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The Use of Supplement Blocks for Sheep Grazing Dry, 
Annual Pastures in California 
E.J. DEPETERS, M.R. DALLY, A.A. ALWASH, AND P. THERKELSEN-TUCKER 

Abstract 

The objective of this study was to evaluate the use of supplement 
blocks on body weight change, blood parameters, and lambing 
performance of ewes grazing dry, annual grasses during the 
summer prior to and during breeding. Two experiments were 
conducted in successive years to compare performance of unsup- 
plemented control (C)and supplemented (S) Targhee ewes. In the 
first season, yearling ewes were used while aged ewes (2 or 4 years) 
were used during the second season. During the fust year (1980), 
supplemented ewes lost less body weight during the dry grazing 
season than C ewes. However, no lambing performance difference 
was found between C and S groups. During the second year (1981), 
supplemented ewes maintained their body weight over the summer 
while C ewes lost weight. In addition, lambing performance (mul- 
tiple births) was higher for S than C ewes. Supplementation of ewes 
with blocks containing molasses, urea, protein, and minerals 
required little labor input. However, based on lambing perfor- 
mance, it is unlikely that supplementation would be economically 
profitable under the range conditions utilized in these trials. 

Table 1. Ingredient and chemical composition of supplement block fed 
to range sheep. 

Block 

Sheep grazing pastures containing dried, annual grasses during 
the summer show a progressive decline in body weight and produce 
fewer lambs when exposed to rams in the fall (Tore11 et al. 1972a). 
In the north coastal areas of California, flushing ewes to improve 
lambing performance has been practiced by commercial sheep 
producers maintaining flocks on dry summer range forage. While 
this practice has increased the incidence of multiple births (Tore11 
et al. 1972a, b), flushing can be expensive in terms of feed and labor 
required. 

Ingredients 
Molasses solids 
Cottonseed meal 
Urea 
Flour, bakery 
Fat 
Fish solubles 
Rock phosphate 
Lime 
Zinc sulphate 
Copper sulphate 

Composition 
Total nitrogen (N) 
Nonprotein-N 
Fat 
Ash 
Dry matter 

%DM 

66.96 
14.0 
6.1 
6.0 
2.4 
2.0 
1.3 
1.0 
.2 
.04 

5.0 
3.4 
2.3 

13.9 
90.2 

contained nitrogen from protein and nonprotein sources and 
minerals. 

Forage available during the dry grazing period is low in nitrogen 
and high in fiber content. Supplementing animals grazing forage 
low in nitrogen with urea and molasses has been found to result in 
reduced live weight losses compared with unsupplemented animals 
(Beames and Morris 1965, Entwistle and Knights 1974, Mulhol- 
land and Coombe 1979). In contrast, Beasley and McMeniman 
(1976) reported no advantage in urea and molasses supplementa- 
tion. Forages containing below 1% nitrogen are reported to have 
reduced efficiency of cellulose breakdown in the reticula-rumen 
(Pigden and Heaney 1969). Therefore, attempts have been made to 
supplement low nitrogen diets with urea. Nitrogen from urea can 
be used for microbial growth if adequate energy is available result- 
ing in improved fiber digestion. However, there is a limit to the 
amount of nonprotein nitrogen that can be utilized by the micro- 
bial population (Satter and Roffler 1975). 

Experiment 1. During the first grazing season (6/ 80 to IO/ 80) 76 
yearling Targheeewes were randomly assigned to 1 of 2 treatments. 
Treatments consisted of either no supplementation (C) or supple- 
mentation (S) with a hard molasses-nitrogen-mineral block during 
the summer dry grass grazing period. Animals were weighed and 
assigned to treatments on 6/28/80 and were allotted to 1 of 2 
pastures. The range pastures consisted of annual grasses and forbs 
(Van Dyne and Heady 1965) which were already dry at the initia- 
tion of the study. Grasses included soft chess (Bromus mollis), 
slender oat (Aveno barbatu), silver hairgrass (Aim caryophylleu), 
annual fescues (Festuca spp.), ripgut grass (Bromus rubens), and 
medusahead (Taeniatheran asperum). Forbes included 
broadleaf filaree (Erodium botrys), true clover (Trifolium spp.), 
and Italian thistle (Curduus pycnocephalus). 

The objective of the present study was to evaluate hard supple- 
ment blocks as a source of nitrogen, energy, and minerals and their 
effects on live weight change of ewes grazing summer range and 
their subsequent lambing performance. 

Materials and Methods 

Two experiments were conducted at the Hopland Field Station 
to evaluate the use of a hard supplement block on body weight and 
lambing performance of ewes grazing dry annual California range 
land for 2 seasons. Ingredient and chemical compositions of the 
supplement block used during both grazing seasons are shown in 
Table 1. The block was composed predominately of molasses and 

Ewes were weighed monthly. Determination of plasma glucose 
and urea nitrogen was made by jugular blood samples collected 
from all ewes prior to monthly weighing. Blood was collected in 10 
ml vacutainers containing disodium EDTA and sodium fluoride 
and was centrifuged at 3000 rpm for 10 minutes. Plasma was frozen 
for later analysis. Fecal samples from 10 ewes in each group were 
also collected at weighing. Because of the difficulty in obtaining 
sufficient sample size from each animal, fecal samples were compo- 
sited (many sheep defecated while being moved through the corral 
area, making sample collection difficult). Groups were rotated 
between pastures to reduce pasture effects following monthly 
weighing of sheep. Samples of diets selected by grazing sheep were 
obtained using 6 esophageally fistulated sheep. Three animals per 
pasture were used. Samples were collected at 600 h for 30 minutes 1 
day per month. Forage samples were dried, ground, and analyzed 
individually. 

The authors are assistant professor, research associate, visiting scientist from the 
University of Baghdad, and graduate student, Department of Animal Science, Uni- 
versity of California, Davis 95616. 

The authors wish to thank Benton Feed Yard of Walnut, Calif., for supplying the 
supplement blocks and D.T. Tore11 for his help. 

Manuscript accepted October 18, 1984. 

Supplement blocks were placed in wooden mangers in the pas- 
ture at the bedding area. Blocks were weighed initially and at 
approximately weekly intervals thereafter. Fresh blocks were pro- 
vided when necessary until lo/ 29/ 80, and samples taken for chem- 
ical analysis. All ewes were shorn on 7/ 14180 and weighed before 
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and after shearing. Two Targhee rams per group were placed with 
ewes for mating for 40 days, beginning 8/ 28/ 80. All ewes were barn 
lambed to facilitate collection of lambing data. 

Experiment 2. Aged Targhee ewes (106) were allotted to 1 of 2 
treatment groups (53 ewes/group) as described in Experiment 1 
based on age of ewe (2 vs 4 year old) and previous lambing 
performance (single vs multiple births). In an attempt to advance 
onset of the breeding season, vasectomized rams were placed with 
both groups between 7/ 23 to 8/ 9/ 8 1. Two intact Targhee rams per 
group were added for mating and remained with ewes for 40 days, 
beginning S/9/81. Supplement blocks were the same as used in 
Experiment 1. Blocks were offered until lo/ 14/ 8 1. Animals were 
weighed monthly and jugular blood samples collected randomly 
from 20 ewes per group prior to weighing. Samples of diets selected 
by grazing ewes were obtained using 2 esophageally fistulated 
animals per pasture (4). Samples were collected at 600 h for 30 
minutes 1 day per month. Forage samples were dried, ground, and 
analyzed individually. Pastures were the same as used in Experi- 
ment 1. Supplement blocks were sampled and weighed weekly. 
Fecal samples were randomly collected from 10 ewes per group and 
prepared as in Experiment 1. All ewes were barn lambed for 
collection of lambing data. 

Esophageal forage and fecal samples were analyzed for dry 
matter (DM), nitrogen(N), and ash according to the specifications 
provided by the Association of Official Analytical Chemists 
(1975). Acid detergent fiber (ADF), cellulose, lignin, and neutral 
detergent fiber (NDF) were determined by procedures described by 
Goering and Van Soest (1970) and in vitro disappearance of 
organic matter (IVOMD) according to Tilley and Terry (1963). 
Plasma was analyzed for glucose and urea nitrogen on a Technicon 
Auto Analyzer by method N-2b and N-lb, respectively. Supple- 
ment block samples were analyzed for total nitrogen and nonpro- 
tein nitrogen (Association of Official Analytical Chemists 1975). 

Body weight and plasma urea nitrogen and glucose for each 
weigh date were analyzed for differences by t-test (Dixon et al. 
1981). Lambing performance was analyzed as categorial data 
because the variables are discrete (Dixon et al. 1981). Statistical 
model included treatment as a factor in Experiment 1 and 2. Age of 
ewe was initially included in the model for Experiment 2 but was 
found to be not significant and therefore only treatment was 
included as a factor. Individual animal data during each experi- 
ment were used for statistical analysis since groups were not repli- 
cated. It was assumed that all animals had equal access to blocks 
and therefore individual animal data were used, although the 
authors acknowledge the shortcomings of such analysis. Chemical 
compositions of esophageal forage and fecal grab samples were not 
statistically analyzed. 

Results and Discussion 

During Experiment 1, supplement intakes were low during the 
first 8 weeks of the trial (Fig. 1). As the trial progressed, muzzle 
stains indicated an increasing number of ewes consumed the sup- 
plement. From the end of August to the end of October, supple- 
ment intake averaged 130 g DM/ewe/day. This provided 6.5 g 
N/ewe/day, of which 68% of the nitrogen was from nonprotein 
sources. Approximately 40% of the ewe’s daily N requirement was 
supplied by block supplementation during this period for ewes 
averaging 47 kg body weight (National Research Council 1975). 
Yearling ewes were slow to adapt to the blocks even though blocks 
were available at all times. Intake of supplement increased as the 
trial progressed. Quality of forage selected by grazing animals 
varied little during the grazing period (Table 2). Nitrogen content 
was low and fiber content high for all samples for both pastures. 

No difference in body weight between the two groups was 
observed except on 10/22/80, at which time S ewes weighed more 
than C ewes (Fig. 2). This time period of improved body weight 
coincides with the time of highest supplement intake. However, 
ewes in both groups lost body weight from the end of July through 
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1980 

r 

TIME 
Fig. 1. Daily intake of supplement (Exp. 1). 

Table 2. Chemical composition of esophageal forage samples during the 
grazing season (Exp. 1). 

Pasture’ I Pasturec 2 
Date” 7131 8/28 9124 7131 8/28 9124 

ltemb 
Nitrogen (o/c) 1.1 1.3 1.2 1.1 1.2 1.2 
ADF (%) 50.6 7.7 52.2 8.6 9.1 50.7 
NDF (%) 62.0 61.5 67.8 65.0 63.9 70.2 
Cellulose (%) 9.4 6.2 9.4 7.5 6.9 8.0 
Lignin (%) 8.4 8.8 9.3 8.6 9.6 9.3 
IVOMD (%) 52.0 53.1 50.0 50. I 49.3 49.2 

“Saves begangrazingpasture Lon7/3l/BO,wereswitched topasture2until8/28/80 
when they were returned to pasture I, etc. 
%‘alues are expressed on an organic matter basis. 
‘Pasture I was 30.8 ha and pasture 2 was 33.6 h. 

breeding. 
During the second experiment, mature ewes consumed more 

supplement during the early weeks of the trial than yearling ewes. 
Molasses stains on muzzles were used as an indication that all ewes 
except one consumed the block. Quality of forage selected by 
grazing animals did not change during the grazing period (Table 3). 
Although the same pastures were used in both years, higher N and 
lignin contents were observed in the second grazing season. The 
reason for the higher lignin content is uncertain. It may have 
contributed to the slightly lower in vitro disapperance of organic 
matter. 

Body weight for S ewes during the second grazing season was 
greater (K.05) than C ewes only at the last 2 weighing dates (Fig. 
4). Weight gain for S ewes coincided with the period of greatest 
supplement intake. Intake averaged 301 g DM/ewe/day supplying 
15 g N/ewe daily or approximately 100% of the ewe’s daily 
requirement based on an average body weight of 54 kg (National 
Research Council 1975). Even though S ewes lost body weight 
during the last period of the trial, final body weight was greater 
(P<.O5) for S than for C ewes. Unsupplemented C ewes lost a total 
of 5 kg of body weight per ewe over the grazing season while S ewes 
maintained initial body weight. Supplemented ewes gained body 
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Table 3. Chemical composition of esophageal forage samples during the second grazing season (Exp. 2). 

Pasture I 
Date” 6123 7121 8126 9123 

hen-lb 
Nitrogen (%) 1.9 1.3 1.9 I.0 
ADF (%) 39.3 53.2 41.6 52.8 
NDF (%) 57.1 70.4 49.3 74.9 
Cellulose (%) 23.8 36.7 18.9 43.7 
Lignin (%) 13.7 13.3 21.5 6.3 
IVOMD (%) 39.6 48.2 37.0 52. I 

“S ewes began grazing pasture I on 6123181. were switched to pasture 2 on 7121181, etc. 
bValues are expressed on an organic matter basis. 

6123 

1.7 
36.4 
55.1 
22.7 
12.5 
39.2 

Pasture 2 

7121 8126 9123 

I.1 1.6 1.7 
49.8 45.2 54.5 
74.2 56.7 59.0 
40.2 27.4 29. I 

6.9 17.0 23.6 
53.6 40.3 

54 

1980 

52 - 

: 50 - 

l- 
& 46 - 

t; 

3 46 - 

& 

g 44 - 

42 - 

6124 7114 7130 8127 9124 10122 

TIME 

Fig. 2. Monthly body weight control (AA)andsupplemenfed (U - q )ewes 
(Exp. I), 
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Fig. 3. Daily intake of supplement (Exp. 2). 
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Fig. 4. Monthly body weight control (AA)andsupplemented &I - q )ewes 
(Exp. 2). 

weight during mating while C ewes lost weight. 
In Experiment 1 no difference was found between groups in the 

plasma glucose levels at the first sample date, but at subsequent 
sampling dates plasma glucose was higher (P<.O5) for ewes (S) 
receiving the supplement block (Table 4). A similar pattern was 
observed during the second grazing season where plasma glucose 
concentrations on July 21 were found not to differ, but at subse- 
quent dates were higher (X.05) for S than for C ewes. Plasma urea 
nitrogen (PUN) in Experiment 1 was lower (K.05) for S than for 
C ewes at the first sampling period (Table 4). However, at subse- 
quent samplings S ewes had higher PUN concentrations (P<.O5) 
than their unsupplemented counterparts. During the second graz- 
ing season PUN was greater for S than for C ewes at all sampling 
dates. 

Lambing performance of yearling ewes during the first season 
was not affected by supplementation (Table 5). Lambing percent 
for ewes present at lambing was 96 and 109% for C and S groups, 
respectively. No difference in the proportion of multiple births 
between groups was found. Observed lambing performance and 
number of dry ewes were similar to values reported previously at 
this station (Tore11 et al. 1972b). 

Lambing performance for aged ewes during the second grazing 
season was affected by supplementation. Ewes receiving the sup- 
plement produced more twins (K.05) than unsupplemented ewes 
(Table 5). There were no multiple births among C ewes. Although 
lambing performance was improved for S ewes, performance was 
below that observed previously for ewes fed in drylot (Tore11 et al. 
1972b) or supplemented with alfalfa pellets while grazing dry, 
annual grass (Tore11 et al. 1972a). Performance for C ewes was 
poor and below levels previously observed at this station for range 
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Table 4. Plasma urea nitrogen (PUN) mod glucose of ewes during the first (Exp. 1) and second (Exp. 2) grazing season. 

Exp. I Exp. 2 
PUN’ Glucose1 PUN Glucose 

Group C s C S C S C S 

Date Date 
7/30/80 8.4” 7.6b 54.2 56.7 7/21/S] 6.4” 10.2b 46.2 49.7 
8/27/80 6.8’ 10.4b 50.3” 54.7b 8/2l/Sl 5.7” 9.4b 50.4’ 56.5b 
9124180 6.8’ 8.2b 58.7’ 64.4b S/15/81 4.6” 7.7b 50.1” 53.3b 

IValues expressed as mg/ 100 ml. 
a~bMeans with different superscript between C and S within a blood parameter differ K.05. 

Table 5. Lambing performance of ewes in Exp. 1 and Exp. 2. 

Group 

Measurement 

Exp. I’ Exp. 2 
C S C S 

No. ewes 28 
Lambing %I 96.4 
Lambing o/o2 112.5 
% dry ewes 14.3 
% multiple births 12.5 
Lambing date (d)J 221 

‘Lambs born X lOO/ewe present at lambing. 
*Lambs born X lOO/ewe lambing. 

34 31 49 
108.8 87.1 100.0 
115.6 100.0” I 16.7b 

5.9 12.9 14.3 
15.6 0” 16.7b 
221 223 221 

accept the blocks. Other workers have reported variation in accep- 
tability of urea-molasses supplements (Nolan et al. 1975, Mulhol- 
land and Coombe 1979, Lobato and Pearce 1980a). Intake of 
blocks was greater earlier and throughout the second grazing 
season. Although some ewes in the S group were experienced with 
blocks, Lobato and Pearce (1980b) reported that previous expe- 
rience with molasses-urea blocks did not consistently affect initial 
intake with sheep. 

‘Lambing date is days at lambing where day I = July I. 
s.bMeans with different superscripts differ K.05. 

bred ewes (Tore11 et al. 1972a). However, in the present work, 
breeding took place earlier in the breeding season. 

Animal losses for both experiments was similar. Coyote and dog 
kills accounted for some losses, although other animals were miss- 
ing and no determination of loss could be made. During Experi- 
ment 2, twelve C ewes were eliminated from the study as a result of 
being bred out of schedule by a ram gaining access to the pasture. 

In summary, supplement blocks containing molasses, N, and 
minerals reduced body weight loss and did not affect reproductive 
performance of yearling ewes during the first experiment. Supple- 
mentation of aged ewes maintained initial body weight and 
improved reproductive performance during the second grazing 
season. However, the cost of supplementation may not be cost 
effective compared with flushing ewes just prior to and during 
breeding with concentrate or forage. Block supplementation may 
be cost effective if death losses of ewes are reduced during summer 
grazing of annual ranges, which could not be measured in the 
present experiments. 
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Factors Influencing Selection of Resting Sites 
by Cattle on Shortgrass Steppe 
R.L. SENFT, L.R. RITTENHOUSE, AND R.G. WOODMANSEE 

Abstract 

Spatial patterns of cattle resting behavior were investigated on 
shortgrasssteppe. Resting was divided into daytime and nighttime 
categories. Sites selected for daytime resting during June through 
August were low-lying areas, fencelines, and stock-water area. 
Daytime resting during September through May occurred on 
south-facing slopes and lowland areas. Degree of use of warm 
slopes varied from month to month, peaking in midwinter. A 
significant portion of daytime resting occurred near water (23%) 
and fencelines (27%) at all times of the year. Resting at night during 
October through May occurred on south-facing slopes, low-lying 
areas, sites with sandy soils, and sites with high buffalo grass 
(Buchloe dactyloides) cover. During June through September, 
cattle preferred sites on east-facing slopes and on lowlands. Cattle 
rested near fencelines less at night than during the day. Patterns of 
and factors correlated to resting were different from those asso- 
ciated with grazing activity. Resting behavior was correlated with 
topographic variables, whereas previous work has shown grazing 
to be correlated with vegetation variables. 

Long-term management strategies for grazing ecosystems should 
consider animal-landscape interactions. Research has traditionally 
emphasized livestock grazing and travel behavior (or an artifact 
such as forage utilization), while ignoring resting or bedding 
behavior. Distribution of resting is potentially important because 
sites selected for resting are often sites of nutrient accumulation 
(Hilder and Mottershead 1963, Gillingham and During 1973). 
Further, resting is a form of animal maintenance behavior (Arnold 
and Dudzinski 1978) which occupies up to 50% of activity time. 
For management purposes, it is important to know where resting 
activity occurs and the environmental factors that contribute to 
observed patterns. 

Preliminary research suggested that cattle resting was correlated 
to abiotic factors, that there was a seasonality to resting distribu- 
tion, and that factors influencing daytime and nighttime resting 
were fundamentally different (Senft et al. 1983). These inferences 
required further investigation because the study area was small (25 
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ha) and uniform in terms of vegetation. Time scales used were 
variable. Work with grazing behavior has indicated that a shift of 
observational scale may result in the emergence of a new set of 
predictors (Senft et al. 1983, Senft et al. 1985). Thus, we were 
interested in 3 questions: are patterns observed on small, uniform 
pastures applicable to larger, heterogenous areas; does seasonality 
of cattle resting patterns shift abruptly or gradually; and finally, do 
patterns of and factors correlated to resting compare with those of 
grazing? 

This paper describes cattle resting behavior on shortgrass steppe 
in northeastern Colorado. The objectives of this research were to: 
(I) document spatial patterns of resting behavior on shortgrass 
range, (2) determine relationships between observed patterns and 
environmental factors, and (3) build predictive regression models 
of resting activity. 

Methods 

The Study Area 
Research was conducted on the USDA-ARS Central Plains 

Experimental Range (CPER) in northeastern Colorado. The 
semiarid climate of CPER has been described in detail elsewhere 
(Jameson 1969). Mean maximum monthly temperatures for Janu- 
ary and July are 0.5 and 28’ C, respectively. Mean minimum 
monthly temperatures for January and July are -12 and 12O C. 
Average annual precipitation is approximately 3 10 mm, with con- 
siderable year-to-year variation. 

Vegetation is shortgrass steppe, dominated by blue grama 
[Bouteluoa grucilis (H.B.K.) Lag.] and buffalo grass [Buchloe 
ductyloides (Nutt.) Engelm]. There is little or no shade or shelter 
for large animals. Terrain is characterized by gently rolling hills 
and intermittent drainages. Relief is approximately 25 m. Closed 
basins, or playas, are common. Plant communities are described 
elsewhere (Senft et al. 1985). 

Cattle resting behavior was studied on a I25-ha pasture (Fig. 1). 
Topographic features include a ridge running diagonally across the 
center from northwest to southeast, 2 intermittent drainages lying 
parallel to the ridge, and a playa lying southeast of the center of the 
pasture. A grazing exclosure is located in the center of the pasture, 
and a stock-watering tank and salt block are in the center of the 
north fenceline (asterisk in Fig. I). Seven to I I yearling heifers 
freely roamed the study pasture. Herd size was adjusted seasonally 
to maintain light to moderate stocking, based on available forage. 
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Fig. 1. Resting sites selected by corrle during doylighr: (A) worm season 
(June rhrough August); (B) cool-season (September through May). 
Three-m (IO-ft) contour intervals ore shown. Location of the water rank 
is indicated by on asterisk p). 

Behavior Observations and Analysis 
Resting behavior was defined as any stationary, nonfeeding 

activity engaged in by the herd for 30 minutes or longer (e.g., 
standing, lying, ruminating, sleeping, and social activity). Resting 
was divided into daytime- and nighttime-resting categories. Rest- 
ing behavior was observed for 1 week each month over a 2-year 
period (June 1980 through May 1982). Locations of resting sites 
were recorded on topographic maps. 

To determine which factors influenced resting distribution, data 
were analyzed using multiple regression techniques (Senft et al. 
1983). Maps of the study area were gridded into 0. l-ha cells. Total 
resting time (h) was summed in each cell for daytime and nighttime 
categories. Resting time per month was the dependent variable in 
the analysis. A pool of potential independent variables included 
topographic factors, frequencies of 22 plant species, and percen- 
tage cover of the dominant perennial grasses. Values for topogra- 
phic factors were estimated from an enlarged topographic map 
(Fig. I). Values for vegetation cover and frequency were obtained 
from surveys conducted during the US/IBP Grassland Biome 
Study. Predictors of spatial behavior were selected according to 
the criteria of Senft et al. (1983). 

We hypothesized that, on shortgrass steppe, microclimates 
would be associated with major topographic features or terrain 
types. Accordingly, the study area was divided into six zones; (I) 
ridgetops, (2) south-facing slopes, (3) north-facing slopes, (4) low- 
lands and bottoms, (5) fencelines and fence corners, and (6) the 
watering area. The watering area was defined as the zone within 
100-m radius of the water tank (asterisk in Fig. 1). The fenceline 
zone included any site within 25 m of a fence or fence corner. 
Ridgetops included sites above the 1,660-m contour line with 
slopes less than 5%. The lowlands and bottoms categories con- 
sisted of lower parts of drainage areas, toeslopes, and low-lying, 
level areas. North- and south-facing slope categories included sites 
on northern or southern slopes, respectively, not included in any of 
the other 4 categories. The smallest area considered a potential 
resting site was the 0. l-ha grid cell used for mapping and statistical 
analysis. 

