry Valley of central Utah. Statistical differences computed by group 

Site factor Mean 

Basin wildrye Sagebrush-grass steppe 
Standard deviation Mean Standard deviation Sig. level 

General site factors 
2313. 

2.5 
1.5 
4.2 
1.5 

17.1 
206. 

46. 
0.5 
0.8 
8.7 

NS Elevation (m) 2312. 
Slope position” 2.530 
Erosion indexb I.5 
Percent litter cover 0.7 
Percent exposed rock 0.4 
Percent exposed soil 7.9 
Aspect (degrees) 206. 
Soil depth (dm) 4.1 

46. 
0.5 NS 

NS 0.9 
I.8 
0.9 
6.0 

42. 

NS 
NS 
.05 
NS 
.Ol 

1.9 
12.2 
44. 

I.0 1.6 2.3 

General soil factors 
48. 
32. . 
19. 
52. 
18. 
4. 
6.04 

* 186. 

Soil mineral nutrients 

Percent sand 48. 
Percent silt 32. 
Percent clay 19. 
Percent fines 52. 
Percent gravel 16. 
Percent organic matter 5. 
PH 6.32 
Soluble salt (ppm) 210. 

IO. 
6. 
6. 
9. 

IS. 

9. 
5. 
5. 
9. 

13. 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

0.64 
96. 

0.71 
92. 

Nitrite (ppm) 
Phosphorous (ppm) 
Sodium (ppm) 
Potassium (ppm) 
Calcium (ppm) 
Magnesium (ppm) 

I. 
39.5 
27.9 

? NS 
37.6 3;:5 I;‘1 
II.2 29.4 13.1 

465.3 280.9 99.9 
2561.2 4464.0 3500.2 

129.5 355.2 138.1 

91.0 25.0 
0.0 
0.1 
6.6 
6.1 
II.5 
0.8 
0.0 
0.3 
0.5 
3.8 
I.2 
8.2 
3.5 
I.3 

Biotic Factors 
7.0 
0.1 
0.3 

42.3 
12.9 
38.3 
2.7 
0.8 
0.1 
3.8 

12.3 
2.6 

14.5 NS 
0.1 NS 
6.0 NS 

27.8 ,001 
17.6 NS 
27.5 .OOl 
7.8 NS 
1.1 .05 
0.2 NS 
I.7 .oo I 
4.9 . .05 
1.3 .02 
1.4 2 .OOl 
3.6 NS 
0.9 .Ol 

NS 
NS 
.05 
NS 
NS 

584.8 
4792.0 

251.2 

Percent composition: 
Total living cover 
Tree 
Subshrub 
Shrub 
Perennial forb 
Perennial grass 
Sedge 
Annual forb 
Biennial forb 
Diversity index 

Mean prevalent species 
Grazing impact’ 
Badger activity (burrows) 
Rodent activity (burrows) 
Animal activityd 

0.0 
0.1 
6.6 
3.1 

89.9 
0.3 
0.0 
0.1 
I.5 
8.7 
2.1 
9.6 

5.2 
0.7 
6.8 
2.0 3.3 

Wope position defined as I = top of slope, 2 = midslope, 3 = bottom of slope. 
bErosion index runs from I to 4 with I indicating no erosion and 4 indicating heavy erosion. 
‘Grazing impact runs from I to 4 with I indicating little or not grazing and 4 indicating heavy grazing. 
dAnimal activity runs from 1 to 4 with I indicating little or no animal activity and 4 indicating heavy animal activity. 

This indicated that the vegetation in the basin wildrye stands was 
denser than in the sagebrush-grass steppe. Soil depth (Table 3) 
averaged almost 2 dm more in the basin wildrye stands (partially a 
result of badger activity), and appeared to be highly significant in 
encouraging the growth of the grass with its extensive root system 
(PIN 1980). 

Soil texture varied little between the community types and can 
be classed as a sandy loam. Average percent grave1 differed (Table 
3) slightly with 16% in the basin wildrye community as opposed to 
18% in the sage-grass community. The pH of the soils was lower in 
the sagebrush community, 6.04 to 6.32 but the difference was not 
significant (Table 3). 

As shown in Table 3, potassium concentrations were signifi- 
cantly higher in the basin wildrye communities (584 ppm) than in 
the sagebrush-grass steppe community (281 ppm). Soil samples 
were taken to a depth of 20 cm in all 30 stands. Leeching of cations 
such as potassium out of the root zones and into lower soil depths 
occurs across much of the original sagebrush-grass steppe. The 
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higher concentrations of potassium in the surface horizons of basin 
wildrye stands may be the result of soil stirring through badger 
digging or the mining of deeper horizons by basin wildrye roots 
and then redisposition through through biomass decay. 

Analysis of growth forms showed important differences between 
the basin wildrye and sagebrush-grass steppe communities. Plant 
species were placed into 8 growth form categories (Table 3). Mean 
composition values were used for group comparisons. Based on 
composition there was a highly significant difference in the pres- 
ence of shrubs, perennial grasses and annual forbs between the 2 
communities. Shrubs comprised 36% more cover in the sagebrush- 
grass community. Perennial grass comprised 51% more cover in 
the basin wildrye community where annual forbs were completely 
absent. The significance of perennial grass in the basin wildrye 
community is due entirely to the extreme dominance of basin 
wildrye. Other perennial grasses were present in the community 
understory, but did not exert a dominance due to their smaller size 
and reduced distribution. Shrubs were infrequent on the sites and 
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,a / a*-_(* .--d*:-g”II-,, -i *.-l -Xl,*_ * SW) reinvasion. Letterman needlegrass (Stipa lettermanni) and 
/ _’ I ..( several species of wheat grass were also more prevalent with these 

stands. Livestock grazing of young basin wildrye shoots may have 
contributed to the decline of these communities due to the intoler- 
ance of this grass to grazing pressure. 

1” general, SeVeral basic trends can he observed. Basin wildrye is 
Positively associated with disturbance in the Strawberry Vr,lley. 
Badger activity in the sagebrush-grass steppe appears to be the 
mei” catalyst that provides a pathway for establishment of basin 
wildrye. Leached potassium concentrations are higher at the soil 
surface i” basin wjldrye stands. The increased soil depth in the 
mound areas prowde a suitable habitat for the growth of basin 
wildrye. Sal surface crust breakdown may also bea factor in basin 
wildrye establishment due to its germination sensitivity (Johnson 
1978). Once estabhshed, basin wildrye strongly dominates a $ite. 
Secondary SUCCeSsio”al patterns can be observed ondisturbed sites 

___ - indicating a potential for the use of basin wildrye in revegetatio” 
Fig. 5. C!oreup of b&n wildrvr srand and ossociawd bodzer diggrng efforts. 
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Seasonal Dependence on Federal Forage in 
Colorado 
R.G. TAYLOR, E.T. BARTLETT, AND KENNETH D. LAIR 

Abstract 

Thirty-six percent of Colorado is federal land administered by 
the U.S. Forest Service or Bureau of Land Management, which 
provides approximately 2.4 million AUM’s of grazing for domestic 
livestock. This represents 28% of the total forage resources used by 
the 2200 ranchers that use federal forage in Colorado. Seasonal 
dependence on federal forage is greatest in summer, averaging over 
50%. High seasonal dependence where few viable alternative for- 
age sources exist makes federal forage critical to Colorado 
ranchers. Dependence on federal forage also varies with ranch size. 
Dependence varies inversely with size of cattle ranches, but varies 
directly with size of sheep ranches. 

There are approximately 24 million acres (9.7 ha) of federal land 
in Colorado, comprising 36.2% of the total land arep of the state. 
With the exception of the Pawnee and Comanche National Grass- 
lands, National Forest (FS) and National Resource (BLM) lands 
are concentrated in the western portion of the state. The Public 
Land Law Review Commission (PLLRC, 1970) estimated thiit 
85.2% of this federal land is allocated for grazing. In reviewing the 
PLLRC study Neilsen and Workman (1971) stressed the seasonal 
importance of federal forage, suggesting spring and fall seasonal 
forage as being particularly critical. 

Estimates have been made concerningamounts offederal forage 
utilized by livestock but little has been reported about seasonal use 
and the utilization of other forage and feed sources. The impor- 
tance of federal forage is a function of seasonal use and alternative 
forage sources rather than the actual amount used. 

Methods 

To examine the importance of federal forage as it integrates into 
the forage needs of federal grazing permittees, forage budgets were 
compiled from interviews of a random sample of permittees 
throughout Colorado who use the federal forage resource(both FS 
and BLM). Five regions were delineated within the state so that 
ranches with similar adaptions to ecological and economic factors 
could be aggregated (Fig. I). From the sample data 25 ranch 
models were constructed. Each model represents a specific size and 
type (sheep, cattle, or both sheep and cattle) of federal grazing 
permittees in each region of the state. A complete description of 
sampling methods and details of various ranch models were 
reported by Bartlett et al. (1979). By expanding the forage budget 
for each model by the number of ranches represented by that 
model, regional and state estimates of forage utilization were 
made. 

AUM’s of forage utilization were computed by the sample 
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Fig. 1. Grazing regions of Colorado and thepercentage offederalpermit- 
ted ranches, cattle and sheep raised on those ranches andfederal A VMS 
in each region. 

ranches by surveying the number and duration of use by each 
livestock class on each forage type. Livestock class was weighted by 
the respective annual average animal unit (AU) conversion factor 
(ewe-lamb, 0.19; cow-calf, 1.06; yearling, 0.63 [Cook et al. 19761). 
Such a computation procedure was necessary because the various 
state and federal agencies do not use standardized AU factors and 
more importantly because forage data on AUM’s are not obtaina- 
ble for deeded and leased forage in any feasible questionnaire 
survey. 

Forage use was delineated into 4 seasons. The beginning of each 
season was defined as: (I) spring, the end of the winter feeding 
period; (2) summer, the start of the FS grazing season; (3) fall, the 
ending of the FS grazing season; and (4) winter, the beginning of 
the winter feeding season. These dates vary by region and by type 
of operation (sheep, cattle, or both sheep and cattle). Sheep opera- 
tions had no defined winter feeding period; feeding was done to 
supplement winter range forage and during lambing. For sheep, 
the distinction between fall and winter feeding was only that feed- 
ing was more frequent approaching lambing time. Winter feeding 
of crops or purchased feed was included in deeded range and 
irrigated pasture forage. 

Authors are research associate, associate professor, and former graduate student, 
Department of Range Science, College of Forestry and Natural Resources, Colorado 
State University, Fort Collins 80523. 

This study was cooperatively supported by the United States Forest Service, the 
Bureau of Land Management. and Colorado State University Experiment Station 
and published as Scientific Series Paper No. 2613. Any opinions, findings, conclusions 
or recommendations expressed in this article are those of the authors and do not 
necessarily reflect the views of the United States Forest Service, the Bureau of Land 
Management or Colorado State University Experiment Station. 

Manuscript received June 16, 1980. 

There are approximately 2209 federal permittees in the state, 
including I45 sheep ranches, 1901 cattle ranches and 163 ranches 
having both cattle and sheep. These ranches raise about one-third 
of the cattle (400,000 mother cows) and essentially all the sheep 
(500,000 ewes) in the state. Ranching operations, livestock and 
federal forage are distributed among the 5 regions as shown in 
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Table 1. Total (AUM’s) federal forage (Forest Serv. and BLM) by wion 
in Colorado. 

LEASED IRRIGATED LEASED 

Region 

Northwest 
Cattle 
Sheep 

Northeast 
Cattle 

Southeast 
Cattle 
Sheep 

San Luis 
Cattle 
Sheep 

Southwest 
Cattle 
Sheep 

Total 

Federal forage 
(BLM, FS) 

572,118 
278,424 

155,541 

301,193 
28,644 

218,928 
91,576 

575,559 
157,124 

2,379,107 

Total forage and feed 
(federal, state, leased 
deeded) 

2,375,437 
635,71 I 

793,236 

1,171,861 
117,312 

875,008 
228,168 

2,067,683 
327.33 I 

8,571,747 

DEEDED RANGE 

Figure I. The two western regions of the state produce nearly 70% 
of the federal forage. Accordingly, 60% of the ranches with federal 
grazing permits are headquartered in these 2 regions. 

To support the present level of livestock production approxi- 
mately 8.6 million AUM’s offorageare needed of which 2.4 million 
or 28% are obtained from federal land (Table 1). Some of this 
federal forage is located outside the boundaries of the state. Of the Fig. 3. Forage use by sheep in Colorado, 1977 (percent of the total A UM’s 

total forage utilized in the state, 15% is consumed by sheep and used). 

85% by cattle. Sources of total forage for cattle and sheep are 
shown in Figures 2 and 3. For cattle approximately 63% of the total 

tion cannot exceed the maximum capacity of the season when 

forage requirement is obtained from deeded sources, 10% from 
forage is most limiting. Thus, the lack of federal forage for even a 

leased, 2% from state lands and 25% from federal land. For sheep 
short time, when no economically viable alternative exists, can 

the same categories are 42%deeded, 11% leased, 5% state, and 42% 
reduce the number of livestock on a ranch. However, the manage- 

federal. Sheep ranches are decidedly more dependent on federal 
ment of the nonfederal resources can be adjusted to fully utilize 

forage than are cattle ranches. 
those resources freed by changes in federal grazing. Stocker anim- 

The dominance of other forage sources belies the seasonal criti- CATTLE SHEEP 

cal nature of federal forage. Federal land is usually tightly coupled 
with other forage sources. The carrying capacity of a ranch opera- 

LEASED 
IRRIGATED LEASED 

PASTURE AFTERMATH 

DEEDED IRRIGATED PASTURE 

DEEDED RANGE 

40.4% 

Fig. 2. Forage use by rattle in Colorado, 1977 (percent of the totalA l/M’s 
used). 

Fig. 4. Federal forage as percent of seasonal forage utilization for sheep 
and cattle in Colorado. 
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Table 2. Supplemental feed in AUM’s (purchases plus crops) for Colorado 
public lend ranches by region and species. 

Region Cattle 

Northwest 629,939 
Northeast 155,829 
Southeast 506, I27 
San Luis 210,256 
Southwest 606,969 
Total 2,109,120 

Sheep 

58,814 

14,340 
21,704 
60,842 

I55,700 

ah can be bought for short periods, hay raised on the ranch can be 
sold, or excess pasture and rangeland leased. Figure 4 illustrates 
the seasonal dependence on federal forage of both BLM and FS 
grazing. For cattle, federal forage constitutes only 25% of annual 
forage requirements; yet, over 50% of summer season forage is 
obtained from federal grazing. Sheep are dependent on federal 
forage a greater portion of the year, extending throughout 
summer, fall, and winter. 

Dependence on federal forage varies not only by season and 
livestock species but also by ranch size. Sheep ranches in general 
are more dependent on federal grazing than are cattle ranches 
(Figure 5). In addition, as ranch size increases sheep operations 
rely more on federal forage to complete feed needs, whereas the 
opposite occurs with cattle ranches. Regional variation also 
occurs; federal forage constitutes a greater proportion of the forage 
budget for ranches in the western three regions of the state than for 
the Northeast and Southeast. Contemporary sheep ranches are but 
a remnant of the large herds that once seasonally migrated using 
solely the public domain. Cattle ranches, by contrast, were tradi- 
tionally formed around a core of private land where winter feed 
was raised. With ranches having both sheep and cattle, the over- 
whelming majority of ranches fall within the size classes that are 
most heavily dependent on federal forage. In all regions of the 
state, more than half of the cattle ranches using federal grazing are 
less than 150 AU in size. Alternatively, sheep operations are more 
frequently greater than 300 AU’s. 

The proportion of winter forage obtained from private pastures, 
purchased or raised feed depends on the intensity and duration of 
the winter season. All feeding must be done on private lands since 
regulations prohibit feeding on federal lands. The 1977 winter 
followed a severe drought, necessitating purchasing additional 
feed or transporting livestock long distances to winter. Such 
extraordinary feeding was excluded in an attempt to reflect an 
average winter feeding season (Table 2). Of the 6.2 million AUM’s 
obtained from sources other than federal grazing, approximately 
37%, or 2.3 million AUM’s, were supplemental feed (2.1 million 
AUM’s cattle, 0.2 million AUM’s sheep). Since the amount of 

I I I I I 

0 300 600 900 1200 1500 

Ranch Size (AU) 

Fig. 5. Federalforage aspercent of the totalforage budget vs. ranch size in 
animal units (A U) for sheep and catt1e.t 

l&&c: % federal forage = ,305 I - .0000877 cattle AU correlation coefficient = 0.594; 
Sheep: % federal forage = ,354 + .0001906 sheep AU correlation coefficient = 0.854. 

feeding from year to year is in constant flux, depending on the 
severity of the winter, supplemental feed has been the primary 
short-term alternative to forage shortages at very high costs per 
AUM. 
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Energy Analysis of Oklahoma Rangelands 
and Improved Pastures 

J.M. KLOPATEK AND P.G. RISSER 

Abstract 

The energy costs of beef production were examined for native 
rangelands and improved pastures grazing systems in the State of 
Oklahoma. Energy analysis models were constructed to examine 
the necessary energy inputs and outputs of the grazing systems. 
Energy requirements to maintain improved pasture systems 
ranged from 10 to 100 times that to maintain native rangeland. 
Comparing only fossil-fuel expenditures showed that rangelands 
are two to three times more efficient producers of beef than the 
improved pastures, although their beef production is considerably 
lower per hectare. Regression analysis indicates that the maximum 
possible efficiency of beef production from fossil-fuel subsidies in 
Oklahoma is approximately 14.8%. 

Before the second half of the 20th century, cattle grazing opera- 
tions of the southern plains were managed with virtually no fbssil- 
fuel-based energy input. With the advent of modem ranching, Fig. 1. Location of Texas, Cleveland, and McCurtain counties in @da- 

cattle grazing operations became more mechanized, sophisticated 
homa. 

and thus, more dependent upon external sources of fuel and fuel- 
based supplies. Modern ranches not only depend on extensive and Penfound 1959, Risser et al. 1980b, Sternitzkeand Sickell968, 
transportation systems to move livestock and feed, but require Wood and Burton 1968, Wood and Hart 1967). 
machinery, gasoline, pesticides, fertilizers, and construction and Texas County, with an average precipitation of 45 cm/year, is 
maintenance supplies. The rapidly increasing cost of energy and primarily shortgrass plains (Duck and Fletcher 1945) dominated 
fossil-fuel-based products is critical to the future of grazing opera- by blue grama (Bouteloua gracilis) and buffalograss (Buchloe 

tions. Thus, alternative methods of livestock production are being dactyloides). The economic base for this sparsely populated county 
examined (e.g., Pimentel et al. 1980). A careful analysis is needed is agriculture, with 41% of the areaclassified as rangeland. Most of 
of the energy inputs required by various grazing operations so that the remaining land is cropland, approximately one-third of which 
choices of alternative systems are ultimately based on a full under- is irrigated from the underlying aquifer in the Oogallala 
standing of the energetics. Obviously beef production is related to Formation. 
energy outputs, but this relationship is influenced by a large The average annual rainfall in Cleveland County is 87.6 cm, and 
number of variables such as grazing system, type of vegetationand the vegetation is a mixture of Cross Timbers forest type of 
livestock, climate, and prevailing economic conditions. blackjack-post oak (Quercus marilandia-Q. stellata) and tallgrass 

The purpose of this study was to examine the energy inputs and prairie dominated by big bluestem (Andropogon gerardi), little 
outputs of extensive and intensive cattle production systems. For bluestem (Schizachyrium scoparium), Indiangrass (Sorghastrum 

this purpose two types of operations were selected: open rangeland nutans), and switchgrass (Panicum virgatum). The county is 
and improved pasture. Three counties in Oklahoma were chosen to becoming more urbanized (more than 60 people/kmz), but still 
represent different vegetation and climate conditions. An energy supports wheat farming and beef cattle production. 
analysis technique was used to compare the input and output of McCurtain County is characterized by 192 cm/year average 
these livestock management systems in three geographically separ- precipitation. This rainfall supports a diverse array of natural 
ate locations. forest types (primarily oak-pine) and tallgrass prairie-hardwood 

savannas. More than one-half of the original forests have been cut 

Study Areas and either planted to pine plantation or converted to rangeland or 

Texas, Cleveland, and McCurtain counties in Oklahoma (Fig. 1) 
improved pasture. 

were selected to illustrate grazing systems over a climate and Methods 
vegetation continuum (Klopatek and Risser 1977). Descriptions of 
the biotic and abiotic features may be found in a number of To compare the energy inputs and outputs in the three counties, 
publications (e.g., Davis 1960, Gray and Roozotilab 1975, Harlan it was necessary to have a common analytical framework. Further- 
1960, Johnson and Risser 1974, McMurphy 1970, Rice 1965, Rice more, a method was required by which many disparate items could 

At the time of the research, authors were with the Environmental Sciences Division, 
be compared, such as beef production, solar energy, and cost of 

Oak Ridge National Laboratory, Oak Ridge,Tennessee 37830,and the Department of fertilizing improved pastures. Models and energy analysis tech- 
Botany and Microbiology, University of Oklahoma! Norman 73019. Currentjy, Klo- niques were used to address these evaluation requirements. 
Patek is with the Department of Botany and Microhlology, Arizona State Unwersity, 
Tempe 85281, and Risser with the Illinois Natural History Survey, Champaign 61820. 

These models are hypotheses about the structure, function, and 
Research was supported in part by the Oklahoma Biological Survey, University of behavior of the grassland systems under consideration (Gilliland 

Oklahoma, and in part by the Oftice of Health and Environmental Research, U.S. 
Department of Energy, under contract W-7405eng-26 with Union Carbide Corpora- 

and Risser 1977). As such, they were useful in organizing informa- 
tion. Publication No. 1774, Environmental Sciences Division, ORNL. tion, guiding data collection, synthesizing ideas, comparing types 

Manuscript received October 20, 1980. of various impacts associated with the two grassland management 
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strategies, and communicating the results of this rather complex 
investigation. The application of this systems analysis tool to the 
grazing practices was aimed at the macroscale or county level 
rather than at the individual ranch scale. 

The problem discussed in this paper is made more complex but 
interesting because the grazing operations depend on both natural 
energy flow and various human-generated energy subsidies. The 
difficulty of analyzing a mixed natural and man-made system 
arises because of the structural complexity and the wide array of 
interacting forms of energy, materials, and other goods. The prob- 
lem is first to convert goods, services, and natural energy into a 
common unit, and second to select the most reasonable unit to be 
used as a common comparator in those models addressing the 
specified question about two grazing practices in three counties. 

Input/output (I/O) analyses (Herendeenand Bullard 1974, Fra- 
betti et al. 1975, Alessio et al. 1978) were used to convert the 
economic costs of goods and services into energy equivalents. The 
economic and energy costs were obtained from the literature (sour- 
ces are noted subsequently with the analyses). Economic and 
energy cost data from 1974 were employed in the analyses. 

Energy conversion figures derived simply from I/ 0 analyses fail 
to include the solar energy input in the total energy cost of produc- 
ing a particular goods or service (Costanza 1978, Frabetti et al. 
1975, Lavine and Meyburg 1976, Gilliland 1978). Placing a value 
on these natural processes requires the employment of an energy 
theory of value-a theory not without criticism by some (Slesser 
1977, Georgescue-Roegen 1977). An energy theory of value is 
analogous to the concept of energy quality (Odum and Brown 
1975, Odumand Odum 1976). Thisconcept recognizes that various 
types of energies (e.g., sunlight or gasoline) can accomplish differ- 
ent amounts of work. In accordance with the second law of ther- 
modynamics for analyzing the quality of an energy source, the 
thermodynamic potential or free energy content is the important 
value, not the simple heat content. Thus, energy quality in this 
study is assumed to be a measure of the ability of an energy form to 
do work regardless of the specific application (e.g., gasoline, elec- 
tricity, etc.). 

Finally, it is necessary not only to establish that energy units will 
be used to compare man-made and natural processes but also to 
standardize the energy quality (ability to do work) values. The 
concept of kilocalories of fuel equivalents (Kcal FE) was chosen for 
this standardization. A fuel equivalent is calculated on the basis of 
the average national mixture of the nation’s primary fuels. Conver- 
sion values were obtain from Herendeen and Bullard (1974). If all 
the kilocalorie measurements of energy resources are expressed in 
terms of kilocalories of fuel equivalents according to their energy 
equalities, then all the inputs and outputs of the system being 
evaluated can be compared on an equal basis. 