Table 1. Breakdown of monthly observed daytime resting by topographic zone (percent of total resting time). 

Month Ridgetops 
South-facing 

slopes 

Topographic zone 
North-facing Draws and 

slopes Lowlands Fencelines Watering area 

June 0.4 5.7 16.8 32.5 25.3 19.3 
July 0.2 5.1 11.0 35.3 
August 0.0 8.3 9.1 28.5 
September 0.0 7.7 13.1 25.2 
October 1.5 9.8 12.7 28.2 
November 4.1 17.0 8.2 23.8 
December 2.9 18.1 2.9 23.8 
January 2.2 17.2 3.7 27.6 
February 7.5 16.4 8.2 18.2 
March 10.9 10.9 9.5 9.5 
April 5.8 7.7 13.6 14.6 
May 0.3 8.7 20.6 26.8 

30.1 
37.1 
31.5 
24.9 
26.5 
25.7 
23.1 
25.2 
28.5 
28.2 
25.5 

18.3 
17.0 
22.5 
22.9 
20.4 
26.6 
26.2 
24.5 
30.7 
30.1 
18.1 

June-August 
Observed 0.2 Expected 7.2 

September-May 
Observed 3.9 Expected 6.4 

Annual Mean 3.0 

Area (%) 8.4 
‘Tabular value, Mf, 0.01 level of probability = 15.09. 

6.4 12.3 32.1 30.8 18.2 10.8 16.4 30.5 22.7 12.4 

12.6 10.2 22.0 26.6 24.7 12.5 16.8 21.5 20.8 22.0 

11.0 10.8 24.5 27.6 23.1 

29.5 27.2 21.7 11.3 1.9 

Chi-square* 

15.07 

5.53 
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Results 
al 

Patterns of Daytime Resting 
Locations of observed resting sites are shown in Figure 2. 

Between 18 and 25% of resting occurred near the stock-watering 
facility at all times of the year (Table 1). Cattle moved to water in 
midmorning and frequently remained in the watering area for 
several hours. Fencelines also received a disproportionate amount 
of daytime-resting activity, much of which was concentrated in 
fence corners (Fig. 1). 

Daytime use of south-facing slopes peaked in winter, while use 
of north-facing slopes peaked during summer (Table 1). During 
summer, cattle spent a substantial portion of the daylight hours 
standing near, and wallowing in, intermittent ponds. Cattle gener- 
ally preferred low-lying areas with gentle slopes and avoided upper 
slopes. 

Spatial patterns of daytime resting were described by proximity 
to the water tank (l/distance), proximity to fence corners, eleva- 
tion, and aspect (Table 2). The elevation term was expressed as 1.0 
divided by elevation(m) above the lowest point in the pasture. The 
aspect term was expressed as cosine of degrees deviation from due 
south. The coefficient of the aspect term was a sinusoidal function 
of time, peaking in January. The time-varying aspect coefficient 
resulted from seasonal shifts in preference for north- and south- 
facing slopes. During the warm season (June through August), the 
aspect term dropped out of the model and the coefficient of the 
elevation term more than doubled (Table 2). The value of the 
elevation coefficient was greatest during July. 

bl 

For behaviors that occur in discrete locations in space, regres- 
sion models, when used as predictive devices, generate probability 
distributions of behavior (Senft et al. 1983). Seasonal differences in 
patterns of daytime resting behavior were reflected in model pre- 
dictions (Fig. 2). The predicted pattern of summer daytime resting 
emphasized low-lying sites and the stock-watering facility, exclud- 
ing a large portion of the study area. During cool-season months, 
however, a larger array of sites were likely to be used. Predicted 
patterns of resting were not significantly different @<.Ol) than 
observed (Table 1). 

hours. hectarti’. montti’ 

Patterns of Nighttime Resting 

Locations of bedding sites are shown in Figure 3a. Patterns of 
bedding were very similar throughout the year (Table 2). Use was 
primarily in the low-lying areas of the pasture, especially on 
channels of intermittent drainages and on lower slopes; no bedding 
sites were observed on ridgetops. Some bedding occurred along 
fencelines, particularly in corners; but the amount of fenceline use 
was less at night than during daylight hours. 

I <’ 
; .. . . ..I : 5-15 ‘..... .: 

I-5 m >I5 

Fig. 2. Probability distributions of daytime resting generated by season- 
al regression models. (A) Warm season. (B) cool season. 

south-facing slopes. During the remaining 4 months of the year 
(the warm season), 48% of bedding activity occurred on east-facing 
slopes and only 30% on south-facing slopes. 

TO isolate the influence of aspect on bedding-site selection, we 
divided the study area into 4 zones, each centered on a different 

Six independent variables were required to describe spatial pat- 

cardinal direction (Table 4). From October through May (the cool 
terns of nighttime resting (Table 5). These were: proximity to fence 

season), an average of 60% of all nighttime resting occurred on 
corners, percent slope, aspect (2 seasonal variables), frequency of a 
soil texture indicator, spreading buckwheat (Erigonum effisum 

Table 2. Coefficients in the seasonal daytime resting models. 

Season 
Proximity 
to water 

Proximity to fence 
corners 

Independent variable 

Elevation Aspect Constant r 

Warm 
(JuneeAug) 4 16.45 157.71 II.25 -I .89 ,426 

Cool 
(Sept-May) 408.80 106.60 5.34 k4 -1.51 ,555 

Mathematical 
expression in model* I I 1 - - cos(x4) C 

Xl X2 X3 

*XI q distance from stock tank (meters) 
x2 = distance from nearest fence corner (meters) 
xa = elevation above 1646 m contour (meters) 
kr = 0.600 (cos(0,5236(month-12)) 
XI = degrees deviation from due south 
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1-5 

Fig. 3. (A) Resting sires selecred at night: wartn season (June through 
Seprember) sites are indirared by solid dots; cool-season (October 
through May by open circles. (B) Probability distribution of resting ar 
night. 

Table 4. Breakdown of observed monthly nighttime resting time by aspect 
(percent of total resting time) 

Month 

June through 
September Mean 

October through 
May Mean 

Annual Mean 

Area (%) 

North- 
facing 

8.9 

8.9 

8.9 

29.2 

Exposure 

East- South- 
facing facing 

48.1 30.0 

23.5 59.6 

31.7 49.7 

26.6 36.2 

West- 
facing 

13.0 

8.0 

9.7 

8.0 

Nutt., or Eref), and percent buffalo grass cover. Each predictor had 
a time-varying coefficient, suggesting seasonal shifts in the tactics 
of site selection. The predicted annual pattern of nighttime resting 
is shown in Figure 3b. (Resting patterns predicted by cool-and 
warm-season models were combined, as the differences in seasonal 
patterns were not pronounced). 

Predicted and observed seasonal bedding breakdowns are 
shown in Table 3. The chi-square value for the cool-season model 
was the result of over- or underprediction of behavior time for 
relatively small areas. The cool-season model underpredicted use 
of the watering area and overpredicted use of fencelines. Predicted 
cool-season use was accurate for the remaining 90% of the study 
area. 

Discussion 

Relation to Grazing Patterns 
Distribution of resting differed from distribution of cattle 

grazing. While resting was primarily correlated to topographic 
variables, cattle selected grazing areas on the basis of relative 
forage abundance (Senft et al. 1985). Drainage channels and 
adjacent plant communities were preferred during the growing 
season (April through October); upland plant communities were 
preferred during the dormant season. A wide zone around the 
watering area received concentrated grazing and resting in all 

Table 3. Breakdown of monthly observed nighttime resting (bedding) time by topographic zone (percent of total resting time). 

Topographic Tone 

South-facing North-facing Draws and 
Month Ridgetops slopes slopes lowlands Fencelines Watering area 

June 0.0 46.4 14.3 10.7 28.6 0.0 
July 0.0 
August 0.0 
September 0.0 
October 0.0 
November 0.0 
December 0.0 
January 0.0 
February 0.0 
March 0.0 

April 0.0 
May 0.0 

June~September Observed 0.0 

Expected 0.0 
OctoberrMay 

Observed 0.0 
Expected 0.0 

Annual Mean 0.0 - 
Area (%) 8.4 

*Tabular value. 4df. 0.01 lecel of probability = 13.28. 
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31.4 17.2 
31.4 22.9 
16.7 31.3 
13.3 31.7 
24.4 29.3 
45.5 12.1 
45.0 7.5 
38.7 16. I 
37.5 20.8 
51.9 10.5 
77.8 5.6 

31.5 21.4 32.7 15.0 

42.5 16.7 32.7 15.0 

38.8 18.4 

29.5 27.2 

20.0 31.4 0.0 
25.7 20.0 0.0 
35.4 8.3 8.3 
35.0 5.0 15.0 
26.8 4.9 14.6 
15.2 15.1 12.1 
15.0 17.5 15.0 
25.8 9.7 9.7 
41.7 0.0 0.0 
31.6 0.0 0.0 

5.6 I I.0 0.0 

Chi-square 
23.0 22.0 2. I 
34.5 14.9 2.9 Il.38 

24.6 17.9 8.3 
34.5 14.9 2.9 19.31 

24.0 12.6 6.2 

21.7 I I.3 1.9 
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seasons, but a fouled zone immediately surrounding the water tank 
(radius = 60 m) was not grazed. Cattle displayed no measurable 
preference for grazing fencelines or fence corners. 

Grazing and resting patterns were partially dependent. Midnight 
grazing invaribly occurred in the immediate vicinity of bedding 
sites. During the course of the night, the resting site often “drifted” 
as cattle got up, grazed, and selected new bedding sites a short 
distance away. During the daylight hours, however, cattle walked 
to and from resting sites. Searching for desirable resting sites was 
especially evident in the interval between the late afternoon grazing 
period and bedding. Cattle traveled more while grazing during this 
period than at any other time of day. 

Resting and Comfort Seeking 
Behavioral thermoregulation may have been one of many 

factors influencing selection of resting sites. Since shade and 
shelter were absent from the study area, cattle would have to 
exploit micro-climates associated with topography. Our results 
indicated daytime use of cool exposures during summer and warm 
exposures during winter. Cattle may have selected nighttime 
resting sites on the basis of surface heat exchange properties. 
Spreading buckwheat, for example, is an indicator of sandy soils, 
which lose heat more rapidly than fine-textured soils. Buffalo grass 
mats, which were highly preferred during winter, may have been 
used for insulation against cold soil. Other aspects of comfort- 

seeking behavior are use of (or escape from) wind and escape from 
insect harassment. Summer use of slopes may have been related to 
wind (Weaver and Tomanek 1951). The only sites not affected by 
wind were sink holes. Cattle were observed resting in these holes on 
cold, windy days. 
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Forage Use by Cattle and Sheep Grazing Separately 
and Together on Summer Range in Southwestern 
Utah - 
G.B. RUYLE AND JAMES E. BOWNS 

Abstract 

Grazing trials were conducted on high elevation summer range 
in southwestern Utah, with cattle and sheep stocked separately and 
together in .4-ha paddocks. Vegetation measurements were taken 
before and after grazing treatments to quantify vegetation utiliza- 
tion as measured by several sampling techniques. Sheep removed 
less grass and more forbs and shrubs than cattle. Cattle showed a 
strong reluctance to browse mountain snowberry (Symphoricar- 
pos oreophilus Gray) even when herbaceous forage was greatly 
reduced. In the common use grazing treatments, all 3 forage cate- 
gories were well utilized. Cattle and sheep grazing together used 
more forage, especially mountain snowberry, than calculated from 
single use averages. 

Summer rangelands in southwestern Utah are an integral part of 
the local livestock production system and have been grazed almost 
exclusively by domestic sheep for decades. The extensive and 
heavy sheep grazing induced a general shift in the herbaceous 
vegetation from what was probably a tall forb-grass community to 
a grass dominated community. Despite these vegetation modifica- 
tions, sheep continue to be the major livestock species on Cedar 
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Mountain in Iron County, Utah, the location of the study area. 
Sheep are well suited to vegetation containing a mixture of 

grasses, forbs, and shrubs, and they use all 3 forage categories. 
Some of the coarse grasses are often left ungrazed, however, and 
therefore increase in abundance. Letterman needlegrass (Szipa 

lettermanii Vasey) has done just that on much of the mountain 
range in southern Utah. On the other hand, an increase in shrubs 
may follow prolonged, heavy, cattle grazing. Common use by 
cattle and sheep may result in more efficient range management 
and improved range condition by balancing forage demand. 

Much has been written about common use of mountain ranges, 
but few studies have been conducted to compare the diets of cattle 
and sheep when stocked in common on mountain rangeland. In 
northern Utah, sheep grazing alone consumed significantly more 
forbs and browse than did cattle grazing alone or sheep and cattle 
grazing together (Cook et al. 1967). 

Schlundt (1980) reported similar results from a study in southern 
Utah. He found that grasses were removed from pastures grazed by 
sheep and cattle alone at a rate similar to that of pastures grazed in 
common by cattle and sheep. Forbs were less used by cattle than 
were the grasses. Mountain snowberry was browsed to a greater 
degree by sheep than by cattle. Additionally, shrub use in the 
common-use pasture was higher than predicted from single-use 
stocking rates. 

Common use is best applied where there is a mixture of grasses, 
forbs, and shrubs (Heady 1975). Animal behavior, topography, the 
availability of livestock water, and personal preferences of the 

299 



manager may also contribute to the success or failure of common- 
use grazing management (Cook 1954, Smith 1965, Heady 1975). 

The purpose of this study was to compare forage utilization 
levels of cattle and sheep grazing alone and in common during 
short grazing trials at high stocking densities. Utilization was 
measured for individual plant species and forage categories. 

Study Area 

The study area consisted of stands of oak and aspen woodlands 
interspersed with large open areas of grassland and grass-shrub 
mixtures. Major forage species on the study site included Letter- 
man needlegrass, Kentucky bluegrass (Poaprutensis L.), mountain 
snowberry, herbaceous sage (Artemisiu ludoviciana Nutt.), yarrow 
(Achilles millijolium L.), vetch or cowpea (Vicia americana 
Muhl.), and whiplash daisy (Erigeron flagellaris Gray). Plant 
names follow Welsh and Moore (1973). 

For the study reported here, eight 0.4-ha paddocks were located 
on a high mountain loam range site at an elevation of 2,500 m. The 
paddocks were representative of much of the mountain range in the 
area, a mixture of grasses, forbs and snowberry. 

Methods 
Grazing Treatments 

The purpose of the grazing treatments was to determine how 
grazing by sheep and cattle alone and together affected the relative 
availability of various plant species and individual plants. During 
the 198 1 trials, grazing treatments were applied to the &ha (I-acre) 
paddocks with 20 ewes and 40 lambs or 4 cows with calves for the 
single use-treatment; or 10 ewes and 2 cows, all with offspring (5: 1 
sheep:cow substitution ratio) for the common-use treatment. Graz- 
ing trials lasted 4 days. The 1982 grazing trials were identically 
stocked but lasted 5 days resulting in stocking rates equivalent to 
.76 ha/AUM in 1981 and .60 ha/AUM in 1982. Two paddocks 
were left ungrazed. In each grazed paddock, utilization of herbace- 
ous and shrubby vegetation was estimated using several tech- 
niques. Because snowberry was by far the most abundant shrub on 
the site, shrub sampling focused on this species, and browsing use 
was estimated separately from that of herbaceous vegetation by 
stratifying the shrub cover. 

Three sampling techniques were used to estimate utilization of 
herbaceous vegetation: (1) standing crop before and after grazing, 
(2) percentage of grazed plants, and (3) average heights of grazed 
and ungrazed plants, with utilization being based on the weight of 
the difference between the grazed and ungrazed heights as deter- 
mined from height-weight relationships. Where height-weight rela- 
tionships were unsuitable (mostly small forbs), use was ocularly 
estimated. 

Standing crop measurements before and after grazing described 
vegetation disappearance (utilization). A double sampling proce- 
dure was employed using a I :4 ratio of clipped to estimated, .2-rn2 
plots (Mueggler 1976, Mueggler and Stewart 198 1). 

In a separate sampling procedure, the percentage of grazed 
plants within each species was determined by counting grazed and 
ungrazed plants in every plot. Average grazed and ungrazed height 
of each plant species encountered also was recorded. Height- 
weight relationships for the most important forage species were 
developed and used in a manner similar to that described by Dwyer 
(1961). Sampling was done in a series of 10 randomly placed 
transects. Each transect comprised 10, .3-m*, rectangular plots. 
Data were summed by transect for data analysis. 

Snowberry utilization was determined by the method developed 
by Ruyle et al. (1983) in which caliper measurements of the last 
intact internode on browsed stems were used to predict biomass 
removed by browsing. Two models were used to predict the quan- 
tity of biomass removed, distinguishing between 2 kinds of 
browsing-leaf only and entire stem removal. 

Statistical Analysis 
Grazing trials were replicated twice each year of the study. Main 

effects for statistical analysis were grazing treatment and date of 
sampling period (before and after grazing). Where analysis of 
variance showed significant F-values, means were separated using 
the L.S.D. test (Steel and Torrie 1980). 

Results and Discussion 

To allow better interpretation of the utilizationestimates, stand- 
ing crop biomass for the major forage species is presented in Table 
I. Standing crop was estimated just prior to the grazing periods, 
during the peak of forage production. 

Table 1. Standing crop biomass estimates for the major forage species 
on the Cedar Mountain study area in mid-July, 1981 and 1982. 

Saecies 

Standing crop (kg/ ha) 

1981 1982 

Slip0 lerrermanii Vassey 158 140 
Poa pratensis L. 228 233 
Total grasses 460 435 

Artemisia ludoviciana Nutt. 110 120 
Achiliea millifoluim L. 14 15 
Erigeronjlagellaris Gray 53 68 
Vicea americana Muhl. 49 61 
Total forbs 295 290 
Symphoricorpos oreophilus Gray 830 908 

Forage use estimates for sheep and cattle grazing alone and in 
common compared favorably with the findings of other researchers 
on similar sites (Cook et al. 1967), and followed similar trends for 
each sampling method during both years of the study (Table 2). 
Grasses were used to a greater degree by cattle than by sheep, while 
sheep used more forbs and shrubs than did cattle. Only Kentucky 
bluegrass, Letterman needlegrass, and herbaceous sage occurred 
consistently enough among treatments and plots to allow accepta- 
bly precise height-weight and grazed plant estimates of grazing use. 
Because of heavy grazing or infrequent occurrence, other plant 
species were not adequately sampled by these methods. Sampling 
only once after grazing does not account for those very palatable 
plants that disappear early from the vegetation when it is grazed. 

For general comparisons, all sampling methods indicated sim- 
ilar trends among grazing treatments within forage categories. 
Utilization estimates based on height-weight relationships were 
most often lowest, while percentage of grazed plants gave the 
highest estimates (Table 2). Standing crop utilization estimates 
more often indicated statistical differences among grazing treat- 
ments. 

On a species level, standing crop utilization estimates indicated 
that Kentucky bluegrass and Letterman needlegrass were grazed 
less in sheep paddocks than in cattle or common-use paddocks. 
Herbaceous sage was used more heavily by sheep grazing alone. 
Yarrow was most heavily grazed under common use (Table 3). 
Whiplash daisy and vetch were grazed to similar degrees in all 3 
grazing treatments. Vetch, a highly palatable forb, was used heav- 
ily (96 vc average) in both years for all treatments. The high 
desirability of this species to both cattle and sheep make it unsuit- 
able for one-time sampling of utilization after grazing, since the 
remnant stems are exceedingly difficult to see and are often 
overlooked. 

Differences in mountain snowberry utilization among grazing 
treatments were larger than those of any other forage class (Table 
4). Cattle made little use of the shrub, even at the 27% higher 
stocking levels of 1982. Sheep used mountain snowberry heavily, 
browsing 7 1% of the stems in 1981 and 87% in 1982, with estimated 
use being 36 and 45%, respectively (Table 4). However, 45% utiliza- 
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Table 2. Comparison of utilization estimates by percentage of grazed plants or grazed stems (C), height-weight (H/W), and standing crop (SC) 
disappearance for the three grazing treatments, both years of the study. 

Grazing treatment Grasses Forbs Poa pratensis L. Stipa letterrnanii 
Vassey 

Arremisia ludoviciana 
Nutt. 

1981 G H/W SC G H/W SC G H/W SC G H/W SC G H/W SC __----- --- ----- 
1981 

Sheep 
Cattle 
Common 

1982 
Sheep 
Cattle 
Common 

51a’ l9a 
8lb 30b 
71b 31b 

80a 39a 
95b 53a 
88ab 44a 

33a 73a 47a 68a 
66b 24b l4b 31b 
62b 63a 39a 61a 

39a 86a 48a 77a 
70b 7b 7b 52b 
71b 76a 50a 66a 

66a 
75a 
8la 

97a 
98a 
95a 

36a 40a 62a l7a 22a 39a lla 41a 
33a 58b 8lb 27b 48b IOa 16a 20b 
39a 62b 8lb 32b 6Oc l6a l7a 22b 

61a 45a 8la 45a 27a 79a 21a 62a 
65a 64b 90b 32a 60b Ilb 5b 24b 
53a 73c 93b 39a 68b 27c 9b 7c 

‘Means in the same column within years followed by a different letter are significantly different at p = 0.10 

Table 3. Percent utilization of standing crop by grazing treatment for 
stocking levels of .76 ba/AUM in 1981 and .62 ba/AUM in 1982. 

Percent Utilization 

Achilles Erigeron Vicea americana 
Grazing millifolium L. jiagellaris Gray Gray 
Treatments 1981 1982 1981 1982 1981 1982 

Sheep alone 48ar 67a 58a 69a 99a 99a 
Cattle alone 40a 42b 53a 67a 95a 93a 
Common use 60b 96c 61a 65a 98a 96a 

1 Means in a column followed by a different letter are significantly different at p = 0. IO. 

Table 4. Percent utilization of mountain snowberry (Symphoroc~rpos 
oreophilus Gray) for sheep, cattle and common use grazing treatments 
during 1981 and 1982. 

1981 1982 
(.76 ha/AUM) (.62 h/ AUM) 

Sheep Cattle %0:- Sheep Cattle c,“, 

Grazed stems 7lar 9b 52a 87a 8b 87a 
Utilization 36a 23c 45a 12b 41a 
X Snowberry cover 24 I? 12 24 I8 I2 

in treatment 

‘Means in a row, within years, followed by the same letter are not significantly 
different at p = .Ol, except 1981 utilization (p = .lO). 

tion (calculated in the traditional manner of the current year’s 
biomass removed divided by total current year’s standing crop) 
repesented an upper level of use of total current year’s growth on 

this shrub because of the way sheep stripped the leaves and left the 
stems essentially intact (Fig. 1). This was different from cattle 
browsing where entire stems were taken (Fig. 1). Under common 
use most of the stems were stripped of leaves similar to conditions 
in paddocks grazed only by sheep (Fig. I), supporting our conjec- 
ture that most of the mountain snowberry use in these treatments 
was by sheep. During both years of the study, common use resulted 
in higher than expected snowberry use, based on the average of 
utilization values of sheep and cattle grazing alone. 

In larger pastures surrounding the study paddocks, cattle and 
sheep grazing in common separated on a topographical basis. But 
where stocking densities were increased, cattle and sheep congre- 
gated more often, reducing topographical influences. It is not 
known how stocking rates and densities alter other grazing rela- 
tionships among the 2 animal species and care must be used when 
extrapolating these results to large pastures. 