An example of the use of energy quality conversion figures is as 
follows. Production of nitrogen fertilizer requires approximately 
11,500 kcal of energy per kilogram of nitrogen, of which 10,800 
kcal comes from fossil fuel and 700 kcal from electricity. However, 
approximately 3.89 energy units of fossil fuel (e.g., Btu) are 
required to make one unit (e.g., Btu) of electricity (Herendeen and 
Bullard 1974); thus, a total of 13,500 kcal are required to produce a 
kilogram of nitrogen fertilizer. Therefore, the farmer who applies 
100 kg/ha of nitrogen to assist the planted corn to capture and 
concentrate the energy from sunlight has actually subsidized the 
system with 1,350,OOO kcal/ ha in the form of nitrogen fertilizer, in 
addition to other fuel-based subsidies in his cropland system. To 
convert kilocalories of sunlight to fuel equivalents, the conversion 
factor was 2000 kcal of sunlight = 1 kcal fuel equivalent (Odum 
and Odum 1976). Additional energy quality conversion factorsare 
included in the Results and Discussion section. 

The approach used in the study was to develop a generalized 
model for the grazing systems, rangeland and improved pasture. 
Then literature values were used to quantify the compartmentsand 
flows in each model. Once these numerical values were obtained 
and converted to the common base of kilocalories-fuel equivalents, 

it was possible to compare the input/output analyses resulting 
from each system. It should be emphasized at this point that the 
energy numbers and conversions used froma variety of sourcesare 
of varying quality. Some are well founded, based on physical laws, 
and agreed upon within a narrow range; others are empirically 
derived, have a wide range, and may be considered controversial. 
Thus, the reader should be aware that all the numbers reported 
here may not be considered as hard numbers, especially those 
energy values given to natural processes. However, emphasis is 
placed on those values that are fairly well documented which thus 
allows us a standardized basis for comparative purposes. 

Results and Discussion 
Energy models of the three counties provide a convenient frame- 

work from which comparisons can be made among the grassland 
systems (Figures 2,3, and 4). Energy inputs can easily be separated 
into three groups: solar energy, fuel-based energy needed to main- 
tain the range or improved pasture (FBEL), and fuel-based energy 
required to maintain and manage the livestock (FBEC) on each 
grassland type. In the following paragraphs FBEL include only 
those energies required to maintain the land for grazing whereas 
FBEC include those additional subsidies required by the addition 
of cattle to the grazing systems. Solar energy and rainfall subsidies 
are not controlled by the land manager, and their magnitudes are a 

Texas County Ronqe Model 

Texas County Pasture Model 

Fig. 2. Energy models of range and pasture systems in Texas County, 
Oklahoma. FS-food subsidy: FBEL-fuel-based energy subsidies for 
land maintenance; FBEC-fuel-based energy subsidies for cattle 
maintenance. Units. are loI kcal fuel equivalents/hectare. 
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Clevclond Counly l%,turc Model 

Fig. 3. Energy models of range andpasture systems in Cievekmd County, 
Oklahoma. FS-food subsidy; FBEL-fuel-based energy subsidies for 
land maintenance: FBEC-fuel-based energy subsidies for cattle 
maintenance. Units are 10, kcalfuel equivalents/hectare. 

function of the geographical location of the county. For example, 
the solar energy inputs (103 kcal fuel-based equivalents/ ha) for 
Texas, Cleveland, and McCurtain counties are 8210, 7665, and 
7300, respectively. Although the natural energies input associated 
with rain, wind, etc., are depicted in Figs. 2-4, only the solar energy 
will be considered because of the often disparate techniques and 
resultant values for the accounting of “other” natural energies 
(Klopatek 1978, Odum et al. 1978). 

Energy Subsidies 
Fuel-based energy (FBEL) subsidies for maintaining the grass- 

lands include: fuel and lubrication; fertilizer; machinery and equip- 
ment repair and depreciation; and irrigation. The percentage of 
these energy subsidies for the three counties is given in Table 1. 
Fuel-based energy subsidies to rangeland are relatively small 
(Table 2). Most of this energy is expended in control of undesirable 
vegetation, such as herbicide applications and mechanical brush 
control. On the other hand, energy subsidy required to maintain 
improved pastures, and the subsequent increased production, in 
these counties is comparatively much higher. In Texas County, 
most of the subsidies (880/o) are in the form of irrigation. In Cleve- 
land and McCurtain counties, where rainfall is higher, most of the 
necessary subsidies (78-8570) are in the form of fertilizer applica- 
tions (Ward et al. 1977) to maintain the higher possible herbage 
production rates (McMurphy 1970). 

Under simple rangeland grazing schemes, the amount of fuel- 
based energy to maintain the grassland is always less than 1% of the 

+- 
McCurtoin County Range Model 

T P 

+LL - -- -G 
x 

McCurtoin County Pasture Model 

Fig. 4. Energy models of range andpasture systems in McCurtain County, 
Okkshoma. FS-food subsidy; FBEL-fuel-based energy subsidies for 
kmd maintenance; FBEC-fuel-based energy subsidies for cattle 
maintenance. Units are IOI kcaf fwI equivalents/hectare. 

total energy input (Table 2). However, under the managed pasture 
system, fuel-based energy subsidies are at least 29% (Cleveland 
County) of the total energy input, and in Texas County, 74% of the 
total energy input is in the form of fuel-based equivalents. Human 
labor was included in the analyses at anexpenditure of 2X 103 kcal 
per hour (Klopatek 1978). Less than 1 X 103 kcal FE/ha were 
expended in the range systems (e.g., fence upkeep and fertilizer 
applications) and 12,2, and 3 X 103 kcal FE/ha for the managed 
pasture systems (for Texas, Cleveland, and McCurtain counties, 
respectively). 

Maintaining and managing livestock requires considerable 
energy (Lockeretz 1975, Ward et al. 1977), but the actual magni- 
tude of this expenditure is a function of many variables (e.g., 
grazing system, size of ranching operation, type of livestock, and 
supplementary feeding system). For the purpose of this study, 
livestock maintenance costs were based on a spring calving cow- 
calf operation (Okla. State Univ. 1975, Williams 1975). The fuel- 
based energy required to maintain each cow ranged from 450 to 
675 X 103 kcal FE/ha for the three counties. Because rangelands 
and improved pastures can maintain different stocking rates, it is 
useful to compare subsidies (FBEC) on the basis of both hectares 
and animals. The fuel-based energy requirements for maintaining 
an animal under rangeland conditions is roughly equivalent in all 
three counties (Fawcett 1975, Williams 1975, Okla. State Univ. 
1975) (Table 3), but the cost per hectare is much greater in Cleve- 
land and McCurtain counties because there are more animals per 
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Table 1. Percentage of fuel-based energy (FBEL) for malntalnln~ 
improved pasturse fn three countks accordfng to fuel and lubrication, 
fertlllzer, machinery and equipment repair and depredation, and lrrlga- 
tlon. 

Counties 
Type of FBEL subsidy Texas Cleveland McCurtain 

Fuel and lubricationt 1.4 14.9 6.6 
Fertilizer* 9.3 77.8 85.5 
Machinery/equipment repair’ 

and depreciation4 0.7 7.3 7.9 
Irrigations 88.6 - - 

r Diesel-9321 kcal FE/liter; oil-9312 kcal FE/liter. 
*Fertilizer: N-13495 kcal FE/ kg/ P-414 kcal FE/ kg/ K414 kcal FE/ kg. 

rMachinery and Equipment Repair: 9082 kcal FE/S (herendeen and Bullard, 1974). 
‘Machinery and Equipment Depreciation: 13742 kcal FE/g (Herendeen and Bullard 
1974). 
slrrigation: irrigation costs for maintenance of pasture were based on fuel- and 

machinery-related costs to irrigate alfalfa and small grains in Texas County. 

hectare. Under the improved pasture scheme, the total subsidy cost 
on a pre-hectare basis is very high in Texas County (Table 3), 
primarily because of the necessity of food subsidies of protein 
supplement and hay. The rangeland and improved pasture systems 
were not markedly different in the energy required to maintain a 
single animal. However, calculated on the basis of hectares, cattle 
maintenance costs are much higher in the improved pasture 
system. 

Considering total energy subsidies on the basis of hectares of 
rangeland and improved pasture, rangelands require less subsidy 
than improved pasture (Table 2). This difference is markedly dif- 
ferent in Texas County where a very large energetic input is needed 
to maintain an improved pasture under dry climatic conditions. 
Under range conditions, solar energy subsidies contribute 95% or 
more of the total energy input. About two-thirds of the total energy 
input to the improved pastures is solar energy energy in Cleveland 
and McCurtain counties, but only about 26% of the energy input is 
from natural sources in an improved pasture located in Texas 
County. 

Primary Production 
Data on primary production of grasslands used in this study 

(Table 4) were obtained from a study which compared primary 
production values from a number of grassland types across the 
country (including types represented in Texas, Cleveland, and 
McCurtain counties) (Singh and Josh 1980). The values closely 
approximate those obtained from other studies of primary produc- 
tion in the state of Oklahoma (Eck et al. 1975, Harlan 1960, Reigel 
1947, Risser et al. 1980a). 

Improved pastures in Oklahoma are planted to any one of 
several species, e.g., Bermudagrass (Cynodon dactylon), weeping 
lovegrass (Eragrostis currula), and several species of fescue (Fes- 
tuca spp.). The grasses, especially with the addition of water and 
fertilizer, are more productive than native rangeland species (Cable 
1971, Davies and Munro 1974, Risseretal. 1980, Rumsey 1971). In 
addition, the palatability of the introduced grass species is 

Table 2. Natural and fuel-based energy subsidies required to maintain grassland and livestock on rangeland and improved pastures in Texas, Cleveland, 
and MeCurtain countia, Oklahoma. Units are W kcal fuel equivalents per hectare. 

Texas 

Range 
Cleveland McCurtain Texas 

Improved pasture 
Cleveland McCurtain 

Solar energy 
Fuel-based energy to maintain 

grassland 
Fuel-based energy to maintain 

livestock1 
Human labor 
Subtotal 

(fuel-based and human labor) 
Total 
Percent contributed by natural 

energy 

8,210 7,665 7,330 8,210 7,665 7,330 

26 32 26 20,988 1,984 2,320 

61 291 352 2,178 1,182 1,393 
<I <I <I 12 2 3 

87 317 378 23,178 3,168 3,716 
8,297 7,982 7,708 31,388 10,833 11,046 

99 96 95 26 71 66 

‘Includes feed subsidy. 

Table 3. Energy subsidization (kilocalories fuel equivalents X 10s) required for maintenance of cattle1 on rangeland and pastures in three Oklahoma 
counties. Values are for moderate stocking rates and range conditions. 

Texas 
Per cow Per ha 

Cleveland 
Per cow Per ha 

McCurtain 
Per cow Per ha 

Rangeland 
Fuel-based energy* 569 35 634 156 672 203 
Food subsidy3 414 26 547 135 492 149 

Total 983 61 1181 291 1164 352 

Pasture 
Fuel-based energy* 449 918 632 727 451 666 
Food subsidy3 846 1729 546 628 5144 7274 

Total 1295 2647 1178 1355 965 1393 

‘Figures do not include the fuel-based energy requirements for maintenance of rangeland or pastureland (see Table 2). 
*Fuel-based energy (FBEC) includes energy for livestock supplies (conversion factor: 10,000 kcal FE/ 1974$; compiled from Herendeenand Bullard 1974); machineryand equip- 
ment repair (9,082 La1 FE/ 1974 $: Herendeenand Bullard 1974,auto repair); machineryandequipmentdepreciation( 13,742 kcal FE/ 1974 S; Herendeenand Bullard 1974,farm 
machinery); fuel, gasoline (9,321 kcal FE/liter; lube, oil 9,312 kcal FE/liter). Human labor requirements are not included in the above totals but are listed in Table 2. 
‘Protein supplements (16,410 kcal FE/ 1974 S; Hemndeen and Bullard 1974, prepared animal feed); grass hay (corrected for 85% moisture and 4.40 kcal/g dry wt); salt and 
minerals (16,410 kcal FE/ 1974 S, same as protein supplements above). 
*Includes energy costs of overseeding pastures with small grains and/or fescue in Fall. 
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Table 4. Annual net (NPP) and gross (CPP) pdmary production (1V kcaV 
ha) of range and improved pasture systems in Texas, Cleveland, and 
McCurtain counties, Oklahoma. 

Range Improved pasture 

County NPP GPP’ NPP GPP’ 

Texas 11.9 31.3 60.4 120.4 
Cleveland 23.6 58.9 34.9 69.8 
McCurtain 31.3 88.2 44.8 89.6 

IGPP values for rangeland were obtained from Eck et al. (1975). Sims and Singh 
(1975). and Risser et al. (1980). GPPofpasturespecieswasassumed tobetwicethat of 
Npp based on the data for rangeland and literature sources quoted in lext. Texas 
County rangeland NPP = 38% CPP; therefore NPP in fuel equivalents= NPP kcal X 
0.05 f NPP/ Gpp = NPP kcal X 0.132 or NPP kcal/ 7.6~ FE. Cleveland County=NPP 
kcal/E; McCurtain County = NPP kcal/8.4. All pasture FE = NPP kcal/ 10. The 0.05 
multiplier value was obtained from Odum and Odum (1976). 

improved over the nature species. Based on these studies the above- 
ground production approximation for improved pasture systems 
was twice that of the natural rangeland (Denmann et al. 1971). Net 
and gross primary production (GPP) estimates for pastureland in 
the three counties are shown in Table 4. 

The total (above- and belowground) primary production differ- 
ences in the improved pasture system as compared to the range- 
lands are obvious. Further, this difference (fivefold) is greatest in 
Texas County where irrigation is greatest. Also, it is noteworthy 
that in improved pastures the net primary production (NPP) is 
considered to be one-half the GPP. In the rangeland systems, NPP 
is 38 to 42% of GPP (Table 4). This narrowing of the difference 
between NPP and GPP is caused both by energy subsidies and by 
breeding improved strains which channel selectively more energy 
into NPP and less into plant maintenance activities. 

Animal Production 
Both rangeland and improved pastures are primarily managed 

to support livestock. The principal type of livestock in these three 
counties is beef cattle, hut there are also milk cows, sheep, hogs, 
and horses (Table 5). Actual consumption of herbage depends on a 
number of factors such as the grazing system, vegetation composi- 
tion, and characteristics of the grazing animals. Two grazing sys- 
tems may have the same annual NPP, but quite different AUM-s 
AUM = animal unit months, the amount of feed/forage consi- 
dered as required to maintain one mature animal (454 kg) for one 
month. In this analysis one AUM is considered to be 1.5 X 106 kcal 
gross energy (9 kg/d dry matter intake) based on data extracted 
from Garrett (1974) and Heath et al. (1973). 

Estimates of herbage production for the rangelands of the three 
counties were derived from Dyck and Bement (1971), Harlan 
(1960), and Rice et al. (197 I); improved pasture estimates cam 
from Fawcett (1975), Garrett (1974), Okla. State Univ. (1975) and 
Williams (1975). The calculated amount of herbage consumed was 
based on the assumption of a moderate cattle-stocking rate with an 
average per-animal weight gain for each of the counties (Table 6). 
The energy balances for the livestock (Barrick and Dobson 1973, 
Dean et al. 1975, Garrett 1974, Hyder et al. 1971, Rice et al. 1971, 
Wilson and Burns 1973) were approximated as follows: 54% of the 
forage intake was lost through fecal, urinary, and methane output, 
38% lost in respiration, and 2% lost in metabolic heat. Although 
this suggests 6% of the forage intake is converted to biomass, an 
upper value of 10% was approximated because of the more effi- 
cient utilization of supplemental feeds by cattle (lower efficiency or 
higher consumption due to lactation were not included). 

Energy Efficiency 
Having estimated energy costs to maintain the grasslands and 

cattle and the beef output, it is now possible to compare the 
energetic efficiencies of the two grazing systems in the three coun- 
ties. Although there are a number of ways of calculating efficiency, 
we are using it as a measure of output divided by input. This 
measure is used throughout this paper. A number of points arise 
from this analysis (Table 7). If efficiency of energy capture is 
considered to be simply the ratio of secondary production (beef 
production) to primary production (herbage available for con- 
sumption), the rangelands are approximately two to three times 
more efficient than the improved pastures. However, based only on 
the solar energy input to these grassland systems, the rangelands 
are considerably less efficient than the pastures. The greater effi- 
ciency of the improved pastures indicates the success of plant 
breeding and management in developing systems which more 
effectively capture and utilize solar energy. If the returns are calcu- 
lated just on the basis of fuel-based subsidies, the ratio(output/ in- 
put) is slightly greater than 13% in all the rangelands. Improved 
pastures are actually less efficient using fuel-based subsidies, least 
in dry Texas County and increasing in the more moist Cleveland 
and McCurtain counties. When all the natural and fuel-based 
energy subsidies are compared to the beef output (that is beef 
output to total energy input), the improved pastures are more 
efficient than the rangelands, and among the improved pastures, 
those in McCurtain County are the most efficient in energy capture 
and exploitation. 

Because the ratio of beef output to fuel-based subsidies is 
approximately the same in rangeland found in all three counties, 

Table 5. Numbers of Livestock in Texas, Cleveland, and MeCurtain counties (as of January 1, 1975). 

Cattle Milk cows Sheep Hogs Horses and mules 

Texas 217,Qoo 500 550 4,800 2,500 
Cleveland 32,000 1,700 700 3,200 5,600 
McCurtain 61,000 600 350 600 5,300 
State total 6,020,OOO 126,000 104,000 315,000 230,000 

Table 6. Average amural avafiable energy (1V kcal), animal unit months (estimated as 1.5 X 1V kcal), average weight gain(kg), and beef output (lol kcai 
fuel equivlents) for cattle at moderate stocking rates on rangeland and improved pastures in Texas, Cleveiand, and MeCurtain counties, Oklahoma. 
Tabular values are expressed as per year per hectare. 

Category Texas 

Available energy 1.0 
Animal unit month 0.9 
Weight gain 47.0 
Reef output 12.0 

Range 
Cleveland 

3.4 
2.9 

178.0 
43.0 

McCurtain Texas 

4. I 28.2 
3.6 24.5 

208.0 1185.0 
50.0 282.0 

lmproved pasture 
Cleveland 

15.8 
13.8 

178.0 
159.0 

McCurtain 

20.4 
17.7 

856.0 
204.0 
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Table 7. Percent effkiency of beef output compared to energy subsidization in rangelands and improved pastures of Texas, Cleveland, and McCurt& 
counties, Oklahoma. Tabular values are calculated on the basis of fuel equivalents. Values used to derive ratios are depicted In figures 2,3 and 4. 

Output/input 

Beef output 
Primary production 
Reef output 
Natural energy 
Reef output 
Fuel-based subsidies 
Reef output 
Natural energy & fuel- 

based subsidies 

Texas 

0.77 

0.14 

13.8 

0.14 

Range 
Cleveland 

I .46 

0.56 

13.3 

0.54 

&Curtain Texas 

1.13 0.41 

0.68 3.43 

13.2 1.2 

0.65 0.90 

Improved pasture 
Cleveland 

0.46 

2.07 

4.6 

1.47 

McCurtain 

0.46 

2.78 

7.5 

1.85 

there is the suggestion that there is a baseline conversionefficiency 
in the Oklahoma grasslands. This efficiency is approximately 7.5 
units (Kcal FE) of fossil-fuel expenditures for every one unit (Kcal 
Fe) of beef produced [or approximately 4.2 lb (1.1 kg)], regardless 
of the grassland type. If the energy lost in dressing the beef is used 
(NSF 1977), the ratioisabout 15 to 1. Forcomparison, theratioof 
energy produced from agricultural crops to fossil-fuel expendi- 
tures is about 1.6. Energetically, therefore, fossil-fuel expenditures 
for a unit of beef are roughly 4.5 times greater than those for a unit 
of agricultural crops (on a dry weight basis). 

The use of fuel-based subsidies increases the utilization of natu- 
ral energy, so as beef production increases, sodoes the efficiency of 
beef output to natural energy. A more interesting point emerges, 
however, when beef production is compared with the efficiency of 

ORNL- DWG 78-5482 

r2 = 0.90, p > O.Of 

‘0 SO-0 loo*0 lQ.0 QO*O 
PRooucTfoN 

Fig. 5. Comparison of beefproduction (in kcalfuelequivalents)topercent 
efficiency in range and improved pasture systems in Texas, Cleveland, 
and McCurtain counties. Oklahoma. 

fuel-based subsidies. As the beef production increases, the effi- 
ciency of fuel-based subsidies decreases (Fig. 5). The Y intercept of 
this linear regression is 14.8% which indicates that this is the 
current maximum possible efficiency of beef production to fossil- 
fuel subsidies in Oklahoma grassland systems. This means that the 
best ratio of returns on fuel-based subsidies is I kcal of beef for 
every 6.76 kcal of subsidy. Although beef production is higher in 
improved pastures, the ratio of fuel-based subsidies to beef output 
is 83.8, 21.0, and 18.6, respectively, for Texas, Cleveland, and 
McCurtain counties. Thus the cost of fuel subsidies for improved 
pastures in Texas County, principally irrigation costs, is great 
when compared to those in Cleveland and McCurtain counties. 

Conclusions 

The proportion of energy required to maintain grasslands is 
relatively small on rangelands, but 10 to 100 timesgreater using the 
improved pasture management regime. Similarly, energy required 
to manage range livestock is four times greater with the improved 
pasture system. Natural energy inputs comprise 95% of the total in 
rangeland grazing systems, but much less of the total on improved 
pastures, especially where irrigation needs are severe. Although the 
direction of the relative costs are obvious, the comparative quanti- 
fication requires a conceptual framework and a common value for 
comparison. 

Both rangelands and improved grasslands are relatively ineffi- 
cient in capturing natural energy and utilizing fuel-based energy. 
The relative efficiencies, however, are not clear until the basis of 
comparison is classified. The foregoing analysis has shown that 
fuel-based subsidies enhance the grazing system’s capacity to make 
use of the natural or solar energy, but that there is an upper limit to 
the ratio of beef production that can be obtained for fuel-based 
inputs. This limit is constant on rangelands regardless of the cli- 
matic conditions over the range we tested, but is affected by 
climatic conditions prevailing over improved pastures. 

Consideration of future growing management alternatives 
requires a clear understanding of the role of natural and fuel-based 
energy subsidies and of the interaction between the two as a 
function of grazing system, vegetation, and climate. Energy analy- 
sis models have been shown to provide the analytical framework to 
address these questions. 
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Training Needed for Quantifying Simulated 
Diets from Fragmented Range Plants 
JERRY L. HOLECHEK AND BRYAN GROSS 

Abstract 

A procedure is described that results in rapid training of 
observers for microhistological analysis. Observers trained using 
this procedure were able to evaluate accurately 6 hand- 
compounded diets comprised of semidesert plant species. The 
accuracy of microhistological analysis was examined by using the 4 
trained observers to evaluate 26 additional hand-compounded 
diets containing various combinations of 30 different grasses, 
forbs, and shrubs from semidesert range. The relationship between 
relative density (estimated percent by weight composition) and 
actual percent by weight composition was close to unity for species 
in each forage class individually or in combination. However this 
relationship would probably have been different if the observers 
had not used known diets to evaluate their accuracy and make 
corrections. It is recommended that all technicians using microhis- 
tological analysis regularly check their accuracy with hand- 
compounded diets. 

In recent years much of the research concerning range herbivore 
food habits has been conducted with the microhistological tech- 
nique first introduced by Baumgartner and Martin (1939). The 
accuracy of this technique has been demonstrated in 3 studies 
(Denham 1965, Sparks and Malechek 1968, Vavra and Holechek 
1980). Comprehensive reviews of the technique were given by 
Ward (1970), Theurer et al. (1976), and Holechek et al. (1982b). 
One of the main problems with the technique is that considerable 
time may be required to train technicians to use the procedure 
(Ward 1970). In addition there may be considerable variation in 
accuracy between technicians once they are trained (Holechek et 
al. 1982a). On the basis of research conducted by Westoby et al. 
(1976) it appears that systematic training of observers may be 
essential if precise and accurate results are to be obtained. The 
objectives of this research were to develop a procedure that results 
in rapid training of microhistological observers to test theeffective- 
ness of this procedure, and to evaluate the accuracy of microhisto- 
logical analysis using the new trained observers. 

Methods 

In the late summer of 1979 collections were initiated of the 
primary forage plants found in southcentral New Mexico. Thirty 
species were selected for experimental use. They included 10 each 
of grasses, forbs and shrubs (Table 1). Drawings, photographs, 
microscope slides and keys were developed for separating these 
species on the basis of epidermal and cellular characteristics. Sev- 
enty mixtures with different numbers and amounts of the 30 plant 
species were hand compounded to represent simulated diets. These 
diets ranged in complexity from simple mixtures of two highly 
dissimilar species such as a grass and a shrub to diets comprised of 
9 species with various grasses, forbs and shrubs. These mixtures 
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were developed for the purpose of training observers in the use of 
microhistological analysis, and testing the accuracy of the 
procedure. 