In this study common use grazing tempered the differences in 
forage utilization of the single use grazing treatments. All 3 forage 
categories-grasses, forbs, and shrubs-were well grazed. How- 
ever, utilization of grasses, forbs, and shrubs in the common use 
paddocks did not represent an intermediate level utilization by 
cattle and sheep grazing alone as reported by Cook et al. (1967). 
Here, cattle and sheep grazing together used more forage, espe- 
cially mountain snowberry, than had been calculated from single 
use averages. On these sites simultaneous grazing by cattle and 
sheep distributed the grazing pressure more evenly over the 3 
forage classes. The advantage of common use may be that it 
enables the vegetation to maintain a stable composition at higher 
levels of use than does single species stocking. 
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Effects of Hunger Satiation on Diet Quality by Graz- 
ing Sheep 
H.G. JUNG AND L.J. KOONG 

Abstract 

The effect of hunger satiation on selectivity for diet quality by 
sheep grazing a smooth bromegrass (Bromus inermis) pasture was 
studied with esophageal fistulated sheep. Fifteen wethers (45.8 f .7 
kg) were allotted to 5 treatments: nonfasted, fasted for 16 h and 
then fed 0,135,271, or 407 g of pelleted feed. Nonfasted animals 
were confined at 0800 h and sheep receiving pellets were fed at 0700 
h. One animal from each treatment was included in groups released 
for grazing at 0900, 0930, and 1000 h. Sheep grazed the smooth 
bromegrass pasture for 30 min. The experiment was conducted on 
4 consecutive days. Nonfasted sheep had a lower rate of intake than 
fasted animals (0 g pelleted feed) (47 vs. 124 mg/min/kg BW.‘5, 
P<.OS), but the quality of the diet selected did not differ (m.05). 
All treatment groups selected diets of higher quality than the green 
fraction of the pasture collected by handclipping. Consumption of 
increasing quantities of pelleted feed by fasted animals resulted in 
linear (IV.05) increases in in vitro dry matter disappearance and 
crude protein content of diet samples. Rate of forage intake and 
cell wall content of the ingested forage declined linearly (IY.05) 
with increasing consumption of pelleted feed by previously fasted 
sheep. Composition of forage cell wall material in the diet samples 
also changed with pellet feeding, cellulose content increased while 
lignin content decreased. Overnight fasting of esophageal fistu- 
lated sheep did not influence selectivity for forage quality relative 
to nonfasted animals, but satiation of hunger, as a result of inges- 
tion of a highly digestible feed after a fast, resulted in increased diet 
quality selected by the animals. 

Sheep are well known for the selective nature of their grazing 
behavior (Arnold 1964). Leaf material is preferred to stems, and 
green fractions are consumed to.a greater degree than nongreen 
(Arnold 1960). The forage fractions preferred by sheep are also 
highest in nutritional quality (Terry and Tilley 1964, Griffin and 
Jung 1983). Diet collection by esophageal fistulated animals is 
generally regarded as the most accurate method of estimating 
dietary composition and quality of grazing animals (Van Dyne and 
Tore11 1964). However, protocol varies among studies employing 
esophageal fistulated sheep and there is disagreement over the 
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effects of fasting the fistulated animals. Arnold et al. (1964) cauti- 
oned that overnight fasting of esophageal sheep altered quality 
measurements of subsequent diet samples, whereas other work 
found no consistent changes in diet quality with moderate fasting 
(12-24 h) of sheep (Sidahmed et al. 1977). 

Ivlev (1961) working with fish, established a concept widely 
accepted among ecologists that hunger alters the selective foraging 
behavior of animals. According to this theory, as an animal ingests 
feed and satiation of its hunger is approached, it will become more 
and more selective in the food items it chooses to consume. In the 
case of sheep, this suggests that more preferred forage species 
and/ or plant parts of higher nutritional quality will represent an 
ever increasing proportion of the total intake of an animal as its 
hunger is closer to being satiated. 

The study reported here tested two hypotheses. First, that over- 
night fasting does not affect quality of the diet selected by esopha- 
geal fistulated sheep. The second hypothesis that was tested is that 
the degree to which a sheep’s hunger is satiated affects diet selectiv- 
ity, as measured by quality of the diet ingested. 

Materials and Methods 

Fifteen esophageal fistulated wethers (45.8 f .7 kg) were ran- 
domly allotted to 5 treatment groups; nonfasted, fasted for 16 h 
and then fed 0, 135,271 or 407 g of pelleted feed (See Table 1 for 
pelleted feed composition). Nonfasted animals were allowed to 
graze the smooth bromegrass (Bromus inermis)pasture overnight. 
Fasted animals were confined at 1500 h, with access to water. At 
0700 h of the following day, sheep in treatment groups to be fed 
received their allotted portions of pelleted feed. Nonfasted animals 
were removed from pasture at 0800 h. One randomly selected 
animal from each treatment was released to graze at 0900,0930, 
and 1000 h. Each group of animals was allowed to graze a 1.2 ha 
smooth bromegrass pasture for 30 min. Extrusa from the esopha- 
geal fistula was collected in plastic bags to prevent loss of cell 
solubles by leaching. Diet samples contaminated with regurgitated 
rumen contents were discarded. Samples were frozen and lyophil- 
ized prior to analysis. The experiment was conducted on 4 consecu- 
tive days, 22-25 August 1983. All animals were allowed to graze the 
pastures after collection of diet samples until 1500 h of that day. 
The sheep were weighed after completing diet collections on the 
last day of the study. 
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Table 1. Composition and in vitro dry matter disappearance (1VDMD)of 
pelleted feed. 

Item 

Ingredient 
Alfalfa hay 
Corn 
Soybean meal 
Limestone 
Trace mineral salt 
Ammonium chloride 
Vitamin A,D,E 
Lignin-sulphate binder 
Bone meal 

Analysis 
Crude protein 
Cell wall 
IVDMD 

Percent 

45.0 
45.0 

5.0 
.5 
.5 
.5 
.05 

2.5 
1.0 

15.1 
28.8 
85.4 

The smooth bromegrass pasture was sampled on 22 August by 
clipping 30 quadrats (.09 m2) at ground level with hand shears. 
These samples were composited and the forage was sorted into 
green and nongreen fractions prior to being frozen and lyophilized. 

Samples were ground to pass a l-mm screen and analyzed for 
dry matter ( 100°C), crude protein (N X 6.25), and detergent fiber 
components (Goering and Van Soest 1970). Cell wall content 
(CW), hemicellulose (HC), cellulose (CEL), and lignin (LIG) were 
calculated from the detergent system (CW = neutral detergent 
fiber; HC = neutral detergent fiber-acid detergent fiber; CEL =acid 
detergent fiber-acid detergent lignin 72% H&04; LIG = acid deter- 
gent lignin 72% H2S04 -ash). In vitro dry matter disappearance 
was determined according to Tilley and Terry (1963). The rumen 
inoculum was obtained from a rumen fistulated steer, after an 
overnight fast, maintained on an alfalfa-grass hay. 

The data were analyzed as a randomized complete block design. 
The data were blocked by day of the experiment. The data for the 4 
fasted treatments were analyzed for linear trends with orthogonal 
contrasts. 

Results and Discussion 

The smooth bromegrass pasture used in this study had been 
grazed by 15 wether lambs per ha from 4 May to I1 August 1983. 
The esophageal fistulated wethers used in this experiment were 
maintained on the pasture from 11 August onward. The pasture 
was a virtual smooth bromegrass monoculture and had a standing 
biomass of 2,826 kg/ ha on the first day of the experiment (22 
August 1983) and contained 32.1% green material (Table 2). The 
green and nongreen fractions of the forage did not differ greatly in 
nutritional quality measurements (Table 2). The fiber fractions 
(HC, CEL and LIG) are presented as a percentage of the cell wall 
material. In general, the pasture was low in overall quality. 

The quality of forage selected by animals on all treatments was 
substantially higher than the overall available pasture (Tables 2 
and 3). Obviously the sheep must have been selecting a specific 

portion of the green fraction to account for this difference, as the 
total available green material was much lower in IVDMD and 
crude protein (CP), and higher in cell wall material (CW) than the 
diet samples. The composition of the CW was also different, with 
the available forage CW containing a greater proportion of cellu- 
lose and less hemicellulose than the CW in the diet selected. There 
was a significant progressive increase in IVDMD and CP, and a 
decline in CW of diet samples during the 4day course of the 
experiment. We assume this was due to a flush of new growth 
during this time induced by cessation of a drought. Only 17.3 mm 
of rain fell between 1 July and 20 August, while 62.5 mm of rain fell 
from 21 August to 25 August. Unfortunately, the pasture was not 
sampled after the experiment to verify this presumed increase in 
grass growth. 

FEED CONSUMED (g) 

Fig. 1. Relationship of rare offorage intake by grazing esophagealfistu- 
lated sheep with quantity of pelletedfeed consumed by fasted sheep. 

Rate of forage intake was greater for fasted sheep (0 g pelleted 
feed) than for nonfasted animals (124 vs 47 f 9 mg/ min/ kg BW.75, 
X.05), but the in vitro dry matter disappearance (IVDMD) of the 
ingested forage was similar (58.2 vs. 59.5 f .8%). Sidahmed et al. 
(1977) observed a similar decline in rate of intake by sheep with 
progressively shorter lengths of fasting. 

In comparing the diet quality of nonfasted sheep with those 
fasted for 16 h (0 g pelleted feed), the only significant difference was 
a greater concentration of cellulose in CW fraction of the forage 
consumed by the fasted sheep (Table 3). Fasting did not affect 
IVDMD, CP, and CW of forage selected relative to the nonfasted 
control. While Arnold et al. (1964) reported that an overnight fast 
depressed diet quality of fistulated sheep grazing Phalaris tuberosa- 
Trifolium subterraneum pasture, examination of the data on diet 

Table 2. Quantity and quality of smooth bromcgrass pasture and the green and non-green fractions on 22 August 1983. 

Pasture 
Green Fraction 
Non-green Fraction 

kg/ ha 

2826 
906 

1920 

Dry matter basis’ 

IVDMD 
z (%I 

45.3 3.7 
47.1 4.9 
43.4 3.1 

cw 
(%I 

74.8 
70.9 
78.0 

K 

38.8 
38.3 
39.9 

Cell wall basis* 

CEL 
(%I 

51.9 
52.9 
50.7 

LIG 
(%I 

8.5 
8.5 
8.4 

‘IVDMD (in vitro dry matter disappearance); CP (crude protein); CW (cell wall). 
*HC (hemicellulose); CEL (cellulose); LIG (lignin). 
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Table 3. Quality of forage consumed by sheep grazing smooth bromegrass pasture. 

Treatment 

Dry matter basis 

Crude protein Cell wall 
(%) (%) 

Cell wall basis’ 

CEL 
(%) 

LIG 
(%) 

Non-fasted 16.9” 54.2” 42.3 44.8” 8.1 
16 h Fast 17.7” 55.3” 41.8 46.6b 8.7 
Fast + 135g Feed 16.6” 55.2’ 42.9 47.4b’ 8.5 
Fast + 271g Feed 21.gb 49.7b 41.6 47.9& 8.0 
Fast + 407g Feed 22.0b 50.6b 41.2 49.0’ 7.6 
SEM* 1.2 1.0 .6 .6 .3 

IHC (hemicellulose); CEL (cellulose); LIG (lignin). 
*SEM (standard error of the mean). 
““Means in the same column not sharing a commcm superscript differ (K.05). 

quality revealed that only soluble carbohydrate content was 
affected. Nitrogen and fiber content of the diet samples did not 
differ between fasted and nonfasted sheep. Fiber content of sheep 
diet samples from 4 different pasture types (improved annual 
grass-clover, native annual grass, perennial grass, and brushland) 
was the only measurement affected by fasting in a studv bv 
Sidahmed et al. (1977) Length of fast did not affect IVDMD or Cl’ 
of the diet samples. Based upon results of previous research and the 
current study, it appears that overnight fasting of esophageal fistu- 
lated sheep results in diet samples essentially equivalent in quality 
to those of nonfasted animals. 

Consumption of increasing quantities of a highly digestible feed 
after a fast dramatically affected rate of forage intake and quality 
of diet chosen by esophageal fistulated sheep. Rate of forage intake 
(Fig. 1) and IVDMD of the diet sample (Fig. 2) responded in 

2402 
r- 0 loo 200 300 400 500 
2 

z FEED CONSUMED (g) 

Fig. 2. Relationship of in vitro dry matter disappearance of forage col- 
lected by grazing esophagealfistulated sheep with quantity of pelleted 
feed consumed by fasted sheep. 

in opposite directions to increasing consumption of pelleted feed. 
Rate of forage intake declined [Intake = (-O.l56*Feed Consumed) 
+ 130, r* = .91, X.051 and IVDMD of the diet samples increased 
[IVDMD = (O.O26*Feed Consumed) + 57.0, r* = .87, X.051 as the 
amount of pelleted feed consumed by sheep fasted for 16 h 
increased from 0 to 407 g. Crude protein content of the diet also 
increased linearly (K.O5), but CW content declined linearly 
(X.05) with increasing intake of feed after fasting. Chemical 
composition of the CW consumed also changed linearly, with 
cellulose content increasing (K.05) and lignin decreasing (K.05) 
with increasing ingestion of the pelleted feed. 
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Since 2-3 h elapsed between feeding and collection of diet samples, 
appreciable production of volatile fatty acids should have begun 
from fermentation of the pelleted feed. Therefore, the reduction in 
rate of forage intake and increase in selectivity for diet quality 
could have been caused by bulk fill and/ or chemostatic feedback. 
In either case, increasing satiation of hunger with a highly digesti- 
ble feed significantly increased diet quality selection by sheep. This 
result is in agreement with the effects of satiation on diet selection 
by fish (Ivlev 1961). Based on this study, we assume that sheep will 
become more selective during the course of a grazing period as 
physical and/ or chemical feedback mechanisms signal satiation of 
the animal’s hunger. If this assumption is correct, then diet samples 
collected by fasted sheep represent the minimal estimated quality 
of forage consumed by animals grazing a highly digestible forage. 

An interesting question raised in this study is why did the non- 
fasted sheep have a rate of forage intake similar to the fasted 
animals fed 407 g of pelleted feed, but diet quality equivalent to 
that of sheep fasted 16 h with no subsequent feed? Since the 
nonfasted sheep probably grazed at dawn (0630 h), as is common 
for sheep during hot summer months (Dulphy et al. 1980), we 
assumed that their rumens were relatively full and we expected 
both rate of forage intake and quality of diet selected to correspond 
to a single level of feed consumed. The disparity seen does raise the 
possibility that control of rate of forage intake and diet quality 
selection are at least partially independent of one another, and are 
affected by feed quality. Since the rumens of both fasted sheep that 
were fed pelleted feed and the nonfasted sheep were relatively full, 
and they had low rates of forage intake, it appears that physical fill 
may be responsible for control of rate of forage intake. In contrast, 
only the fasted sheep fed a highly digestible pelleted feed exhibited 
increased diet quality. This suggests that chemostatic feedback 
from rumen fermentation products is responsible for control of 
diet quality selection. The forage consumed by nonfasted sheep 
was lower in quality than the pelleted feed used in this study, 
therefore, the amount of chemostatic feedback was less for non- 
fasted animals, which may explain the lack of a response in diet 
quality between fasted (0 g pelleted feed) and nonfasted sheep. The 
question of different mechanisms of control for rate of forage 
intake and diet quality selection is being addressed in subsequent 
research. 
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Factors Affecting Forage Intake by Range Rumi- 
nants: A Review 
C.D. ALLISON 

Abstract 

Variation in voluntary forage intake is undoubtedly the major 
dietary factor determining level and efficiency of ruminant produc- 
tion. This variation is largest and least predictable for grazing 
ruminants. Range ruminant productivity and efficiency is rela- 
tively low due, in part, to intake limitations; therefore, productivity 
could probably be increased most by increasing intake. Most 
available literature points to digestibility and rate of ingesta pas- 
sage and reticula-rumen fill as primary mechanisms of intake 
regulation in range ruminants. Body size and physiological status 
of ruminants appear to have the largest effect of animal-related 
factors in governing level of voluntary intake. Kind and amount of 
supplementation, forage availability, and grazing intensity are 
major management-controlled variables affecting intake by domes- 
tic range ruminants. 

Animal nutrition has generally been recognized as being depen- 
dent upon 4 basic factors: the animal’s requirements, nutrient 
content of the feedstuff, digestibility of the feedstuff, and how 
much the animal will consume. 

Range ruminant nutrition has unique characteristics and prob- 
lems. Nutrient requirements of range livestock are not known 
because requirements can be altered by grazing activity, travel, and 
environmental stresses such as temperature extremes. Nutritive 
value and digestibility are also difficult to determine because anim- 
als select their diet from various combinations of plant species and 
plant parts. The most critical factor in meeting nutrient require- 
ments of a grazing ruminant is knowledge of how much it will 
voluntarily consume. Conceptually, if an animal could eat enough, 
it could satisfy its nutrient requirements on low-quality forages. 
But total intake is limited by physical factors of the animal and 
plant, animal physiological factors, and management strategies of 
the plant-animal interface. 

Crampton (1957) felt the value of a forage in animal production 
depends more on the amount consumed than its chemical composi- 
tion. This concept led to the nutritive value index for forages, based 
on their voluntary intake and digestibility (Crampton et al. 1960). 

Reviews on methodology to determine forage intake by range 
ruminants include those by Cordova et al, (1978) and Kartchner 
and Campbell (1979). Reviews on methodology to determine range 
herbivore diets are available by Theurer et al. (1976), Van Dyne et 
al. (1980), Holechek et al. (198 1, 1982), Harris et al. (1967), Harris 
(1968), and Van Dyne (1969). 

This review compiles findings regarding physical, physiological 
and management factors that are known to affect or regulate 
voluntary intake of range livestock. 

Regulation of Voluntary Intake 

Control of feed intake and regulation of energy balance in 
ruminants were extensively reviewed at the Third International 
Ruminant Symposium (Arnold 1970a, Baumgardt 1970, Cam- 
pling 1970) and more recently reviewed by Baile and Forbes (1974). 
In a review by Baile (1975), several intake-controlling mechanisms 
were discussed. Included were humoral factors, neural transmit- 
ters, and chemical and hormonal mechanisms, as well as digestibil- 
ity, reticula-rumen fill, and rate of passage. The effect of oral and 
abomasal infusions of volatile fatty acids on feed intake has been 
recently studied by Papas and Hatfield (1978). 

The bulky, fibrous nature of most range ruminant diets, and 
their relatively low content of digestible energy, lends emphasis to 
the importance of the physical effect of gut distention in limiting 
voluntary intake. Considerable evidence is available showing, with 
predominantly roughage diets, voluntary intake is limited by 
capacity of the reticula-rumen and by rate of disappearance of 
digesta from this organ (Balch and Campling 1962, Ellis 1978). 
Rate of disappearance depends on rate of passage and rate of 
absorption. 

Voluntary food intake is limited by physical conditions within 
the gut and particularly by amount of digesta in the reticulo- 
rumen. Studies concerning effects on voluntary intake of intrarum- 
inal additions or removals of food and other materials, relation- 
ship between rumen-fill and voluntary intake, and relationship 
between rate of disappearance of digesta and voluntary intake, 
support the previous statement and were reviewed by Campling 
(1970). 

Removing swallowed hay as it entered the reticula-rumen 
showed hay accumulation in the rumen exerted an immediate 
effect on termination of eating by cows. Cows could be encouraged 
to eat for much longer than normal periods by removing swallowed 
hay. Conversely, addition of digesta, consisting of recently ingested 
hay, to the rumen of cows during a meal caused an immediate 
decrease in hay intake (Campling and Balch 1961). Confirmation 
of these results is provided by Weston (1966), who conducted 
experiments with a sheep offered chopped roughages. In this study 

Author is extension management specialist, New Mexico State University, Las 
Cruces 88003. 

This article is Journal Article I 107, Agr. Exp. Sta., New Mexico State University, 
Las Cruces 88003. 

Manuscript accepted January 2, 1985. 

JOURNAL OF RANGE MANAGEMENT 38(4), July 1985 305 



coarsely ground roughage, sawdust, and finely ground polyvinyl 
chloride were introduced into the rumen. 

In general, ruminants try to compensate for the inclusion of 
finely milled inert material in concentrate diets by an increased 
total intake (Baile and Pfander 1964, Boling et al. 1967). 

When ruminants are offered roughages such as hay and dried 
grass, there is evidence that cattle and sheep eat to a constant 
rumen fill. Blaxter et al. (1961) showed that sheep offered poor, 
medium, and good hays had similar dry matter contents in the 
digestive tract. Ulyatt et al. (1967) provided further confirmation 
of these findings. Campling and Balch (1961) removed and 
weighed digesta in the reticula-rumen after meals of hay and dried 
grass. Eating ceased when the reticula-rumen contained similar 
amounts of dry matter. Quantity of each roughage eaten was 
directly related to its rate of disappearance from the reticula-rumen. 

lntraruminal additions of water during eating did not affect the 
feed intake of cattle or sheep (Campling and Balch 1961) presum- 
ably because water rapidly leaves the rumen. These findings are 
important with regard to forage moisture content and its effect on 
dry matter intake. 

Forage moisture level has been studied as a possible determinant 
of voluntary dry matter intake. Minson (1966), feeding either fresh 
or dried or frozen forage to sheep, showed no significant differen- 
ces in voluntary intake resulting from method of preparation. 

Renton and Forbes (1973) observed no significant differences in 
dry matter intake of barely supplement fed either as a liquid or dry 
supplement. Likewise, the supplement moisture level had no effect 
on intake of the hay being fed. Holmes and Lang (1963) concluded 
that dry matter intake of cattle feeding on fresh forage is not likely 
to be restricted by either a high internal water content in the forage 
or rain water on the leaf surface. Moisture level may affect selectiv- 
ity of grazing. More succulent plants will usually be grazed in 
preference to drier, more mature plants. Jackson and Forbes 
(1970) observed that higher moisture levels in silage depressed 
voluntary dry matter intake in cattle. However, moisture levels 
may be having a secondary role to organic acids or other substan- 
ces which are found in higher moisture silage and which may 
influence dry matter and intake in some manner. 

Van Soest (1982) states intake is dependent on the structural 
volume and, therefore, cell wall content. The relationship between 
water content of forages and intake, therefore, may be a function of 
structural volume if the plant water is contained within the cell wall 
structure. The addition of water per se to the rumen has little effect 
upon intake because it is largely absorbed and removed. However, 
Van Soest (1982) believes water retention by the sponge effect of 
coarse structural components of ingested forage can have an inhib- 
itory effect on intake. 

Rate of disappearance of digesta from the reticula-rumen 
depends primarily on its rate of digestion and this, in turn, depends 
on chemical and physical properties of the food consumed (Hun- 
gate 1966). The rapidly fermentable fraction of roughage does not 
occupy space in the reticula-rumen for long periods of time, com- 
pared with structural components of roughage-cell wall fractions. 

Presenting ruminants with roughage that is in a physical form 
which allows ready passage out of the reticula-rumen is generally 
associated with a greater voluntary intake than when the same 
roughage is in a longer, coarser form (Minson 1963, Poppi et al. 
1981a). These findings support the concept of physical limitation 
on roughage intake imposed by limited size of the reticula-omasal 
orifice. 

Waldo (1969) theorized that, with certain forages, intake could 
be limited by rumen capacity and rate at which undigested residues 
left the reticula-rumen. Using this theory, Thorton and Minson 
(1972) postulated that voluntary intake could be estimated from 
rumen fill and rumen organic matter retention time. These 
researchers believed that if fill was assumed constant, dry matter 
intake and retention time would be inversely related. Thornton and 
Minson (1973) tested this hypothesis with grasses and legumes fed 

to sheep. They found a significant correlation (r q  -0.93) between 
intake of digestible organic matter and retention time of organic 
matter in the rumen. It was concluded that, because rumen fill with 
all forages tested had been relatively constant, voluntary intake 
was primarily affected by retention time of the fibrous fraction in 
the rumen. Because retention time is reciprocal of rates of passage 
and digestion, the expression proposed is, in essence, intake q  total 
outflow from the rumen. Greater consumption of leaf material 
versus stems in legumes (Hendricksen et al. 1981) and grasses 
(Poppi et al. 1981b) was associated with shorter retention time in 
the rumen and not by differences in digestibility as such. Poppi et 
al. (1981~) concluded higher voluntary intake and shorter rumen 
retention time of grass leaves over stems was associated with: (a) an 
apparent higher rate of digestion of neutral detergent fiber (NDF) 
in vivo, (b) higher rate of passage of the NDF from the rumen, and 
(c) higher potential digestibility of the leaf. Poppi et al. (198 1 b,c) 
found cattle had longer ruminal retention times for NDF and for 
large particles than did sheep. Golding (1976) concluded ruminal 
retention time of organic matter was theoretically a rational vari- 
able to predict voluntary intake, but more indirect methods to 
estimate rates of passage were needed. 