In the late fall of 1979 a step-wise training program was initiated 
for 4 potential microhistological observers all of whom were grad- 
uate or undergraduate students majoring in range or wildlife 
science. The program was designed so it could be completed within 
at least 4 weeks. After completion of training the effectiveness of 
the program was evaluated by providing trainees with slides,draw- 
ings, photographs and keys of epidermal material of 9 new plant 
species (3 each of grasses, forbs, and shrubs). The 4 trainees were 
instructed to quantify 6 unknown diets containing different 
numbers and amounts of the 9 plant species with which they had 
previous familiarity and the 9 new species. A total of 18 species was 
used since this has been about the maximum number of important 
dietary species reported in most food habits studies. An additional 

Table 1. Semidesert species used in the hand-compounded diets. 

Common name Scientific name 

Grasses 
Black gramat 
Blue grama 
Green sprangletop* 
Hairy grama 
Mesa dropseed’ 
Sideoats grama 
Silver bluestem* 
Red threeaw2 
Tobosa grass’ 
Vine mesquite 

Forbs 
Broom snakeweed* 
Desert baileya 
Faintcrown 
Leatherleaf crotont 
Peavine 
Russian thistle’ 
Globemallowt 
Spectaclepod 
Verbena 
Wooly paperflower 

Shrubs and Trees 
Apache plume2 
Fourwing saltbush’ 
Honey mesquite’ 
Longleaf Mormom tea 
One-seeded juniper 
Soaptree yucca2 
Tarbush 
Mountain mahogany’ 
Grey oak 
Winterfat 

Bouteloua eriopoda 
Bouteloua gracilis 
Leptochloa dubia 
Bouteloua hirsuta 
Sporobohrsjlexuosa 
Bouteloua curtipendula 
Bothriochloa saccharoides 
Aristida longiseta 
Hilaria mutica 
Panicum obtusum 

Xanthocephalum sarothrae 
Baileya multiradiata 
Aphanostephus ramosissimum 
Croton corymbulosus 
Astragalus spp. 
Salsoka kali 
Sphaeralcea incana 
Dithyrea wizlizenii 
Verbena bipinnatifida 
Psilostrophe tagetinae 

Fallugia paradoxa 
Atriplex canescens 
Prosopis glandulosa 
Ephedra torreyana 
Juniperus monosperma 
Yucca elata 
Flourensia cernua 
Cercocarpus brevtji’orus 
Quercus grtsea 
Ceratoides lanata 

‘Used for training and testing observers. 
Wsed only for testing observers. 
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observer with 5 years experience was also utilized to quantify the 6 
unknown diets. The 5 observers were provided with 10 knowndiets 
of different combinations of the 18 species so that correction 
factors could be developed for later use with the unknown diets if 
desired. 

After the 4 trainees were tested for accuracy, they were given 26 
new hand-compounded diets to analyze which contained various 
combinations of 30 species (Table 2). Botanical composition of the 
26 mixtures was unknown to the observers until after sample 
estimates were recorded. The observers were provided with slides, 
drawings, photographs, and keys of epidermal material of the 12 
new plant species not used in previous testing or training. In 
addition they were provided with known hand-compounded diets 
so they could evaluate their accuracy in estimating the new species. 

Five slides were prepared for all compounded diets. These slides 
were prepared by soaking diet material in sodium hydroxide as 
discussed by Vavra and Holechek (1980) and mounted as discussed 
by Sparks and Malechek (1968). Slides were prepared so that at 
least 20 frequency observations were recorded per slide to insure 
high repeatability between slides as discussed by Holechek and 
Vavra (1981). Prior to slide preparation all sample material was 

dried in a forced air oven and then ground through a micro-Wiley 
mill with a l-mm screen. 

Twenty microscope fields were read for each slide. Only particle 
fragements were quantified. Hairs, trichomes and very small frag- 
ments were disregarded. All unidentifiable fragments in each field 
were fully observed by moving the microscope slide to allow com- 
plete examination. Frequency of occurrence of each species was 
calculated and converted to relative density, which was used as the 
percentage weight estimate for each species in the mixture as 
outlined by Sparks and Malechek (1968). 

The accuracy of diet evaluation by observer was calculated using 
Kulcyznski’s formula (Oosting 1956). The similarity value repres- 
ents the percentage of the estimated mixture identical to the actual 
mixture. Analysis of variance was used to compare similarity 
indices between observers. The chi-square test was used to com- 
pare observed with expected diets. Ranking of similarity values 
was conducted with Duncan’s multiple range test (Steel and Torrie 
1960). 

The accuracy of the microhistological technique was evaluated 
using the 26 mixtures shown in Table 2. Simple correlation and 
linear regression analysis were used to explore the relationship 
between estimated percentage dry weight(X) and actual dry weight 

Table 2. Estimated means pooled across observers for plant spies in the 26 mixtures used to evaluate tbe accuracy of microhistological analysis. 

Species 
Mixture 
number 

Mean estimated 
Actual % composition % composition Number of Coefficient of 

by weight by weight observers variation 
Black grama 
Fourwing saltbush 
Honey mesquite 
Mesa dropseed 
Tobosa grass 
Faintcrown 
Russian thistle 
Fourwing saltbush 
Red threeawn 
Leatherleaf croton 
Russian thistle 
Soaptree yucca 
Soaptree yucca 
Honey mesquite 
Blue grama 
Fourwing saltbush 
Blue grama 
Mesa dropseed 
Red threeawn 
Hairy grama 
Vine mesquite 
Globemallow 
Silver bluestem 
Peavine 
Blue grama 
Mountain mahogany 
Tarbush 
Tobosa grass 
Fourwing saltbush 
Mountain mahogany 
Vine mesquite 
Faintcrown 
Sideoats grama 
Globemallow 
Fourwing saltbush 
Mountain mahogany 
Honey mesquite 
Vine mesquite 
Mountain mahogany 
Black grama 
Tobosa grass 
Mesa dropseed 
Globemallow 
Leatherleaf croton 

JOURNAL OF RANGE MANAGEMENT 35(5), September 1982 

1 

2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
5 
5 
6 
6 
6 
6 

I 
8 80 
8 20 
9 60 
9 20 
9 20 

10 15 
10 70 
IO 15 
11 90 
11 10 
12 95 
12 5 
13 30 
13 60 
13 10 
14 10 
14 90 
15 11 
15 11 
15 11 
15 11 
15 11 

40 
40 
20 
20 
20 
20 
20 
20 
16 
33 
33 
17 
50 
50 
50 
50 
25 
25 
25 
25 
25 
75 

28 
40 
32 
18 
21 
18 
18 
22 
16 
30 
31 
23 
50 
50 
49 
51 
23 
36 
26 
15 
38 
62 
81 
19 
57 
17 
26 
21 
64 
14 
88 
12 
97 

3 
40 
46 
14 
6 

94 
13 
11 
12 
8 

11 

3 21 
3 20 
3 26 
4 14 
4 16 
4 12 
4 15 
4 16 
4 17 
4 21 
4 17 
4 15 
4 11 
4 II 
4 14 
4 24 

1 

3 
3 
3 
3 
3 
4 
4 
4 
2 
2 
2 
2 

- 
- 
- 
- 
- 
- 
10 
15 
19 
18 
18 
21 
8 

10 
12 
16 
10 
14 
- 

- 
19 
16 
25 
30 
12 

645 



Table 2. Continued. 

Species Mixture number 

Mean estimated Coefficient 
Actual 9% composition % composition Number of of 

by weight by weight observers variation 

Russian thistle I5 
Honey mesquite I5 
Mountain mahogany I5 
Fourwing saltbush I5 
Silver bluestem 16 
Green sprangletop 16 
Sideoats grama I6 
Globemallow 16 
Faintcrown 16 
Peavine I6 
Tarbush I6 
Winterfat I6 
Apache plume 16 
Verbena 17 
Broom snakeweed I7 
Wooly paperflower 18 
Spectaclepod I8 
Green sprangletop I9 
Spectaclepod I9 
Grey oak I9 
Wooly paperflower 19 
Longleaf Mormon tea 20 
Apache plume 20 
Hairy grama 21 
Desert baileya 21 
One-seeded juniper 21 
Red threeawn 22 
Longleaf Mormon tea 22 
Blue grama 23 
Grey oak 23 
Mesa dropseed 24 
Desert baileya 24 
Spectaclepod 24 
Winterfat 25 
One-seeded juniper 25 
Green sprangletop 26 
Wooly paperflower 26 
Verbena 26 
Grey oak 26 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
I1 
II 
II 
50 
50 
50 
50 
17 
33 
33 
17 
50 
50 
60 
20 
20 
90 
IO 
30 
70 
40 
40 
20 
50 
50 
25 
25 
25 
25 

9 
II 
9 

I4 
12 
14 
I2 
I2 
8 
9 

IO 
I3 
IO 
49 
51 
55 
45 
16 
33 
31 
20 
46 
54 
62 
I7 
21 
86 
I4 
24 
76 
40 
32 
28 
55 
45 
30 
20 
24 
26 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 

I 
3 
3 
3 
3 
2 
2 
3 
3 
3 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

I4 
I9 
I2 
37 
17 
24 
31 
38 
24 
I3 
8 

23 
9 

IO 
II 
II 
II 
I8 
I7 
I6 
I8 
I2 
I4 
9 

I7 
I7 
5 

16 
23 
9 

- 

21 
23 
24 
I8 
I9 
21 

(Y) for grasses, forbs, shrubs, and the 3 forage classes in combina- 
tion. Variability between observers was expressed using a coeffi- 
cient of variation as discussed by Steel and Torrie (1960). 

Training Procedure 
The first phase of the training procedure involved a 2-hour oral 

description of the technique and its applications. After this trainees 
were given 3 publications to read which included Sparks and 
Malechek (1968), Ward (1970) and Holechek et al. (1982b). Sparks 
and Malechek (I 968) provide an illustration of the microhistologi- 
cal technique. Ward (1970) gives a detailed description of proce- 
dures involved in microhistological analysis. The paper by 
Holechek et al. (1982b) considers the various methods for quantify- 
ing food habits of range herbivores, and reviews information con- 
cerning problems with microhistological analysis. After reading 
the publications the trainees were quizzed orally over the material. 
When it was apparent each trainee fully understood the theory, 
problems, and methodology of the technique, phase two was 
initiated. 

Trainees were then required to make actual identification of these 
plant parts from drawings, photographs, and microscope slides. 
Next the trainees were given slides, drawings, photographs, and 
keys of epidermal material of 9 species which included 3 each of 
grasses, forbs and shrubs. They were told to report back when they 
could distinguish each species. A trainee had passed this phase 
when he could identify with 100% accuracy which species occurred 
on 18 unlabeled slides showing the 9 species. 

The second phase of the procedure included a laboratory session 
involving the explanation and demonstration of how to use a 
microscope and plant epidermal characteristics to quantify herbi- 
vore diets. Following a discussion of microscope use, the separa- 
tion of grasses and grass-like plants from forbs and shrubs was 
explained. When all trainees demonstrated they could make this 
distinction, plant epidermal characteristics that allow separation at 
the genus and species level such as cell shape and size, stomata 
shape and size, silicious cells, trichomes, and hairs were discussed. 

The third phase of the training program is considered the most 
important. Each student was given 5 slides for each of 6 diets to 
evaluate containing different numbers of the 9 species. The species 
composition of each diet was unknown to the trainee, although 
they were told that no diet contained more than 4 species. If a 
student could quantify the 6 diets with an overall accuracy of 90% 
based on Kulcyznki’s formula he was graduated and given 6 com- 
plex diets containing 5 to all 9 species. If not he was given a second 
set of 6 simple diets. No trainee required more than 3 simple diet 
sets. The primary problem causing initial low accuracy was overes- 
timation of leatherleaf croton (Croton corymbulosus) and honey 
mesquite (Prosopis glandulosa). Croton characteristically frag- 
ments into many, very distinct trichomes during sample prepara- 
tion and, thus, overestimation commonly occurred. Mesquite, in 
contrast, has cellular characteristics that provide easy identifica- 
tion. Trainees took two approaches to this problem which included 
(1) quantifying only plant fragments and (2) counting a species 
present in a field if any identifiable material could be observed and 
then calculating a correction factor as discussed by Dearden et al. 
(1975) and Vavra and Holechek (1980) based on known mixtures 
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Table 3. The mean similarity index between observed and actual diets for 
the five observers. 

Observer’” 

I 2 3 4 5 

- 
X Similarity index 9Pb 87b 8yb 94’ 93’ 

IM~~S with different superscripts are significantly different (K.05) using Duncan’s 
multiple range test. 
Xach mean is an average of six diets. 

they had previously evaluated. Both approaches appeared to work. 
An individual was considered trained when analysis of a complex 
diet set was accomplished with 90% accuracy. Only one trainee had 
to read two complex diet sets. 

Results and Discussion 
None of the observer’s estimates of test diets were significantly 

different (m.05) from expected values when the chi-square test 
was applied. Only observer 2 had a significantly different (X.05) 
similarity value than observer 5, who was the control (Table 3). The 
similarity values between estimated and observed diets for the 5 
observers in this study suggest that the training procedure used was 
effective. 

The average coefficient of variation was 17% (Table 2). Data 
presented by Holechek and Vavra (198 1) indicate that examination 
of 5 slides (100 microscope fields) will estimate with adequate 
precision (95% confidence, 10% of the mean) those species com- 
prising 30% or more of the diets. Variation in the present study 
associated with species comprising less than 30% of the hand- 
compounded diets may be as much the result of an inadequate 
number of slides as actual variation between observers. 

The equations from the present study are quite comparable to 
the equations of Sparks and Malechek (1968). When all species 
were used in the regression, the equations from the 2 investigations 
are nearly identical (Table 4). Coefficients of determination were 
slightly lower in the present study. However the relationship 
between estimated dry weight percentages (relative density) and 
actual dry weight percentage for all 3 forage classes was nearly 1: I. 

Several of the species used in this study were collected both when 
actively growing and when dormant. Both growth stages were used 
in compounded diets. In many diets mature growth from one 
species was mixed with immature growth from another. This 
appears to have had little effect on the results which is consistent 
with the research of Holechek et al. (1982a). 

The shrubs used in this study were accurately estimated. How- 
ever, research is available showing that some shrubs may undergo 
considerable destruction of epidermal material during sample 
preparation (Vavra and Holechek 1980). Westoby et al. (1976) 
reported that greasewood (Sarcobatus vermiculatus) was consist- 
ently underestimated using microhistological analysis. However, 
leafless twigs were used in their study rather than leafy material. 
Holechek (1982) pointed out that woody plant parts have a much 
lower amount of identifiable epidermal tissue than those that are 
green. Only small twigs and leafy material of current years growth 
were used in the present study. Dearden et al. (1975) found a 1: 1 
relationship did not exist between estimated and actual values of 
some shrub and forb species when microhistological analysis was 
used. These data were obtained from experienced technicians who 
had not been trained using hand-made mixtures (Hansen, Personal 
Communication). Correction factors were computed to reduce this 
problem. Three different studies are available showing that weight 
per unit area of epidermis is not consistent at different growth 
stages within species or between species (Starr 1961, Heady and 
Van Dyne 1965, Theurer 1970). All of these studies strongly sug- 
gest considerable caution should be used in applying results 
obtained from the species used in the present investigation to 
species found in other areas. 

Table 4. Linear regression equations using the model Y = a i- bX with 
their respective coeffkknts of determination for the relaliomhips between 
estimated (Y) and observed (X) spedes values using microhistological 
analysis. 

a b r2 nl 

Grasses 1.14 0.97 .96** 31 
Forbs 0.76 0.91 .95** 24 
Shrubs 2.34 0.96 .95** 28 
All species I.14 0.96 .95** 83 

Grasses2 -0.57 0.97 .97** 26 
Forbs2 3.58 0.95 .9&x** 20 
Grasses and forbs2 1.20 0.96 .9s** 46 

**Significant at (X.01) 
‘Actual Values used to develop the equations are shown in Table 2. 
*Data from Sparks and Malechek (1968). 

Without the aid of known hand-compounded diets observers 
would have probably over-estimated some species and under- 
estimated others. The authors advocate the training procedures 
should always be used. Known mixtures should be regularly used 
by all technicians to evaluate their accuracy and provide for correc- 
tion if certain species are over-or under-estimated. 
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Buried, Viable Seeds and Their Relation to 
Revegetation after Surface Mining 
LOUIS R. IVERSON AND MOHAN K. WALI 

Abstract 

The quantity and quality of seeds present in prairie soils prior to 
surface mining were determined in this study. Samples were col- 
lected near Beulah in western North Dakota from 4 sites (1 each 
from grazed and ungrazed areas, l-year old stockpiled topsoil, and 
a fresh stockpile). Samples were taken from 3 depths and allowed 
to germinate in a growth chamber for 16 months. The grazed site 
had a seed density of over 7,700 seeds m* (43% were from weed 
species), and the ungrazed site had 3,900 seeds mm2 (7% were 
weeds); the stockpiled topsoils had very low seed densities. Seed 
density and diversity decreased with depth on both the grazed and 
ungrazed sites; this was especially true for the grazed site where 
94% of the seeds were found in the top 7.5 cm. Comparisons were 
made between the seed banks and the aboveground vegetation of 
the unmined site and 4 mined sites (ages 1-4 years after reclama- 
tion). Analysis indicated that seeds of the most prevalent coloniz- 
ers after reclamation [e.g. summer cypress (~~&a scoparia), 
green pigeongrass (Setaria viridis), and Russian thistle (Salsola 
co&a)] were not present in the topsoil; rather, they immigrated 
from the surrounding areas. Several species which were present in 
the seed bank [e.g. rough penny royal (Hedeoma hispida), buck- 
horn (Plantago patagonica), white sage (Artemisia ludoviciana), 
fringed sage (A. frigida), and wormwood (A. absinthium)] were 
found in the aboveground vegetation of 3- and I-year-old mined 
sites, and at the unmined site. Evidence from seed banks and extant 
aboveground vegetation suggests that both seed dispersal In time 
(dormancy) and dispersal in space (immigration) are important in 
determining the type of vegetation on mined areas after topsoil has 
been replaced. 

The vegetation that emerges following currently mandated 
mined land reclamation practices (viz., contouring, replacing top- 
soil, fertilizing, and seeding), is determined not only by the planted 
seed mix, but also by the seed stock (seed bank) present in the 
topsoil and the immigration of seeds and disseminules from neigh- 
boring ecosystems. It is, therefore, important to determine the 
kinds of species and quantity of viable seeds in the topsoil prior to 
mining. Such information would be of value in evaluating the 
potential of topsoil to determine the initial course of succession on 
these sites. 

Several factors determine the quantity and quality of seed banks: 
(1) reproductive potential of plants; (2) dispersal mechanisms; (3) 
dormancy patterns; (4) characteristics of the soil; (5) biotic influen- 
ces, i.e. predation and decomposition; (6) weather fluctuations; 
and (7) disturbances to the soil surface (Thurston 1960, Barton 
1962). It has been noted that disrupting the soil surface often 
breaks seed dormancy by exposing seeds to unfiltered light, fluc- 
tuating temperatures, and reduced C& concentrations (Bazzaz 
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1970, 1979). Therefore, variations in methods and duration of 
removing, stockpiling, and respreading of topsoil during surface 
mining assume significance. 

Several seed bank studies have been conducted to ascertain 
means of removing weedy seeds from arable agricultural soils. 
Major studies are from the British Isles (Brenchley and Warington 
1930, 1933, 1936, 1945; Brenchley 1944; Roberts 1963, 1968; 
Roberts and Neilson 1981), Denmark (Jensen 1969), Saskatche- 
wan (Chepil 1946, Budd et al. 1954), and from Minnesota (Robin- 
son 1949). Pasture soils have been examined for weeds in Wales 
(Chippindale and Milton 1934, Milton 1948), and in New Hamp- 
shire (Prince and Hodgdon 1946). But seed bank studies in grass- 
lands of the North American Great Plains are limited. In Kansas, 
Lippert and Hopkins (1950) studied native mixed grass and short 
grass prairies, an abandoned field, and a denuded pasture. Rabino- 
witz (1981) studied the seed bank and seed rain on a tall grass 
prairie in Missouri. Johnston et al. (1968) studied rangelands in 
Alberta for seed populations of mixed grass prairie and fescue 
grasslands including sites that ranged from ungrazed to heavily 
grazed. Dwyer and Aguirre (1978) determined germinable seed 
populations for 2 range condition classes on the Desert Grassland 
in New Mexico. Only a few seed bank studies in relation to surface 
mined land reclamation are available. Beauchamp et al. (1975) 
studied Wyoming sagebrush-grass topsoils as a potential seed 
source for re-seeding mined spoils, and Brophy (I 980) studied 
viable seed populations in soils of revegetated North Dakota coal 
mines. Results of some of the above-mentioned studies have been 
tabulated (Table 1). 

In the present study, we (1) estimate the viable seed populations 
in the native topsoil prior to mining in western North Dakota, and 
(2) compare the relative contributions of seed bank populations to 
seed populations migrating from surrounding areas as they deter- 
mine the initial vegetation of mined areas. 

Procedures 

Two sites, one ungrazed, the other moderately to heavily grazed, 
on native mixed grass prairie (Whitman and Wali 1975) adjacent to 
active mining sites, were sampled in April, 1979 for estimation of 
buried seed populations. These sites, located 4.5 km south of 
Beulah, North Dakota, were typical pre-mined areas in western 
North Dakota which, during the mining process, have the topsoil 
and subsoil removed separately (up to a total of 1.5 m depth). The 
topsoil is then stockpiled while the overburden and coal are 
removed; after removal of coal, the areas are backfilled, recon- 
toured, and the topsoil replaced. A total of 50 randomly placed, 
5cm diameter cores were taken from each site to provide IO-20 
replicate samples representing the surface 2.5 cm, top 7.5 cm, and 
7.5- 15 cm depths. Eighteen replicate samples were also taken from 
each of the 2 nearby topsoil stockpiles: one stockpiled a year 
previously, the other only a week prior to sampling. 

Samples were collected in airtight bags, transported to the labor- 
atory, and stored at 4’ C for 1 month. Storage at this temperature 
prevented seed germination but may have aided in the vernaliza- 
tion of seeds. 
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Table 1. Seed density in seed banks of diverse community types. 

Investigation Study site Depth, cm Total seeds/m* Method 

lverson and Wali 
(this study) 

Brophy (1980) 

Lippert and Hopkins (1950) 

Johnston et al. (1968) 

Beuchamp et al. (1975) 

Rabinowitz (1980) 

Dwyer and Aguirre (1978) 

Major and Pyott (1966) 

Robinson (1949) 

Roberts (1963) 

Jensen (1969) 

North Dakota prairie 
grazed site, mixed grass 
ungrazed site, mixed grass 

ungrazed mixed grass prairie 
6-year-old mined site 

Kansas 
grazed mixed grass prairie 
overgrazed short grass prairie 
grazed short grass prairie 
25-year-old abandoned field 

Alberta 
ungrazed rangeland 
heavily grazed rangeland 

Wyoming 
sagebrush grass 

Missouri 
tall grass prairie 

New Mexico Desert Grassland 
poor range 
fair range 
good range 

California 
ungrazed bunchgrass 
grazed bunchgrass 

Minnesota 
cropland 

England 
arable land 

Denmark 
arable land 

O-15 
o-15 
o-7.5 
o-7.5 

O-l.25 440 
O-l.25 3640 
O-l.25 760 
O-l.25 5130 

O-2.5 
O-2.5 

O-S 

o-12 

o-2 485 
o-2 810 
o-2 285 

o-5 
o-5 

O-15 

O-IO 

O-20 

7740 Germination from cores for 16 
3870 months. 

990 Washing/ tetrazolium. 
2460 Washing/ tetrazolium. 

2970 Germination from cores 
3240 for 3 weeks. 

370 

6470 

8230 Germination from cores 
12,290 for 6 months 

8300 

8600 

19,240 

Germination in boxes 
from 930 cm* samples 
for 16 days. 

Germination in flats 
from 100 cm2 samples for 6 weeks. 

Germination from cores for 
145 days. 

Germination from cores for 
2 months 

Germination from cores. 

Germination from cores for 2 years. 

Germination from cores for 
23 months. 

Each of 136 samples were treated as follows: 50 g of dry sterilized 
peat (for water retention) were placed in a 0.5 liter container, 
covered with a filter paper on which 100 g of field sample was 
placed. The containers were kept moist with deionized water 
throughout the 16-month duration of the experiment. The growth 
chamber conditions were 15 hr day/9 hr night length, 26’ C 
day/ 18’ night temperature, and 54-72 microeinsteins rn“ set-’ 
photosynthetically active radiation. These environmental condi- 
tions are known to be favorable for germination for a wide range of 
species. Plants were identified as early in their life cycle as possible, 
and removed promptly after identification. Seedlings were identi- 
fied following Dunham et al. (1947), Gleason and Cronquist 
(1963), Stevens (1963), Best et al. (1971), and Van Bruggen (1976). 

dracunculus), yellow sweet clover (Melilotus officinalis), and blue 
grama (Bouteloua gracilis) accounting for 52% of the total (Fig. 2; 
Table 2). Numbers of germinating seeds in both fresh and l-year 
old stockpiled topsoils were very low and significantly fewer 
(X.01) than the grazed or ungrazed sites; only 14 seedlings from 9 
species emerged (Table 2). Blue grama and six-weeks fescue were 
the only 2 species common to both topsoils; little bluestem (Andro- 
pogon scoparius) and ticklegrass (Agrostis scabra) were present 
only in the fresh stockpile. The paucity of seeds in the stockpiled 
topsoil (also reported by Brophy 1980) may bedue to the inversion 
of soil layers during the stockpiling process wherein upper layers 
are buried deep while the lower layers are placed on top. Seeds may 
also lose viability over time during stockpiling. 