It would appear variation in voluntary intake of forages over the 
gut-fill range could be explained to a high degree by differences in 
rumen retention time, independent of rumen fill. However, some 
inherent problems should be considered when interpreting this 
relationship. Rumen capacity can be affected by animal attributes 
such as pregnancy (Jordan et al. 1973). Thornton and Minson 
(1973) have suggested certain plant attributes, such as low protein 
content, result in reduced intake and gut fill. Under these circum- 
stances, nitrogen deficiency would be the primary factor affecting 
intake. This point will be discussed in greater detail in a later 
section. Results of Egan (1970) point out that the level of reticulo- 
rumen fill is not constant between diets, but is influenced by other, 
presumably nutritional, factors. One such factor is protein nutri- 
tion of the animal. Campling (1966) noted, with roughages con- 
taining up to 8 to lO%crude protein, intake is apparently limited by 
reticula-rumen capacity and rate of disappearance of ingesta from 
this organ whereas intake is limited by other metabolic factors with 
forages containing more than 10% crude protein, 

Voluntary intake is also related to forage digestibility. Rate of 
passage through the reticula-rumen has been shown to increase 
with increasing digestibility, even when rumen fill remains con- 
stant (Blaxter and Wilson 1962). Although voluntary intake 
increases with increasing digestibility, there is a point where further 
increases in food digestibility will result in zero or negative 
increase. Hutton (1963) noted a decline in voluntary intake of dairy 
cows grazing forage above 70% digestibility. The digestibility level 
above which energy intake remains static is not defined and varies 
between 56% (Montgomery and Baumgardt 1965a) and 67% (Con- 
rad et al. 1964, Conrad 1966). A study by Dinius and Baumgardt 
(1970) showed little difference in voluntary intake when forage 
energy digestibility was expressed on a weight or volume basis. Dry 
matter intake increased as the digestible energy per gram increased 
to 2.5 kcal but, above this level, dry matter intake decreased and 
digestible energy intake remained static. 

In a review, Conrad (1966) suggested forage intake is controlled 
by rate of passage up to about 66% digestibility but, above this 
level, other factors are involved. However, Minson (197 1) observed 
large differences in voluntary intake which were related to digesti- 
bility, but had a different relation for many different forages (i.e., 
related to digestibility, but differed in intercept or slope). Mont- 
gomery and Baumgardt (1965b) indicated digestibility-gut fill con- 
trols may be influenced by particle size of forage fed. Other plant 
attributes, such as leaf-stem proportion, also affect the relation- 
ship. Laredo and Minson (1973) observed higher intakes of leaf 
fractions than stem portions, despite similar digestibilities. 
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Factors Affecting Intake vary over time, and body condition varies among individuals. 

Major differences in nutritional regimes of grazing and housed 
ruminants have been described by McDonald (1968) and Osuji 
(1974). The type of food eaten will differ chemically and physically, 
e.g., in water content, proportions of leaf to stem, type and concen- 
tration of carbohydrates, and protein constituents. Food intake 
will not be to appetite in grazing ruminants if available food is 
difficult to harvest. It has been demonstrated that energy expendi- 
ture and the requirement for nutrients is markedly affected by the 
grazing animal’s environment (Osuji 1974). 

Therefore, liveweight can be a poor index of energy demand and of 
intake, even when differences in productivity are accounted for 
(Arnold 1970a). 

previously well fed. 

Arnold et al. (1964) noted that as thin sheep become fat, intake 
decreases, and intake and liveweight are negatively related. Lan- 
glands (1968) and Allden (1968) reported that thin sheep grazing 
with fat sheep make compensatory gain by increasing intake by 
20% or more on a per unit of liveweight basis. Allden (1968) also 
found young sheep compensated for previous periods of under- 
nutrition by eating more per unit liveweight than sheep which were 

Body Size 
Voluntary intake of grazing animals has been related to body 

size (Holmes et al. 1961) and to metabolic body size (Johnson et al. 
1968). Energy demands are proportional to 0.75 power of body 
weight (Klieber 1961), thus, energy needs per unit weight of smaller 
animals are greater than that for larger ones. The rumen of young 
animals is relatively smaller than in adults, and their increased food 
requirement is usually met through increased appetite and faster 
turnover rate of ingesta (Hungate 1966). It may be that younger 
animals consume a higher quality forage, thereby causing a faster 
turnover rate. Arnold (198 1) found 5-month-old sheep had a diet 
higher in digestibility and in nitrogen content, and lower in fiber, 
than that of older sheep. This may have been due to lambs being 
deliberately more selective when grazing, but it may simply be, that 
with smallerjaws, they can choose more precisely than older sheep. 
Similarly, Horn et al. (1979) found calves tended to select forage 
with higher crude protein level and lower acid detergent fiber 
(ADF) and cellulose levels than did cows. Waldo (1969) felt it was 
extremely important to express intake in relation to metabolic 
body weight. 

When abundant, good quality forage is available, ad libitum 
intake of grazing ruminants is influenced by energy demand. 
Intake of cattle (Corbett et al. 1963) and sheep (Owen and lngleton 
1963) is related to liveweight, liveweight change and milk production. 

For house sheep (Blaxter et al. 1961) and cattle Blaxter and 
Wilson (1962), ad libitum intake is proportional to metabolic size, 
but varies with feed digestibility. It is frequently assumed that 
intake by grazing animals also varies with some function of live- 
weight, but it seems unlikely any single relationship will be gener- 
ally applicable because liveweight differences may result from 
differences in age, breed, and previous nutrition level (Langlands 
1968). Langlands (1968) felt, within a breed, intake is more closely 
related to age than liveweight. It appears different classes of cattle 
do not have similar intakes, even when data are corrected for body 
weight. 

Physiological Status 
Changes in intake are largely determined by alteration in physio- 

logical requirements of the animal. Although dry, pregnant ewes 
within breeds have exhibited similar dry matter intakes, lactating 
ewes in the same flock required as much as 25 to 50% greater dry 
matter intake (Hutton 1963). Similar results were obtained in 
experiments utilizing dry vs. lactating sheep under grazing condi- 
tions (Arnold and Dudzinski 1967a,b). Likewise, Arnold (1970b) 
found greater digestible organic matter intake for pregnant and 
lactating ewes than for dry ewes. Dijkstra (1971) and Allison et al. 
(1981) found significant differences in average dry matter intake 
between lactating and dry, pregnant cows, with lactating animals 
consuming more than pregnant or dry cows and pregnant cows 
consuming more than dry cows. Rosiere et al. (1980) found dry 
2-yr-old heifers consumed only 67% as much forage as lactating 
2-yr olds. Journet and Remond (1976) also found similar variation 
in voluntary intake by cattle during lactation and pregnancy. 

Supplementation 
With the exception of Allden (198 I), who reviewed work on the 

effect of energy and protein supplementation, most literature per- 
taining to supplementation has been confined to liveweight 
response. However, evidence is accumulating on the importance of 
supplemental protein and energy on voluntary intake of forages. 
Generally, it has been found that addition of readily available 
carbohydrates to a roughage diet decreases voluntary intake (Elliot 
1967a, 1967b; Cook and Harris 1968; Rittenhouse et al. 1970; 
Lusby et al. 1967a, 1967b; Lake et al. 1974). Conversely, addition 
of protein supplements to lowquality roughage diets increases 
voluntary intake and digestibility (Elliot 1967a, 1967b; Cook and 
Harris 1968; Lyons et al. 1970; Kartchner 1980). Increases in intake 
associated with protein supplementation is generally attributed to 
increasing rumen microbial activity and consequently rate of pas- 
sage. There is evidence that intake responses to protein supplemen- 
tation occur only when forages contain less than 8 to 10% crude 
protein (Blaxter and Wilson 1963, Elliot and Topps 1963, Milford 
and Minson 1965) although Weston and Hogan (1968) and Rit- 
tenhouse et al. (1970) failed to show responses with forages of 6 to 
8% crude protein. 

Milford and Minson (1965) found forage intake by sheep 
declined precipitously when diet crude protein levels fell below 7%. 
However, intake and diet crude protein concentration were not 
well associated when diet crude protein concentration was above 
7%. Apparently diet crude protein concentrations below 7%do not 
meet the nitrogen needs of rumen microbial populations (Van 
Soest 1982). 

When pasture is sparse, provision of concentrations has less 
effect on forage intake than when pasture is readily available. 
Newton and Young (1974) reported substitution was greatest when 
herbage was abundant and least when pasture was sparse. (Conclu- 
sive research is lacking on the substitution of hay for pasture. 
However, hay wastage appears to be substantial when pasture 
forage is in good supply.) 

Forage Preference 
The degree of choice effect on intake has not been examined with 

grazing animals. In pens, Reid and Jung (1965) reported higher 
total hay intake when several hays were offered than when any one 
hay was fed alone. A similar effect might occur in grazing 
situations. 

Strains of a species that differ in acceptability in a free choice 
situation, but have comparable digestibilities, may give different 
intakes when they are the sole feed. Comparisons of acceptable and 
unacceptable strains of Phalaris arundinacea have produced 
intake differences up to 36% in favor of acceptable strains (O’Don- 
ovan et al. 1967). These results do not show why intakes differed, 
but the authors implied odor was important. Arnold (1966) found, 
on 5 of I1 pastures, intake was influenced by either taste, smell or 
touch, with decreases in intake up to 61% and increases up to 35% 
due to sensory stimuli. Evidence is accumulating that acceptability 

Body Condition of forage plants can strongly influence intake of grazing animals. 
Intake is related to body condition as well as to body size. Body Experience can also affect intake. Intake of sheep inexperienced 

condition often varies more in grazing animals than in penned on pasture and in the environment may be depressed by 50% for as 
animals. In a grazing herd or flock, liveweights of mature animals long as 10 months (Arnold 1970a). 
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Intakes of broadleafed plants can differ from those of grasses. 
Considerable research is available showing higher intakes for 
legumes than grasses when digestibilities are comparable (Ulyatt 
1981). A review of forage class influences on intake of range 
ruminants is provided by Holechek and Vavra (1982). Leafy mate- 
rials from forbs and shrubs usually have more rapid digestion rates 
than grasses at comparable stages of phenology (Short et al. 1974, 
Wofford and Holechek 1982). There is limited evidence that leafy 
materials from forbs and shrubs may have a faster passage rate 
than material from grasses (Milchunas et al. 1978). 

Information is lacking on associative effects between forages on 
intake. However, associative digestibility may play an indirect role 
in increasing intake. For example, browse species in the diet may 
increase digestibility of grasses, increasing overall digestibility of 
the total diet with a corresponding increase in intake (Milchunas et 
al. 1978). During winter, shrubs with a higher crude protein con- 
tent such as fourwing saltbush (Cordova and Wallace 1975) could 
improve the intake of grasses with crude protein levels below 7% by 
providing rumen microbes with a source of nitrogen. 

Forage Availability 
Arnold (1964), Arnold and Dudzinski (1966) Greenhalgh et al. 

(1966) and others have demonstrated that yield and physical pres- 
entation of available forage to grazing animals may have marked 
effects on feed intake under intensive pasture conditions, but may 
have no measurable effect on extensively managed pastures. 

Even for pastures of a single plant species, there is rarely, over a 
short time span, a simple relationship between intake and pasture 
yield (Wheeler et al. 1963). The extent to which intake is kept below 
that determined by energy demand, and the chemical and physical 
attributes of the diet, depends on the adaptability of grazing behav- 
ior. A simplified model of intake, grazing behavior and pasture 
condition was presented by Arnold (1970a). 

Homeostasis of intake with changing availability of forage is 
maintained by altering grazing time, bites per minute, and amount 
per bite. There is no set pattern of adjustment to meet a particular 
energy demand under different pasture conditions (Arnold 1970a), 
although relationships have been obtained between these variables 
and pasture yield in specific situations (Arnold and Dudzinski 
1966). It is interesting to note that sheep with different energy 
demands (due to age, size or reproductive state) maintain the same 
intake differences over a wide range of pasture conditions (Arnold 
1970a). 

Allden and Whittaker (1970) defined herbage intake by an 
animal to be the product of eating rate and grazing time. These 
workers examined certain pasture attributes that determine ease of 
prehension of herbage. A close relationship was found betwen rate 
of intake and herbage availability. At herbage availabilities greater 
than 3,000 kg/ ha, both grazing time and intake rate were relatively 
constant. As herbage dry matter decreased from 3,000 to 500 
kg/ ha, there was a four-fold reduction in the rate of consumption 
and a two-fold increase in time spent grazing. ,Allden and Whit- 
taker (1970) speculated that, as amount of herbage decreases, a 
point is reached when herbage availability apparently imposes 
limitations on the rate at which animals can ingest feed, but this is 
compensated for by increased grazing time. Thereafter, animals 
extend their grazing period further, but compensation becomes 
progressively more incomplete, and total intake would be expected 
to fall drastically. 

In work with dairy cattle grazing temperate pastures, Johnstone- 
Wallace and Kennedy (1944) observed consumption increases as 
herbage yield increased. Unlike Allden and Whittaker (I 970) who 
showed the bite size of sheep increased linearly with increasing 
plant height or tiller length, Stobbs (1973a) found these factors did 
not exert a major influence upon bite size. Rather, sward bulk 
density (kg/ ha/ cm of herbage height) incorporating a low stem 
count and a high leaf/ height ratio appeared to be the major factor 
affecting bite size of cattle. 

Distribution of herbage in the canopy, particularly leaves, can 

influence theease with which herbage is removed. Stobbs (1973a,b) 
found the ratio of sward leaf density and stem density in the 
uppermost layers of the sward had the highest correlation with bite 
size. These studies (Stobbs 1973a,b) emphasized that consideration 
of the sward as one dimension is inappropriate. Stobbs (1975) 
suggested that nitrogen fertilization of regrowth pastures increased 
bite size by presenting higher leaf yield to the animals. 

Arnold and Dudzinski (1967b) studied the effect of herbage 
availability on intake of pregnant, dry and lactating ewes. These 
researchers found about 40% of the variability in digestible organic 
matter intake was accounted for by total dry matter available per 
acre. 

Hand1 and Rittenhouse (1972) working with steers on crested 
wheatgrass pasture in eastern Oregon, found dry matter intake was 
not limited when herbage availability equalled or exceeded 135 
kg/ ha. In a later trial, dry matter intake was not limited at herbage 
production levels equal to or greater than 92 kg/ ha or I76 kg/ ha, 
using estimates of dry matter digestibility from clipped or dietary 
samples, respectively. 

Conversely, many other workers have found high degrees of 
correlation between herbage availability and intake (Harkess et al. 
1972, Langlandsand Bennett 1973, Greenhalgh et al. 1966, Green- 
halgh et al. 1967, Greenhalgh 1966, Marsh 1977). In strip-grazing 
experiments, Greenhalgh et al. (1967) allowed herbage to be avail- 
able in amounts of 25,35, and 45 pounds of dry matter per cow per 
day for a 3-month period. Higher allowances were not used 
because earlier experiments (Greenhalgh et al. 1966) indicated 
larger allowances were outside the critical range where herbage 
availability and intake were closely related. Herbage allowances of 
25, 35, and 45 pounds of dry matter per cow per day resulted in 
mean intakes at 23.9, 25.6, and 26.4 pounds of organic matter per 
cow per day, respectively. These workers also noted the differences 
in digestibility between treatments were small. 

Hull et al. (1961) using 700-pound steers grazing irrigated pas- 
tures, allowed 8 to 54 pounds of dry matter per head per day. 
Animals in this experiment ate all they were offered up to an 
allowance of 16 pounds of dry matter per day (of which they ate 
about 15 pounds), but consumed small proportions of further 
increment increases. Intake at a maximum allowance of 54 pounds 
per head per day was 16 pounds. 

Broster et al. (1963) allowed 400-pound heifers to graze at three 
allowances: 2.67, 3.20, and 3.93 pounds of dry matter offered per 
100 pounds of liveweight per day. In this experiment, intake 
increased linearly, the response being about 0.2 pound per 1 pound 
increment increase in amount offered. With the smallest allo- 
wance, 88% of the herbage was consumed and, with the largest, 
64% was consumed. 

Greenhalgh et al. (1966) stated the relationship between herbage 
consumption and herbage allowance is probably a curvilinear 
relationship. When less herbage is offered than animals consumed 
voluntarily, increment increases in herbage allowance are likely to 
produce increments of almost equal magnitude in herbage con- 
sumed. As allowance increases further, response is likely to become 
progressively smaller, and a point will be reached beyond which 
further increases have no effect on intake. Greenhalgh et al. (1966) 
emphasized that an increase in the allowance may affect quality as 
well as quantity of herbage consumed, because opportunities for 
selective grazing are increased. 

Reardon (1977) allowed steers 10, 15, 22.5, and 33.8 kg dry 
matter per head per day, and dry matter intake was equated with 
dry matter disappearance in the standing crop. Results of this 
experiment ran contrary to those from other experiments, in that 
at a given level of herbage allowance, dry matter intake decreased 
with increasing pasture yield. This was attributed to confounding 
yield with plant maturity. However, it is also probably the result of 
the method used to estimate intake. Herbage disappearance is 
subject to many sources of bias. Among these are regrowth of 
grazed forage, trampling damage and weathering losses, as well as 
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consumption by insects and rodents. Marsh (1977) studied dry 
matter allowances of 3.0, 4.5, 6.0, and 7.5 kg herbage dry matter 
per 100 kg liveweight using young, growing Friesian steers. Her- 
bage intake per animal increased with increasing herbage allo- 
wance, but the rate of increase was lower in latter periods of the 
experiment, which coincided with both larger animal size and 
higher dry matter digestibility of selected forage. 

Langlands and Bennett (1973) measured intake and nutritive 
value of the diet of sheep grazing at stocking rates ranging from 2.5 
to 37. I sheep/ ha. Digestibility declined linearly with increasing 
stocking rate. Organic matter intake also declined linearly with 
stocking rate and increased asymptotically with herbage availabil- 
ity. Organic matter intake per hectare increased with increasing 
stocking rate, and maximum intake was predicted to occur at a 
stocking rate greater than that at which the sheep survived. 

Using data from experiments conducted under diverse condi- 
tions and localities, Hart (1972) generated a model expressing the 
relationship between average daily gain of animals (ADG), forage 
production (F), and animal numbers (D) (expressed in animal 
days/ ha). This worker stated that D/F was analogous to animals 
per unit area and F/D analogous to area per animal. The linear 
regression of ADG on F/D showed a sharp decline in ADG when 
F/D reached 20 kg forage per animal day. With decreasing 
amounts of forage per animal day. ADG continued to decline at an 
increasing rate. Although Hart (1972) monitored average daily 
gain instead of intake, it is highly probable intake also declines with 
increasing stocking rate. 

Allison et al. (1982) created levels of grazing pressure of 10.20, 
40, and 50 kg forage available per animal-unt (au) per day for a 
16day period. Averaged over three trials, total forage disappear- 
ance values per animal-unit per day during a 14-day grazing period 
were 8.5, 12.0, 12.7, and 16.3 kgfor 10, 20,40, and 50 kg/au/day 
grazing pressures respectively. However, daily intake averaged 
across all treatments and trials was about 9 kg/au/day. At a 
grazing pressure level of 10 kg/au/day, forage disappearance 
approximated average daily intake, whereas grazing pressures of 
20,40, and 50 kg/au/day had forage disappearances that exceeded 
intake by 28, 48, and 9070, respectively. These data indicate a 
possibility for a two-fold increase in forage harvest efficiency by 
grazing cattle as grazing pressure is increased. Allison (1978) felt 
intake was depressed at forage allowances of 20 kg/au/day or less. 

Grazing Systems 
In a review, Herbel(l974) noted most studies have shown live- 

stock production per animal is the same or lower for a rotation 
system compared to continuous grazing. Generally, there must be 
an improvement in range condition and, subsequently in carrying 
capacity, to justify a rotational scheme using livestock perfor- 
mance as a criterion (Herbel 1974). Grazing intensity reportedly 
affects animal performance. As a rule, with increasing grazing 
intensity, livestock have less chance to graze selectively because of 
increased removal rate of preferred species and plant parts. Bement 
(1969) reported daily gains of cattle on blue grama rangeland. As 
grazing intensity increased, total kilograms of beef produced per 
hectare increased, but individual animal gains decreased. 

Bryant et al. (1970) summarized results of increased grazing 
pressure on animal and plant responses. Yield of herbage and 
weight gain per animal and per hectare were affected by grazing 
pressure. When grazing pressure was intense enough to limit avail- 
ability of herbage, quality of grazed diets decreased. This was 
attributed to a reduction in opportunity for selective grazing. The 
coarser, more mature portions of plants were eaten, resulting in 
lower digestibility and nutrient content of the diet. Cook et al. 
(1953) and Pieper et al. (1959) also reported higher grazing intensi- 
ties resulted in lowered diet quality in terms of nutrient content. 

Vavra et al. (1973) studied chemical composition, intake, and 
gain of steers on two different grazing intensities, light and heavy. 
No great differences were observed between intensities for crude 

protein, gross energy, acid detergent fiber, lignin and cellulose 
levels in the diets. Heavy grazing resulted in somewhat lower values 
for dry matter digestibility and intake. Differences in intake were 
greater later in the season when total forage available may have 
become limited on the heavily grazed pasture. Individual livestock 
gains reflected the greater digestibility and intake observed on the 
light-use pasture. However, more gain per hectare was produced 
on the heavy-use pasture. 

Blaser et al. (1973, 1974) pointed out that continuous grazing 
allows for greater forage selection by grazing animals. This is an 
important consideration when grazing warm-season grasses, which 
tend to lose quality rapidly with increasing maturity. These 
workers also noted low forage availability at the end of a rotation 
grazing period depresses gains and reduces total forage production. 

Hart et al. (1976) found the average daily gain of steers was 
strongly and negatively correlated with grazing pressure, being 
lightest under continuous grazing and heavier under rotation and 
strip grazing. 
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Growth and Development of Pinegrass in Interior 
British Columbia - 
DARRYL G. STOUT AND BARBARA BROOKE 

Abstract 

Pinegrass (Calumugrostis rubescens Buckl.) is an important 
source of forage on forested and clearcut ranges in interior British 
Columbia. The vegetative growth and development of this infre- 
quently flowering grass was documented. This information is 
required to improve our understanding of pinegrass grazing resist- 
ance, and in turn, of its grazing management. Numbers of tillers 
me2 and number of leaves per tiller were counted at intervals during 
the growing seasons of 1978 and 1979. Leaf blade area was mea- 
sured at intervals during 1978 and 1979. Tiller height was recorded 
during 1978,1979, and 1982, while shoot weight was recorded at 
intervals during 1982. Pinegrass had up to 4 leaves per tiller, but on 
average only 3.2 leaves were present by the time growth ceased in 
July. Total leaf blade area was reached in July, and is largely 
comprised of 2 leaves. Total leaf blade area(y) was predicted from 
tiller height (x): y = 0.39375+ 0.051604x + 0.00419223~2 (I?2 = 0.97). 
A large proportion of leaf blade area was dead by the end of July. 
Tiller weight reached a maximum in July; it increased during May 
to July owing to an increase in number of leaves, leaf area, and 
specific weight of leaves. Growth analysis indicated that net assimi- 
lation rate (NAR), and relative growth rate (RGR) were high in 
mid-May and then gradually decreased to zero in July. NAR and 
RGR of pinegrass appeared typical for C3 plants. 

Pinegrass (Calumugrostis rubescens Buckl.) provides 50% of the 
forage production within the interior Douglasfir (Pseudorsuga 
menziesii Mirb.) zone of British Columbia (McLean et al. 1969), 
and about 6 million hectares of this zone are used for summer 
grazing (Tisdale and McLean 1957). Single year simulated grazing 
studies have shown that pinegrass is most sensitive to herbage 
removal during July (Freyman 1970, Stout et al. 1980). A study 
involving successive years of simulated grazing showed that stand 
vigor, measured as number of tillers m-‘, decreased each year by an 
amount that depended upon the intensity of the herbage removal 
(Stout et al. 1981). Clipping biweekly during the summer growth 
period to a height of 5 cm caused the stand vigor to decrease by 
one-half after each year of clipping, whereas clipping biweekly 
during the summer growth period to a height of 10 cm caused the 
stand vigor to decrease by one-half only after 3.7 years. In British 
Columbia, pinegrass became unpalatable by mid-August (McLean 
1967) and the quality of pinegrass was adequate for rapid growth 
of yearly steers or for maintaining weanling calves only until 1 
August (McLean et al. 1969). 