The experiment was monitored and the data were grouped by 4 
time periods: seedling emergence during (a) initial 4 months of the 
experiment, May-August 1979 (hereafter period ‘A’); September- 
December 1979 (period ‘B’); January-April 1980 (period ‘C’); and 
May-September 1980 (period ‘D’). 

Statistical analysis included calculation of seed density means 
with 95% confidence intervals both for site and depth, and r-tests 
for detecting differences between sites. In addition, Shannon- 
Weiner index of diversity values were calculated. 

Results and Discussion 

Seed Numbers 

In contrast to the ungrazed site, the grazed site not only had 
statistically higher seed numbers, but also a high proportion of 
weed seeds (44% as against 7%). Our results show a similar trend to 
that of Lippert and Hopkins (1950) who found the seed bank inan 
overgrazed shortgrass prairie in Kansas composed of 85% weed 
seeds, compared with 58% weed seeds in a moderately grazed site. 
The presence of larger numbers of weed seeds after grazing may be 
attributed to (1) the avoidance of weeds by grazers, and (2) a 
greater seed output by weeds (ruderal-selected species of Grime 
1979). These data indicate that notice should be taken as to the 
grazing history on pre-mined sites, as it has a bearing on the initial 
aboveground flora. 

From the grazed site samples, a total of 3 19 seedlings (26 species) 
germinated during the 16-month study period (Fig. 1); 46% of the 
seedlings were horseweed (Conyza canadensis), six-weeks fescue 
(Festuca octoflora), and rough penny royal. In contrast, signifi- 
cantly fewer (K.01) seedlings (140) representing 23 species 
emerged from the ungrazed site samples with green sage (Artemisia 

Distribution by Depth 
On both grazed and ungrazed sites, the surface layers had the 

highest concentrations of seeds; seed quantity and diversitydimin- 
ished with depth (Table 2). Seeds are moved to lower depths by 
physical means such as washing down fissures and by biotic activ- 
ity such as the storage of seeds by insects or earthworm burrowing 
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Fig. 1. Numbers of seedlings emergingfrom grazed sire samplesfor each of 
26 species types over 4 rime period. 

(McRill and Sagar 1973, Mortimer 1974). About 94% of the seeds 
at the grazed site were in the top 7.5 cm compared with 74% seeds in 
the same layer on the ungrazed site (Figs. 3,4). The paucity of seeds 
found in the deeper layer (7.5-15 cm) at the grazed site may be the 
result of increased compaction of soils from trampling and the 
consequent decrease in the number of fissures for seed transport. 
Major and Pyott (1966) also found a higher proportion of seeds at 
the surface of a grazed site in California. Again, decreasing seed 
diversity with depth may be due to compaction with only the small 
seeded species (i.e., yellow sweetclover, six-weeks fescue, horse- 
weed) penetrating to the 7.5-15 cm depth. 

Time of Emergence 
Most seedlings emerged during the first 4 months of the experi- 
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Fig. 2. Numbers of seedlings emergingfrom ungrazed sire samplesfor each 
of 23 species types over 4 rime periods. 

ment: 61% from the grazed samples, 71% from the ungrazed (Fig. 
3, 4). This should be expected since most seeds have dormancy 
periods of less than 4 months when conditions are favorable for 
germination. The 2 species that germinated most frequently after 
the first 4 months were horseweed and six-weeks fescue (Fig. 1,2), 
both of which were found most frequently in the lowest depth. This 
suggests that seeds with long dormancy periods have greater pro- 
pensity for survival at greater depths than do seeds with short 
dormancy periods. 

Comparison with Previous Studies 
Our data fall well within the range reported by other workers 

(Table 1): Dwyer and Aguirre (1978) reported a seed density of 
only 285 seeds mm2 on good condition Desert Grassland range in 
New Mexico whereas Jensen (1969)found up to 19,240 seeds m* in 
a Denmark cultivated field. Differences among sites may beattrib- 
uted to differences in community types, field conditions, sampling 
methodologies, and duration of the experiments. In general, culti- 
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Fig. 4. Totalseedlings emerging m-2from ungrazedsite samples at 3 depths 
over 4 time periods. 

vated and grazed areas tend to have the largest seed concentra- 
tions, most of which belong to weeds. Based on these data, 
numbers of buried viable seeds in North American undisturbed 
grasslands apparently decrease from the tall grass to the desert 
grass prairies. 

Role in Revegetation 
Comparison of the species composition of the seed bank to that 

of the above-ground vegetation of newly reclaimed surface mined 
areas (see lverson 198 1, Iverson and Wali 1982) reveals that species 
dispersal in time (through dormancy) as well as dispersal in space 
(through immigration) are important in revegetation. Pioneering 
species common to both aboveground vegetation and the seed 
bank included horseweed, witchgrass (Panicum capillare), prickly 
lettuce (ikctuca serriola), peppergmss (Lepidium densiflorum), 
bluegrass (Poa sp.), and ragweed (Ambrosia sp.). However, in the 
first 2 years of succession, dispersal in space seems to predominate, 
for none of the following dominant aboveground species were 
found in the seed bank: summer cypress, green pigeongrass, and 
Russian thistle (Iverson and Wali 1982). Chepil(1946) investigated 
dormancy lengths for a number of weedy species in Saskatchewan 
and found summer cypress sends to have a short dormancy period 
(2-3 months) and Russian thistle and green pigeongrass to have 
dormancies of less than one year. The absence of some colonizers 
in the seed bank that are dominant in the aboveground vegetation 
indicates that their seeds arrive after the respreading of topsoil; 
wind and water dispersal seem to be the most important,especially 
for the “tumbleweed” chenopods. 

for reintroducing some species which otherwise do not colonize 
readily. Species such as rough penny royal, buckhorn, white sage, 
fringed sage, and wormwood were present both in at least one of 
the seed banks (Fig. 1,2) and in the 4-year post-mining vegetation 
(Iverson and Wali 1982). It may be that some seeds from such 
species were lying dormant in the seed bank until establishment 
was possible (see Thompson and Grime 1979). The seed bank also 
contained seeds from 9 species found only on unmined sites in the 
vegetation survey. (Fig. 1, 2; Iverson and Wali 1982). It is not 
known whether these seeds remain viable in the soil for more than 4 
years; if they do germinate at a later date, the diversity of the 
aboveground vegetation would be enhanced, a desired goal in 
reclamation. Evidence from Dr. W.J. Beal’s experiments(Darling- 
ton 1931, 1941), and others, indicates that seeds frequently remain 
viable for more than 4 years. Along with aiding in amelioration of 
water-holding capacity and nutrient concentrations, topsoil 
spreading during the reclamation process may increase seed and 
consequently plant diversity. As the surface 7.5 cm contains the 
greatest proportion of seeds, (Table 2) it would be ideal if this layer 
from the premined areas could be placed on top of the post-mined 
areas. 

However, there is evidence that spreading topsoil is beneficial 

Recent studies on succession (Connell and Slatyer 1977, Noble 
and Slatyer 1980) point to the key role of seed and propagule 
dissemination in community dynamics. From this study, it appears 
that the seed bank of the pre-mined prairie sites influences the 
post-mined vegetation in later stages via persistent seeds (dispersal 
in time), whereas seeds of most of the initial colonizers after 
reclamation immigrate from the surrounding environs (dispersal in 
space) after the topsoil is respread. 
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Table 2. Seed density and diversity in the seed banks from ungrazed and grazed prairie, and 2 topsoil stockpiles in western North Dakota. 

Site 
Depth Germinable seeds m-* Seed Important species % of 
(cm) Mean 95% confidence limit diversity 05% of total) total 

Ungrazed o-2.5 
o-7.5 

*2.5-7.5 
7.5-15 

2235+ 
2980-l 

745+ 
1005 

1465-3000 58 2.99 
1960-4005 3.02 

16 
60-1950 26 1.79 

Artemsia dracunculus 
Melilorus officinalis 
Bouteioua gracilis 
Conyza canadensis 
Hedeoma hispida 

28 
16 
8 
5 
5 

Total 

Grazed 

o-15 

O-2.5 
o-7.5 

*2.5-7.5 
7.5-15 

Total 

Fresh stockpile 

o-15 

o-7.5 

I-year-old 
stockpile 

3985+ 

4660 
7240 
2580 

510 

3195-6120 
4990-9490 

59 

O-1065 
35 

6 

3.63 
3.05 

1.25 

Conyza canadensis 
Fesruca octoflora 
Hedeoma hispida 
Cerastium brachypodum 
Plantago patagonica 

19 
14 
13 
10 
8 

7750 

255++ 

520++ 

48462 2.32 

113-927 2.24 

Andropogon gerardi 
A. scoparius 
Agrostis scabra 
Bouteloua gracilis 
Festuca octojlora 

Artemesia frigida 
Conyza canadensis 
Androsace occidentalis 
Bouteloua gracilis 
Festuca octojlora 

*calculated by difference of e2.5 and 0.75 cm levels, confidence limits could not be calculated. 
+significantly fewer seeds than equivalent depth level on grazed site pI.05). 

++number of seeds on stockpiles not significantly different from each other but significantly fewer than grazed and ungrazed sites (O-7.5 cm; ~.OOl) 
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The Suitability of Legumes for Rangeland 
Interseeding and as Grasshopper Food 
Plants 
GEORGE B. HEWITT, A.C. WILTON, AND R.J. LORENZ 

Abstract 

Fifteen legume varieties (selections representing 7 species) which 
have some potential for reseeding into rangeland were evaluated in 
the laboratory and in the field as to their suitability as food pkurts 
for several species of rangeland grasshoppers. Varieties of alfalfa, 
trefoil, and cicer milkvetch were less preferred than varieties of 
sanfoin, sweetclover, hairy vetch, and crown vetch. Three plant 
varieties, alfalfa (Mandan composite-l), birdsfoot trefoil (Cree), 
and cicer milkvetch (Mandan Composite-2) were the least pre- 
ferred of the varieties tested based on the rate of grasshopper 
development and weight of adults reared on the test plants, the 
time spent feeding during a 30-min period, and plant mortality and 
% leaf reduction in afield test. Alfalfa appeared to have the greatest 
potential for reseeding on arid rangeland sites. Nonpreference is 
the main resistance factor that should be used when screening 
rangeland plants for grasshopper feeding preferences. 

The seeding of legumes into rangeland has the potential to 
become a useful practice for range improvement as suitable species 
and varieties become available, and as interseeding technology 
develops. The merits of the presence of the legume include 
increased forage production and improved animal performance 
(Heinrichs 1963, Wilton et al. 1978, and Lorenz 1982 et al.). 
Millions of acres of rangeland in the western United States and in 
other countries could be improved by the successful introduction 
of legumes to the existing grassland (Kneebone 1959, Atkins 1962, 
Bleak et al. 1965, Rumbaugh et al. 1965). However, only a few 
species have the necessary adaptive requirements to persist in an 
arid enviroment in competition with grass and forb species under 
grazing conditions. 

A potential range legume should have many if not ail of the 
following characteristics: (1) drought resistance, (2) winter hardi- 
ness, (3) disease resistance, (4) insect resistance, (5) persistence 
(survive frequent removal of top growth and trampling by live- 
stock), (6) aggressiveness (sufficient vigor for establishment and 
competition with grasses and other vegetation), (7) reproduce 
voluntarily by seed and/or have a spreading root system, (8) 
non-bloating, (9) adaptation to wide range of soil types, (10) low 
preference by rodents, (I 1) spring growth pattern compatible with 
other species in the stand. 

Several legume species with some of the above characteristics 
have been tested on rangeland; these include alfalfa, Me&ago 
sativa and M. falcata; sainfoin, Onobrychis viciifolia; sweetclover, 
Meh’lotus officinalis; cicer milkvetch, Astragalus cicer; and birds- 
foot trefoil, Lotus corniculutus. Birdsfoot trefoil does not cause 
bloat and is adapted to low phosphorus soils, acid soils, and soils 
with poor internal drainage (Henson and Schoth 1962, Vogel and 
Berg 1968, Seaney and Henson 1970, and Cooper et al. 1971). 
However, this plant is non-aggressive, has low seedling vigor, and 

Authors are at the Rangeland Insect Laboratory, Agr. Res., U.S. Dep. hr., Agr. 
Res. Serv., Bozeman, Mont. 59717, and NorthernGreat PlainsResearch Laboratory, 
U.S. Dep. Agr., Agr. Res Serv., Mandan, N. Dak. 58554. 

Manuscript received April 6, I98 I. 

JOURNAL OF RANGE MANAGEMENT 35(5). September 1962 

is slow to establish (Seaney and Henson 1970, Cooper et al. 1971). 
Cicer milkvetch does not cause bloat, remains green in the fall, 
recovers rapidly from grazing, has a creeping rhizome system 
which could reduce damage by pocket gophers, and is moderately 
salt tolerant and drought resistant (Johnston et al. 197 I, Stroh et 
al. 1972, and Johnston et al. 1975). The disadvantages of cicer 
milkvetch are that it begins growth later in the spring than alfalfa 
and has slow seedling growth (Johnston et al. 1971, Smohak et al. 
1972, Johnston et al. 1975). Alfalfa appears to show the greatest 
promise for use on rangelands since it is very aggressive, hardy, 
persistent, drought resistant, withstands grazing, and creeping root 
varieties are available (Kilcher and Heinrichs 1966, Heinrichs 197 1 
ab, Rauzi et al. 1974, Townsend et al. 1975, Cooper 1977, Rum- 
baugh and Pedersen 1979). However, alfalfa does cause bloat. 
Several alfalfa varieties have been released for use in the range 
environment, (Rumbaugh et al. 1965, Kilcher and Heinrichs 1968, 
Heinrichs 1971 a, and Stroh et al. 1972) but successful establish- 
ment in grasslands continues to be a problem. Both sainfoin and 
sweetclover are difficult to establish. The sweetclover weevil can 
cause seedling failures with sweetclover (Gomm 1964, Craig 1978) 
and although sainfoin has a number of insect pests, they apparently 
do not affect stand establishment (Hewitt and Burleson 1976). All 
of these species have some insect problems that could affect seed- 
ling establishment and survival. How many insect pests of irrigated 
forages would increase and become injurious to rangeland legume 
plantings is unknown. It does appear that grasshoppers, which 
occur in varying densities on western rangeland, would be one of 
the more important economic insect groups. 

Six common grasshoppers (Melanoplussanguinipes, M. bivitta- 
tus, M. femurrubrum. M. differential& M. packardii, and M. 
gladstni) are known to be general feeders that prefer forbs. At least 
one of these species is generally involved whenever legume plants 
are damaged or destroyed by grasshoppers. Of the many reasons 
reported for seedling failure or reduction in yield (drought, 
gophers, rabbits, competitive vegetation, etc.) grasshoppers are 
among the most common (Brown 1956, Bleak et al. 1965, and 
Rumbaugh 1965). 

This paper reports on the suitability of 15 legume varieties and 
species selections as food for some of the more common grass- 
hopper species that are pests of crops and rangeland forbs. Both 
laboratory and field tests were used to evaluate the plant material 

Methods and Materials 
Laboratory Tests 

Fifteen legume selections (Table I) were screened in the labora- 
tory for grasshopper feeding preference and antibiosis by using 4 
different types of criteria: 

I. Grasshopper developmental time (days) from hatching to 
the adult stage when reared on the test plants. 
2. Number of grasshoppers reaching adult stage. 
3. Dry weight of adults reared on the test plants. 
4. Total time spent feeding on the plants. 
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Table 1. Survival, growth rate, and adult weight of Me&no&s glodstoniand hf. sanguMpes reared in tbe laboratory on 15 legume selections, Bozeman, 
Mont. 1980. 

No. individuals1 Avn. time to become Avg. dry wt (mn) of 
reaching adult stage adults (days) adults2 -’ 

M. M. M. M. M. M. 
gladstoni sanguinipes gladstoni sanguinipes gladstoni sanguinipes Plant species 

Alfalfa 

Selection 

Medicago faleata Mandan - _ 

M. sativa 

Birdsfoot trefoil 

Composite- I 
Ma1 40 
Ladak 65 
Orenburg 

Lotus comiculatus 

Cicer milkvetch 
Astragalus cicer 

Crown vetch 

Ma1 20 
ML 1974 
Cre 

Mandan 
Composite-2 

5 
2 
6 
8 

3 0 50 
4 0 47 
6 0 50 

3 

3 48 
6 44 
0 48 
0 47 

I 46 

35 193 
33 220 137 
- 234 
- 228 - 

213 
- 236 
- 239 - 

33 199 - 

Cornilla varia ML 1978 7 7 43 Hairv vetch 32 297 122 

Vicia villosa Sainfoin 

Onobrychis viciijolia 

Sweetclover 
Melilorus officinulis 

Mal 28 IO 3 46 36 257 109 

Eski 7 2 42 32 267 107 
Melrose II 5 41 33 327 I21 
Remont II 8 42 30 326 127 

Ma147 II 8 44 31 278 153 
ML 2177 2 8 42 29 305 I21 

‘Fifteen nearly hatched nymphs started/ plant entry. 
*Average dry wt is the average wt of 0 and average wt of dadded together. 

These criteria were used in assessing plant suitability using two 
grasshopper species, M. gladstoni and M. sanguinipes. Grass- 
hopper species used in the tests were selected because they were 
available and because they were general feeders preferring forbs. 
M. gludstoni was reared singly in small plastic tubes (dia. 30 mm X 
105 mm long); 15 per plant selection. M. sunguinipes were reared in 
plastic tubes (dia. 46 mm X 196 mm long); 15 per plant speciesand 
5 grasshoppers per tube. Rearing was carried out in a greenhouse 
with a photo-period of 12 hours of darkness and 12 hours of light 
and a temperature averaging 270 C during the 12 hours of light and 
24’ C during the 12 hours of darkness. Each group of 15 grass- 
hoppers was fed daily with the assigned plant selection and a small 
amount of dry wheat bran. The above and two additional species, 
M. packardii and M. femurrubrum were used in feeding tests to 
determine the average feeding time on each of the 15 legume 
selections. Adults were caged on potted plants in the laboratory 
and the time spent feeding during a 1 / 2 hour period was recorded. 
The grasshoppers were without food for 18 hours prior to testing. 
Five grasshoppers, one to a cage, were tested at one time and the 
average feeding time of the 5 grasshoppers was used to assess the 
food preference for that particular plant selection. 

of I /2 lb active ingredient/acre was sprayed on the plots and 
border areas before field tests were initiated in order to control 
grasshoppers hatching within the plots. Tests with caged grass- 
hoppers were conducted twice during the summer; in June with 
nymphs of M. sanguinipes, M. bivittatus, and Ageneotettix deo- 
rum and in August with adults of M. packardii and a mixed 
population of nymphs and adults were M. femurrubrum made up 
75% of the population. Field cages were constructed of aluminum 
screen and measured 50 X 50 X 50 cm. Seedlings of most plants 
averaged 3-6 cm in height when the June test was completed and 
lo-20 cm when the August test was completed. 

Three 24-hour tests were carried out in June. Each test consisted 
of 40 cages (4 cages/plant selection): 

Legume seeds were planted the first week of January 1980, and 
the rearing tests with 1st instar grasshoppers were started on 
February 25, 1980. The timed feeding tests were conducted during 
the last of March and the first part of April 1980. 

Field Tests 

Test I-cages were infested with 30 (4-5 instar) M. 
sanguinipes; 
Test 2-same as test 1 except nymphs of A. deorum were used; 
Test 3-cages were infested with 12 (4-5 instar) M. bivittutus. 

Seedling counts were made before and after grasshopper feeding. 
Grasshoppers had the opportunity to feed either on the legume test 
plant or on B. inermis or A. desertorum which was growing on 
either side of the furrow that contained the legume. Grasshoppers 
were removed from all cages at the end of the 24-hour test period. 

Two tests were carried out in August. Each test consisted of 40 
cages (4 cages/plant selection): 

All I5 legume selections were interseeded into an 8-cm scalped 
furrow in an existing stand of crested wheatgrass (Agropyron 
desertorum) and bromegrass (Bromus inermis) on May 6,1980, at 
Mandan, North Dakota. The experimental design was a random- 
ized block with 4 replications. Rows in each block were 7.6 m in 
length and contained 800 seeds. The sainfoin selections and the 2 
sweetclover selections failed to become established and thus were 
eliminated from the June field tests. However, one sweetclover 
selection, (Ma1 47) did become established later and was tested in 
place of crown vetch during the August test. Malathion at the rate 

Test l-each cage was infested with 20 adult M. packardii for 
a period of 40 hours. The number of plants and their average 
height was recorded before and after feeding. 
Test 2--each cage was infested with a mixture of species 
consisting of both nymphs and adults. About 75% of the 
mixture was M. femurrubrum. 

Selections with more than average foliage were infested at the rate 
of 80 grasshoppers/cage: Mandan composite-l, Ma1 40, Ladak 65, 
Orenburg, Ma1 47, and Mandan Composite-2. The selections 
which had less foliage were infested at the rate of 40 grasshoppers 
/cage: Ma1 20, ML 1974, Cree, and Ma1 28. Grasshoppers were 
removed from the cages after 46 hours. The number of plants and 
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Tabk 2. Averqe time spent feeding by 5 adult graesboppers of each of 4 
Me/an&u epecia on IS plant selectiom during a 30-min. period, Bozc- 
man, Mont. 1980. 

Avg feeding time (set) 

hf. M. h!f. M. 
Plant selection glodsroni femultubrum pacardii sanguin$es 

Sainfoin-Eski 920a I 4362 4372 444 bed’ 
Alfalfa-Ladak 65 905 a 536 255 223 de 
Sweetclover-ML 2177 866 ab 412 334 456 bed 
Sainfoin-Melrose 860 ab 436 317 535 b 
Sainfoin-Remont 854 ab 387 453 435 bed 
Sweetclover-Mal 47 818 abc 494 469 482 bc 
Alfalfa-Ma1 40 797 abc 416 182 451 bc 
Trefoil-Ma1 20 697 abed 272 349 139 
Crown vetch-ML 1978 686 abed 382 248 361 bed: 
Alfalfa-Orenburg 602 abed 563 243 235 de 
Trefoil-ML 1974 535 bed 347 258 234 de 
Cicer milkvetch- 

Mandan Composite-2 519 bed 291 169 353 bcde 
Hairy vetch-Mal 28 478 cd 319 501 919 a 
Trefoil-Gee 461 cd 416 263 245 cde 
Alfalfa-Mandan 

Composite-l 403 d 266 280 219 de 

‘Means within each column followed by the same letter are not significantly different 
at the .OS level. 
*No significant difference at the .05 level. 

the total number of leaves on the plants in each cage was recorded 
before and after feeding. The grasshoppers were closely observed 
while they were feeding in the cages and the length of the feeding 
period was determined when a gradient of damage could be 
observed. Thus tests 1 and 2 lasted for different periods of time. 

Results 
Grasshopper development is greatly influenced by the rearing 

temperature and available food plants. Rearing temperatures in 
the 90’s plus a mixed diet usually speedup development and result 
in heavier grasshoppers. In contrast, lower rearing temperatures 
(70’s) and unfavorable food plants slow down development and 
produce smaller grasshoppers. Our results showed that in general, 
survival was less and the time to reach the adult stage was greater 
for both M. gladstoni and h4. sanguinipes when reared on the 

alfalfas, the trefoils, and cicer milkvetch than when reared on the 
other plant selections, Table 1. The average dry weight ofadults of 
h4. gladstoni was also the lowest when reared on the above 3 
groups of plants. However, M. sunguinipes did not survive on 
some of the plant selections and thus weight comparisons between 
grasshoppers reared on the different plants cannot be made. Grass- 
hoppers, in search of food, bite plants in a non-specific manner 
until a preferred food plant is found after which continued feeding 
(usually 5-10 minutes) follows. Thus less time would be spent 
feeding on an unpreferred food plant. In this test the time spent 
feeding on the different plant selections by 4 grasshopper species 
was statistically analyzed as shown in Table 2, but only the tests 
with M. ghdstoni and M. sanguinipes showed significant differen- 
ces at the 5% level. Spearman’s coefficient of rank correlation 
(Steel and Torrie 1960) was used to compare rankings between 
species to determine if any of the 4 species had similar preferences 
for the test plants. Only the correlation of M. gladstoni and M. 
femurrubrum was significant at the 5% level indicating that these 2 
species fed nearly equally on the test plants. 

Although each grasshopper-plant selection interaction proba- 
bly should be considered individually, in general the grasshoppers 
fed less on: alfalfa (Mandancomposite-1 and Orenburg); birdsfoot 
trefoil (Cree and Malzo); and cicer milkvetch (Mandan composite- 
2). It is obvious that the grasshoppers tested preferred the sainfoin 
and sweetclover selections. 

The field tests, in general, confirmed the labortory tests. The 
average plant mortality and leaf reduction are shown in Table 3. 
Plant mortality appears to be a valid method for evaluating plant 
preference at the seedling stage but this method becomes less 
reliable as the plants get older. For example, hairy vetch was 
readily fed on (484 leaves destroyed replicate) but the stems were 
tough and grasshoppers left them standing. Statistical tests showed 
that data on plant mortality resulting from the feeding of M. 
sanguinipes. M. bivittatus, and M. packardii were significantly 
different at the .05 level. However, the tests withA. deorum and the 
mixed populations were not significant at the .05 level. Valid 
statistical comparisons could not be made with the tests of mixed 
species since 2 grasshopper densities were used in the test. A. 
deorurn is not a forb feeder (Mulkem et al. 1964) but was included 
in the tests to see how it would compare to other grasshoppers that 
are recognized pests of forbs. Although leaf reduction did not 
differ significantly, the 6 plant selections (Mandan composite-l, 
Orenburg, Mandan composite-2, Cree, Ma1 20, Ma1 47) least 

Table 3. Plant mortality and leaf reduction resulting from the feeding of 4 grasshopper species and 1 mixed population in field cages at Maodn, N. Dak. 
1980.’ 

Plant selection 

Seedlings Older plants 
Mortality (%) Mortality (%) Leaf reduction (%) 

M. sanguinipes2 A. deorum’ h4. bivittutus2 hf. packardi mixed spp.’ mixed spp.3 

Alfalfa 
Mandan composite-l 
Mal 40 
Ladak 65 
Orenburg 

Birdsfoot trefoil 
Ma1 20 
ML 1974 
Cree 

Cicer milkvetch 
Mandan Composite-2 

Crown vetch 
ML 1978 

Hairy vetch 
Mal 28 

Sweet clover 
Mal 47 

23 bed 
42 abc 
38 abed 
24 bed 

47 ab 
66 a 
28 bed 

8 d I6 14 b 

55 a 12 49 a 

10 cd 9 II b 

- - 14 b 

12 b 12 b 
12 b 14 b 
9 b 5 b 
4 b 4 b 

19 b 
7 b 

13 b 

77 a 
54 a 
45 

IO b 6 39 

7b 33 

7 
10 
0 

12 

43 
49 
40 

- 

0 

33 
46 
64 
60 

61 
68 
30 

‘Tests with seedlings carried out in June. 1980, with nymphs and tests with older plants in August 1980 with adults. 
2Mcans within each column followed by the same letter are not significantly different at the .05 level. 
‘No significant difference at the .05 level. 
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preferred in the laboratory tests also were fed on the least in the 
field tests except there was little difference in leaf reduction 
between the trefoils ML 1974 and Cree. Two other legumes, cicer 
milkvetch and birdsfoot trefoil (Tana), were cited by Hewitt (1969) 
as being unpreferred by M. sunguinipes on the basis of survival and 
weight gained as a result of feeding on the plants. 

Discussion 
Selections of alfalfa, cicer milkvetch, and birdsfoot trefoil have 

the greatest potential as candidates for rangeland seeding from the 
standpoint of showing low preference by grasshoppers during 
establishment. Of these three species alfalfa appears to have the 
greatest potential. Alfalfa has been reported as unsuitable as a food 
plant when fed alone to several species of grasshoppers (Meluno- 
plus), (Brett 1947; Barnes 1955, 1963; Baily and Mukerji 1976). 
Working in Arizona, Barnes (1959) noted that grasshopper popu- 
lations were higher in weedy alfalfa fields than in clean fields. This 
was also confirmed by Mulkern et al. (1962). Thus a mixed diet, 
which would be promoted by seeding legumes into rangeland, is 
best for growth and population buildup of grasshopper species that 
prefer forbs. It is unlikely that any legume species will have total 
resistance to grasshopper feeding. However, results of our tests 
show that grasshoppers are selective in choosing food plants and 
some plants are definitely less preferred than others. Thus addi- 
tional studies involving the selection of plants that are least pre- 
ferred by grasshoppers are indeed justified. Since grasshoppers 
feeding on rangeland have a choice of food plants, low or nonpref- 
erence would be the main resistance factor; however, plant toler- 
ance might also be important. Future attempts at screening plants 
with grasshoppers should concentrate on nonpreference with the 
hope that some plant selections will receive less feeding by grass- 
hoppers of the genus Melanoplus. 
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Effect of Range Condition on Density and 
Biomass of Nematodes in a Mixed Prairie 
Ecosystem 
J.D. SMOLIK AND J.K. LEWIS 

Abstract 

Nematode density and biomass were determined by taxa from 
exclosures in excelknt or fair range condition in western South 
Dakota. Density of plant feeding nematodes in both treatments 
varied from 2 to 6 million/m* to a depth of 60 cm. Biomass of plant 
feeders was greater in the excellent condition range due principally 
to high numbers of dagger nematodes @rhnarilyX&~ine#na ame- 
ricanum). The main contributors to biomass esthnates in fair range 
condition were Tyknchiia, principally stunt and spiral nematodes. 
Biomass of predaceous forms was similar to that of plant feeders. 
Microbial feeders, although numerous, constituted a relatively 
small proportion of biomass in both treatments. Approximately 
70% of nematodes in all trophic kvels occurred above 20-cm 
sampling depth in both range conditiom. Stunt nematodes were 
nearly limited to the upper 10 cm of soil, with spiral nematodes 
predominating with increasing depth, particularly in fair condition 
range. Results indicate that nematode constitute a major portion 
of the faunistic biomass in a mixed prairie ecosystem. 

The role of soil-inhabiting nematode in native grasslands of the 
Great Plains states has received little investigation. Studies by Orr 
and Dickerson (1967), Thorne and Malek (1968), Schmitt and 
Norton (1972), Thorne (1974), and Norton and Schmitt (1978) 
have established the fact that plant parasitic nematodes are impor- 
tant components of these grasslands. In western South Dakota 
nematicide treatments resulted in growth increases ranging from 
28 to 59% in native range (Smolik 1977). There is also evidence 
from New Zealand that nematodes may be limiting pasture pro- 
duction (Yeates 1977). Plant-feeding nematodes in other grassland 
ecosystems have been investigated by Yuen (1966), Wasilewska 
(1974), Yeates (1974), Smolik and Rogers (1976), and Freckman et 
al. (1979). 

The objectives of this study were to determine the effects of range 
condition and depth of sampling on nematode density and biomass 
over a 6-year study period. Further analyses are planned to investi- 
gate the effects of other abiotic factors on nematode populations. 

Materials and Methods 

This study was conducted at the Cottonwood Range and Live- 
stock Exp. S&I., 12 miles west of Philip, S. Dak. This area was on 
the Comprehensive Network site of the Grassland Biome Project, 
U.S. International Biological Program as described by Lewis 
(1970). Samples were taken in a permanent exclosure in excellent 
range condition (Soil Conserv. Serv. 1969) and in a temporary 
exclosure in fair range condition. Soils were Kyle silty clays on 
gentle northeasterly slopes and are included in the Clayey Range 

Authors arc assoeiatc professors, Plant Science and Animal Science Dep+rtments, 
respectively, South Dakota State University, Brookings 57007. This report IS Contn- 
bution No. 1750. Journal Series, South Dakota Agr. Exp. Sta. 

The late Professor Gerald Thome provided considerable assistance during the 
initial phases of this study. 

C%ienti!ic name of grasses follow Hitchcock and Chase (195 I) and common names 
follow Beetle (1970). 

Site, Western South Dakota Guide Area, Land Resource Area 
60-S. Vegetation in excellent range condition was dominated by the 
cool-season midgrass Agropyron smithiil (western wheatgrass) 
with an understory of the warm-season shortgrasses Buchloe duc- 
tyloides (buffalograss) and Boutelouu grucilis (blue grama). In fair 
range condition the vegetation was dominated by the two 
shortgrasses. 

Soil cores were obtained on three dates in 1970, 1971, and 1972. 
Generally, sampling dates coincided with initiation of growth in 
spring, peak standing crop of live plus recent dead vegetation (late 
July), and late fall just prior to frost. Samples were obtained for 3 
additional years (1973, 1974 and 1975) in July only. Soil cores, 4.2 
cm diameter, were removed to a depth of 60 cm, subdivided into 
0- lO, lO-20,20-30,30-40,40-50, and SO-60 cm depth increments, 
placed in plastic bags and stored at 4’ C until processed. Six 
randomly selected cores were removed from both treatments on 
each date. 

Nematodes were extracted from samples by the method of 
Christie and Perry (1951). In an attempt to estimate the actual 
populations, nematode numbers were corrected for extraction 
efficiency. The efficiency of the wet screening, using a 325-mesh 
screen, was approximately 73% The extraction efficiency did not 
vary appreciably between small forms (pin nematode) and larger 
forms (dorylaims). The efficiency of the Baermann funnels was 
influenced by ambient extraction room temperatures and this 
efficiency varied with sampling dates and ranged from 70 to 9%. 
Efficiency of this portion of the method was determined by care- 
fully examining approximately 10% of the residues at each extrac- 
tion date. Dorylaims remained in screen residues more frequently 
than other taxa and consequently their numbers were corrected 
independently. 

Nematode densities were determined by counting the number 
present in each of three l-ml aliquants of a 50 ml suspension in 
Scott hookworm larvae counting slides at 60 X magnification. 
Specific identification and values for biomass determination 
(Andrassy 1956) were obtained from permanent mounts (Thorne 
1961) of individuals selected at random from samples combined by 
date, treatment and depth. Biomass was calculated by multiplying 
the average weight per individual (Table 1) times the number of 
individuals per m*. In total, approximately 1,000 mounts contain- 
ing from 2 to 12 nematodes per slide were prepared. Lyophili- 
zation was used to determine a moisture content in nematodes of 
75%. Trophic levels were based on published reports (Thorne and 
Swanger 1936, Thome 1939, Goodey 1951, Hollis 1957, Ferris 
1967, Nielson 1967, Tjepkema et al. 1971, and Ferris 1972). In 
addition, the only stylet-bearing nematode indigenous to the Cot- 
tonwood site that successfully colonized a fungal substrate was 
Aphelenchus sp. (authors unpublished) 

Nematodes were divided into 9 taxonomic groupings when 
counted. The nematode genera and/or species, common name, 
trophic level, weight, and composition of each taxonomic group- 
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Table 1. Tnxonomic groupings used in comparisons of nematode number, biomass, and tropbic level data obtained at the Cottonwood site. 

Taxonomic grouping 

Tylenchorhynchidae 

Common name 

Stunt 

Trophic level 

Plant feeding 

Weight 

0.0860’ 

Genera and/ or species within taxonomic grouping 

Tylenchorhynchus robusroides (9O)r; T. nudus (6); 
T. maximus (2); Quinisulcius acutus (I): Troohurus 
minnesotensis (1). 

.,,- ‘ 

Plant feeding 

Lesion 
Dorylaims 

Plant feeding 0.027 I 
Plant feeding (40) 0.3219 

Dorylaims 

Helicoiylenchus 
Longidoridae 

Spiral 
Dagger 

Plant feeding 0.1126 
Plant feeding 0.6498 

Helicorylenchus IeiocephaluF (87); H. glissus (12). 
Xiphinema americanum (97); X. vuirrenezi (2); Long- 
idorus crassus (I). 

Pararylenchus Pin Plant feeding 0.0131 Pararylenchus vexans (64); P. brevihasrarus (33); P. 
pesricus (2). 

Tylenchidae 0.0294 Tylenchus exiguus (49); T parvissimus (24); T plat- 
rensis (I); Ditylenchus caudarus (6); D. microdens (2); 
&siroides conurus (I 3); Busiriu gruminophilu (2); 
Psilenchus elegans (2); P. hilarulus (I); 

Pratylenchus 
Dorylaimida 

Pratylenchus tenuis (85); P. scribneri (15). 
Pungentus (23); Dorylaimellus (19); Tylen- 
cholaimellus (19); Axonchium (I 6); Belondira (IO); 
Dorybimoides (6); lylencholaimus (4); Lepronchus (2). 

Dorylaimida Predaceous (60) 0.9143 Eudorylaimus (45); Aporcelaimellus (41); Nygolaimus 
(IO); Akroronus (I); Mesodorylaimus (I); Lstimydorus 
(I); Solidens (I); Discolaimium (I). 

Mononchus 
Rhabditida 

Predaceous 1.0388 
Microbial feeding 0.0795 

Mononchus papillatus (80); TripvIa arenicola (20). 

Acrobeles (39); Cephalobus (27); Chiloplacus (15); 
Eucephalobus (IO); Plectus (3); Cervidellus (3); Acro- 
beloides (2); Aphelenchus (2); Wilsonemu (I). 

‘Average dry weight (pg) of an adult nematode. 
2Figure in parenthesis indicates the percentage composition of each grouping based on occurrences in permanent mounts of randomly selected individuals. 

ing are shown in Table 1. The number of cyst nematode larvae tion as a main effect was seldom significant; however, condition by 
extracted from samples and the number of endoparasites (lesion increment and in some instances condition by increment by year or 
nematodes) recovered through root incubation (Thorne 1961) were date interactions were significant (X.05). Consequently, signifi- 
consistently low throughout the study period and are not included cant interactions were graphed and FLSD’s at .05 (Carmer and 
in totals. Swanson 1971) were used to compare treatment means. 

Results and Discussion 
Range condition did not appear to influence the number of 

different species present (Fig. 1). However, the O-10 cm samples 
had more than twice the number of species than samples from the 
20-60 cm depths. The number of species of plant feeders remained 
comparatively high through all sampling depths (Fig. I); however, 
the number of species of both predators and microbial feeders was 
relatively high in only the O-10 cm depth. This greater number 
apparently reflects the greater variety of food sources available in 
the upper soil layers. 

The biomass of plant feeders was significantly greater in excel- 
lent condition range only in the lo-20 cm depth increment on all 
sampling dates in 1970 and in October of 1971 (Fig. 2). In 1972 
biomass was significantly greater in the O-10 and 20-30 cm incre- 
ments in March and in the O-40 cm increments in July (Fig. 2). 
When July samplings from 1970-1975 are compared (Fig. 3) the 
biomass of plant feeders was significantly greater in at least one 
depth increment in excellent range in every year except 1971. 

Summaries of significance in the analyses of variance of density 
and biomass for various dates, 1970-1972 and for July only, 
1970-1975 are shown in Tables 2 and 3, respectively. Rangecondi- 

The vertical distribution of plant feeders for all dates, 1970-1972 
and for July is shown in Figure 4. Reasonsfor the highly significant 
increment effects in the analyses of variance (Tables 2 and 3) are 
apparent since the majority of namatodes occurred in the O-20 cm 
soil increments, as might be expected (Wallace 1963). In contrast to 

Fig. 1. Number ofplam feeding, prednceous and microbialfeeding nema- 
rode species in excellenr and fair condition range. 

Fig. 2. Effect of range condition on biomass ofplam feeding nematodes, 
1970-1972. 
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Table 2. Summary of significance in analyses of variance of nematode density and biomass data, 1970-1972. 

Dorylaims 
(Plant 

Biomass, feeding- 
Plant Plant Tylen- excl. Preda- 

Biomass, 
Microbial pread_ 

source: feeding feeding Stunt Spiral Pin chidae Dagger Lesion dagger) ceous feeding ceous 

Probability of F 
Condition * - ** ** * - - - - - 
Year **I ** - * ** * - ** * - * 
Yr. X Cond. ** * - - * ** - - - 
Dates (yr.) ** *** *** - - ** ** *** - l ** * *** 
Cond. X dates (yr.) - * - - - ** - - - - 
Increments *** *** *** *** *** *** *** *** *** *** *** *** 
Cond. X incr. *** *** *** *** * * *** *** * ** ** ** 

Yr. X incr. - ** - - - *** *** * ** 

Yr. X cond. X incr. 7 - - - ** ** *** - ** - 
Dates X incr. (yr.) ** *** *** *** ** - *** *** *** *** l ** 
Cond. X dates X incr. - * - - * *** - - 

(YN 

‘Indicates significance at: *.05, **.Ol and l **.OOl level of probability. 

biomass comparisons (Fig. 2 and 3), the density of plant feeders 
was significantly greater in the O-10 cm increment in fair condition 
range (Fig. 4). Densities in the lo-30 cm increments were not 
different; however, numbers in excellent range were significantly 
greater in the 30-50 cm increments. When summed over all depth 
increments, the density of plant feeders ranged from 2 to 6 milli- 
on/m* and was not significantly influenced by range condition 
(Tables 2 and 3). 

22 

18 

I 

FUN? FEmk 

I -- 14 

um --- Fun 
\ % 

PUNT FEmIffi 

Fig. 3. Effect of range condition on biomass of pkmi feeding nematodes 
in July, 1970-1975. Fig. 4. Number ofplanrfeeding nematodes in excellenr andfair condition 

range at six sampling depths. 

Table 3. Summary of significance in analyses of variance of nematode density and biomass data for July samples, 1970-1975. 

Dorylaims 
(Plant 

Biomass feeding- Biomass, 
Plant Plant Tylen- excl. Preda- Microbial Preda- 

Source: feeding feeding Stunt Spiral Pin chidae Dagger Lesion dagger) ceous feeding ceous 

Probability of F 
Condition - * - - - - ** - - - - 
Year - *** - *** - - *** - ** * * * 
Yr. X cond. - *** - ** - - *** - - - - 
Increments *+*, *** *** *** ** l ** *** *** *** *** l *+ *** 
Cond. X incr. * *** ** ** - * *** - - ** ** l * 
Yr. X incr. ** l ** - *** ** - *** * *** l ** *** *** 
Yr. X cond. X incr. - *** - - - - *** - - - l 

lIndicates significance at l .05, l *.Ol and l **.OOl level of probability. 
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Fig. 5. Effect of range condition of number of dagger nematodes, 1970- 
1972. 

As shown in Figures 2 and 3, the biomass of plant feeders in 
excellent range varied considerably with sampling date and year 
while biomass in fair range was comparatively uniform over years. 
In an attempt to explain this variation as well as the condition by 
increment interaction (Fig. 4) the densities of the taxonomic 
groupings comprising the plant feeding trophic level were 
examined. 

Numbers of dagger nematodes were significantly greater in 
excellent condition range in the upper soil layers on most sampling 
dates and years (Fig. 5 and 6). However, numbers in both range 
types declined rapidly beyond the 30 cm sampling depth. Dagger 
nematodes are large nemas (Table 1) and they contribute substan- 
tially to biomass estimates for plant feeders. Consequently, the 
density fluctuations of dagger nematodes in excellent range (Fig. 5 
and 6) correspond rather closely to the biomass fluctuations in 
excellent range (Fig. 2 and 3). The dominant dagger nematode was 
Xiphinema omericanum (Table 1). This nematode is sensitive to 
environmental perturbations (Ponchillia 1972) and perhaps the 
more stable conditions in the near climax, excellent condition 
range favored their buildup. In fair condition range the shift in 
dominant vegetation as well as an increase in soil compaction 
through cattle trampling plus manuring effects apparently resulted 
in less favorable conditions. The preference of X. americanum for a 
more stable environment may also be related to difficulties encoun- 
tered in rearing these nematodes in the greenhouse (Malek 1969). 
The dominance of dagger nematodes in excellent range is of further 
importance since several members of the group are virus vectors 

DAGGER 

I - EXCELLEPT 

1970 1971 1972 1973 1974 1975 
SIllPLlWG YEAR AND OEP,” (CM) 

SPIRAL 

ALL DATES (1970-1972) .J"~" ONLY 
- EXCELLENT - *- 

\ 
O-10 10-20 20-M M-40 40-50 50-60 

SAMPLING DEPTH (cd 

Fig. 7. Number of spiral nematodes in excellent andfair condition range at 
six sampling depths. 

(including X. atkericanum) and thus their pathogenic potential is 
increased. 

The vertical distribution of spiral nematodes varied with range 
condition (Fig. 7). Numbers weregreater in the O-30cm increments 
in fair range and in the 30-50 cm increments in excellent range, 
which aids in explaining the ipteraction in Figure 4. Stunt nema- 
todes were primarily limited to the O-10 cm increment in both 
range conditions, and numbers were significantly greater in fair 
range (Fig. 8). The higher populations of stunt nemas in the O-10 

STUNT 

I 

ALL DATES (1970-1972) JULY ONLY 
- EXCELLENT -* - 

- - - FAIR -*- 

JULY 
ALL DATES 

II 

FLSD Co051 

1. 
O-10 10-20 20-30 M-40 WI-50 50-60 

SAMPLING DEPTH (cd 

Fig. 6. Effect of range condition on number of dagger nematodes in July, Fig. 8. Number ofstunt nematodes in excellent andfaircondition rangeqt 
1970-1975. six sampling depths. 
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cm increment in fair range also contributed to the interaction in 
Figure 4. An interesting contrast in vertical distribution of spiral 
and stunt nematodes in fair range was noted in Figures 7 and 8. The 
stunt nematodes were most abundant in the &lo cm increment 
while highest numbers of spiral occurred in the IO-20 cm incre- 
ment. Competition for similar feeding sites or greater resistance in 
stunt nematodes to rapid desiccation or rapid changes in soil 
temperature may account for this segregation. Soil temperature 
alone does not seem to be responsible since the dominant species in 
both taxonomic groupings had a similar optimal constant temper- 
ature for reproduction of 250 C (author’s unpublished). 

The pin nematodes, Tylenchidae, plant feeding dorylaims 
(excluding dagger), and lesion nematodes are comparatively small 
nematodes (Table 1) or occurred in comparatively low popula- 
tions, and thus quantitative data is not presented in the text; copies 
of the data are available upon request of the authors. Numbers of 
pin nematodes were significantly greater in the O-30 cm increments 
in excellent range in 1970 and in the 20-30 cm increment in 1972. 
Pin are tiny nematodes (Table 1) and while their densities were 
comparatively high, particularly in the upper soil layers, their 
contribution to the plant feeding biomass was small. The Tylenchi- 
dae did not exhibit any consistent preference for conditions in 
either range type. It is possible that the comparatively large 
number of species contained in this taxonomic grouping (Table I) 
interacted in such a manner as to mask treatment effects. The plant 
feeding dorylaims (excluding dagger) were more numerous in 
excellent condition range in the lo-30 cm increments. Thenumber 
of lesion nematodes was significantly higher in fair range in the 
O-20 cm increments. However, their overall populations were an 
order of magnitude less than other plant feeders and thus they 
appear to be of lesser importance at the Cottonwood site than 
other taxa. In New Zealand pastures lesion nematodes also 
increased in response to increased grazing pressure and were there- 
fore believed to be partially responsible for decreased forage yields 
(Yeates 1977). 

Effects of range condition on other trophic levels were also 
investigated. Populations of microbial feeders were significantly 
greater in fair range only in 1972 in the O-10 cm increment (Fig. 9). 
When July only samplings were compared (Fig. 10) numbers of 
microbial feeders were greater only in 1972 and 1974 in the O-IO cm 
increment in fair range. It thus appears that range condition has 
less effect on this diverse(Table 1) taxonomicgrouping. Maximum 
numbers of microbial feeders occurred in the O-10 cm increment 
(Figs. 9 and 10) in both range types. This is the layer of greatest 
mulch accumulation which would result in an increase in food 
sources for this group and is in agreement with results of other 
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Fig. 9. Effect of range condition on number of microbial feeding nemo- 
todes ot six sampling depths. 1970-1972. 
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Fig. 10 Effect of range condition on number of mkrobiolfeeding nemo- 
todes in July. 1970-197.5. 

studies (Wasilewska 1974). Density of predaceous forms was 
higher in excellent range in the O-30 cm increments (Fig. 11). On 
the basis of numbers, it might appear that microbial feeders could 
provide a sufficient food source for predators (Fig. 9, lOand 11). In 
addition, some predators do feed upon microbial feeders (Thorne 
1939, Goodey 1951, Tjepkema et al. 1971). However, the average 
biomass of microbial feeders over both range conditions ranged 
from 59 to 127 mg/m* to 60-cm depth while that of predators 
ranged from 281 to 797 mg/m*. It would thus appear that micro- 
bial feeders are not the sole food source for predators. Many of the 
predators was similar to that of plant feeders, which ranged from 
262 to 686 mg/m* over both range conditions. This may suggest 
that plant feeders are also utilized as a food source, thus it is 
possible that predators may aid in the biological control of plant 
feeding populations. Further support for this possibility is the 
comparatively slow decline in numbers of predators with increas- 
ing sampling depth (Fig. 11) when compared to microbial feeders 

ALL DATES (1970-1972) JULV ONLY 

- EXCELLENT -*- 

-- - FAIR -I- 

ALL DATES 
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Fig. 11. Number of predoceous nemotodes in excellent ondfoir condition 
range ot six sampling depths. 
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(Figs. 9 and 10). It isalso possible that certain oftheformsincluded 
among the predaceous (Table 1) are omnivorous (Thome 1939, 
Hollis 1957, and Wasilewska 1974) and also feed upon plant mate- 
rial. However, predaceous nematodes do not feed only on other 
nematodes; mites, mite eggs, enchytraeids, enchytraeid eggs, and 
protozoa are also known sources of food. 