This study was conducted to characterize the growth and devel- 
opment of pinegrass. Such basic knowledge will increase our 
understanding of the simulated grazing studies and the forage 
quality studies that have already been conducted. In addition, this 
knowledge will allow better design of future grazing studies, and 
can be used directly by range managers. Flowering culm produc- 
tion, location of growing point, and clump basal area are fre- 
quently used by range managers to document growth. Since pine- 
grass is a rhizomatous and infrequently flowering species, this 
study was limited to vegetative growth characteristics. 

Authors are research scientist and technican, Agriculture Canada, Range Research 
Station, 3015 Ord Road, Kamloops, B.C. V2B 8A9, Canada. 

Manuscript accepted September 27, 1984. 
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Materials and Methods 

The study was conducted during 1978, 1979, and 1982. The site 
was adjacent to the Poison Creek site described earlier (Stout et al. 
1980), 18 km north of Kamloops airport at 1,189 m elevation. 
Limited weather data for this site and a nearby site (Pass Lake) 
have been published (McLean et al. 1969, Stout et al. 1980). The 
soil is a Gray Luvisol (A.L. van Ryswyk personal communication) 
(Canadian Soil Survey Committee 1978) on glacial till material, 
with a high percentage of parent rock fragments in the profile 
(Tisdale and McLean 1957). The forest cover was a moderately 
open stand of trembling aspen (Populus tremuloides Doug].), 
lodgepole pine (pinus contorta Dougl.) and douglasfir. The major 
shrubs were birch-leaved spirea (Spirea betulifoliu Pall.), rose 
(Rosa sp. L.), twinflower (Linnueu borealis L.), and creeping ore- 
gongrape (Berberis repens Lindl.). Pinegrass was the predominant 
graminoid and the major ground cover constituent. Forbs included 
broad-leaved lupine (Lupinus lutifofius Agardh), heart-leaf arnica 
(Arnicucordz~oliu Hook.), cream-flowered peavine (Larhyrusoch- 
roleucus Hook.) and wild strawberry (Fruguriu virginiunu Du- 
chesne). 

In 1978,20 tillers within a 3 X6-m area were randomly selected. 
On each collection date, height above the forest floor of these 20 
tillers was measured. Twenty tillers of similar height were then 
selected from within the 3 X 6-m area, harvested, placed in plastic 
bags containing a little water, and transported to the laboratory on 
ice for leaf area and weight measurements. In 1979 individual tillers 
were taken at l-m intervals from a different starting point on a 
permanent transect on each date. Each tiller selected was the first 
one intercepted by a meter stick laid at right angles to the line at the 
predetermined point. The height of a selected tiller was measured 
and then the selected tiller was harvested and transported to the 
laboratory as in 1978. In 1982 six collection points chosen visually 
to represent the site were staked. Based on visual observations, a 
representative group of tiller tufts was taken from within a 0.5-m 
radius. Twenty tillers were collected from each location on each 
date. All tillers in a tuft were taken before moving on to another 
tuft to get the total of 20 tillers. A tuft typically contained 6 tillers. 
The height of each tiller was recorded and then the tiller was 
harvested and transported to the laboratory. 

Leaf blade area, a measure of photosynthetic area, was mea- 
sured in 1978 and 1979. At the laboratory, a tiller was removed 
from the plastic bag, number of leaves were counted, and the 
blades were immediately removed from the tiller and mounted on 
paper. Pinegrass has 4 or 5 small rudimentary leaves that were 
excluded from our measurements. The lowest 3 or 4 rudimentary 
leaves do not extend above the litter layer and they become dry 
brown scales as the tiller matures. The upper 1 or 2 rudimentary 
leaves extend above the litter and may turn green. Leaves were 
numbered, starting with the lowest on the stem (the oldest) having 
a blade length greater than 1 cm. Only the leaf blade area exerted 
from the sheath (of the preceding leaf) was measured. This 
included some immature leaves that were still rolled, so they were 
unrolled before being mounted. Leaves that were not at all exposed 
were discarded. In mounting, a 1.25 cm wide length of Magic (3M) 
transparent tape was laid on the working surface, adhesive side up, 
anchored at both ends. The pinegrass blade was placed on the tape, 
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abaxial side down, then flattened out so that its entire surface was 
in contact with the tape. The tape bearing the leaf was then affixed 
to a labelled sheet of paper. As soon as they were prepared, the 
pages of mounted leaves were photocopied since leaves were 
observed to shrink and curl on drying. Therefore, the photocopies 
were considered to be a more reliable record of leaf blade area. A 
dot planimeter (Bruning areagraph chart no. 4850) was used for 
leaf area determination. Means of duplicate counts for each of 3 
planimeter placements on each blade were converted to square 
centimeters. Total and senesced blade areas were determined for 
each leaf blade. For blade weight determination, the mounted 
blades were peeled off the tape, dried 24 h in an 80°C oven, and 
weighed. This measurement was done on the whole (exerted) blade 
and so included both live and senesced tissues. 

Distribution of dry weight and percent dry matter within a tiller 
were determined in 1982. In the field the tiller was divided into 3 
components. These were: “blade”, all completely exerted blades 
over 1 cm in length, and the exerted portion of immature blades; 
“sheath”, the foliage standing above the litter layer, excluding 
exerted blades and comprising sheaths, and blades 1 cm or less in 
length and all immature tissue enveloped in the sheaths;“subterra- 
nean tiller base”, the base of the tiller, lying beneath the surface of 
the litter layer, comprising (the vegetative) stem, rudimentary basal 
leaves and leaf sheaths of aerial leaves. The length of the tiller base 
ranged from I to 3 cm depending upon its point of origin on the 
previous year’s stem or on the rhizome, and on the depth of the 
litter layer. A bulk 20-tiller sample for each component was pre- 
pared for each of the 6 plots, weighed, oven-dried at 80’ C, and 
reweighed. Total tiller weight was calculated from the component 
weights. 

Growth analysis was done as described by Radford (1967). In 
1978 and 1979, a relationship between leaf blade area and tiller 
height was established. In 1982, above ground level tiller dry 
weight (W) was related to growth time (t) by a second degree 
polynomial, W = a + bt + ct*. Leaf blade area (A) was estimated 
from tiller height and then related to growth time by a second 
degree polynomial, A q  a’ + b’t + c’tz. April 31 was arbitrarily 
chosen as day 0 since observations over several years indicate that 
snow melt typically occurs during the period April 24 to May 7. Net 
assimilation rate (NAR) at a particular time was then estimated 
using NAR = l/A dW/dt and relative growth rate (RGR) at a 
particular time was estimated using RGR q  I/W dW/dt. Leaf area 
ratio (LAR) is defined by LAR = RGR/NAR. Average NAR was 
calculated using NAR q  [(Wz-Wl)/(Az-At)] [(In Az-ln Ar)/(tz-tt)], 
and average RGR was calculated using RGR = (In Wrln Wl)/(tz-tl). 

Each experiment reported here had a completely random design. 
Statistical analysis involved calculating_? f SE for a sample size of 
n. Curve fitting was done using a computer program that does a 
least squares fit. 

Results 
Growth of Tillers 

Number of pinegrass tillers mm2 remained constant from mid- 
May to mid-July in 1978 and from mid-May to late-August in 1979 
(Fig. 1). Tiller height increased in a quadratic fashion from May to 
July in all 3 years (Fig. 2). The derived polynomials indicated a 
maximum tiller height after 69 d in 1978, after 88 d in 1979, and 
after 84 d in 1982. In 1982 tiller dry weight increased from mid-May 
to July (Fig. 3). Again, the experimental data were well described 
by a second degree polynomial. Using the polynomial it was calcu- 
lated that maximum dry weight was reached after 86 d. Increasing 
tiller dry weight was strongly correlated with increasing tiller 
height: R~=0.94,y=4.0788+0.793458x+0.019526x2, (yinmgand 
x in cm) and SEy.x = 6.16. 

Growth of Tiller Components 
Dry weight of each tiller component increased from mid-May to 

July (Table I). From May 18 to July 14, subterranean tiller bases 
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Fig. 1. Pinegrass tiller number during a growing season. Values are% f SE. 
1978 n q  6. and in 1979 n q  24. 

Fig. 2. Pinegrass tiller height (y) during a growing season (x = days after 
April 31). In 1978 and 1979 rhe mean was calcularedfrom 18 tillers. and 
in 1982 the mean was calculatedfrom 120 tillers. The smooth curves are 
best fir second degree polynomials:for 1978, y q  -62.3 + 12.2x - 0.088~‘. 
SE,..= 11.3, R2=0.99;for1979. y=O.13+ 10.57x-0.060x2. SE,..=25.8, 
R2 = 0.95; andfor 1982, y = -92.18 + 12.29x - 0.073~2. SE,., = 37.20, R2 = 
0.86. 

increased in weight by a factor of 2.1, leaf sheaths by a factor of 4.0, 
and leaf blades by a factor of 10.5. On 18 May, leaf blades com- 
prised 38% of total tiller dry weight, but on 14 July leaf blades 
accounted for 67% of total tiller dry weight. During the growing 
season, percent dry weight increased with tiller age and at any tiller 
age, all 3 components had about the same percent dry weight (data 
not shown). 

Since leaf blades contained most of the tiller dry weight and 
provided the majority of the photosynthetic area of a tiller, leaf and 
leaf blade growth were studied in detail. Pinegrass tillers had only 
3.2 leaves with a blade length greater than I cm by the time 
growth stopped in July (Fig. 4). Leaf number data as a function of 
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Table 1. Distribution of dry weight within a pinegrass shoot during a season of growth at Poison Creek. 

No. of days Dry weight/ tiller’ (mg) 
Date from May I Leaf blade Leaf sheath Subterranean tiller base 

May 18 18 4.57 f 0.86 4.26 f 0.54 3.17 f 0.47 
26 26 11.04 f 2.06 6.34 k 0.83 4.15 f 0.66 
31 31 16.03 f 2.51 8.51 f 1.08 5.06 f 0.46 

June 8 39 18.20 k 12.16 10.33 f 1.31 5.57 f 0.50 
15 46 33.60 f 13.85 15.64 f 1.79 7.49 f 0.75 

:: 
59 42.18 f 2.45 15.08 f 1.69 7.87 f 0.76 

July 75 47.85 f 10.44 17.10 f 3.51 6.79 f 1.33 
26 87 48.50 f 4.62 16.84 f 1.53 6.97 f 0.47 

Aug. 5 97 47.72 f 6.37 16.08 f 2.51 7.63 f 0.62 

‘Values are x f SE from 6 samples, where each sample contained 20 tillers. 

m--l-J’JM-I-July+Awuat+ 

Oo 20 40 so 80 loo IX 
) I, 

Oo J MYS 
20 40 so so lm 120 

DAYS Fig. 4. Change in pinegrass leaf number (y) during a growing season fx = 
days afier April 31). Experimental values are means from 18 tillers. 

Fig. 3. Pinegrass tiller dry weight (y)during 1982 (x = days after 31 April Smooth curves are least squarefit second degreepolynomials:for 1978. y 
). Each value is rhe mean for n = 6 samples (each sample contained 20 q  0. I74461 + 0.0962124~ - 0.00077027~2. SE,.= = 0.138, Rz = 0.968; andfor 
tillers). The smooth curve is at least squarefir second degree polynomial: 1979, y = 1.43961+ 0.0463502x - 0.000268859~~. SE,.. = 0.207, R2 = 0.83. 
y = -29.8909 + 2.3891x - O.O13841x~, SE,,= = 4.517, R= = 0.97. 

time was well described by a second degree polynomial equation: 
Rz q  0.97 for 1978 data and R* q  0.83 for 1979 data. The equation 
for 1978 indicated maximum number of leaves on day 62, and the 
equation for 1979 indicated maximum number of leaves on day 86. 

Leaf numbers 1 and 4 (when it is present) contributed only a 
small amount to total tiller leaf blade area (Fig. 5). Leaves 2 and 3, 
on the other hand, had relatively large leaf blade areas and pro- 
vided most of the total tiller leaf blade area. 

Total leaf blade area increased in a quadratic fashion as a 

function of time. The polynomial equation indicated maximum 
tiller blade area on day 71 in 1978 and on day 92 in 1979 (Fig. 6). 
Beginning on about day 40 (June 9) parts of the leaf blades began to 
die (Fig. 6). This was observed as a color change from green to 
brown. Leaf margins and leaf tips were the first to change color; in 
addition, these symptoms occurred in older leaves first. By August 
29 in 1979 about 50% of the total leaf blade area was dead. 

Specific leaf weight was low in the spring and then increased to a 
maximum in July (Table 2). It then decreased during August as the 

Table 2. Specific !eaf weight (mg/em) during the 1979 growing season for pinegrass at Poison Creek! 

Date 1 2 
Leaf number (mg) 

3 4 

May 16 40 f 2 (20) 35 f l(15) 
29 49 f 2 (19) 38 f 2 (20) 47 i44(11) 

June 13 39 f 3(19) 41 f 2 (20) 41 f 2(18) 44 f I (2) 
27 60 * 5 (15) 50 f 2 (20) 50 If: 2 (29) 45 f 4 (6) 

July 11 54 f 3 (18) 49 f I (21) 53 f 1 (21) 52 f 3 (6) 
25 40 f 2 (17) 51 f 2(21) 52 f 3 (19) 48 f 4 (5) 

Aug. 8 48 f 3 (20) 52 f 2 (20) 60 f ,3.(21) 65 f 5 (4) 
29 42 f l(l8) 41 f l(20) 52 f 2 (20) 48 f 3 (7) 

‘Values are x f SE (II). 
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I~- TOTAL LEAF AREA 

Fig. 5. Blade area (y) for individual pinegrass leaves during the growing 
season (x q  days after April 31). Experimental data are means from I8 
tillers. Smooth curves are least square fit second degree polynomials. 
Results from 1978 are as follows: for leaf I, y = 41.1103 + 189103x - 
0.0137338~2, SE,... = 9.614, R’= 0.75;for leaf2, y q  -121.697+ 136209x- 
0.10505x2, SE,..= 30.00, Rr = 0.94;for leaf-l. y q  -117.912+ 8.65385x- 
O.O4818Olxs, SE,..= = 61.446. Rz = 0.67: and for leaf 4, y = -44.2068 + 
2.45745x-0.0214611~2, SEY.X=3.645, RJ=O.485. Resultsfor 1979areas 
follows:for leaf 1. y = 89.94 + 0.0415x + 0.0008324~~. SE,..; 18.7, R2 = 0; 
for leaf2. y= 11.7321+9.65109x- 0.0568348~2. SE,.,= 38.011. Rs= 0.86; 
for leaf 3, y = -261.868 + 16.9016x - 0.088508~s. SE,.., q  103.523, Rz = 
0.78;andfor leaf 4. y= -44.9459+ 2.97677x- 0.0145881x2, SE,...= 25.98, 
RJ = 0.48. 

leaf tissue died (Fig. 6). 

Growth Analysis 
Both 1978 and 1979 total leaf blade areas were related to tiller 

height in a quadratic fashion (Fig. 7). Data from both years were 
used to calculate one polynomial equation, since this single equa- 
tion described the data very well (IV = 0.970). Using the relation- 
ship between leaf blade area and tiller height, growth analysis was 
done using tiller dry weight and calculated leaf areas from tiller 
height data collected in 1982. RGR and NAR both started out high 
in the spring (May) and decreased during the growth season (Fig. 
8). In contrast, LAR started out low and increased during the 
growing season. RGR and NAR decreased to zero on day 85 (24 
July ). During the period 20 May (day 20) to 20 July (day 8 1) the 
average RGR was 0.029 g g-‘d-l, and the average NAR was 0.005 
mg cm %‘. 

Discussion 

Grass yield from an area of land is a function of both the number 
of tillers and the weight of the tillers. Field observations of pine- 
grass have revealed that some new tiller development occurs during 
the fall. New tiller initiation is completed by early spring and 
additional tillers were not initiated during the period mid-May to 
August in any studies with ungrazed plants (Fig. 1). If, however, a 
pinegrass stand is grazed by cattle, then new tillers will be initiated 
during this period (unpublished data). The increase in tiller dry 
weight that occurred during the period mid-May to July was 

2 TOTAL DEAD LEAF AREA 

Y 
4- 

Fig. 6. Total and dead leaf blade area (y)for pinegrass during the growing 
season (x = days after April 31). Experimental values are means from 18 
tillers. Smooth curves are least squarefit second degree polynomials. For 
1978 totalleaf bladearea. y = -2.18506+ 0.256548x- 0.00180477x2, SE,.. 
q  0.83, Rr = 0.90; and for 1979 total leaf blade area, y = -2.152 + 
0.301889x - 0.0016428xr. SEY.X = 0.882, Rz q  0.94. For dead leaf blade 
area, y = 70.2364 - 4.36189x + 0.066388~s. SE,.. = 21.915. Rr = 0.986. 

I 

@ oo! 
IO 20 30 40 50 

TILLER HEIGHT (cm) 

Fig. I. Pinegrass total leaf blade area (y) as a function of tiller height (x). 
Experimentalpoints are meansfrom 18 tillers. The smooth curve is the 
best fit second degree polynomial using data from both years: y = 
0.393747 + 0.0516038x + 0.00419223~2, SE,... q  0.626, R2 = 0.97. 
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had an average NAR of 0.005 mg cm-‘d-’ and an average RGR of 
0.029 g g-‘d-l. For comparison, 4-wk-old alfalfa (Medicago sativa 
L.) seedlings had an RGR of 0.006 g g-‘d-l, and 4-week-old birds- 
foot trefoil (Lotus corniculutus L.) seedlings had an RGR of 0.006 
g g-‘de’ when grown under low light intensities of 2153 to 861 I lux 
(Cooper 1967). Tobacco (Nicotiuna tubacum L.) plants exposed to 
different levels of photosynthetically active radiation (24.9 and 
42.2 rnE-‘d-‘] in the field had relative growth rates of 0.137 and 
0.162 g g-‘d- (Flynt et al. 1978). NAR of spring wheat {Triticum 

, 
aestivum L.) cultivars varied from 0.54 to 0.60 mg cmm2d- , (Sestak 
et al. 1971). During a 13 wk growth period, RGR of annual 

2 
sunflower (Heliunthus unnuus) decreased from 0.236 g g-‘de’ to 

u 
0.070 g-‘d-land NAR of annual sunflower decreased from 0.182 to 
0.066 mg cmm2d-’ (Sestak et al. 1971). Although direct comparison 
of growth analysis values for pinegrass to published values for 
other soecies is difficult owing to different temoeratures and lieht 
intensiiies, pinegrass NAR and RGR (Fig. 8) were within the range 
reported for other CS plants. These preliminary growth analysis 
results indicate that this technique could be used in future studies 
involving treatment comparisons. The relationship established 
here between leaf blade area and tiller height can be used in these 
studies to provide an indirect but simple miethod of estimating leaf 
area. 

oAY6 

Fig. 8. Calculated growrh analysis data from pinegrass in 1982. NAR = 
(2.3891- O.O2?682t)/(-442.484 + 25.8748t- 0.1378712). RGR = (2.3891- 
0.0276821)/(-29.8909 + 2.3891t- 0.013841t2). LA R = RGR/ NA R. 

related to an increase of 3 leaf characteristics: number of leaves per 
tiller (Fig. 4); individual leaf area (Fig. 5); and specific weight of 
leaves (Table 2). A tiller height increase accompanied this tiller 
weight increase (Fig. 2). The high correlation between tiller weight 
and tiller height indicated that tiller height can be used to predict 
tiller weight. These results agree with an earlier study that showed 
dry weight m-l could be predicted by an equation using both tiller 
number -2 and tiller height (Stout et al. 1980). 

The shape of an experimental growth curve is a function of 
ontogenesis, environment, and sampling (Sestak et al. 1971). Since 
environmental conditions varied during the period May to August, 
the growth pattern of pinegrass was expected to deviate from the 
potential pattern of pinegrass growth, and it is unlikely that the 
actual pattern would be a smooth curve. Nevertheless, pinegrass 
growth parameters were well predicted by a simple second degree 
polynomial. To estimate the time of growth cessation, the derived 
polynomials were differentiated, and the time when the change in 
the growth measure equalled zero was calculated. In 1978 zero 
growth rate was calculated to occur on day 62 (1 July ) using leaf 
number data, day 69 (8 July) using tiller height data, and day 7 l(l0 
July) using total leaf blade area data. In 1979 zero growth rate was 
calculated to occur on day 86 (25 July) using leaf number data, day 
88 (27 July) using tiller height data, and day 92 (31 July) using leaf 
blade area data. In 1982 zero growth rate was calculated to occur 
on day 84 (23 July) using tiller height data, and on day 86 (25 July) 
using tiller weight data. The shorter time predicted from leaf 

The critical July herbage removal period (Stout et al. 1980) is not 
associated with any simple qualitative morphological stage or 
growth event. However, all measures of growth (leaf number, tiller 
height, tiller weight, and leaf blade area) indicate cessation of 
growth in July; thus agreeing with the preliminary conclusion that 
the initial period occurs at the time of growth cessation (Stout et al. 
1980). Herbage removal during July caused maximum stand dete- 
rioration; however, herbage removal in May and June also 
decreased the stand, but to a lesser extent (Stout et al. 1980). NAR 
and RGR are larger in May and June than in July. Perhaps 
May-June herbage removal is less severe than July herbage remo- 
val because the plants can still photosynthesize and produce new 
plant tillers during this time. 

Senescence of leaf blade area (Fig. 6) may partly account for the 
reported low nutrition value of pinegrass after 1 August (McLean 
et al. 1969) and low palatability by 15 August (McLean 1967). 

Conclusion 

This study provides a description of how pinegrass tillers grow 
vegetatively. The critical herbage removal period corresponds to a 
time when there is a general slowing down of all aspects of pine- 
grass growth, rather than with any distinct or qualitative growth 
stage. A relationship between tiller height and leaf area has been 
derived so that growth analysis studies can be done without doing 
time consuming and labor intensive leaf area measurements. 
Growth analysis revealed that pinegrass growing in the field shows 
growth characteristics that are typical for C3 plants. Since most 
aspects of pinegrass growth are correlated to tiller height, this 
simple measurement should be considered by range managers as a 
useful tool for evaluating pinegrass stand vigor and growth. 
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Effects of Moisture and Temperature on Germination 
of Idaho Fescue 
PAUL DOESCHER, RICHARD MILLER, AND ALMA WINWARD 

Abstract 

Germination response to varying temperatures and water stress 
levels during a 30-day incubation period was observed in 4 eastern 
Oregon collections of Festuca iduhoensis Elmer. Seeds were 
selected from the following habitat types: Artemisia trident&a ssp. 
wyomingensis/Festuca iduhoensis (ARTRV/FEID), Pinus 
ponderosa Dougl./Festucu idahoensis (PIPO/FEID). One stand 
of each habitat type was sampled, except for the ARTRV/FEID 
habitat type where seed was selected from both a high and low 
elevation plant community. The low elevation stand will be desig- 
nated ARTRV“L”/FEID. Incubation temperature treatments 
were held constant (f2’ C) and ranged in 5” C increments from 5’ 
C to 35” C. At 15, 20, and 250 C, water stresses of 0.0 MPa, -0.6 
MPa, and -0.9 MPa were depressed using polyethylene glycol 
6000. Collectively, maximum total germinationforall collections occurred 
at and above 10’ C and below 30” C. Germination percentages for 
seeds from ARTRW/FEID, ARTRV/FEID and PIPO/FEID 
habitat types at 10’ C were 93.0, 97.0, 91.9, and 88.8%, respec- 
tively. Maximum germination rates for all collections occurred 
between 20-25” C. As water stress decreased and temperature 
increased, both germination amount and rate for the 4 collections 
declined. Seeds of Idaho fescue collected from sagebrush habitat 
types maintained higher germination amounts and faster germina- 
tion rates over wider temperature and moisture stress regime than 
did seeds selected from the PIPO/FEID site. 