The dominant herbivore group in terms of biomass at the Cot- 
tonwood site was cattle (Table 4), followed by plant feeding nema- 
todes, plant feeding arthropods, and birds. Biomass estimates for 
small mammals were not obtained directly from the treatment 
areas; however, estimates from a nearby area were approximately 
.004 g/m2 (Lewis 1971). Although cattle biomass is much higher 
than that for nematodes, it is probable that nutrient intake per unit 

Table 4. Bimass &metes for variola consumer organismsat the Cotton- 
wood site in excdlent and fair range condition. 

Biomass g/ m2 (dry wt.)’ 
Excellent Fair 

Cattle* 2.85 1.69 
Plant feeding nematodes 0.54 0.38 
Plant feeding arthropods .095 .085 
Birds .002 .007 
‘All values are time-weighted means. Cattle and bird data obtained from Lewis 1971, 
arthropod data from McDaniel 1971. 
Wypothctical cattle populations-based on I2 and 20acres/animal unit/yearforex- 
cellent and fair range condition. 

biomass is much higher for nematodes since as Kevan (1962) 
emphasizes small organisms respire at a much higher rate than 
large organisms. In addition, Scott et al. (1979) have estimated that 
nematodes may consume three times as much range vegetation as 
cattle in a mixed prairie ecosystem. The high nutrient intake also 
aids in explaining the significant plant growth response following 
nematicide treatment (Smolik 1977). 

The effect of range condition on density and biomass of plant 
feeding, predaceous and microbial feeding nematodes at various 
US/IBP Grassland Biome sites is shown in Table 5. With the 
possible exception of Osage the only perennial grassland site at 
which range condition appeared to influence biomass of plant 
feeding nematodes was at Cottonwood. This was also the only site 
in mixed prairie and heavy grazing resulted in a significant shift in 
dominant vegetation. This shift as well as edaphic effects of cattle 
grazing apparently combined to result in a lowering of plant feed- 

ing nematode biomass. Further studies designed to measure the 
effects of a greater range of grazing pressures in the hope of 
locating a grazing regimen that would result in a lowering of plant 
feeding nematode biomass without a drastic change in floral com- 
position would be desirable. 

Overall it is concluded that nematodes constitute a significant 
proportion of the faunistic biomass in a mixed prairie ecosystem. 
Furthermore they deserve increased emphasis in future grassiand 
studies. 
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In Vitro Digestibility of South Texas Range 
Plants Using Inoculum from Four Ruminant 
Species 
LYTLE H. BLANKENSHIP, LARRY W. VARNER, AND GREGORY W. LYNCH 

Abstract 

Differences in the in vitro digestible dry matter (DDM) of 26 
native forage species in south Texas were determined using rumen 
inoculum from white-tailed deer, sheep, goat, and steer. The mean 
DDM of all forages was significantly different for each animal 
species (P<.OS). Deer was the most efficient overall digestor of 
forbs, shrubs, and prickly pear. Of the grasses sampled, the goat 
was the most efficient digestor with the steer second. In overall 
efficiency of digestion of all forages tested, the deer was highest 
with 52.5%, goat with 49.2%, sheep with 47.5%, and steer with 
46.6%. These data indicate that caution should be exercised when 
using inoculum from one ruminant species to estimate DDM for 
another species. Certain plant species were determined to meet the 
TDN requirements for maintenance levels of the four ruminants. 

Proper management of south Texas rangeland for various rumi- 
nant species requires knowledge of the available food supply for 
the animals being produced. Forage production and quality rela- 
tive to the animals requirements are necessary to determine stock- 
ing rate and combinations of animals grazed. 

The production of quality animals requires availability of a high 
quality diet. Plants should not only be palatable but also nutri- 
tious. The relative importance of these plants in the rangeland 
vegetation complex will depend on the animal species or combina- 
tion of species being managed since forage plants may vary in their 
digestibility when consumed by different animal species. There- 
fore, our objective in this study has been to determine the in vitro 
dry matter digestibility of many of these plants in evaluating their 
nutritional importance. 

It is important to consider the nutritional requirements of white- 
tailed deer since (1) deer is one of the most numerous ruminants on 
the Rio Grande Plain, (2) economic returns from deer rival or 
exceed at times those from cattle, and (3) the production of quality 
animals requires the availability of a quality diet. Often the wild 
ruminant is “taken for granted” in that range management practi- 
ces do not provide much consideration for its needs. Knowledge of 
the nutritional requirements of white-tailed deer, and which plants 
are capable of providing adequate levels, should influence range 
management practices, particularly brush clearing operations. 

Methods 

The in vitro digestible dry matter (DDM) of native forage spe- 
cies of the Rio Grande Plain of Texas was calculated using rumen 
inoculum from white-tailed deer (Odocoileur virginianus), Ram- 
bouillet sheep, Spanish goat, and Hereford steer. 

Inoculum from the domestic species was obtained from one 
rumen cannulated animal of each species. These animals were all 
fed a commercial deer feed pellet (17% crude protein, 8% crude 
fiber, 2% ether extract). Deer rumen inoculum was collected from 
freshly killed white-tailed deer. These deer were killed when 
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needed. Rumen fluid was strained through cheesecloth into a 
prewarmed (400 C) thermos and used within an hour of collection. 
A standard forage, Engelmanndaisy (Engelmannia pinnatifidn 
Gray), of known in vivo digestibility by cattle, sheep, goats, and 
deer was included in each in vitro trial. Analytical procedures used 
were those of Tilley and Terry (1963) with modifications of New- 
man (1972). 

Plants utilized in the study included 13 shrubs, 8 forbs, 4gmsses, 
and I cactus (Table 1) collected from 2 pastures on the Chaparral 
Wildlife Management Area in Dimmit and LaSalle counties of 
south Texas. Samples of the plants were taken during all 4 seasons. 
Such samples usually included about I/ 2 to 2 inches of the current 
plant growth. At least 10 plants of each species were sampled at 
random from each site except for cactus which was sparsely repres- 
ented. Only current annual growth was sampled. These samples 
were oven-dried at 600 C and ground in a Wiley Mill containing a 
2-mm screen. 

Statistical analysis of the data was by analysis of variance and 
Duncan’s multiple range test (Little and Hills 1975). 

Results 
The mean DDM of all forages was significantly different for 

each animal species (X.05) (Fig. 1). Deer was highest with 52.5%, 
goat 49.2%, sheep 47.5%, and steer 46.6%. These results might be 
expected when normal diets of the animals are considered. Rumen 
microorganisms of deer probably were more adapted for digesting 
most of the forage species sampled. All deer inoculum was 
obtained from free-ranging animals on native vegetation. The 
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Steer Sheep Goat Deer 
Fig. 1. Percent mean dry-matter digestibility of all forage spcies for all 

seasons in 1975 and 1976 as determined wirh rumen inocuhrm from the 
four classes of test animals. Bars topped by the same letter are not 
significantly diflerent (X.01) 
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Table 1. Mean DDM of south Texas range plants using inoculum from four animal species. 

9% DDM 

Forage species Steer Sheep Goat Deer 

Shrubs 
Acacia berlundieri (Guajillo) 
A. rigidula (Blackbrush) 
A. tortuosa (Twisted acacia) 
A. wrightii (Wright acacia) 
Bumelia celastrina (Coma) 
Celtis pallida (Granjeno) 
Conduliu obovata (Brazil) 
C. obtusifoliu (Lotebush) 
Ephedru antisyphliticu (Vine ephedra) 
Eysenhardriu rexuna (Kidneywood) 
Porlieriu nngusrijbliu (Guayacan) 
Schoefferiu cuneifoliu (Desert yaupon) 
Zunthoxylum faguru (Lime pricklyash) 

Mean 

Forbs 
Ambrosia psilosrachya (Western ragweed) 
Aphanostephus ramossissimus (Plains dozedaisy) 
Commelina erecta (Erect dayflower) 
Coreopsis nuecensis (Crown coreopsis) 
Guillurdia pulchellu (Indian blanket) 
Hermannia texana (Texas hermannia) 
Parthenium hysterophorus (Ragweed parthenium) 
Physalis viscosa (Beach groundcherry) 

Mean 

Grass 
Cenchrus incerrus (Coast sandbur) 
Chloris cucullata (Hooded windmillgrass) 
Punicum hallii (Hall’s panicum) 
Setaria mucrostuchya (Plains bristlegrass) 

Mean 

Cactus 
Opuntia lindheimeri (Texas pricklypear) 

Mean of all species 

28.7 a 32.9 ab 29.2 ab 34.4 b 
20.7 a 20.8 a 28.8 a 28.5 a 
26.4 a 30.2 a 27.1 a 29.3 a 
37.3 ab 39.7 ab 36.3 a 42.5 b 
36.9 a 34.9 a 35.0 a 48.8 b 
67.0 a 60.7 b 67.5 a 67.4 a 
33.8 a 42.0 b 44.5 b 46.4 b 
35.0 a 27.0 b 31.8 a 40.5 c 
47.0 a 46.8 a 54.9 b 55.5 b 
49.5 ab 46.5 a 50.0 ab 51.2 b 
43.7 a 39.8 a 39.9 a 52.8 b 
49.6 a 43.3 b 49.9 a 53.2 a 
56.9 a 58.3 a 54.0 b 55.7 ab 
41.0 41.2 42.2 46.6 

52.7 a 55.2 a 69.0 b 62.2 c 
49.9 a 52.4 a 50.4 a 54.4 a 
62.6 a 65.1 ab 68.4 b 69.0 b 
54.0 a 55.0 a 62.2 b 62.7 b 
62.1 a 62.0 a 66.6 a 66.2 a 
47.9 a 55.0 b 46.9 a 61.7 c 
46.9 a 47.2 a 43.5 a 56.3 b 
62.0 a 59.2 a 74.2 b 70.0 c 
54.8 56.4 60.2 62.2 

49.4 a 41.8 b 48.9 a 49.1 a 
48.0 a 45.9 ab 48.6 a 40.3 b 
49.6 a 45.7 b 52.8 a 49.3 a 
36.1 a 38.6 ab 43.8 b 41.4 ab 
45.8 43.0 48.5 45.0 

61.5 ab 65.0 a 56.7 b 81.1 c 
46.6 a 47.5 b 49.2 c 52.5 d 

inoculum of domestic livestock was obtained from animals fed a 
commercial diet prepared locally. 

Discussion 

Deer were either first or second in efficiency of digestion among 
all 8 species of forbs sampled (Table 1). Of the domestic species, 
goat was the next most efficient digestor of forbs with the sheep 
and steer following in that order. Using western ragweed (Ambro- 
siupsilostachya) as an example, deer had the highest % DDM for 
this species in winter while goat was highest during all other 
seasons (Fig. 2). The ranking shown for sheep and cattle with this 
species held true generally for all forbs. 

The in vitro DDM obtained are felt to be a close approximation 
of in vivo values (Palmer and Cowan 1980). Rittenhouse et al. 
(1971) have shown that DDM is highly correlated with digestible 
energy (DE); therefore, DDM values can for all practical purposes 
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For the grasses sampled, the goat was the most efficient digestor 
for three species. Seasonally, the goat digested such plants as 
hooded windmill grass (Chloris cucullata) best in spring and win- 
ter. The steer was usually the second most efficient digestor of 
grasses with deer being next and sheep the least efficient. 
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DDM for 9 of 13 shrub species was highest when using deer 
inoculum. Goats, sheep, and steer followed in that order. The steer 
never had the highest DDM for any of the shrub species. All species 
had a high percent DDM for granjeno (Celtispallida). Overall, the 
deer and goat were better digestors of shrubs than either the sheep 
or steer. 
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Texas pricklypear (Opuntia Iindheimeri) was utilized by deer 
with an 81% DDM, much higher than sheep (65%), steer (62%), 
and goat (57%). 

The animals retained their relative efficiency of digestion in the 
seasonal breakdown (Fig. 3). Each animal species digested plants 
with the same efficiency during the winter-spring period and the 
summer-fall period. However, one ruminant was not always as 
efficient a digestor as another during these periods. The steer and 
sheep had low DDM ratings in all seasons, whereas, the deer was 
high in all seasons. The goat was always second. 

Spring Summer Fall Winter 

Fig. 2. Seasonal digestible dry matter (DDM) of western ragweed by three 
species of domestic livestock and white-tailed deer. 
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Spring Summer Fall Winter 

Fig. 3. Seasonal changes rn percenr digeslihlr drjj malrer (DDM) of all 
forage species as determined wifh rumen inoculurn~from rhpfour classes 
of test animals. Bars topped by the same lerter are not significant1.y 
different (P<. 05). 

be used to predict DE and/ or total digestible nutrients (TDN). 
A 300-kg calf requires 55% TDN in the diet for maintenance, but 

would require 70% for a daily gain of0.9 kg. A 500-kg steer, a 300- 
to 450-kg heifer, and a 500- to IOOO-kg bull all require 5570 TDN 
for maintenance (NRC 1976). If cattle utilized these species and if 
sufficient quantities were consumed, granjeno. lime pricklyash 
(Zanthoxylum jagara), beach groundcherry (Physalis viscosa),. 
Indian blanket (Gaillardiapulchella), erect dayflower (Commelina 
erecta), and pricklypear could be expected to meet the TDN 
requirement for cattle maintenance levels. 

TDN requirements for sheep are the same for all classes except 
ewes suckling lambs (NRC 1975). A 50-to 80-kg ewe on a mainte- 
nance level, as well as a 80- to 120-kg ram gaining 150 g daily, 
requires 55% TDN. A 50-to 80-kg ewe sucklingeithera single lamb 
or twins requires a 65Y~ TDN level. Granjeno. western ragweed, 
beach groundcherry, lime pricklyash, lndian blanket, erect day- 
flower, and pricklypear provided estimated 55% TDN for sheep 
while only erect dayflower and pricklypear met the 65% 
requirement. 

A 50% TDN level is required in the diet of a wether or dry female 
goat of 45.5 kg body weight on a maintenance level (Huston et al. 
1971). TDN requirement for a lactating doe is 58% of the diet. 
Granjeno, vine ephedra (Ephedra antisyphlitica), western rag- 
weed, beach groundcherry, lime pricklyash, Indian blanket, crown 
coreopsis (Coreopsis nuecensis), ragweed parthenium (Parthe- 
nium hysterophorus), Texas hermannia (Hermannia texana), 
plains dozedaisy (Aphanostephus ramossissimus), erect day- 
flower, Hall’s panicum (Panicum hallii) and pricklypear all pro- 
vide over 55% DDM for goats. 

Based on studies reported by Blaxter (1962), Silver et al. ( 1969) 
and Moen (1973), deer apparently require a level of 52Yc to 6070 
TDN in the diet depending upon dry matter intake, climatic factors 
and physiological state. Among the shrub species, desert yaupon 
(Schaefferia cuneifolia), guayacan (Porlieria angusttfolia), gran- 
jeno, vine ephedra, and lime pricklyash appear to achieve this 
energy level. All the forb species evaluated, in addition to prickly- 
pear, also appear to be adequate energy sources. Grasses appear to 
be inadequate sources of energy for deer which may account forthe 
relatively small percent of grasses in the diet of deer in south Texas 
(Arnold 1976, Chamrad and Box 1968). 

Since all plants are not adequate during every season of the year, 
a diversity of vegetation on native rangeland is needed to provide 
adequate nutrient levels for any consuming species byallowingthe 
animal to exhibit dietary selectivity. A nutrient supplement may be 
necessary during certain periods of stress and drought conditions. 
The poorly digested mature grasses and some of the mature, woody 

browse species are poor food sources for small ruminants with high 
nutritional requirements such as goats, sheep, and deer (Short et al. 
1974). 

The apparent ability of a deer to select the most nutritious forage 
available and its mobility make it possible for most individuals of 
the species to obtain at least a maintenance level of nutrients 
throughout the year. However, management to alter plant species 
composition to favor better year round nutrition would promote 
deer quality. As an example, blackbrush (Acacia rigid&a), which is 
often referred to as a major plant species for white-tailed deer in 
South Texas, provides cover but little apparent food value. The 
DDM of 28.57~ for this species was the lowest ofall 25 plant species 
tested. Deer, however. do eat blackbrush and nutritional factors 
other than its DDM may account for this (Varner et al. 1979). 

In contrast, granjeno ranked at the top in overall DDM by all 
animal species with a mean of 66.5%; for white-tailed deer its 
DDM was 67.4%. Unless palatability studies show a reason for 
little use, this plant species appears to be potentially valuable in 
sustaining white-tailed deer and livestock. The potential digestible 
energy values of different plant species indicate that certain range 
sites may be more efficiently utilized by a particular animal species 
or combination of species. Also, other factors, such as palatability, 
climatic factors, and physical attributes of the plant must beconsi- 
dered. However, DDM values, if interpreted with diet information 
and production cycles can provide a basis for making management 
decisions to achieve the desired composition and production of 
animal species. 

White-tailed deer is an appropriate ruminant for which to man- 
age in much of the South Texas brush country, especially where 
certain combinations of shrub species occur, such as on shallow 
ridge sites. Cattle would be preferred in areas managed primarily 
on grasslands. Goats, being the most verstile, as indicated by DDM 
data, could be utilized in many areas but would often be competi- 
tive with deer. The land manager must decide upon which animal 
species to utilize and then manage his rangeland accordingly. 
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Early Secondary Succession Following Res- 
toration and Reseeding Treatments in 
Northern Arizona 
M.B. HESSING AND C.D. JOHNSON 

Abstract 

Reseeding, with and without disc harrowing, building of water 
bars, and piling of slash on utility corridors (restoration), was 
studied on access roads and pylon sites following construction of 
the 500 kV Navajo Project Southern Transmission Line in 1973. 
Reseeding was not successful. Restoration either had no significant 
positive effect on revegetation or slowed plant succession in the 
following Qyear period, or had a deleterious effect on amount and 
quality of revegetation due to the destruction of climax vegetation 
which survived powerline construction. 

Reseeding rangeland has been shown to be both successful and 
economically feasible by many (e.g. Godfrey 1979, Kearl and 
Cordingly 1975). Successful seeding, however, has been shown to 
be dependent upon prevailing weather conditions; weed control 
(Herbel et al. 1973); seedbed preparation (Struth and Dahl 1974, 
Hull 1974); and sometimes, pretreatment of seeds to enhance 
germination (Voigt 1978). 

In previous papers (Hessing et al. 1981a,b) we described the 
secondary succession of plants after construction of the 500 kV 
Navajo Project Southern Transmission Line which connects the 
Navajo Generating Station at Page, Ariz., with Phoenix. In this 
paper we describe the effects of reseeding and restoration treat- 
ments on the initial course of secondary succession. We used an 
experimental design which allowed us to describe succession fol- 
lowing restoration either separately or together with reseeding. 

The sequence of powerline construction was that a survey strip 
was bulldozed in 1972. The powerline was constructed in the spring 
and early summer of 1973 with part of the survey strip serving as an 
access road for construction. All restoration and reseeding was 
done after construction in the summer of 1973. Reseeding occurred 
at the beginning of the annual summer rainy season, thus providing 
the seeds with a moist seed-bed. 

Methods 

Three studies were made. Study 1 was located in a juniper 
woodland near Williams, Ariz., several kilometers south of the site 
described in Hessing et al. (1981a). One-seed juniper (Juniperus 
monosperma (Engelm.) Sarg.) and pinyon pine (pinus edulis 
Engelm.) are the major components of the plant community with 
the junipers dominant. Large shrubs are also common low profile 
vegetation. Soils have a rocky surface with shallow to moderately 
deep clay subsoils occurring over volcanic cinders and basaltic 
flows. Studies 2 and 3 were located on grassland near Drake, Ariz. 
several kilometers east of the area described by Kruse et al. (1979) 
and Hessing et al. (1981b). As a result of a United States Forest 
Service “Range Improvement Project”in 1951, thisarea was trans- 
formed from a pinyon-juniper woodland into a grassland. Peren- 
nial grass cover is extensive with lesser numbers of annual grasses 
and herbs. Soils are generally shallow, rocky and gravelly loam 
surfaces over limestone or calcareous limestone. 

Three 61.0-m sections of access road were sampled at study I. 

Authors arc with thr Department of Biological Sciencrs, Northern Arizona Univer- 
sity, Flagstaff 86011. 
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Sampling consisted of line transects 4.6 m in length which were 
placed perpendicular to the 3 sections at 3.0-m intervals. Transects 
were centered on the access roads in studies I and 2. Sampling was 
done in summer 1975, spring and summer 1976, and spring 1977 at 
all 3 study areas. One section of road received a treatment of 
restoration and reseeding. Seeding was performed using a range- 
land drill seeder. Restoration consisted of disc harrowing, followed 
by the formation of waterbars and piling juniper slash at strategic 
places to deter erosion and protect germinating seeds. A second 
section of road received similar restoration but no reseeding. The 
third section of road received no treatment and served as a control. 

In study 2, plant growth along two 91.4 m sections of restored 
access road was sampled. One plot was reseeded and the other was 
not. As in study 1, line transects 4.6 m in length were placed 
perpendicular to the road at 3.0 m intervals in study 2. 

In study 3 the disturbed, unrestored areas under four towers 
(pylons) were monitored. Two tower areas were reseeded, the other 
two were not. Tower sites were sampled by measuring eight 6. I-m 
transects which radiated from the center of the square formed by 
the base of the tower. Generally, only herbaceous species and small 
woody plants were present. 

A series of one-way analyses of variance (ANOVA’s) were per- 
formed on the data from each census period. In most cases, the 
one-way ANOVA is identical to a student t-test. A series of two- 
way ANOVA’s were performed on different combinations of 
yearly data. 

A total of 15.3 kg/ ha of seed of eight species of plants was used 
on all reseeded plots. The most abundant of these were western 
wheat-grass, side-oats grama, and Russian wildrye (Table I). 

Study 1 
Results and Discussion 

In each sampling period there were statistically signifi- 
cant@=.OO2) differences in cover among the three sections of road 
(Fig. I). 

The dominant species on the control plot were all perennial 
grasses. The absolute cover (total length of transect covered by all 
species) of perennial grasses (Fig. 2) was always higher on the 
control plot. Generally, the control plot shows the most favorable 
response. This plot had greater herb cover in half the censuses, and 
it consistently had a greater absolute cover of perennials. It gener- 
ally had a lower diversity-a trait which has been linked with more 
mature seral stages in this area (Hessing et al. 1?8la, b). 

This favorable response can be simply explained using the initial 
floristic principle (Egler 1954). Although use of the road com- 
pletely destroyed vegetation in the two ruts, much of the original 

Table 1. Species used in reseeding. 

Seeding 
rate 

Species Common name (kg/ha) 

Agropyron smirhii western wheatgrass 4.4 
Elymus junceus Russian wildrye 2.7 
Eragrostis curvula weeping lovegrass 0.5 
Boureloua curripendula sideoats grama 5.0 
Bouteloua gracilis blue grama 0.25 
Atriplex canescens fourwing saltbush 0.5 
Cowania mexicana cliff-rose 0.25 
Melilolus officinalis yellow sweetclover 1.7 

Total 15.3 kg/ha 



vegetation remained at the road edge and even on the hump 
between the two ruts. Disc harrowing and drill seeding seemed to 
destroy almost all of the original climax vegetation. Also, no 
section of road was disc harrowed to a width less than about 5 m. 

Study 2 
There was no difference in amount of cover between sections of 

seeded and unseeded road. This was tested by combining cover 
from all censuses in two-way analysis of variance (p=.2212). The 
two plots varied in their responses to spring and summer seasons 
(Fig. I). 

The dominant plants on each section of road differed. In spring, 
1976, heron-bill (Erodium cicutarium) wasdominant on both road 
sections. The dominant plants differed among years and seasons 
on the same plot and in the spring censuses were often found in the 
surrounding climax vegetation. Plantago purshii. Layia glandu- 
loss, heron-bill, and Eriastrum diffusum fall into this category. 
Many of the dominant plants in the summer censuses seem to be 
pioneer successional species, as they are absent from the surround- 
ing climax vegetation, but are common around cattle tanks (bull- 
dozed depressions designed to capture rainfall for use by lives- 
tock). Pioneer successional species are Salsola kali, Descurainia 
sophia, Eriogonum densum. Chenopodium incisum, and possibly 
Sitanion hystrix. 

Because the dominant plants observed seemed to be species 
specially adapted to large scale disturbances, and because the 
adjacent sections of road contained no edge of undisturbed plants, 
we expected higher, more constant similarity. However, few of the 
species on either plot were desirable forage plants and none were 
species which had been seeded. 