Seed production and germination are important for the survival 
of plant species given the variable conditions of most natural 
ecosystems. Parameters which influence the adaptability and 
regeneration success of a species’ population include moisture 
stress and temperature (Eddleman 1979). Because moisture and 
temperature vary across environmental gradients, selective forces 
have probably resulted in the development of ecotypes sensitive to 
the climatic regimes of a given area (Turreson 1922). 

Reports examining germination characteristics of native species 
suggest ecotypic differences in response to variable incubation 
environments (Chouduri 1968, Capon et al. 1978, Lindauer and 
Quinn 1977, Workman and West 1967, Young and Evans 1981). 
However, relatively little research has examined germination 
response from seed collected along environmental gradients in 
local geographic areas. 
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This research was designtd to evaluate germination response of 
4 eastern Oregon seed collections of Idaho fescue to varying condi- 
tions of temperature and substrate water stress. Idaho fescue is a 
cool-season perennial bunchgrass indigenous to communities 
dominated by big sagebrush (Artemisia tridentata Nutt.) and pon- 
derosa pine (Pinusponderosa Dougl.). Optimum germination temper- 
atures for Idaho fescue have been reported to be between I5 to ’ C 
(Young et al. 1981, Stocker 1975). 

Materials and Methods 

Seed Collection and Processing 
Idaho fescue seeds were collected from the following habitat 

types: Artemisia tridentata ssp. wyomingensisl Festuca idahoensis 
(ARTRW/ FEID) (Doescher 1983), Artemisia tridentata ssp. 
vaseyana/Festuca idahoensis (ARTRV/ FEID) (Winward 1970) 
and Pinus ponderosal Festuca idahoensis (PIPO/ FEID) (Frank- 
lin and Dyrness 1973). One stand of each habitat type was sampled, 
except for the ARTRV/ FEID habitat type where seed was col- 
lected from both a high and low elevation plant community. The 
low elevation stand occurred on coarse pumice soils. For purposes 
of this discussion, this site will be referred to as the ARTRV“L’- 
/ FEID habitat type. 

All habitat types were chosen in the same general geographic 
region (Table 1). It was assumed that ARTRW/ FEID habitat type 
was the most xeric, the PIP0 habitat type the most mesic and the 
ARTRV“L”/ FElDand ARTRV/ FEID habitat type intermediate 
in moisture relations. All sites had a dominant understory of Idaho 
fescue. 

Seeds of Idaho fescue were collected by hand stripping at various 
times during the 1980 growing season and cleaned by hand thresh- 
ing and screening to remove caryopses from chaff. Seeds were 
stored at room temperatures. In order to standardize seed weight 
during experimentation, only heavy seeds were used in germina- 
tion trials. Unfilled and light seeds were removed with a seed 
blower, with blower settings held constant for each seed lot. 
Abnormally developed embryos observed on a light table were not 
included in the germination experiments. Seeds used in experimen- 
tation were collected during seed shatter as test of seed viability 
with tetrazolim chloride indicated better stress germination from 
seeds collected during this phenological period. Seeds approxi- 
mately 8 months of age were used in the germination trials. 

Experimental Procedure 
Seeds were concurrently germinated in environmental chambers 

under seven constant temperatures (5,10,15,20,25,30, and 35” C) 
and six combinations of temperature and water stress ( lS°C/O.O 
MPA, 15”C/-0.6MPa, 15°C/-0.9MPa,200C/0.0MPa,200C/-0.6 
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Table 1. Habitat types and site characteristics of four eastern Oregon seed lob of Festucu iduhuensis. 

Habitat type 

Artemisia tridenrata ssp. wyomingensisl 
Festuca idahoensis 

Artemisia tridentata ssp. vaseycmo “L” 
Festuca idahoensis 

Abbreviation 

ARTRW/ FEID 

ARTRV-P”/ FEID 

Elevation Texture of 
(meters) Site location Soil description surface soil 

1350 SW1/4NW1/4333 Xerollic 
R21S,RZlE 

Loamy sand 
Durargid 

Near Hampton, OR 

1400 Xerollic SEl/4NEl/4S20 Sandy loam 
R20S,R18E Durargid 

Near Brothers, OR 

Artemisia tridentata ssp. vaseyana 
Fesruca idahoensis 

ARTRV/ FElD 1700 SEl/4NWl/44S12 
T2lS,R20E 

Near Hampton, OR 

Argic 
Cryboroll 

Sandy loam 

Pinusponderosal Fesruca idahoensis PlPO/ FEID I750 NWl/4SEl/4S22 
T20S,Rl5E 

Near Millican, OR 

Typic 
Cryboroll 

Loam 

MPa,200C/-0.9MPa,250C/-0.0MPa,250C/-0.6MPa,250C/-0.9 
MPa). The water stress of each solution was depressed using 
polyethylene glycol (PEG) MW 6000 and specific values were 
computed using the procedures outlined by Michel and Kaufmann 
(1973). 

All collections germinated well at 10’ C (Table 2). However, 
seed germination was maintained at significantly higher percen- 
tages over a wider temperature range for collections from the 
sagebrush habitat types than was evident for seeds collected from 

Four replications of 25 seeds were used for each treatment/ pop- 
ulation combination. Seeds were imbibed on cellulose pads in petri 
dishes with either distilled water or PEG 6000 solutions added in 
sufficient quantities to saturate the germination medium but cause 
puddling only on the bottom of the petri dish. Petri dishes were 
placed 4 deep on a metal tray containing a single layer of saturated 
cellulose on the bottom. One tray was used for each water stres- 
s/ temperature combination. Trays were enclosed by 2 black plastic 
bags in order to maintain dark germination conditions and a high 
humidity environment during the germination trial. Trays were 
randomly placed within growth chambers and rotated daily. A 
seed was considered germinated when both radicle and shoot had 
elongated at least 3 mm. Ungerminated seeds were tested for filled 
caryopses by backlighting. Germination counts were converted 
into percentages for statistical interpretation. 

Data Analysis 

Table 2. Two-way interactions means for total percent germination at six 
constant temperatures. Error mean square value of the transformed data 
from analysis of variance was 42.29. 

Temperature C 
Collection 5 IO I5 20 25 30 

% 
ARTRW/ FEID 69ab* 93ab 88a 95a 87a 75a 
ARTRV“L”/ FEID 62bd 97a 88a 88ab 90a 65ab 
ARTRV/FElD 82a 92ab 94a 78bd 91a 72ab 
PlPO/FElD 47d 89b 65b 71d 61b 52b 

*Similar letters denote non-significant differences between collections at a particular 
temperature level (a = .05), using Tukey’s w-procedure. 

Germination treatments were tested ( q  .05) using a factorial 
Analysis of Variance. Total germination percentages were trans- 
formed using an arcsine square-root transformation in order to 
make the statistical distribution more normal (Sokal and Rohlf 
1969). Two values were computed to evaluate germination rate. 

1. Maquire’s (1962) Coefficient of Rate of Germination 
(CRG)-a value which considers speed of germination as 
well as total number of seeds which germinate on a given day. 
CRGs were derived from percent germination. 
2. Days to 50% of Total Germination-an indication germi- 
nation rate independent of total number of seeds which ger- 
minate. The smaller the value, the greater the germination 
rate. 

the PIPO/ FEID habitat type. Optimum germination percentages 
declined on either side of the 10” C temperature for the PIPO/- 
FEID selection. Collectionsfrom the ARTRW/ FEIDand ARTRV- 
“L”/ FEID sites were judged not different at all temperature treat- 
ments. Collection ARTRV/ FEIDdiffered from collection ARTRV- 
“L”/ FEID and ARTRW/ FEID at 5 and 20’ C, respectively but 
never differed from both collections at the same temperatures. 

Maximum germination rates for all collections were exhibited at 
20-25” C (Table 3). At temperatures above 10” C, mean CRG 

Table 3. Two-way interaction means for Coeffcient of Rate of Germina- 
tion (CRG) at six constant temperatures. Error mean square value from 
analysis of variance was 1.34. 

Differences between collections, temperatures, and water stresses 
were assessed using Tukey’s-w procedure ((~z.05) (Steel and Torrie 
1980). When significant interactions existed between main effect 
means, only those judged to have ecological significance were 
interpreted. 

Results 

Germination Response to Constant Temperatures 

Temperature C 
Collection 5 IO I5 20 25 30 

CRC 
ARTRWI FEID 2.7a* 8.9a I l.2ab 14.5a l3.4a 9.5a 
ARTRV”L”/ FEID 2.4a 9.7a IO.& 14.5a l4.4a 8.8a 
ARTRV/ FElD 3.4a 9.2a 13.lb l2.6a l5.5a 9.3a 
PlPO/ FEID I .8a 7.9a 6.7~ 9.4b 8.2b 5.6b 

*Similar letters denote non-significant differences between collections at a particular 
temperature level (a = .05) using Tukey’s w-procedure. 

Characterization of germination properties over temperatures 
of 5, 10, 15, 20, 25, and 30’ C indicated a differential response 
within the 4 Idaho fescue collections. Germination did not occur 
for any of the collections at 35’ C. A collection X temperature 
interaction occurred for both mean total percent germination and 
mean CRG. 

values were greater for collections from sagebrush sites in compari- 
son to seeds from the pine-dominated community. Main effect 
means for days to 50% germination for the ARTRW/FEID, 
ARTRV”L”/ FEID, ARTRV/ FEID and PIPO/ FEID collections 
were 10.5, 10.6, 10.2, and 12.1, respectively. The PIPO/FEID 
collection exhibited a slower response for days to 50% germination 
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Table 4. Three way interaction means for total percent germination at three temperatures (” C) and three potentials (MPa). Error man square value 
of the transformed data was 41.92. 

Temperature 

15 20 25 
Water Stress 0 -. 6 -. 9 0 -_ 6 -. 9 0 -. 6 -. 9 

Collection % Germination 

ARTRW/ FEID 88a 92a 82a 95a 89ab 73a 87a 54ab 31a 
ARTRV”L”/ FEID 88a 95a 86a 88ab 93a 78a 90a 72a 25ab 
ARTRV/ FEID 94a 85ab 87a 78bc 89ab 53b 91a 41bc 22ab 
PlPO/ FEID 65b 76b 71a 71c 78b 62ab 61b 33d 12b 

*Similar letters denote non-significant differences between collections at a particular temperature/moisture stress level ((I z.05) using Tukey’s w-procedure. 

in comparison to the other collections at all temperatures. Discussion and Conclusions 

Germination Response to Temperature/ Water Stress 
Germination characteristics between populations varied in rela- 

tion to temperature and water stress. As water stress decreased 
both germination amount and rate declined. A collection X 
temperature water stress interaction was detected for the analyses 
of both mean germination and CRG. Evidently, a physiological 
response in seed germination between water stress and tempera- 
ture, which resulted in a disproportionate decline in germination 
percentage at 20” C, contributed the most to the interaction sum of 
squares. 

The results revealed differences in relative response to varying 
temperature and water stress environments among 4 Idaho fescue 
collections. Seeds selected from sagebrush dominated habitat 
types germinated better and faster over wider temperature and 
water stress regimes than did seeds gathered from a ponderosa pine 
habitat type. 

Interpretation of 3-way interaction means for germination 
(Table 4) and CRG (Table 5) indicated a similar germination 
response between the ARTRW/ FEID and ARTRV“L”/ FEID 
populations. Seeds collected from the ARTRV/ FEID site were 
different than the other 2 sagebrush collections at temperature/ - 
water stress levels of 20°C/-0.9 MPa for germination and 
2O“C/-0.6 MPa for mean CRG. Total germination of seeds 
imbibed in solutions of -0.6 and -0.9 MPa was greatest for all 
collections at temperatures of 15’ C and 20“ C. Idaho fescue seeds 
from sagebrush sites germinated significantly better and faster over 
wider temperature/ water stress ranges than seeds collected from 
the PlPO/ FEID habitat type. However, as water stress declined, 
the differences between collections became nonsignificant. 

These responses may be related to environmental factors under 
which populations of a plant species have evolved. Numerous 
studies have shown that germination patterns reflect the seasonal 
and climatic environments which naturally occur during germina- 
tion (McDonough 1977, Young and Evans 1981). Selective pro- 
cesses have probably resulted in the development of populations, 
which germinate best under certain incubation regimes. 

For days to 50% germination, an interaction occurred between 
temperature and water stress. Again, a physiological relationship 
appeared to exist between incubation temperature and water stress 
and their combined effect upon seed germination. Population 
main effects in days to 50% germination for the ARTRW/ FEID, 
ARTRV“L”/ FEID, ARTRV/ FEID and PIPO/ FEID collections 
were 10.5, 11.3, 11.1, and 12.2, respectively. Separation of main 
effect means for the 4 Idaho fescue populations indicated collec- 
tions from sagebrush sites did not differ in days to 50% germina- 
tion. Seeds collected from the PIPO/ FEID habitat type, however, 
were significantly slower to reach 50% germination than seeds 
from the ARTRW/ FEID and ARTRV/ FEID sites. 

The relative order of population germination response in Idaho 
fescue to a wide range of temperature and water stress environ- 
ments conforms to the preconceived environmental gradient that 
exists under natural conditions. Within the PIPO/ FEID habitat 
type amelioration of the microclimate near the ground surface by 
aspect, elevation, or vegetation overstory, coupled with stressfully 
higher yearly precipitation amounts, conceivably reduces the need 
for rapid germination of a large number of seeds under a wide 
range of temperature and moisture stress conditions. This is not to 
say seeds will not germinate under other incubation regimes, but 
rather to imply that seeds of high elevation populations are condi- 
tioned to germinate better under the naturally cooler temperature 
and higher moisture environments of these sites. Seeds from the 
warm, dry sagebrush sites germinate fastest and most completely 
under a broader range of temperature and water stresses. This 
response may be particularly important during periods of adequate 
late summer or fall moisture. Because Idaho fescue seeds appear 
capable of germination during this time of year, sensitivity to soil 
moisture and temperature may be critical factors in the recruitment 
of new individuals into the plant community. A faster germination 
rate and larger germination percentage over a wider regime of 
environmental stresses may confer a greater chance for successful 

Table 5. Three water interaction means for CoeffKient of Rate of Germination (CRG) at three temperatures (” C)and three water potentials(MPa). Error 
mean square value from analysis of variance was 0.93. 

CRC 

Water Stress 

Collection 

15 20 25 
0 -. 6 -. 9 0 -. 6 -. 9 0 -. 6 -. 9 

ARTRW/ FEID Il.2a* 8.9a 5.6a 14.5a 9.7a 5.3a 14.4a 5.2a 2.la 
ARTRV“L’/ FEID I0.8a 8.9a 5.7a 14.5a 8.9a 5.la 14.4ab 6.3a 1.6a 
ARTRV/ FEID 13.lb 8.3ab 5.6a 12.6b 9.3a 3.8a 15.5b 3.3b 1.2a 
PlPO/FElD 6.7~ 6.8b 4.6a 9.4c 6.8b 4.la 8.3~ 2.4b .7a 

*Similar letters denote non-significant differences between collections at a particular temperature/moisture stress level (a = .05) using Tukeys-w procedure. 
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fall establishment. Whether or not fall or spring germination is 
important to the regeneration of Idaho fescue on sagebrush sites 
has yet to be determined. 

On the basis of 1 year’s analysis, it appears possible to distin- 
guish between ecotypes within the 4 Idaho fescue collections. It is 
felt the pattern of germination response in seeds from the PIPO/ - 
FEID habitat type was sufficiently distinct to warrant classifying 
Idaho fescue on this site as a separate ecotype in comparison to 
plants found within the sagebrush dominated communities. This 
relationship is enhanced by the comparatively similar germination 
all collections exhibited at 10’ C and the significant decline in 
response for the PIPO/FEID collection as temperature and/or 
water stress increased. Unlike the PIPO/ FEID collection, seeds 
from the ARTRV/ FEID site exhibited different germination 
characteristics in comparison to seeds from the ARTRW/ FEID 
and ARTRV“L”/ FEID sites only at a few temperature/ moisture 
stress environments. Whether or not this represented a genetically 
or environmentally induced response or resulted from chance 
occurrence is hard to determine. 
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Vegetation Changes on Western Rangelands 

New! 

by Farrel A. Branson 

l a4 pages 
l paperback 
l extensive references 
l Illustrated 
l $4.00 postpaid 

This book provides a comprehensive source of information on vegetation 
changes that have occurred on western rangelands during the past 100 years. 
It is illustrated with maps and photographs. The comments of one reviewer of 
the manuscript are as follows: 

“It is a very good source of information on vegetation types for students as 
well as range professionals. It would be a good text for range community 
courses and portions could be used for selected assignments in other range 
courses. It brings together the primary references and provides so much more 
information to date than our present texts. I strongly believe that it will be a 
well-referred source. It would also improve the image of the range profession 
as one that is tremendously knowledgeable about the resources it manages. 
Branson’s style of writing is good. It is straight forward and uncomplicated.“- 
Dr. M. Hironaka, University of Idaho, Moscow, Idaho. 

Range professors and students, private and public range managers, SOi1 

conservationists, wildlife managers, and others will find the book a valuable 
contribution to their libraries. Available from the Society for Range Manage- 
ment 2760 W. Fifth Ave, Denver, CO 80204. 
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Temperature and Water Stress Effects on Growth of 
Tropical Grasses 
D.H. BADE, B.E. CONRAD, AND E.C. HOLT 

Abstract 

Coastal bermudagrass (Cynodon dactylon (L.) Pers.) and 
Kleingrass “75” (Panicum coloratum L.) were grown under con- 
trolled environments to evaluate the effects of high growth temper- 
aturesand water stress on forage growth. Plants were grown under 
a controlled environment with 14/10 hour day/night temperatures 
of 30/20,35/25, and 40/3W C; 2 water regimes; and 3 stages or 
ages of regrowth at harvest. High growth temperatures signifi- 
cantly (KO.05) increased dry matter yield and accelerated tiller 
number and the maturation rate of the plants. Significant (JYO.05) 
increases in leaf area, weight per tiller, and plant height were 
observed as growth temperatures were increased. Reduction of 
number of tillers per pot due to water stress reduced dry matter 
yields approximately 380/o. The percent leaf was greater for the 
water-stressed plants than for the well-watered plants, but the leaf 
area per plant was less due to reduction of growth and delayed 
maturation. Dry matter yield of water-stressed plants grown under 
higher temperatures increased more than corresponding well- 
watered plants as a result of increased rate of stem elongation and 
leaf development. Though water-stressed plants were shorter and 
had less leaf area than well-watered plants, the relative increase in 
both height and leaf area at higher temperatures of stressed plants 
was greater than well-watered plants. Apparently supraoptimal 
temperature (400 C) does not have a negative effect on yield in the 
presence or absence of moisture stress. 

Reduction of digestible dry matter content has been reported for 
warm-season tropical grasses sampled under conditions of high 
temperature and water stress (Holt 1975, Pitman et al. 1981, Wil- 
son 1981). Environmental stresses also affect growth rates and 
yields of grasses. Optimum temperatures for growth of tropical 
grasses are 30 to 35” C during the day and 25 to 30” C at night 
(Dirven and Deinum 1977, Ivory and Whiteman 1978). Optimum 
temperature results in an increased rate of stem elongation and leaf 
appearance (Dirven and Deinum 1977) and an increase of the 
number of tillers and of leaves per tiller. An increase in area per leaf 
and leaf area per plant also contributes to the greater production. 

Conversely, water stress in tropical grasses reduces yield (Ng et 
al. 1975, Wilson et al. 1976) slows cell enlargement and stem 
elongation, and reduces leaf area and the shoot/ root ratio. High 
temperature can accentuate the rate of water loss, plant water 
deficits, and water stress. Although mid-summer sampling of 
warm-season grasses has facilitated evaluation of the combined 
effects of high temperatures and water stress, the independent 
effects of high temperature and water stress, and their interaction, 
remain to be quantified in controlled environments. Henderson 
and Robinson (1982) reported the effects of growth temperatures 
on yield of tropical grasses under 2 watering regimes, but the effects 
on yield components were not reported. In addition, growth 
temperatures reported to date generally have not exceeded 35’ C in 
most studies, yet summer daytime temperature extremes in the 
Southwestern United States commonly exceed 35” C. 

The objective of this study was to quantify the independent 
effects of high growth temperature and water stress, and their 
interaction, on yield and growth components of Coastal bermuda- 
grass and Kleingrass 75. 

Authors are former instructor, associate professor, and professor, Department of 
Soil and Crop Science, Texas A&M University, respectively. D.H. Bade is currently 
Area Extension Agronomist, Texas Agricultural Extension Service, Bryan 77801. 

Manuscript accepted December 19, 1984. 
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Materials and Methods 

Coastal bermudagrass, a sod-type grass, and Kleingrass 75 
kleingrass, a bunch-type grass, were selected for study. Kleingrass 
plants were established from tillers of a single plant. Bermudagrass 
plants were propagated using core samples taken from an estab- 
lished sod. Soil was washed from the roots of the tillers or cores and 
the grasses established in 20-cm diameter (3.65 liter) polyethylene 
pots containing equal dry weights of potting soil. Potted plants 
were grown under greenhouse conditions prior to initiation of 
experiments under controlled conditions. 

Prior to the start of the experimental period, plants were ran- 
domly assigned to treatments and placed in a 38-ft* plant growth 
chamber for a 3-week adjustment period. An irradiance at the top 
of the plants was provided by 16 sodium vapor lams (180 watt 
bulbs) at 1000 Mol mm2 S’ PAR. 

A step change of irradiance comprised the first and final hour of 
a 14-hour photoperiod. Relative humidity was maintained in a 
range of 64 to 70% by floor mounted humidifiers controlled by a 
wet bulb switch. The duration of day/ night temperatures (” C) of 
30/ 20,35/ 25, and 40/ 30 coincided with the photoperiod duration. 

Treatment combinations within each temperature regime con- 
sisted of 2 water regimes and three harvest stages or age of 
regrowth. The temperature regimes, considered as main blocks, 
were conducted over time and each temperature regime repeated 
once (Hammer and Urquhart 1979). Within each temperature 
regime, subplots consisted of 2 species, Coastal bermudagrass and 
Kleingrass 75. Superimposed on each species in a random arran- 
gement were all combinations of 2 watering levels (described 
below) and 3 stages and/or age of harvest. Individual treatment 
combinations were replicated 3 times. Plants (pots) were re- 
randomized as to treatments and position for each temperature 
regime. 

Three harvests were made, each on different plants, at specified 
morphological stages and/or chronological ages for watered and 
water-stressed plants. Harvests were made (1) when 5 fully deve- 
loped leaves appeared on 3 separate tillers per pot, (2) at 21 days of 
regrowth, and (3) at flowering or 3 separate tillers per pot of 
kleingrass. Bermudagrass did not flower, thus it was harvested at 
the same time as kleingrass plants in the flowering stage. Well- 
watered and water-stressed plants were harvested independently of 
each other. Temperature and water-stress treatments were com- 
pared for the same ontogenetic stage and/ or same date of harvest. 

A moderate water stress was implemented by watering twice 
daily by pot weight to obtain a leaf xylem water potential of - 1.2 to 
- 1.4 MPa. The well-watered plants were watered by pot weight to 
80% of the field capacity to obtain a leaf xylem water potential of 
-0.8 to -0.9 MPa. Distilled water was used for all treatments. 
Specific amounts of water to obtain desired leaf water potentials 
were determined during a 2-week adjustment period for each 
temperature regime by measuring leaf xylem water potential just 
prior to the beginning of the light period. Leaf xylem water poten- 
tials were determined with a hydraulic leaf press and monitored 
throughout the experimental period. 

Fertilizer was supplied in equal amounts to all plants using a 
modified Hoagland’s solution. Stock solutions were combined to 
provide 130 mg nitrogen, 123 mg potassium, 27 mg phosphorus, 99 
mg calcium, 16.5 mg magnesium, 21 mg sulfur, and required 
micronutrients per pot. All pots were leached with distilled water 
between experimental periods. Plant canopy height at harvest, 
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days of regrowth to harvest, and leaf xylem water potentials were 
measured. Plant tops were removed to leave a 5-cm stubble and 
separated into leaf (lamina) and stem (leaf sheath, stem and any 
inflorescences) fractions. Leaf area and number of tillers per pot 
were recorded. Leaf and stem fractions were dried at 100” C for 2 
hours, followed by drying at 60” C for 48 hours to determine dry 
matter yields. 

Table 2. Dry matter yield of two warm season perennial grasses as affected 
by growth temperature and water regime. 

Harvest stage/age and 
water regime 

Growth temperature, OC (day/night) 

30120 35125 40/ 30 Average 

Analysis of variance, and analysis of the 2-way interactions by 
contrast were used to analyze the data. 

5th leaf stage 
Well-watered 
Water-stressed 

2.1 A 
1.8 A 

Results and Discussion 
Accelerated ontogenetic development occurred with increasing 

growth temperature from 30/20° C to 35125” C for both well- 
watered plants and water-stressed plants (Table 1). Temperatures 
Table 1. Days of regrowth required for ontogenetic stage of harvest with 

2 I days of regrowth 
Well-watered 
Water-stressed 

5.6 A 
3.0 B 

various temperature and water regimes of kleingrass. 

Anthesis (of kleingrass) 
Well-watered 
Water-stressed 

5.1 a 
4.2 B 

Ontogenetic stage of 
harvest 

Temperature o C (day/night) 

30120 35125 40130 

days of regrowth 

Stage/age average 
Well-watered 
Water-stressed 

4.5 A 
3.0 B 

5th leaf stage 
Well-watered 
Water-stressed 

Anthesis of kleingrass 

16 arB* 
20a A 

IObB 10.5 b B 
15bA 14.5 b A 

5th leaf stage 
Well-watered 
Water-stressed 

2.2 A 
1.9 A 

Well-watered 30a B 21 bB 19 cB 
Water-stressed 33a A 28 b A 25 CA 

‘Means in each line followed by the same lower case letter are not significantly 
different at the 0.05 level of probability. based on Duncan’s Multiple Range Test. 
‘Means for each stage/age average in a column followed by the same uppercase letter 
are not si 
Multiple R 

nificantly differently at the 0.05 level of probability. based on Duncan% 
ange Test. 

2 I days of regrowth 
Well-watered 
Water-stressed 

g/plant, bermudagrass 

1.9 arA* 1.9 a A 2.5a A 
1.4b A 1.5 b A 2.4a A 

3.1 bA 6.6aA l.OaA 
1.7~ B 2.9 B b 4.5 a B 

4.4 b A 6.1aA 6.6aA 
2.5 c B 4.4bB 5.8aB 

3.1 b A 4.9 a A 5.4 a A 
1.9~ B 2.9 b B 4.2 a B 

g/plant, kleingrass 

2.2aA 2.1aA 2.2aA 
1.9a A 1.5 a A 2.2 a A 

3.8 b A 5.9 a A 5.4 a A 
1.7bB 2.2bB 3.3aB 

5.0 a 
2.4 B 

Anthesis of kleingrass 
Well-watered 
Water-stressed 

6.1 A 
3.5 B 

above 35/ 25” C did not further reduce the time required to reach a 
specific stage. This increase in development rate with increasing 
temperatures to 35/ 25” C has been well documented (Dirven and 
Deinum 1977; Wilson and Ford 1971, 1973). 

Stage/age average 
Well-watered 
Water-stressed 

5.3bA 6.3aA 6.7aA 
3.0 b B 3.0 b B 4.4 a B 

3.8 b A 4.8 a A 4.8 a A 
2.1 b B 2.2 b B 3.3 a B 

4.5 A 
2.5 B 

Dry matter yields for both grass species were significantly 
(X0.05) affected by growth temperature, water treatment, and 
harvest frequency (Table 2). With the exception of the 5-leaf stage, 
dry matter yields were significantly higher (X0.05) at the 40/ 30 
temperature regime for both the well-watered and the water- 
stressed treatments than at the 30/20 temperature regime. This 
response was consistent for both grass species. With the exception 
of the early harvest, dry matter yields were higher (X0.05) for the 
well-watered than for the water-stressed plants at each tempera- 
ture. Water stress reduced dry matter yields by 31 and 44% for 
bermudagrass and kleingrass, respectively. Pitman et al. (198 1) 
reported similar decreases in dry matter yield of kleingrass grown 
under comparable degrees of constant water stress. The yield 
reduction is similar to the 40% reported by Wilson and Ng (1975) 
with recurring cycles of short-term water stress. 

‘Means in each line followed by the same lower case letter are not significantly 
different at the 0.05 level of probability, based on Duncan’s Multiple Range Test. 
“Meansforeach stage/ageaverage ina column followed by thesame uppercase letter 
are not significantly differently at the 0.05 level of probability, based on Duncan’s 
Multiple Range Test. 

Bermudagrass and kleingrass did not differ significantly (KO.05) 
in yield at each of the three growth temperatures though bermuda- 
grass tended to have a higher yield at both the intermediate and 
high temperatures. The species by temperature interaction was 
significant (X0.05) suggesting a higher optimum temperature for 
bermudagrass. 

+WeII-Watered o Water-Stressed 

The greatest yield response to high temperatures occurred with 
plants under water stress (Fig. la). Well-watered plants showed 
little increase in yield above 35/25’C/ while water-stressed plants 
showed a marked increase above 35/25OC. High temperature 
might be expected to exaggerate the effect of water stress through 
increased rate of evapotranspiration, thereby further reducing 
yield due to water stress. While this pattern would likely occur 
under field conditions with intermittent rainfall, it did not occur 
with daily water increments to replace the moisture lost through 
evapotranspiration. Under these conditions a proportionately 
larger yield increase occurred at the highest temperature in stressed 
versus well-watered plants. The stressed plants had a slowed rate of 
ontogenetic development (Table 1). They have a higher leaf percent 
and they are shorter than their well-watered counterparts (less stem 
elongation). Higher temperature may speed up stem elongation 
and flowering of the less-developed, stressed plants; whereas, stems 
have already elongated and stem growth rate is less responsive to 
temperatures for well-watered plants. 

Day/Night Temperature (Oc) 

Fig. 1. Temperature and water stress effects on tropical grass growth 
components (average of both species). 
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Bermudagrass and kleingrass yields were equal when well- 
watered but kleingrass produced significantly less (KO.05) yield 
(-17%) than bermudagrass when stressed. Thus, while kleingrass 
will survive and grow in lower rainfall areas than bermudagrass, it 
is not more efficient in water utilization under those conditions 
where bermudagrass will grow and survive. 

Yield components were measured to provide a better under- 
standing of the effects of temperature and moisture stress on yield. 
Total yield, weight/ tiller, leaf area/ pot, and plant height increased 
as temperature increased. Total yield, tillers/pot, leaf area/pot, 
and plant height were less for water-stressed than for well-watered 
treatments (Fig. 1). Tillers/pot for bermudagrass were signifi- 
cantly (X0.05) greater than for kleingrass and the well-watered 
plants had a greater number of tillers than the water-stressed plants 
(Tables 3 and 4). Water stress decreased tillers/ pot (p<O.OS) 20% 

Table 3. Yield components of kleingrass as affected by growth temperature 
and water regime. 

Tillers/pot 
Well-watered 
Water-stressed 

Weight/ tiller 
Well-watered 
Water-stressed 

% Leaf 
Well-watered 
Water-stressed 

Leaf area 
Well-watered 
Water-stressed 

Plant height 
Well-watered 
Water-stressed 

Growth temperature o C (day/ night) 

30/20 35125 40/30 

tillers/ pot 

26.3 b’A2 29.0 a A 27.5 a A 
14.6 a B 14.3 a B 14.5 a B 

mg/ tiller 

137.2 c A 165.5 b A 183.2 a B 
114.8 c B 153.8 b A 270.5 a A 

% leaf 

76.5 b B 75.0 b B 82.3 a B 
83.7 a A 83.7 a A 86.8 a A 

cm*/pot 

386.2 c A 511.2 b A 683.7 a A 
262.8 b B 258.2 b B 477.3 a B 

Am 

33.7 c A 39.7 a A 38.3 b A 
23.2 c B 27.5 b B 36.0 a B 

‘Means in each line followed by the same lower case letter are not significantly 
different at the 0.05 level of probability, based on Duncan’s Multiple Range Test. 
2Means for each yield component in a column followed by the same upper case letter 
not significantlydifferent at the 0.05 level of probability, based on Duncan’s Multiple 
Range Test. 

and 46% for bermudagrass and kleingrass, respectively. Tillers/ pot 
for bermudagrass increased as growth temperature increased from 
30/20 to 35/25 for both well-watered and water-stressed plants 
(Table 4). Tillers/ pot were not affected by growth temperature for 
water-stressed kleingrass plants. (Table 3). 

The increase in dry matter yield with increased temperature (Fig. 
la) cannot be explained by temperature effects on tillers/ pot per 
se. Although increased temperature affected tiller/ pot of bermu- 
dagrass, the response pattern was not the same as for dry matter 
yield and, therefore, does not account for the yield response. 
Tillers/ pot increased significantly from 30/ 20 to 35/ 25 but tended 
to decrease when temperature was increased to 40/ 30°C, whereas 
yield continued to increase to the highest temperature. The reduc- 
tion in dry matter yield under water stress can be related to the 
reduction (KO.05) in tillers/ pot. 

Weight per tiller was greater (KO.05) for kleingrass than ber- 
mudagrass at all temperature regimes, water treatments, and harv- 
est stages or age (Tables 3 and 4). Production of dry matter per 
tiller increased significantly with increased growth temperature in 
both species under both moisture levels. Most of the increase in 
yield of water-stressed plants when temperature was increased to 

Table 4. Yield components of bermudagrass as affected by growth temper- 
ature and water regime. 

Tillers/ pot 
Well-watered 
Water-stressed 

Weight/tiller 
Well-watered 
Water-stressed 

Well-watered 
Water-stressed 

Leaf area 
Well-watered 
Water-stressed 

Plant height 
Well-watered 
Water-stressed 

Growth temperature o C (day/ night) 

30120 35125 40130 

tiller/pot 

122.8 b’A* 146.8 a A 139.0a A 
92.2 b B 109.8 a B 103.5 ab B 

mg/ tiller 

20.8 c A 33.4 b A 48.0a A 
15.9~ A 26.4 b A 45.4a B 

% 
61.8 a B 61.7 a B 60.3 a A 
68.0 a A 66.8 a A 63.8 a A 

cmr/pot 

250.8 c A 332.8 b A 397.7 a A 
158.0 c B 211.5 b B 330.0 a B 

Am 

19.7 c A 24.7 a A 21.7 b A 
17.7 a A 19.7 a B 19.1 a B 

‘Means in each line followed by the same lower case letter re not significantly different 
at the 0.05 level of probability, based on Duncan’s Multiple Range Test. 
*Means for each yield component in a column followed by the same upper case letter 
are not significantly different at the 0.05 level of probability, based on Duncan’s 
Multiple Range Test. 

40/ 30°C evidently is related to the concurrently increased weight 
per tiller. Ivory and Whiteman (1978) concluded that increased 
growth with increased temperature was due to weight per tiller and 
not number of tillers per pot. Dirven and Deinum (1977) also noted 
that heavy tillers occurred at high growth temperature in Brachia- 
ria ruriziensis (Germain and Evard). These data show that the 
response in weight per tiller occurs at temperatures up to 40/ 30° C 
and the response is proportionately greater if the plants are water 
stressed. 

Kleingrass was significantly higher (KO.05) in percent leaf than 
bermudagrass (Tables 3 and 4) and the 5th leaf stage was higher in 
percent leaf than later harvests (data not shown). Percent leaf was 
not significantly affected by growth temperature (Fig. lb). There 
was a significant increase in leaf percent of water-stressed plants 
over well-watered plants at all temperatures for kleingrass and at 
the 2 lower temperatures for bermudagrass, and this response is 
reflected in the average of species (Fig. lb). 

The leaf area per plant increased (KO.05) for both species as 
temperature increased. Leaf area for kleingrass was greater 
(KO.05) than that for bermudagrass and well-watered plants 
greater (KO.05) than water-stressed plants. Leaf area changes 
closely follow the changes in weight per tiller with a significant 
(KO.05) increase occurring with increased temperatures for both 
well-watered and water-stressed plants (Fig. Ic). As with weight 
per tiller, the largest increase in leaf area associated with tempera- 
ture occurred under water stress as temperature was increased 
from 35125 to 40130 in both species (Table 3 and 4). Ivory and 
Whiteman (1978) concluded that the increase in leaf area with 
increased growth temperature was due to increased leaf size for all 
species rather than variation in the number of leaves per tiller. It 
seems possible that the same factor was involved in the leaf area 
increases in this study, though leaves per tiller were not determined. 

The response of plant height to temperature differed for well- 
watered and water-stressed plants (Fig. Id). The increase of plant 
height as growth temperature increased from 30/ 20 to 35/ 25 for 
well-watered plants of both species correspond to the dry matter 
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yield responses. This increase in plant height with increased 
temperature was the result of accelerated stem elongation (Dirven 
and Deinum 1977). Growth temperature had a significant effect on 
plant height of water-stressed kleingrass plants (Table 3) but not on 
bermudagrass (Table 4). The increase in weight per tiller in water- 
stressed kleingrass as temperature increased, and hence, increase in 
dry matter yield, was related to increased plant height from stem 
elongation and a greater leaf area. The increase in weight per tiller 
in water-stressed bermudagrass with increased temperature was 
not due to increased plant height, but was probably the result of 
increased lateral branching of existing tillers and increased leaf 
area. The absence of reproductive tillers with inflorescences in 
bermudagrass affected the difference in plant height response of 
the two species to growth temperature. 

The reduction in dry matter yield from water stress was due more 
to a reduction in the number of tillers per plant than to the weight 
per tiller (Tables 3 and 4). The significant (KO.05) reduction in 
plant height due to water stress indicates the overriding effect of 
water stress on stem elongation, even as temperature was increased. 
This study suggests that these tropical grasses are not actually 
stressed by supraoptimal temperatures up to 4O’C. Also, high 
temperature does not interact with moisture stress to exaggerate 
stress effects on the plant. In fact supraoptimal growth tempera- 
ture combined with water stress seemed to result in a positive yield 
response under conditions where some soil moisture was available. 
While the general growth responses of Coastal bermudagrass and 
Kleingrass 75 were similar, individual growth components of the 
two species responded differently to high temperature and mois- 
ture stress. 

Literature Cited 

Dirven, J.G.P., and B. Deinum. 1977. The effect of temperature on the 
digestibility of grasses. Forage Res. 3: I-17. 

Hammer. P. Allen,and N. Scott Urquhnrt. 1979. Precisionand replication: 
critique II. p. 354-361. In: Controlled Environmental Guidelines for 
Plant Research. T.W. Tibbittsand T.T. Kozlowskiled). Academic Press, 
Inc. New York, New York. 

Henderson, M.S., and D.L. Robinson. 1982. Environmental influences on 
yield and in vitro true digestibility of warm season perennial grasses and 
the relationship to fiber components. Agron. J. 74:945-946. 

Holt, E.C. 1975. Meeting the nutrient requirements of beef cattle with 
forage. p. 261-285. In: Forage Fed Beef: Production and Marketing 
Alternativesin the South, J.A. Studemann, D.L. Huffman, J.C. Purcell, 
and O.L. Walker (eds.). Bul. 220. So. Coop. Series. 

Ivory, D.A.,and P.C. Whiteman. 1978. Effect of temperature on growth of 
five subtropical grasses. 1. Effect of day and night temperature on growth 
and morphological development. Aust. J. Plant Physiol. 5: 131-148. 

Ng, T.T., J.R. Wilson, and M.M. Ludlow. 1975. Influence of water stress 
on water relations and grown of a tropical (Cd) grass, Punicum maximum 
var. wichoglume. Aust. J. Plant Physiol. 2:581. 

Pitman, W.D., D.M. Vietor, and E.C. Holt. 1981. Digestibility of klein- 
grass forage grown under moisture stress. Crop Sci. 21:951-953. 

Wilson, J.R. 1981. Environmental nutritional factors affecting herbage 
quality. p. I I l-131. In: Proceedings of an International Symposium (St. 
Lucia, Queensland, Australia). J. B. Hacker, (ed.). Commonwealth 
Agricultural Bureaux, Farmham Royal, UK. 

Wilson, J.R., and C.W. Ford. 1971. Temperature influence on the growth, 
digestibility, and carbohydrate composition of two tropical grasses, 
Ponicum maximum var. trichoglume and Setaria sphacelata and two 
cultivars of the temperate grass Lolium perenne. Aust. J. Agr. Res. 
22:563-571. 

Wilson, J.R.,and C.W. Ford. 1973.Temperature influences on the in vitro 
digestibility and soluble carbohydrate accumulation of tropical and 
temperate grasses. Aust. J. Agr. Res. 24187-198. 

Wilson, J.R., and T.T. Ng. 1975. Influence of water stress on parameters 
associated with forage quality of Punicum maximum var. trichoglume. 
Aust. J. Agr. Res. 25:127-136. 

Wilson, J.R., A.O. Taylor, and G.R. Dolby. 1976. Temperature and 
atmospheric humidity effects on cell wall content and dry matterdigesti- 
bility of some tropical and temperate grasses. N.Z.J. of Agr. Res. 
19:4146. 

Associate Editorship-Journal of Range Management 
Nominees are being sought for 2 associate editorships which will be open in the coming year. Associate 

editors serve for 2 years with an optional 2-year renewal. Areas of expertise especially needed at present are 
plant physiology, reclamation and range improvements, sampling methodology in range research, and soils. 
Candidates selected will work with an associate editor for 3 months before taking over complete responsiblity 
in February 1986. 

Nominees should have a strong and current background in research, be capable writers, and have had 
successful experience as reviewers. Associate editors are responsible for conducting the review of manuscripts 
and for accepting or rejecting manuscripts. The average yearly load is 20-30 manuscripts. 

Nominations should be submitted before 15 September 1985, to the Editor, Journal of Range 
Management, 2760 West Fifth Avenue, Denver, CO 80204. The individual making the nomination should 
give his own name, the name, address, telephone number, and current position of the nominee as well as a 
description of his qualifications for the associate editorship. The nominator should ascertain that the 
individual would be willing to serve if selected. An Editorial Replacement Committee will select the associate 
editors subject to the approval of the Board of Directors. 

The Society’s journal both reflects the state of the professionand influences the course of the profession. 
Selection as an associate editor is, therefore, an honor and a responsiblity. 

324 JOURNAL OF RANGE MANAGEMENT 38(4), July 1985 



Soil and Vegetation Relationships in a Central Plains 
Saltgrass Meadow 
R.A. BOWMAN, D.M. MUELLER, AND W.J. MCGINNIES 

Abstract 

A field study was conducted in a saltgrass (Distichlis stricta) 
meadow at the Central Plains Experimental Range to investigate 
relationships between soil types, salinity, sodicity, fertility, and 
vegetation ground cover and species composition. Three line tran- 
sects that included 48 soil cores and their adjacent vegetation cover 
were sampled. Soils data indicated relatively good homogeneity 
between transect 1 and 3 with transect 2 exhibiting the poorest soil 
physical characteristics because of shallow A horizon and high 
sodium. Species composition averaged across transects reflected in 
general the following magnitude of ground cover distribution over 
the 1979-1983 seasons: blue grama (Boureloua gracilis) > alkali 
sacaton (Sporobolus airoides) > saltgrass > western wheatgrass 
(Agropyron smith+. Species nutrient concentration data showed 
western wheatgrass with the highest concentration of N and K, 
alkali sacaton highest in P, Ca, Mg, and Na. Saltgrass was assimi- 
lating primary NaCl and alkali sacaton NazS04. Blue grama 
showed low Na and Cl concentrations, which suggested a superfi- 
cial rooting pattern above the saline horizons. Plant-soil correla- 
tions for all transects are discussed. 

Saltgrass meadows occupy over 200,000 ha of the Central Great 
Plains of Colorado and Wyoming. These soils are predominantly 
saline and sodic in nature. Saltgrass, the dominant species on these 
meadows, is unpalatable; therefore various studies have been 
undertaken to rehabilitate these areas with more palatable salt- 
tolerant forage species. 

Saltgrass meadow rehabilitation has included evaluating the 
effects of fertilizers, calcium amendments, mulches, tillage tech- 
niques, and seeding depths upon germination and establishment of 
salt-tolerant, drought-tolerant species (McGinnies and Ludwig 
1977, 1978; Toogood and Cairns 1978; Bowman and McGinnies 
1981; Sommerfeldt and Rupp 1982). These techniques are used to 
increase the survival chances of the seeded species. 

In order to better understand the ecology of a saltgrass meadow 
and to facilitate the use of some of these planting practices, we 
initiated a field study of the relationships among soil types, salinity, 
sodicity, soil N, soil sodium bicarbonate-extractable P, vegetation 
ground cover, nutrient content, and species composition. This 
study reports on soil-vegetation-nutrient concentration relation- 
ships. 

Methods and Materials 

Field Description 
This study was carried out along Eastman Creek at the Central 

Plains Experimental Range (CPER), which is in the shortgrass 
prairie located 70 km NE of Fort Collins, Colo. Mean annual 
precipitation is 302 mm, the bulk of which occurs between May 
and September. Temperatures in the growing season range from an 
average low of 9°C to an average high of 26°C . The frost-free 
period averages 133 days per year. A field reconnaissance study has 
shown 4 dominant grass species: saltgrass, alkali sacaton, blue 
grama, and western wheatgrass (McGinnies et al. 1976). 

The soils represent primarily fine montmorillonitic, mesic, typic 
Natrustolls, or fine loamy, mixed, mesic Ustollic Natrargids 
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(Solonetz soils). Soil series is classified as an Avar sandy loam, and 
consists of deep, well-drained but slowly permeable soils in depres- 
sional areas and drainage ways. The soils were formed in calcare- 
ous loamy alluvium. 

Sampling and Analysis 
Forty-eight soil cores were taken along 3 east-west transects 

perpendicular to Eastman Creek, which provides the main drain- 
age of the area. Core no. 1 was taken 30 cm from the edge of the 
creek bank. Subsequent cores were then taken along the first line 
transect every 10 m up to core no. 16. Cores no. 17 through 32 
(second line transect) were taken about 300 m north of the first 
transect, and cores no. 33 through 48 (third line transect) were 
taken across the creek, directly east of the second transect (Fig. 1). 

__ 
16 IO- lOOm+I 

Fig. 1. Soil horizon distribution to a depth of 60 cm ar the 3 line transects 
along Eastman Creek. 

Cores were 7.5 cm in diameter and 60 cm deep. Diagnostic 
.horizondepths were recorded and the cores were sectioned into six 
IO-cm consecutive increments for soil analyses across soil horiz- 
ons. A IO-kg hammer operated by 2 persons was used to drive the 
core-borer into the ground, and a lever jack was used to remove it 
from the soil. 

Vegetation sampling consisted of determining the ground cover 
on four 30 X 30-cm plots at each core location. Vegetation sam- 
pling was done in June of 1979, 1982, and 1983. Percent composi- 
tion was calculated from the ground cover data. Plant analyses 
were made only on the 1979 samples. A rating of 10 was used for 
full ground cover and 0 for no cover. Species were rated as percent 
of total cover, with 100 being only species in the cover, 50 the 
species accounting for half the cover, and 0 the species being absent 
from the cover. Vegetation from selected grids was harvested, dried 
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at 70°C for 2 days, ground to pass through a 40-mesh screen, and 
wet-digested for total elemental analyses. Total nitrogen (N) and 
phosphorus (P) were determined calorimetrically by Technicon- 
Autoanalyzer, and potassium (K), calcium (Ca), magnesium (Mg), 
and sodium (Na) by atomic absorption spectrophotometry. Chlo- 
ride and nitrate were determined on separate samples by selective 
ion electrodes and inorganic sulfate by turbidimetry (Bardsley and 
Lancaster 1965). 

Soil analyses included pH, electrical conductivity (EC), and 
sodium adsorption ratio (SAR) (Richards 1954), and total N 
(Bremner 1965), NaHCOs-extractable P (Olsen et al. 1954), and 
texture (Day 1965). Correlation analyses were used to compare 
plant and soil parameters. An analysis of variance was determined 
to evaluate significance by years, transects and transects by years 
interactions on total cover, actual species cover, and on species 
composition. 