Differences between treatments were minor; neither showed 
consistent, advantageous effects. 

Study 3 
The disturbance at each tower site differed slightly due to the 

amount of clearance and leveling necessary. Also, since the towers 
were separated by long intervals (the total interval of four towers 
was approximately I km), there existed a large variability in tower- 
to-tower conditions. Large damp spots were observed in thespring 
under the towers when none could be found in the surrounding 
area, suggesting that towers collected dew, which then dripped to 
the ground. Towers created shade and probably concentrated rain 
also, but this was not measured or observed. 

In spring 1976, there was more cover on the reseeded towers 
(Fig. 1). This was the only census in which significance was 
observed (P=.OOO7) using a two-way analysis of variance. The 53% 

STUDY I STUDY 2 STUDY3 

Fig. 1. Percent of rhe ground cowred by plants (zk standard error) in 
Studies I.2.3. In Studv I, thin, solid line= restored only; broad solid line 

UtS0Wt6Al9760l9?7A 

= restoredand resee&d; and dashed line = no treatment. In Study 2, 
broad solid line = reseeded road; dashed line = unseeded road, At Study 
3, broad solid line = reseeded towers; dashed line = unseeded towers. A 
= spring sample, B = summer sample. 

cover value recorded on the two seeded towerareas in the spring of 
1976 was the highest herb cover value recorded in this 7-year study. 
NO doubt this high value was due to the moisture accumulating 
below the tower. In summer there is little dew and the effect is less 
pronounced. 

The seeded plot had most cover from perennial grasses (Fig. 3). 
However, vegetation under both sets of towers consisted mostly of 
perennial species (Table 2). 

Table 2 lists the dominant species from the tower plots. The 
plants of both treatment areas are primarily perennials. It is 
unlikely that reseeding affected the establishment of these compo- 
nents of the climax vegetation because they were not included in 
the reseeding mixture (Table 1). It is probable that the original 
climax herbaceous vegetation or their seeds were never disturbed 
at these tower sites. 

Reseeded Species 
Of those species used in reseeding, only Boutelouagracilis and B. 

curtipendula were later found on any reseeded area. These are 
common species in the climax vegetation, but do not germinate 
well (Briske and Wilson 1978), and the observed individuals were 
probably remnants of the original vegetation. In the few instances 
where reseeded plots responded more favorably than unseeded 
plots, the response was never due to a reseeded species. 

This does not prove that reseeding had no effect. Seed predators 
could concentrate their efforts on this abundant supply, thus giving 
seeds from the surrounding community and those originally pres- 
ent in the soil an advantage. Reseeded species may germinate the 
first year only and retard erosion in this critical period. The intense 
reseeding (approximately 15.3 kg/ha) may create allelochemic 
effects which repress the germination of many species. Linhart 

Table 2. Percent cover of the dominant spcdes at Studies 2 and 3. An 
asterisk indicates an annual species. 

1975 Spring 1976 1976 spring 1977 

Study 2 
Unseeded 
HA GR 43.6* 
EU CA 22.6* 
AS AR 19.6 
ER WR 8.1 

Seeded 

HA GR 24.5* 
HI MU 21.5 
SA KA 18.6’ 
ER WR 15.8 

Study 3 
Unseeded 
GU LU 35.6 
ER WR 25.9 
UNK 12 10.0 
AS AR 7.0 
AM HY 6.9* 
HA GR 2.0 

ER CI 39.l* SA KA 40.2; SA KA 35.9. 
ER DI 16.8* HA GR 27.2. PL PU 17.7* 
PL PU 7.2* ER DE 14.3* ER Cl 12.0* 
SA KA l.Q* Sl HY 4.4 SI HY 5.8 

ER Cl 45.5; 
ER DE 24.9* 
LA GL 8.5* 
DE SO 4.6. 

ER DE 63.4’ 
CH IN 20.1* 
AS TA 3.2 
HA GR 2.9* 

ER DE 29.7” 
SA KA 16.3* 
ER Cl 11X5* 
LA GL 9.2* 

Reseeded 
ER WR 46.2 
AS AR 16.2 
UNK 12 8.9 
EU AL 8.6 
GU LU 4.5 
AM HY 4.3* 

PL PU 19.8* GU LU 21.6 
ER CI 17.0* HA GR 15.0 
HO PU 14.6* ER WR 13.2 
ER DI 9.7* DE CO 12.4 
AS AR 7.3 AS AR 8.6 
UNK 7 5.0 HI MU 6.3 

HO PU 37.7* SI HY 21.3 
PL PU 12.8* HA GR 19.1 
SI HY 11.3 ER WR 18.4 
HY VE 11.0 CH IN 11.4* 
ER DE lO.l* AS AR 7.0 
PA OB 8.9 GR 32 6.7 

GU LU 27.4 
ER WR 12.0 
St HY 11.4 
AS AR 7.5 
HO DR 7.3 
HI MU 6.5 

SI HY 46.1 
HA GR 16.5 
ER WR 16.0 

AS AR 6.5 
EU CA 3.1 
PL PU 3.1* 

8 Key: AMaranthus Hybridus. Aster A Renosus. Aster TAnoceti/&s. 
CHenopodium INcisum, DEsctaainia S@hia, DEwnanthus COoIeyi. ERiastrwn 
DIffium. ERiogonum DEnsum. ERiogonum WRightii. ERodium Cicutarium. 
EUphorbia ALbomotginata. EUphorbia CApiteNota, EUphorbia SPecies unknown, 
GRass 32, GUtierrezia LUci& HAplopapptu GRacilis, Hlloria MViicn. 
HOf/manseggia DRepanocarpa. HUdeum PUsilIum. If Ybattthus VErticiIlatus, 
LAyio GLnttdulosP. PAnicurn OBtuwm. PLantago PlJrshii, SAlsok KAli. SItattion 
HYstrix. ONknown 7 (Polemoniaceae), UNLnown I2 
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1975 B t97BA l976B 1977 A 

YEARS 
Fig. 2. Absolute cover in linear feet of perennialgrasses at Study 1. Thin, 

solid line = restored only; broad. solid line = restored and reseeded; 
&shed line = no treatment, A = spring sample, B = summer sample. 

(1976) has shown that germination in some annuals is not affected 
by seed clumping whereas seed germination in some persistent 
species is. 

We conclude, however, that reseeding did not create the-desired 
effect, nor did reseeded areas consistently differ from untreated 
plots in any of the attributes we measured. 

These areas and the untreated road did support climax vegeta- 
tion. Lack of climax vegetation on all the disc harrowed sections of 
road studied is explained by the fact that disc harrowing or some 
aspect of the restoration treatment destroys the climax herb vege- 
tation but the initial clearance does not. The disc harrow could not 
fit under the pylons. 

Struth and Dahl(1974) report results which parallel ours. Seed- 
ing results were poor or, as in our study, total failures when the 
original grass was destroyed. A positive response required careful 
seeding technique and a subtle army of climatic factors. Successful 
seed germination usually requires optimum temperature, and 
moisture regimes and often chemical or scarification pretreatment. 
Voigt (1978) reports that only 3 of 20 prairie forb species germi- 
nated with no pretreatment. Young and Evans (1977) and Herbel et 
al. (1973) report failure in germination and initial survivability of 
usually successfully seeded species during droughty conditions. 
Robocker and Schirman (1976) reported that successful seeding 
was dependent on weed control and soil fumigation with microbial 
agent. 

Heady (1975) reported fewer successful seedings in areas with 
less than 1.66 cm of rain per month. Although rainfall at studies 2 
and 3 averaged 2.76 cm per month (Sellers and Hill 1974), there 
was little or no rainfall during September, October, and December 
following reseeding. Rainfall at study 1 averaged 3.24 cm per 
month. 

It seems possible that Egler’s initial floristic component was the 
most important aspect of secondary plant succession in these 
restoration experiments because the success of restoration treat- 
ments was dependent upon the amount of original vegetation 

Is759 I976A ,9x9 1977A lSrs9 IsmA 197s9 l9rrA 

STUDY 2 YEAR’ STUDY 3 
Fig. 3. Percent of rhe herbaceous community composed of perennial 

grasses at Studies 2, 3. Solid line = reseeded road or tower; dashed line 
= unseeded road or lower. A = spring sample, B= summer sample. Data 
points 1.8 and 7.4 = unseeded. 

capable of regrowth. Restoration treatments based on this princi- 
ple might have superior outcome when germination and surviva- 
bility variables are unpredictable. 
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Newsletter only) . . . . . . . . . . . . . . . . . . .$A 15.00 

Institutional subscribers: 

Journal ........................ .$A45.00 
Newsletter ...................... .$A15.00 
Journal and Newsletter. ............. .$A55.00 

Please address all enquiries to: 

Ms. V. Chewings, 
Subscription Secretary A.R.S., 
C/o CSIRO 
P.O.Box2111, 
Alice Springs, Northern Territory, 5750 
Australia. 
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TECHNICAL NOTES 

Estimating Browse Production by Deerbrush [Ceanothus 
integerrimus] 
JAMES W. BARTOLOME AND BARBARA H. KOSCO 

Abstract 

This uchitectural model ls designed to significantly refine browse weight 
eetbnata for deerbrush (Ceunothus idegerrimus~. Basal diameter of 
brancbee erm from the p&nary stem (2nd order stems) predkted led 
end branch weights with rJ = 0.91 using an ellometrk transfornmtlon in 
linear recression. Es&&s baeed on secondary stem bsal diameter rather 
than terminal shoots may be useful in a lnrge number of similar shrub 
SpSCiSS. 

Shrubs produce a significant amount of the forage in forestsand 
brushlands. Yet layering, poorly defined shrub canopies, and ill- 
defined current annual growth may make accurate estimates of 
browse production difficult to achieve. Forage production varies 
within and among species, with age of the plant, with season of the 
year, among years, and with site. Developmental response to 
browsing may be highly variable. For example, chamise (Adenos- 
toma fasciculurum) stems resume growth shortly after browsing, 
whereas deerbrush (Ceanorhus integerrimw) stems do not. Animal 
accessibility to shrub production further complicates estimates of 
carrying capacity on browse ranges. 

Attempts to measure shrub browse production have centered on 
a few basic techniques, including tagged twig methods, ocular 
estimates, and clip and weight methods. Regression methods have 
been widely used to estimate total biomass, current annual produc- 
tion, and utilization in shrubs while reducing sampling costs. Sev- 
eral authors have used plant variables such as height, crown 
volume, and current annual stem diameter and length to predict 
weights of different species or plant parts within species (Schuster 
1965, Lyon 1968, Peek 1970, Ohman et al. 1976). Basile and 
Hutchings (1966) and Fergus and Marsden (1977) used current 
annual twig diameter, length and weight relations to predict 
unbrowsed twig weight as method to estimate utilization in bitter- 
brush (Purshia tridentata). Regression equations may predict 
browse production with high precision, but equations generally 
apply only to specific situations. 

Research methods have overcome some of the problems asso- 
ciated with accurate browse estimation. Bitterbrush, which has 
clearly defined growth, exemplifies a species adequately described 
and measured. We describe a method for predicting stem and leaf 
biomass in a less easily measured, but important species. 

Deerbrush is the most important summer browse species for 
livestock and big game in the S-million hectare ponderosa pine belt 
in California (Cronemiller 1953). As an open-crowned deciduous 
shrub up to 5 m tall, with slender dropping branches and poorly 
defined annual growth, deerbrush typifies a large group of 

Authors are with the Department of Forestry and Resource Management, 145 
Mulford Hall, University of California, Berkeley 94720. 

Manuscript received August 30, 1980. 
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difficult-to-measure browse species. Our method proposes a new 
way of looking at shrub architecture which works to predict leaf 
and branch biomass in deerbrush. It may have applicability to 
similarly difficult-to-measure browse species. 

Method 
Although all the leaves of deerbrush represent current annual 

production, annual stem production is difficult to measure and 
characterize. A complex branching pattern and indeterminate 
growth of individual stems rule out simple approaches based on 
current annual stem growth, such as those used for bitterbrush. 

The proposed model of stem architecture categorizes branches 
as Ist, 2nd, 3rd, 4th order. The 1st order ofprimarystemformsthe 
main supporting structure for the plant and has no directly at- 
tached leaf clusters. (On deerbrush a leaf cluster is composed of 3 
leaves attached directly by the leaf pedicel to the stem). All lateral 
branches arising from the primary stem are designated as 2nd order 
branches. Designation of the order of a branch is based on its 
attachment to the primary stem. This branching model forms a 
very useful framework for estimation of stem and leaf biomass in 
deerbrush, and with further testing may have wide applicability in 
shrubs of similar lifeform. 

Twenty-five randomly selected unbrowsed deerbrush plants 
were cut off at ground level in July and brought into the laboratory 
at University of California’s Blodgett Forest Research Station near 
Georgetown, Calif. Shrubs were mature, I-3m tall, and obviously 
vigorous, growing at 1300- 1500m elevation. 

Secondary stems randomly selected from the 25 shrubs were cut 
off as close to the primary stem as possible. Average basal diameter 
were recorded with calipers for each of 60 2nd order stems. The 
leaves and branches were weighed separately, bagged, dried for 24 
hours at 700, C and reweighed. 

Results and Discussion 
Regression analyses using an allometric (Y = axb) transforma- 

tion indicate that a linear model using 2nd order stem basal diame- 
ter (X) to predict leaf weights (Y) accounts for 97% of the 
variability in Y (t-2 = 0.97), (Fig. 1). Second order stem basal 
diameter also predicts leaf weight alone with an r* equal to 0.83 
(Fig. 1). Basal diameter is also positively correlated with dry stem 
weight (r2 = 0.97) X (in stem wt. = 3.58 - 3.33 1nX.). 

The regression model is less robust for prediction of leaf weights 
than stem weights due to variation in leaf size, leaf drop, and 
number of leaves per 2nd order branch. Stem weights closely 
correlate with stem basal diameters because the amount of tissue a 
branch supports is related to its diameter at point of attachment. 

To determine stem and leaf biomass of deerbrush, measure and 
record the basal diameters of randomly selected 2nd order stems. 
Our equations may then be applicable to determine weight per 
bush or overall biomass, with the degree of precision largely 
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dependent on the number of 2nd order stem measured, the age of 
the plants being studied, and plant vigor. Because of the high 
correlation between basal diameter and total weight, relatively few 
samples give high precision. For example, 10 randomly selected 
twigs yield a coefficient of variation of only 7%. Most of the 
variation in weight is explained by basal diameter. 

Researchers interested in shrub production may find the archi- 
tectural model described a useful way to focus thinking about stem 
biomass and leaf production in shrubs similar to deerbrush in life 
form. The ease and precision of basing regression estimates on 2nd 
order stems rather than on terminal shoots, as has been done in the 
past, should be applicable to many other shrub species for mea- 
sures of production and utilization. 
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ary producers of rangelands. Of all plant families, the Gramineae, 
or grass family, is undoubtedly the most important and most 
essential to man’s existence. 

In view of this, it seems imperative that we areable to communi- 
cate about grasses. Effective communication lies in a precise and 
uniform usage of terms, whereas ambiguity makes communication 
difficult or impossible. The recognition of this principle prompted 
the publication of A Glossary of Terms Used in Range Manage- 
ment (Kothmann 1974) by the Society for Range Management. 

Several years of teaching and assisting courses in agrostology 
have brought to light a disconcerting confusion in terminology 
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about the grass inflorescence. Efforts to teach, and to learn about 
grasses have been hampered by the lack of uniformity in tetminol- 
ogy dealing with the grass inflorescence. For example, the Manual 
ofthe Grasses ofthe United States (Hitchcock 1951), probably the 
most consulted reference on grasses in the United States, USES the 
same term, raceme, to describe the different inflorescences of green 
sprangletop (Leptochloa dubia), St. Augustine grass (Stenotaph- 
rum secundatum), semaphore grass (Pleuropogon spp.), silver 
bluestem (Bothriochloa saccharoides), and little bluestem (Schiz- 
achyrium scoparium). Conversely, for two grasses with almost 
identical inflorescences, tumble lovegrass (Eragrostis sessilispica) 
and tumblegrass (Schedonnardus paniculatus), the terms panicle 
and spike are applied. Although the visual recognition and identifi- 
cation of a range grass may be independent of whatever terms we 
may use to describe that grass, the effective organization, correla- 
tion, storage, and retrieval of a body of knowledge in our minds 
depends on uniform description and precise terminology. 

Nature and Composition of the Grass Intlorescence 

To best understand the nature of the grass inflorescence, we 
, must compare it to the inflorescence of other flowering plants and 
contrast the terminology of each. 

As currently used for most flowering plants, an inflorescence is 
the flowering portion of a plant, or the arrangement of flowers on a 
floral axis (Abercrombie et al. 1960, Benson 1979, Gould 1968, 
Smith 1977). The term also originally referred to the sequence of 
flowering within a flower cluster., but this connotation is rarely 
emphasized. Based on the sequence of flowering, inflorescencesare 
divided into two groups, indeterminate and determinate. Indeter- 
minate intorescences maintain an active meristem at the apex of 
the flowering shoot, and may continue to grow as long as condi- 
tions are favorable. This means the oldest (most mature) flowers 
will be found at the base of the floral axis (acropetal development). 
In determinate infrorescences the apical meristem differentiates a 
flower, and any further elongation of the primary flora axis is 
halted; the growth of the infiorescence is limited and the oldest 
flowers are found at the apex of the flowering shoot (basipetal 
development). 

The terms spike, raceme and panicle, as used for nongmsses, 
apply to indeterminate inflorescences. In spikes and racemes, the 
flowers are sessile and pediceled, respectively, on the primary floral 
axis, and in panicles the flowers are borne on a secondary 
rebranched axis. It should be noted that this inflorescence termi- 
nology is based on flower arrangement. As such, a spikelet of grass 
is technically an inflorescence by itself: a small spike of essentially 
sessile flowers enclosed by bracts (paleas, lemmas, glumes). And, 
as in all “true” spikes, the sequence of maturation within the 
spikelet is from base to apex (acropetal). 

Because of the similarity of flower and spikelet arrangement, the 
same terms spike, raceme, and panicle have been applied to the 
grass inflorescence. Grasses, however, generally exhibit a determi- 
nate growth pattern of the overall flowering shoot, with the most 
mature spikelets toward the apex and least mature toward the base 
(asipetal). The arrangement and maturation of spikelets (notflow- 
ers) are not properly referrable to spike, raceme, or panicle. 

Proposed Terminology for the Grass Inflorescence 
The grass inflorescence is a highly modified, complex structure, 

with a different ontogeny than the nongrass inflorescence. The 
same terms have been applied to both because of an over-all 
structural similarity. Rather than propose a new set of terms for 
either group, clarity and accuracy may be attained by precise 
definitions and uniform usage of terms. The terminology presented 
here is meant to be purely descriptive and does not attempt to 
classify inflorescences on the basis of homology or derivation. 
Rickett (1944) presents an excellent review of the problems asso- 
ciated with inflorescence classification. For the grass inflorescence, 
I propose we adopt the following restrictions. (These guidelines 

represent a synthesis of my own proposals with ideas gleaned from 
Gould 1968, Hitchcock 1951, Benson 1979, and Smith 1977.): 

1. The grass inflorescence is delimited at the base by the node of 
the uppermost leaf. There are no leaves or bracts (except those 
of the spikelet) present within an inflorescence. This means that 
little bluestem (Schizachyrium scoparium) and broomsedge blue- 
stem (Andropogon virginicus, Fig. 1) produce many individual 
flowering segments, each subtended by a leaf (the spathe), and each 
a separate inflorescence clustered with the others. 

2. For descriptive purposes, inflorescence terminology for the 
grasses will be based upon the arrangement of spikelets rather than 
flowers. As has been noted, the spikelet itself is technically an 
inflorescence. 

3. The terms panicle, raceme, and spike will continue to be 
applied, but with the following definitions. 

Spike. (Fig. 2). All inflorescences where the spikelets are sessile 
upon the central axis. Most members of the tribe Triticeae produce 
this type of inflorescence, as well as Hilaria, Lolium, and 
Microchloa. 

Raceme. (Fig. 3). All inflorescences where the spikelets are 
pediceled, or stalked, upon the central axis. This is relatively rare in 
grasses, but characteristic of Pleuropogon, Brachypodium, some 
Danthonia, and some depauperate plants of Bromus. Festuca. and 
Avena. 

Panicle. (Fig. 4). All inflorescences where the spikelets are not 
borne on the main axis of the inflorescence, but are borne on 
branches. This will include most grasses. Obviously, the variation 
is great enough that descriptive adjectives will be needed to des- 
cribe accurately the panicle (see #4 below). The inflorescences of 
Andropogon, Bouteloua. Chloris, most Eragrostis, and most Poa 
will be panicles. 

4. lnflorescences will not be compound, that is, an inflorescence 
type will not be composed of other inflorescence types. Rather, 
descriptive adjectives will be used to qualify the variation pattern. 
Thus, the inflorescence of green sprangletop (Leptochloa dubia, 
Fig. 5) will best be described as “a panicle of racemose primary 
branches,” rather than “a panicle of racemes.” The terms raceme 
and spike will not be used for part of an inflorescence; this elimi- 
nates a major source of confusion among students. Likewise, blue 
grama (Bouteloua gmcilis Fig. 6) will be “a panicle of spicate 
primary branches,” and hooded windmillgrass (Chloris cucullata, 
Fig. 7) “a panicle of digitate spicate branches.” Although it may 
appear complicated at first glance, the use of modifiers such as 
spicate, racemose, unbranched, digitate, whorled or verticillate, 
and pectinate to describe the variations of the panicle adds clarity 
and precision to the terminology. 

5. Occasionally, a main axis (Hordeum, Schizachyrium, Fig. 8), 
or a branch (Andropogon, Bothriochloa) will bear both sessile and 
pediceled spikelets. In the first instance, the inflorescence arbitrar- 
ily will be termed a spicate raceme. In the second, since the inflores- 
cence is of the panicle type, the description may be “a panicle of 
racemose branches.” 

Pohl (1968) uses the term tame to describe such intermediate 
conditions. He defines a rame as (p. 242) “an inflorescence branch 
which bears some stalked and some sessile spikelets, as in Andro- 
pogon and Hordeum.“This is clear enough, except for the exam- 
ples. The Hordeum inflorescence contains no branches (as 
specified in the definition), is properly termed a spicate raceme, 
and should be deleted from the definition. We must also under- 
stand that Andropogon is delimited in the strict sense, excluding 
Schizachyrium, which was formerly treated as a section of Andro- 
pogon,. As with Hordeurn, the inflorescence of Schizachyrium 
contains no branches and is a spicate raceme. With these emenda- 
tions to the definition, the termrame may be defined as an inflores- 
cence branch that bears repeating pairs of sessile and pedicellate 
spikelets. The term is particularly useful when applied to panicu- 
late inflorescences of many Andropogoneae; ie., they are com- 
posed of rames. 
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6. The term rachis (rhachis) will refer only to the central axis of 
an inflorescence, whether spike, raceme, or panicle, but not to the 
axis of a branch of the inflorescence. This is consistent with its 
usage when applied to leaves. Therefore, Hordeum will disarticu- 
late in the rachis, and Bothriochloo in the joints (or internodes) of 
the rame. 

7. The inflorescences of several grasses will represent a reduc- 
tion from a more developed stage. As has been noted, normally 
paniculate inflorescences of Bromus and Avena are occasionally 
reduced to racemes in depauperate plants. Likewise, it is not 
uncommon to find just a single spicate branch in blue grama or in 
eastern gamagrass (Tripsacum dactyloides), in which two or three 
are typical. Reductions such as these pose no problems in terminol- 
ogy, as it is usually evident that such inflorescences represent 
atypical forms. In blue grama with a single branch, for instance, it 
is clear that the spikelet-bearing structure is a lateral branch and is 
not the central axis or rachis. The inflorescence can be described 
without confusion as ‘a panicle of spicate primary branches, occa- 
sionally reduced to a single branch.” 

Consistent patterns in reduction are also easily described. In the 
Andropogoneae tribe a common inflorescence is the spicate 
raceme, with both sessile and pediceled spikelets on the rachis, as in 
Schizachyrium, Elyonurus, Trachypogon, and Heteropogon. This 
has most likely resulted from the consistent reduction of all 
branches except one. The remaining branch is generally not a 
lateral structure as in blue grama, but represents the continuation 
of the central axis, and the resulting inflorescence may be termed a 
raceme. 

It is also well to keep in mind that the variation present in grass 
morphology, whether regarding inflorescences, ligules, spikelets, 
or other features, very often exceeds the limits imposed by our 
efforts at description and categorization. We will certainly encoun- 
ter conditions that do not fit clearly into our categories. These are 
relatively infrequent, however, and the main patterns are clear. 

Careful use of terminology in describing the grass inflorescence 
will lead to a clear understanding and a correlation of the different 
types found in grasses. Spikes will be found in most Triticeae, 
panicles with spicate branches in most Chlorideae and many Era- 
grosteae, and tames in the Andropogoneae. It is hoped that teach- 
ing efforts will be aided by the discussion presented here, and that 
communciation about grasses can be clear and useful. 
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A Two-step Sampling Technique for 
Crop of Herbaceous Vegetation 
D.M. ANDERSON AND M.M. KOTHMANN 

Abstmct 

St8nding crop of veget8tion m8y be estimated by sapling folhr cover 
per unit ue8 md tben determining m8se per unit of cover. Multiplying 
foli8r cover per unit 8~8 by IIUSS per unit of cover gives m8sa per unit 8re8 
(standing crop). By this method standing crop is estinmtednpidly with low 
vrri8ncc tiik minimizing the 8mount of 8ctu8l lmrvesting required. 
Standing crop of botb m8jor8nd minor specks an be estimated 8dequ8tely 
without over sunpling mjor species 8nd mder-smpling minor species. 
The tedmique is most eurfiy 8pplied to herb8ceora, pbnt communitks of 
low st8tun. 

Technicians and scientists are frequently required to estimate 
standing crop of vegetation on large areas that have high diversity 
levels. Harvesting by species is slow which limits the number of 
plots that can be. sampled. A large number of plots are usually 
required to obtain an adequate sample, especially where precision 
in sampling species of secondary importance to the standing crop is 
required. Therefore a technique more efficient than actual harvest 
for estimating standing crop by species would be useful. 

The objective of this paper is to outline an efficient technique of 
estimating standing crop by a two-stage procedure which utilized 
ocular estimation of cover by species, and clipping to determine 
weight per unit of cover. 
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Estimating Standing 

Armstrong (1907) used a plot frame witha permanently attached 
grid, and Goebel et al. (1958) used a plot frame with a sliding 
crosspiece to measure the relative proportion of ground surface 
occupied by different plant species. Stewart and Hutchings (1936) 
used circular plots without a grid to estimate ground cover by 
species. The geometrical shape of the plot may affect the accuracy 
of the estimate. The rectangular plot is generally superior in hetero- 
genous vegetation; however, there are practical limitations in its 
placement, and on the amount of periphery if the plot is lengthened 
excessively (Daubenmire 1959). 

Cook et al. (1948) combined clipping with estimating cover by 
units to estimate the weight per unit area of each plant species. A 
plant unit was defined as an easily recognizable portion of an 
individual plant; however, the unit size varied among species. The 
weight of each species per unit of land area was determined by 
multiplying the weight per unit of cover by the number of units of 
cover per unit of land area for that species. 

Edlefsen et al. (1960) incorporated the concept of a unit with 
constant area into a plot frame which had legs that could be 
adjusted for varying heights of vegetation. The plot size was 1.52 X 
1.52 m divided into units of 58 cm2. The concept of a constant area 
unit was perpetuated by Kothmann (1%8); however, the frame size 
was reduced to 0.30 X 0.61 m and the legs were removed. Durham 
and Kothmann (1977) increased the area of the frame to 0.5 X 0.5 
m with units of 100 cm2 and added legs 46 cm long. 

Plot Frame 

Methods 

The size and shape of the plot may vary depending upon the 
density, homogeneity, and growth form of the vegetation. The plot 



SC = (Z)(W)(CF) (1) 

where: 
SC = standing crop (kg/ha) of a species 
CF = correction factor (40) to change units from g/O.Zm* to 

kg/ ha 
W= b (g/unit) 
LG = mean units of cover per plot 

The variance for standing crop is obtained using Goodman’s 
(1960) formula for the variance ofa product. Theassumptions are 
that the two variables, cover and weight per unit of cover, are 
independent and normally distributed. 

VarwJ = [CFIZ [(W)YSI2)+(X)2(VW)f (S.+)(VW)] (2) 
S$ = variance for mean units of cover per plot 

VW = variance for b 

Total standing crop can be obtained by summing standing crop 
values obtained for individual species (Equation 1). The variances 

frame used for this study is 0.5 m on a side with a grid of wires 
associated with these sums are likewise obtained by summing the 

welded on IO-cm centers. It is supported by permanently attached 
appropriate values obtained from equation (2). 

legs 46 cm long. Both the frame and legs are constructed from 
Species composition of standing crop based on weight can he 

1.27.cm angle iron. 
obtained as follows: 

Estimation of Folinr Cover 
An appropriate sampling scheme should be used to determine 

the number and location of plots required to sample foliar cover 
adequately cm the study area. Foliar cover of each plant species is 
estimated and recorded to the nearest one-fourth unit (25 mc2) with 
I unit being 100 cm2. Units are defined by the wire grid. Foliar 
cover of a plant is defined by the perimeter ofthenormal spread of 
foliage (Daubenmire 1959), not complete ground cover or leaf area 
index. Cover units should he estimated from a vertical position 

species encountered before samp%~g begins. Cover data are 

(Fig. I). To insure consistency in estimating units of foliar cover, 

recorded as units of cover per plot for each specis. 

the observers must oractice readine units of foliar cover for all 

‘-=+-= a 

Z:Z = total standing crop. 
i=t 

b 
2.z 
i= 1 

where: 
ci = composition of the ith species 
Z = standing crop (kg/ha) for the ith species 
k = total number of species 

k 

(3) 

.- 1 

The variance associated with C is computed using the formula 
for variance of a ratio (Cochran 1953) as follows: 

e = & ‘Jar(a) + Var(b) 

I!- 

2(Covar a,b) 

where: 
hz 82 b2 ab 1 (4) 

Determination of Mass per Unit 
Immediately following the estimation of foliar cover, mass per 

unit of cover is obtained. The objective is to collect a representative 
random sample of units ofcover for each species. It is necessary to 
clip several samples foreach speciescontainingacomhined total of 
about SOunits ofcovertocalculateavarianceforthemassperunit. 
These samples may each contain equal numbers of units, such as 5 
bags of IO units each, or they may contain varymg numbers of 
units. 

The mass per unit mai be calculated by 3 different techniques, 
mean per unit, ratio, or regression estimates. Only the regression 
estimate is considered in this paper since it gives a more precise 
mean per unit estimate (Cochran 1953). 

Calculations 
The first step in calculating standing crop from foliar cover is to 

sum units of cover per plot by species. Plots in whicha speciesdoes 
not appear should be given a value of zero. The sum of units 
recorded for all species in a single plot may he greater than 25 
because of a layered vegetation canopy. However, the total will 
usually he less than 25 units because mulch, bare ground, rocks, 
dung heaps, and other items are not considered during sampling. 
Total units of cover and the variance are calculated. 

The second step is to calculate the mean mass per unit of cover by 
regression. A linear regression ( Y=bx) is fitted with the line forced 
through the origin. The variance for b should also he calculated. 

Standing crop for a single species can now be calculated using 
the following procedure: 

S$ = variance for composition for a species 
a = standing crop for the species 
b = total standing crop 

The covariance (a,b) is equal to the covariance (a, a-t-c) where h 
= ai- c, assuming a and careindependent, thencovariance(a,b)= 
variance (a) + 0. Thus, equation (4) is simplified to the following 
form: 

s”= a’ 

1 

Var(b) + Var(a)(h : 2a) 
b’ h2 a*b 1 

Example 
Data collected for Texas wintergrass (Stipa leucorricho Trin. 

and Rupr.) will be used as an example of the 2-step method for 
estimating standing crop (Table 1). Mass per unit of cover is 
calculated by regression techniques with appropriate variances 
determined. 

A total of 372.5 units of Texas wintergrass cover were recorded 
from a sample of 100 plots with Texas wintergrass occurring in 87 
plots. The variance (Si’) was 18.96. 

Eight clipped samples containing different numbers of units 
were collected, dried and weighed (Table I). Using the regression 
technique, mass per unit(b), and its variance (Sb) are calculated as 
follows: 

h = 2643 - = 3.76 g/unit. (5) 
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sj, = 110,571 - (X76)(2643)] f 7 CO_,3 (6) 
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Calculations for standing crop are as follows: 

SC = (3.725)(3.76)(40) ~560 kg/ ha (7) 

Var (SC) = [4032 [(3.76)~(18.96)+3.725)*(0.13)+(18.96)(0.13) 
= 435,708 
Confidence interval = 130.7 kg/ ha (K.05) 

(8) 

Discussion 
Precision in ocular estimation of cover is imperative, so the same 

individual should estimate units of foliar cover for both steps of the 
sampling. Accuracy in determining standing crop with ocular esti- 
mation of foliar cover lies in reading and clipping the same volume 
of cover per unit consistently even though the volume of standing 
crop as seen within a unit may differ between individuals. Contrary 
to the clipping procedure proposed by Payne (1974), clipping of 
complete plots at regular intervals while sampling foliar cover on 
the area is not recommended, because this procedure will over- 
sample abundant species and under-sample minor species. Read- 
ing and clipping at the same time also reduces efficiency of this 
technique because the plot frame, recording forms, bags and 
clippers must all be carried at the same time. Two observers, one 
reading and one recording, can evaluate 100-200 plots in 8 hrs 
depending on vegetation density and the size and topography of 
the area sampled (Anderson 1977). 

The technique is ideal for evaluating low-growing vegetation 
such as short and mid-grasses. Species should not be combined 
into miscellaneous grass and forb categories while recording cover 
in the field if frequency and total foliar cover data are desired as 
well as standing crop and species composition. 

The regression technique used for estimating mass per unit of 
cover assumed a straight line through the origin. The ratio tech- 
nique for such estimates is equally precise (Cochran 1953) but the 
ratio estimate is only a particular case of the linear regression 
estimate. Cochran (1953) states that the ratio estimate is unbiased, 
for any size of simple random sample, if the population is infinite 
and the relation between y and x is a straight line through the 
origin. These assumptions are reasonably valid for sampling her- 
baceous vegetation. 
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Establishing Circular Plot Boundaries With a Wedge Prism 
and an Adjustable Target Pole 
W. ELTON WHITE AND CLIFFORD E. LEWIS 

Abstract 

A target pole used with a walgc prism to establish a one-shccircular plot 
has been modified so tbat one target pole and prism an be llsed to establish 
the perimeter of circular plots of different sizes by a simple adjustment. 

Authors are forestry research technician and principal range scientist, Southeastern 
Forest Exp. Sta., Forest Serv., U.S. Dep. Agr., Marianna, Fla. 32446. 

Manuscript received June 16, 1980. 
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If you use. circular plots of various sizes for sampling vegetation, 
you will be interested in a method that worked well for us. Estab- 
lishing the perimeters of circular plots in shrubby or forested 
vegetation can be very time consuming because of the need to 
return to the plot center repeatedly to measure out to the perimeter, 
and sampling techniques sometimes require plots of increasingly 
larger size to be located around a central point in order to sample 
the various vegetation components such as herbage, shrubs, and 
trees. 
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Table 1. Dimensions for establishing circular plots of various sizes when 
using an exact (3.03 dioptor) BAF-10 wedge prism. 

Plot size Plot radius Target width’ 
(acres) (feet) (inches) 

112 83.3 30.3 
114 58.9 21.4 
115 52.1 19.2 
I/ IO 37.2 13.5 
l/20 26.3 9.6 
1l4t-J 18.6 6.8 

lDistance between the top of the red band and the top of the blue band. 

Nyland and Remele (1975) described a method for establishing 
circular plots by using a center target pole and a wedge prism with a 
basal area factor of 10 (BAF-10). Their target pole wasdesigned to 
establish only a one-size circular plot. Recently, Korhonen (1979) 
discussed a theory for using prisms of various factors; he also 
suggested a technique for using the target pole to establish plots of 
different sizes by mounting tin cans on a wooden staff to serve as 
the target. Additional screw holes allowed the cans to be moved to 
establish different plot sizes. 

To easily vary circular plot sizes and to allow easy reading of the 
target pole, we modified the Nyland and Remele method and made 
an adjustable target pole which is readily discernible in rather 
dense forests. 

The Nyland and Remele target pole was made from 1.5-inch- 
diameter dowel that was 4.5 feet long with a spike in the bottom. 
The pole was painted white with a red band a few inches from the 
top and a blue band painted a specified distance below the red one. 
When the pole is viewed from the correct distance (plot perimeter) 
through a prism with the thin edge at the top, the blue band is 
superimposed exactly on the red band. We found this pole to be too 
small in diameter and too short for easy viewing in the longleaf- 
slash pine forests of the South, especially when establishing l/4- 
and 1 /Z-acre plots. 

To use one target pole to establish plots of different sizes, we 
modified their pole by making the blue band movable. To correct 
the size of the pole, we had to find material that was light enough to 
carry over long distances. A piece of white plastic drainpipe, 4 
inches in diameter and thin walled, proved to be ideal. A 6-foot 
section with a metal spike bolted to one end for securing the pipe to 
the ground was constructed (Fig. 1). A 2-inch-wide red band was 
painted 3 inches from the top of the pipe. For a blue band, we 
laminated a 2-inch-wide piece of blue paper in plastic to make it 
waterproof. The laminated band was placed around the pipe with 
the ends overlapping and just loose enough so that the band could 
be moved; then the band was connected with clear, plastic adhesive 
tape. A thin, permanent line was marked around the pole at each 
target width that is the correct distance below the red band for 
locating the blue band to identify the different plot sizes. 

Target width, or the distance between the red and blue bands, 
and BAF of the wedge prism are critical factors in the prism-plot 
technique. If the prism is an “exact” BAF-10, the target width (in 
inches) is determined by dividing the plot radius (in feet) by 2.75 
(Table 1). For metric-size plots, the target width (in centimeters) is 
determined by dividing the plot radius (in meters) by 0.33. How- 
ever, most prisms are not “exact”; therefore, the location of the 
blue band should be checked, or determined, by measuring the 
distance of the plot radius from the pole for the various plot sizes. 
When the red and blue band are perfectly aligned while looking 

Em? 

- 
UJEW 

Fig. 1. Diagram of a targetpole wirh an adjustable band, and how it is used 
wirh a prism to establish plots. 

through the prism (thin edge up), mark the pole for location of the 
blue band for that particular plot size. 

Field use proved the movable blue band to be very satisfactory; it 
required only a couple of seconds to move it from one plot size to 
another. We found that one man using the prism-plot technique 
and a small tape recorder could rapidly gather data in the field. 
Also, with the added height of the new pole, the blue band was not 
obscured by vegetation even on the l/2-acre plots. The greater 
diameter of the plastic pipe made it possible to easily align the 
bands with the prism from the distance required for the larger 
plots. In “borderline”situations, to determine whether a plant is in 
or out of the plot, it must be remembered that the”‘exact”center of 
the plot is 2 inches less than the prism location at the perimeter. 

We consider the plastic drainpipe with sliding band to be super- 
ior to the Nyland and Remele method because the plot size can be 
adjusted easily. Also, carrying this pipe through the woods is 
simple because there is nothing to catch on the vegetation as there 
would be if cans were used as Korhonen suggested. 

Scientists and resource managers frequently need to make vege- 
tation measurements where circular plots are more convenient 
than rectangular plots. An adjustable target pole makes the prism- 
plot technique adaptable to many situations, and can serve for 
measuring linear distances as well as for determining boundaries of 
circular plots. 
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Seasonal Variations in Protein and Mineral Content of 
Fringed Sagewort [Artemisia frigida] 
FRANK RAUZI 

Abstract 

Fringed sagewort (Artemi.hji@ida) was collected biweekly from May 
15 through October 4,1979, from a loamy range site near Cheyenne, Wyo. 
Crude protein, calcium, iron, potassium, magnesium, manganese, phos- 
phorus, sodium, and zinc were determined on the collected plant material. 
After July 12, leaves and flowers were stripped from the stems and analyzed 
separately. Crude protein and mineral concentrations in the (fringed sage- 
wort) plant material generally decreased with the advance of the growing 
season. Except for phosphorus and crude protein content in the stems after 
late July, the nutritional value was adequate. Fringed sagewort is consi- 
dered to be of minor importance but is an important forage plant for 
wildlife and, to a lesser extent, for livestock use. 

Fringed sagewort (Artemisia frigida), also known as fringed 
sage, fringed sagebrush, and pasture sage, is a perennial half-shrub. 
The flowers have a camphor like odor, and crushed leaves have an 
aromatic sage odor. 

Fringed sagewort is widely distributed. It extends from Mexico 
northward through a major portion of the western United States 
and Canada into Alaska, and thence to Siberia, northern Asia, and 
Europe (USDA 1937). 

Klipple and Costello (1969) stated that fringed sagewort is a 
common shrub with little forage value, but it is used to a considera- 
ble extent by cattle on heavily grazed pastures and only sparingly 
under moderate and light grazing. Johnson (1956) found that 
fringed sagewort was not grazed until the more palatable species 
had been heavily utilized, and that production of fringed sagewort 
was higher on heavily grazed areas than on moderately or lightly 
grazed areas. Reed and Peterson (1961) stated that indiscriminate 
use of fringed sagewort as an indicator of range deterioration 
seems unwise, as the abundance of this shrub may be strongly 
correlated with weather patterns. Wight (1976) found that fringed 
sagewort on mixed prairie rangeland showed a marked initial 
response to nitrogen (N) fertilization at nearly all rates. Goetz 
(1969) reported that fringed sagewort responded consistently to 
fertilization of native rangeland. 

The forage value of fringed sagewort varies with location, soils, 
time of year, and grazing animal. On western ranges it usually rates 
good to fair for sheep, fairly good for cattle, and fair for deer 
(Odocoileus hemionus) and elk (Cervus canadensia) (USDA 
1937). Rietz and Morris (1939) reported palatability ratings for 
fringed sagewort of 10% for cattl! and horses and 20% for sheep 
and goats. Cole (1956) stated that fringed sagewort was one of the 
principal browse species for the pronghorn antelope (Antilocapra 
americana). Vavra et al. (1977) found that blue grama was the 
principal component of cattle diets, with fringed sagewort ranking 
lower in preference and making up 2% of all diets and was the only 
plant which ranked lower in palatability than blue grama forthe 12 
most important foods of cattle. 

The chemical composition of browse species can vary with soil 
fertility, stage of growth, climate, and inherent characteristics of 
the species. Since little information is available about seasonal 
changes in fringed sagewort, a study was conducted to evaluate the 
mineral and crude protein offringed sagewort for the 1979 growing 
season near Cheyenne, Wyo. 

Study Area and Procedure 
The study area was located on the Lummis ranch about 8 km 

south of Cheyenne, Wyo., on U.S. highway 85. The elevation of the 
site is about 1,859 m. The aea from which the fringed sagewort was 

Author is soil scientist (retired), Strip Mine Reclamation, USDA, Agr. Res., 8408 
Hildreth Rd., Cheyenne, Wyo. 82009. 
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collected was contour furrowed in the late fall of 1977. 
Native vegetation is characteristic of the shortgrass plains. Dom- 

inant species are blue grama (Lbuteloua gracilis). western wheat- 
grass (Agropyron smithii), and dryland sedges (Carex spp). Other 
grasses and forbs present on the site are of minor importance in the 
composition. The soil was Ascalon fine sandy loam, a member of 
the fine loamy, mixed mesic family of Aridic Arguistolls. The 
Ascalon soil has developed in alluvial sediments on level to nearly 
level alluvial fans and low terraces. 

Entire plants of fringed sagewort were collected biweekly from 
May 15 through October 4, from numerous plants at each collec- 
tion date and cornposited. Starting July 12, leaves and flowers were 
stripped from the stems. The plant material was oven-dried at 6P C 
for 24 hours and ground in a Wiley mill (with stainless steel 
chamber, screen, and blades) equipped with a 40-mesh screen. 
Crude protein was determined as total N X 6.25 by the Kjeldahl 
procedure (Biochemistry Division, University of Wyoming). Phos- 
phorus (P) was determined by the Vanadomolybdophoric yellow- 
color method in a nitric acid system (Jackson 1958). Calcium (Ca), 
iron (Fe), potassium, (K), magnesium (Mg), manganese (Mn), 
sodium (Na), and zinc (Zn) were determined by atomic absorption 
spectrophotometry on a percholoric acid digest. All data are 
reported on a dry-weight basis and are an average of 2 samples. 

The nearest weather station is located at the University of 
Wyoming’s Archer Research Extention Center, about 8 km nor- 
theast of the collection site. Precipitation for April through Sep- 
tember amounted to 263.6 mm, and the May and June rains 
accounted for 48.5 and 74.4 mm, iespectively. During August, 7 1.9 
mm of rain was recorded. Most plant growth occurred earlier, but 
plants remained green through August. 

Results and Discussion 
Crude protein and mineral concentrations in the fringed sage- 

wort plant material decreased with maturity. The amount and 
distribution of the spring and summer rains may have influenced 
growth and crude protein and mineral concentrations. (Protein is 
considered to be one of the most important nutrients, as it is 
essential for growth, weight gain, and lactation,) The protein 
requirement of wild animals is probably equal to that of domestic 
animals (Halls 1970). Concentration of crude protein was highest 
on May 30, and then decreased sharply in the stems and more 
slowly in the leaves (Figure 1). The crude protein concentration in 
the leaves was sufficient for most classes of livestock, whereas the 
stems were deficient (National Research Council 1975, 1976). 

Calcium and K concentrations were more than adequate for 
livestock nutrition throughout the sampling period, whereas P 
concentration in the stems was not adequate between August 9 and 
September 20, leaves were borderline at 3 of those 4 sampling 
dates. The principal function of Ca and P is in skeleton formation. 
Potassium, Na, Mg, Fe, Mn, and Zn function as constituents of 
enzyme activators, and only small amounts are required (Dietz 
1970). The Ca requirement (percent dry matter consumed) is 
between 0.22 and 0.34% for sheep and 0.18 to 0.22% for cattle 
(National Research Council 1975, 1976). The Ca concentrations 
ranged from 7 to 3 1% less in the stems than in the leaves. Phospho- 
rus requirements set by the National Research Council (1975, 
1976) are 0.16,0.20 and 0.16% for sheep, dry and pregnant cows, 
and lactaiing cows, respectively. The p concentrations for the first 
6 sampling dates (May 15 through July 26) were adequate for all 
classes of livestock. The National Research Council has not estab- 
lished a minimum K requirement for sheep, but 0.6 to 0.8% is 
suggested for growing and finishing steers. Thus, the K concentra- 
tions in the leaves and stems were more than adequate during the 
sampling period. 
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Magnesium is essential for all classes of livestock and wildlife. 
“Magnesium is closely associated with the utilization of Ca and P, 
is necessary for proper action of many enzyme systems, plays a 
vital role in carbohydrate metabolism and aids in the proper 
function of the nervous system,“(Hamiltonand Gilbert 1972). The 
National Research Council suggests an Mg intake of 0.6% of the 
diet dry matter for adult ewes and 0.4 to 0.10% for growing steers 
and heifers. The magnesium concentrations were 47% lower in the 
stems than in the leaves of the fringed sagewort during the sam- 
pling period. 
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The Na concentrations of fringed sagewort whole-plant material 
and the separated leaves and stems ranged from 0.01 to 0.06% and 
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do not obtain enough Na through the forage they eat; instead they 
obtain it from salt supplied by the farmer or natural salt licks. 
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Iron, Mn, and Zn concentrations in the leaves and stems 
decreased from May to June or later. Iron concentrations showed a 
large decrease and then fluctuated from late June on. At the last 
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were higher in the stems than in the leaves. The Fe concentration in 
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the stems and leaves was adequate for animal nutrition, as the 
range is 40 to 400 ppm (Hamilton and Gilbert 1972). Manganese 
concentration was lowest on June 28; the low Mn concentration 
may have results from dilution, as this may have been a period of 
rapid growth. The National Research Councl(l975,1976)require- 
ment for Mn is 0.5 ppm, so the Mn concentration in the fringed 
sagewort was more than adequate for sheep and cattle. Zinc con- 
centrations in the leaves ranged from 28 to 34 ppm between July 26 
and October 4. The Zinc requirement for sheep is 20 ppm, and 46 
ppm is probably adequate for cattle (Blincoe and Lambert 1972). 
Thus, the zinc concentrations in the stems and leaves were ade- 
quate for sheep but not for cattle or nearly so. 

On ranges in good condition, fringed sagewort is of minor 
importance and is generally not grazed until the mom palatable 
species have been utilized. The chemical analysis of a whole-plant 
does not adequately indicate the nutritive value, as animals are 
highly selective about plant parts they eat. Except for P and protein 
concentrations in the stems after late July, the nutritional value of 
fringed sagewort remained high and adequate for livestock nutri- 
tion. Cole (1956) showed that the principal browse species of 
pronghorn antelope were sagebrush, fringed sagewort, and silver 
sage (Artemisio cono); big sage (Artemisio tridentoto)amounted to 
70% of the rumen sample by weight. Goodwin (1975) found that 
fringed sagewort consistently made up 6% of the deer’s diet during 
the fall in southwestern Wyoming. Thus, fringed sagewort is used 
by wildlife and it can also provide some forage nutritious to 
livestock. 
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