Results and Discussion 

Soils Data 
Figure 1 shows the various horizon depths for the 3 transect 

lines. A-horizon depth varied from absent to 45 cm. Average A 
horizon depth was about 30 cm, with a definite trend towards a 
deeper A from east to west (creek to hill) in the first transect. 
Transect no. 2 (core nos. 17 to 30) showed very shallow or absent A 
horizons. This area had the poorest physical characteristics. The 
rest of transect 2 and all of transect 3 were fairly similar to transect 
1. The B horizon in many instances extended as far as the sampling 
depth (60 cm). The shallowest B horizon was found in core no. 21, 
which had about 15 cm of B with the A horizon absent. These B 
horizons were typically columnar in structure, and largely imper- 
meable to water. Many cores at sampling were moist (near or 
exceeding 0.033 MPa suction) in the A horizons and showed a 
distinct and abrupt lack of moisture at the A-B interface. The 
moisture of the A evaporates or runs off laterally along a sandy 
A-B horizon interface before any appreciable penetration into the 
B is achieved. The C horizon was much lighter in color than the 2 
other horizons because of insignificant amounts of organic matter. 
Many of the C horizons were moist because of capillary fringe 
moisture from the shallow water table below. 

The A horizon contained 25 to 35% clay and was classified as 
sandy loam to loam; the B horizon (30 to 40% clay) as sandy loam 
to sandy clay loam; and the C horizon (25 to 35% clay) as sandy 
loam to loam. 

Figure 2 shows soil reactions (pH), electrical conductivities 
(EC), and sodium adsorption ratios (SAR) of the top 20cm depth. 
The pH of the O-20 cm depth varied from acid (5.2) to alkaline (8.2), 
but the majority of the cores were around 7.0 to 7.5. The 20- to 
40-cm layers (Figure not shown) showed a decrease in acidity in 
most instances (pH 6.2 to 9.6), with most layers between pH 7.0 
and 8.0. This increase in alkalinity was due primarily to the 
increase in sodium (Na’) in the B and C horizons. This same trend 
was noted with the 40-60 cm layers (pH 6.5 to 9.8). 

Electrical conductivity in the O-20 cm zone (Fig. 2) varied from 

I 16 
I 

8 

60- 

; 40. 

20. 

L 
Fig. 2. SoilpH, EC, and Sl 

CORE No. 
0-20cm DEPTH 

A&J 
1 at O-20 cm depth for the 3 line transects. 

0.8 to 20.0 dS/ m. The high salt areas were those with the shallow A 
and B horizons in transect 2. In the 20 to 40 cm layers EC increased 
significantly in areas where the depth to the C horizon decreased. 
The same trend was observed with the 40 to 60 cm layers. 

Table 1. Average total soil N and sodium bicarbonate extractable Pat two 
depths in the tree transect lines. 

Transect No. Depth Total N NaHCOa-P 

rgll3 
I o”zY 9802 13.9 

2040 420 12.4 
2 O-20 6402 8.5 

2040 390 10.5 
3 O-20 6802 9.3 

20-40 410 5.3 

1Transect I al O-20 cm was significantly higher (a = 0.05) in N and P than transects 2 
and 3 at O-20 cm. 
2Nitrogen wassignificantly higher(u =O.O5)at theO-20cmdepth than at the 20-40cm 
depth in all transects. 

Sodium adsorption ratios (SAR) (Fig. 2) generally reflected the 
same pattern as salinity. Values varied from less than 0.5 in the top 
20 cm to over 60 in some samples below 30 cm. Samples that 
showed sodium problems were again those cores with the very 
shallow A and B horizons. 

Table 2. Average percent total cover, actual species cover, and species composition in a saltgrass meadow. 

Ground cover or Transect No.’ Years’ 

Species composition I 2 3 1979 1982 

o/v 
Total cover 69& 46” 60b 46” 6ob 

Blue grama cover 31b 16’ 33b 19. 31b 
composition 4sb 35” 55b 39’ 52b 

Saltgrass cover 9a 18b 8* 8” 12ab 
composition 13” 37b 13’ 18’ 20” 

Alkali sacaton cover 12a 12a 15’ 13” 
composition 18’ 28’ 26” 29b ;:b 

Transect values represent average transect values for 3-year sampling, and years values represent 3 transect values for the Same year. 
*Values on a line with the same letter with transects or within years do not differ significantly (a = 0.05) according to Duncan’s multiple range tests. 

1983 

68’ 
3ob 
44” 
15b 
23a 
12. 
19’ 
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Table 3. Average Nutrient concentration ( 3 and standard deviation (SD) of the four saltgrass meadow species across all sites. 

Plant Cover 

Western wheatgrass 

Blue grama 

Saltgrass 

Alkali sacaton 

x 
SD 

x 
SD 

x 
SD 

x 
SD 

N P K 

1.19 0.16 1.06 
0.07 0.03 0.16 
I .02 0.19 0.70 
0.05 0.03 0.12 
0.87 0.16 0.64 
0.19 0.03 0.18 
I .02 0.22 0.94 
0.13 0.03 0.09 

Ca 

% 
0.32 
0.07 
0.33 
0.05 
0.29 
0.07 
0.37 
0.05 

Mg Na Cl 

0.079 0.033 0.36 
0.007 0.009 0.13 
0.090 0.057 0.20 
0.010 0.020 0.02 
0.095 0.160 0.55 
0.016 0.1 IO 0.33 
0.1 IO 0.260 0.5 I 
0.022 0.080 0.16 

Nitrogen and NaHCOs-extractable Pare shown in Table 1. With 
the exception of a few cores, N concentration was generally inver- 
sely related to the depth of the A horizon and was significantly 
higher ((Y = 0.05) in the top 20 cm than at the other depths. As 
expected, the bulk of the organic matter and N was found in the 
O-10 cmdepth. Both N and P were significantly higher in the top 20 
cm of transect 1 than in the top 20 cm of transects 2 and 3. 
Phosphorus concentration varied widely across the transects and 
with depth. In a few instances, values in excess of 20 pg P/g soil 
were found in the 40-60 cm depth. Since the corresponding N 
values were much lower at these depths than at the 0- 10 cm depths, 
it appears that a highly soluble form of inorganic P is found in these 
localized areas (high N values would have indicated a buried 
horizon). The average values for both soil N and soil P did not 
differ significantly from other areas of the CPER that are nonsa- 
line and nonsodic. 

low amount of Cl and SOd(sulfate data not shown) in blue grama is 
a direct result of blue grama roots being largely confined to the 
nonsaline A and B horizons (McGinnies et al. 1976). Herbage of 
saltgrass contains a much higher percentage of nonchlorophyll- 
bearing stems than do the other species; this no doubt is the reason 
for the lower amounts of N and P in saltgrass herbage. Calcium 
appeared to be the most constant element across all species and all 
soils. 

Vegetation Data 
Transects no. 1 and no. 3 exhibited mostly mixed vegetation and 

had significantly less saltgrass than did transect no. (Table 2). 
Species composition across the transect lines reflected in general 
the following magnitude of ground cover distribution over the 
1979-1983 seasons: blue grama > alkali sacaton > saltgrass > 
western wheatgrass. Western wheatgrass made up a substantial 
portion of the vegetation only on transect no. I (about 20% aver- 
age), and was predominantly associated with the lower areas near 
the creek that were higher in N and P. 

Blue grama cover was positively correlated (Q. = 0.05) with thick- 
ness of the A horizon, depth to salinity, depth to C horizon. It is not 
very salt tolerant and tends to have a shallow root system that 
avoids soil salinity. Thus, blue grama was growing most abund- 
antly on the best sites with deepest soil. Where the higher salt levels 
were near the surface, total plant cover was much reduced and 
saltgrass became the dominant species because other species were 
unable to grow on these sites with shallow saline horizons. Total 
cover was directly related (R = 0.57 (Y = 0.01) to the depth to the C 
horizon (quadratic response) and to the soil N concentration (lin- 
ear response). Western wheatgrass and alkali sacaton were not 
strongly influenced by salinity, but N content of the surface IO cm 
was correlated with cover and % composition of western wheat- 
grass (a = 0.05). No western wheatgrass grew on sodic sites (high 
Na low salts) probably because of water stress created by a highly 
dispersed soil that does not allow water to infiltrate. Saltgrass 
responded negatively to N (probably due to greater species compe- 
tition), and positively to SAR ((Y = 0.01). 

Ground cover and species composition changes (1979-1983) 
were a function of available soil water as reflected by the rainfall 
distribution pattern over the last 6 years (1977-1982). The wet years 
(average precipitation = 400 mm) after 1978 (average precipitation 
= 260 mm for 1977 and 1978) resulted in a large increase in cover. 
There was no year X transect interaction in total cover or species. 

Conclusion 

Table 2 provides an indication of the variation within each year 
and within each transect. Generally total cover was less variable 
than species composition. In transects I and 3 blue grama showed 
the least variability, and in transect 2, saltgrass showed the least 
variability. Comparisons are not valid among different species, nor 
among cover and composition. 

Forage chemical composition reflected soil properties and spe- 
cies plant genetic capabilities to root deep or shallow under adverse 
conditions. While generally the Mg concentrations appeared to be 
low and Na and Cl concentrations high in certain areas (Table 3), 
these species did not exhibit any adverse visible symptoms (apart 
from probable biomass reduction), that might be expected from 
nutrient deficiency or toxicity. Everitt et al. (1982) did a similar 
study on saline South Texas Plains soils. A lack of sodicity makes 
comparison difficult because sodicity affects not only sodium 
uptake but also water and nutrient availability. 

The species concentration pattern of nutrients (Table 3) indi- 
cated the western wheatgrass assimilated much more N and K than 
the other species. Saltgrass contained generally the least concentra- 
tion of N and P. Saltgrass appeared to be assimilating primarily 
NaCI, while alkali sacaton was assimilating primarily NazSOd. The 

Soil and climatic conditions are integrated and expressed in 
plant growth (vegetation cover and species composition), and 
researchers can draw inferences and make predictions about inher- 
ent soil capability based on vegetation. This approach is primarily 
used by Soil Conservation Service scientists and land managers 
when dealing with rangelands. Under cultivation management, 
inherent soil fertility is sampled in order to predict crop productiv- 
ity potential. Both these approaches are needed to rehabilitate 
saltgrass meadow soils. It is conceivable that based upon the 
predominance of saltgrass, certain areas within a meadow should 
not be immediately brought into improved pasture renovation. 
There may be a need to increase organic matter content first to 
improve water infiltration. This may be done by roto-tilling under 
kochia (Kochia scopariu) or some other deep-rooted salt-tolerant 
species which are high in N, P, and K. This cycling of organic 
matter and nutrients from the deeper depths to the top soil should 
improve seedbed preparation, which in turn should improve ger- 
mination and establishment. Other areas, because of erodibility 
hazards, probably should be left undistrubed. Areas of mixed 
vegetation, largely lacking in slick spots after rainfall (slick spots 
indicate high Na), and having at least I5 cm of A horizon, may be 
ideally suited for rehabilitation with improved water conservation 
practices and with improved salt-resistant forages such as Russian 
wildrye (Psathyrostachys juncea). 
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Influence of Canopy Characteristics of One-seed 
Juniper on Understory Grasses 
M.R. SCHOTT AND R.D. PIEPER 

Abstract 

Studies were conducted in the Sacramento Mountains, New 
Mexico, to determine the intluence of juniper (Juniperus mono- 
sperma [Engelm.] Sarg.) canopy on understory vegetation. The 
basal area of grass species was estimated at 6 locations beneath the 
canopies of 50 one-seed junipers. Other parameters measured were 
litter depth, canopy height, canopy cover, canopy closure, tree 
height, trunk diameter, north-south crown diameter, and east-west 
crown diameter. Locations adjacent to the trunk had the greatest 
juniper canopy cover and litter depths, and the lowest height to 
canopy. Locations at the end of the canopy had the least crown 
cover and litter depths, and the greatest height to canopy. All but 
one of the grass species had greater basal areas at the edge locations 
and the least at the interior locations beneath juniper canopies. 
Pinyon ricegrass(Piptochuetiumfimbriatum [H.B.K.] Hitch.) was 
the exception; it was never found at the exterior locations. Regres- 
sion models indicated that shading influenced the basal areas of 
most grass species. Litter depth was negatively correlated with 
grass basal cover in only 4 models and positively correlated in 1. 
Basal area of pinyon ricegrass was positively correlated with trunk 
diameter, a reflection of tree age, indicating that the grass requires 
time to become established. Also, basal area of pinyon ricegrass 
was positively correlated with canopy cover, indicating that this 
species requires the modified microenvironment afforded by 
shading. 

Pinyon-juniper communities occur on some 701,514 km* in the 
southwestern United States (West et al. 1975). Since European 
settlement, these communities have increased both in area and tree 
density (West et al. 1975). There has been a concomitant decrease 
in production of understory species (Johnson 1962, Arnold 1964). 
This decrease is most apparent under the canopy of the junipers; as 
junipers get larger, the number of shrubs, forbs, and grasses decline 
(Springfield 1976). Lavin et al. (1968) found that decline of her- 
baceous species is particularly pronounced on heavy soils. Arnold 
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(1964) and Jameson (1970) reported reduction in blue grama 
(Boutelouagrucilis[H.B.K.] Lag.) inareas beyond thecanopies of 
the junipers. Junipers have a large lateral root system that extends 
well past the crown (Jameson 1964). Both Arnold (1964) and 
Jameson (1970) attribute the blue grama decline to competition for 
soil moisture between this species and the junipers. Decline in 
understory production has been attributed to shading, water inter- 
ception, litter accumulation, and allelopathy. Jameson (1965) and 
Lavin et al. (1968) reported an allelopathic effect of juniper leaves 
and litter on several grass species. Skau (1960) and Johnson (1962) 
found that juniper canopies intercept significant amounts of rain 
resulting in dry conditions under the canopy. Arnold (1964) and 
Jameson (1967) attributed some of the understory reduction, espe- 
cially that of blue grama, to shading. In contrast, Jameson (1966) 
could detect no shading effect on grass cover, but did find that litter 
had a significant effect. Grass cover was generally greater near the 
canopy boundary than in interspaces between trees or beneath the 
canopy of singleleaf pinyon (h’nus monophyllu Torr. & Frem.) in 
Nevada (Everett et al. 1984). The objective of this study was to 
determine patterns of understory vegetation beneath juniper 
canopies. 

Material and Methods 

The study area was located on the Fort Stanton Experimental 
Ranch in the Sacramento Mountains of southcentral New Mexico. 
It has cool, dry winters and warm, moist summers with cool nights 
(Pieper et al. 1971). The average annual precipitation is 34.75 cm 
(Rippel 1978). About 65% of the annual precipitation falls from 
July through September. Junipers formed an open stand on a 
south-facing slope of 5- 10%. Blue grama was the dominant under- 
story species. The soil was a Deacon soil series, which is a fine- 
loamy, mixed, Aridic Haplustoll (Bailey et al. 1982). Fifty one-seed 
junipers with trunks ranging in diameter from 4 to 120 cm at 
ground level were selected randomly, except for the requirement 
that they be beyond the shading influence of other junipers. 

Basal area of the grass species was estimated at 6 locations under 
each juniper. The north and south sides each were sampled at 3 
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Table 1. Multiple comparisons of the means of the six locations using Fisher’s LSD for canopy closure (I) by densiometer and occular estimates, litter 
depths (cm), and height of canopy (cm). 

Location 

Densiometer 

% 

Estimates of Canopy Closure (%) 

Occular Litter Depth 

% cm 

Ht. of Canopy 

cm 

S. Center 91.26 A’ 88.80 A 4.3 A 32.26 C 
N. Center 88.90 AB 83.20 B 3.91 AB 34.38 c 
S. Middle 85.98 B 78.10 C 3.45 B 49.08 BC 
N. Middle 80.88 c 72.70 D 2.42 C 69.28 AB 
S. Edge 39.06 D 48.30 E 0.48 D 83.38 A 
N. Edge 32.16 E 43.10 F 0.33 D 81.10 A 

‘Means followed by different letters are significantly different (K.0001). 

locations: adjacent to the trunk, half the distance from the trunk to 
the edge of the canopy, and at the edge of the canopy. A 20 X 50-cm 
frame was used to estimate basal area. Litter depth and canopy 
height from the ground were measured for all locations under each 
tree. Two different estimates of canopy closure or cover were made 
at each location. A visual estimate was made by looking up 
through the canopy and estimating percent closure. A spherical 
densiometer was also used to estimate canopy closure (Lemmon 
1956, Strickler 1959). The densiometer was read from the 4 cardi- 
nal directions; these readings were averaged and then multiplied by 
1.02 to obtain a more accurate estimate. It proved impossible to 
read the interior positions from more than 3 directions. Conse- 
quently, readings were taken for 3 directions, averaged, and mul- 
tiplied by 1.02 to obtain a closure estimate at each location. Several 
other tree parameters were also measured: height of each juniper, 
north-south crown diameter, east-west crown diameter, number of 
stems arising from the ground, trunk diameter at ground level, and 
the percent fullness of the canopy. 

Analysis of variance was used to determine if there were differ- 
ences among the 6 locations for canopy height, both estimates of 
canopy closure, litter depths, total grass basal area and basal area 
for each grass species. A protected Fisher’s least significant differ- 
ence (LSD) was used to compare means at each location (Ott 
1977). A stepwise regression analysis was run for each location 
using grass basal area as the dependent variable and the other 
parameters as independent variables (Draper and Smith 1966). 
Variables were included in the model when they met the 0.05 
significance level criterion. Interactions were tested for significance. 

Results and Discussion 

There were significant differences (p<.OOOl) among the 6 loca- 
tions underjunipers for estimates of canopy height, canopy closure 
using both techniques, and litter depth (Table 1). Densiometer 
estimates of canopy closure were greater for the 2 locations adja- 
cent to the trunk than the other locations. Of the remaining loca- 
tions, those on the south side of the juniper trees had more canopy 

closure than those on the north side, indicating that foliage on the 
south side of the tree was thicker than on the north side. The visual 
canopy closure estimates confirmed this relationship. The main 
difference between the 2 results was that the visual method indi- 
cated that all locations on the south side had more foliage than 
comparable positions on the north side. 

Comparisons of litter depth were similar to comparisons of the 
densiometer estimates. Locations adjacent to the trunk had greater 
accumulations of litter than most other locations (Table 1). The 
mid-canopy location on the south side of the junipers had greater 
litter accumulations than comparable locations on the north side. 
The canopy edge positions had least litter. 

Positions near the canopy edge higher canopy heights than the 
other locations, and the positions adjacent to the trunk had the 
lowest canopy height (Table 1). There was little difference in can- 
opy height between the north and south locations. Juniper 
branches typically grow out and up from the main stem. 

Locations on the outside edge of the crown had higher grass 
cover than those adjacent to the trunk (Table 2). Total grass and 
blue grama basal areas differed for the mid-canopy positions, with 
the north position having more grass. Positions on the canopy 
edge, both north and south, had less canopy cover and litter 
accumulation than interior positions. Canopy height was greater at 
the canopy edge, thus grasses there likely receive more light. Can- 
opy edge positions were influenced less by shading and litter cover 
than the under canopy locations, with the result that grass basal 
area was higher for these positions. The mid-canopy position on 
the south side of the junipers exhibited greater canopy closure and 
litter depths than the corresponding position on the north side, and 
supported less grass. This relationship suggests shading and litter 
both have a negative influence on blue grama, wolftail (Lycurus 
phleoides H.B.K.), and creeping muhly (Muhlenbergiu repens 
[Presl.] Hitch.). 

Pinyon ricegrass was the exception to the pattern found for 
other grasses. Highest basal area of pinyon ricegrass was found at 
the mid-canopy and trunk positions on the north side of the 

Table 2. Multiple comparisons of the basal area (%) of total grass, blue grama, wolftail, Pinyon ricegrass and creeping muhly for the six locations, using 
fisher’s LSD. 

Location 

Total Grass* Blue grama* 
% % 

Basal Area 
Wolftail*** Pinyon ricegrass** Creeping muhly* 

% % % 

S. Edge 35.18 A’ 23.06 A 2.36 A 0.00 c 7.68 A 
N. Edge 31.32 A 23.84 A 2.24 A 0.00 c 4.30 AB 
N. Middle 22.72 B 16.72 B 0.18 B 3.96 A 1.26 BC 
S. Middle 13.68 C 9.56 C 0.44 AB 0.32 BC 2.34 BC 
N. Center 5.32 D 1.42 D 0.00 B 2.30 AB 0.94 BC 
S. Center 2.58 D 1.40 D 0.00 B 134 BC 0.00 c 

lMeans followed by different letters are significantly different (*K.OOOl, l *K.O018. ***K.0242) 
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Table 3. Regression models for each location for total grass, blue grama, wolftail, pinyon ricegrass, and creeping muhly. 

Location 

N. Center 

Total grass 

Y=a+bTHT-bLIT- 
bDE’ 

Blue grama 

Y=a+bDlAI-bCCOV 

Wolftail 

2 

Pinyon ricegrass Creeping muhly 

Y=a+bDlAl-bDIA2+ Y=a+bDIAZ-bLlT-bDE 
bBDIA-bCCLOS+ 
bDE 

N. Middle 

R2=.417 R’=.306 

Y=a+bDlAZ-bCCOV- Y=a+bDlA2-bLIT 
bLIT+bHT 

Y=a-bDIA1 

R2=.682 

Y=a+bBDIA+bDE 

R2=.304 

Y=a-bTHT-bCCOV 

N. Edge 

R2=.358 

- 

R2=.243 

- 

R2=.079 R*=. I42 

- 

R*=. 133 

Y=a-bDIA2+bTHT+ 
+bLIT+bHT 

R2=.260 

S. Center Y=a-bDlAZ+bBDlA- Y=a-bCCOV-bDE 
bCCOV-bDE 

Y=a+bBDIA=bHT - 

S. Middle 

S. Edge 

R2=.645 

Y=a-bCCOV+bHT- 
bHT-bDE 

R2=.649 

Y=a+bBDlA+bHT 
R2=.336 

R2=.427 

Y=a-bBDlA-bCCOV+ 
bDE 

R2=.53 I 

Y=a-bDIA2+bTHT 
RI=.257 

R*=.747 

- Y=a+bDlA2 

R’=. 155 

Y=a+bCCLOS - 
RZ=.086 

Y=a+bDIAl-bDIAZ- 
bCCLOS 

RI=.471 

Y=a+bHT 
R’=.257 

‘Variables used: Yzbasal area of grass; BDIA = trunk diameter; DE = densiometer; CCOV q  occular estimated canopy closure; CCLOS q  canopy closure; DIAI = north-south 
crown diameter; DIA2 = east-west crown diameter; HT = height of canopy, LIT = liter; and THT = height of tree. 
IDashed lines indicate that the R* value was not significant (PZ4.05) and regression equation was not included. 

junipers. This species was never found on the perimeter of the 
junipers, which may indicate pinyon ricegrass requires a modified 
microclimate, of lower temperatures and lower light intensities 
found under the canopy during the growing season. 

junipers in his study were large and mature. 

Stepwise regression analysis was used to select the important 
independent variables for each location, using basal area of total 
grass and of each grass species as dependent variables. Many R 
values were relatively low, but were included as a basis of compari- 
son with higher values. Only those R2 values which were significant 
(X0.05) were included in Table 3. Canopy closure appeared to be 
the most important factor influencing most of the grass species and 
was negatively correlated with the basal area of the grass species, 
with the exception of pinyon ricegrass (Table 3). These results 
contrast with those of Jameson (1966). He found no correlation 
between green prodtiction or cover and juniper canopy cover. 
Jameson (1966) characterized the trees on his study area as being 
mostly mature and overmature. Typically, older junipers have 
open canopies, which are off the ground. In contrast, junipers on 
this study area ranged from immature to overmature. Most of the 
sampled junipers had canopies which were closed and close to the 
ground, producing heavy shade. 

Litter was negatively related to total grass basal area for the 
positions adjacent to the trunk and the north mid-canopy location. 
Litter was also negatively related for blue grama on the north 
mid-canopy position and for creeping muhly adjacent to the trunk 
on the north side. With the exception of these 4 models, litter was 
not an important factor influencing grass cover. 

Several factors may be related to the distribution of understory 
species observed. Shading appeared to be one of the most impor- 
tant factors influencing grass cover although it was not measured 
directly in this study. All the factors used in the regression models, 
except litter, influence the amount of light each location receives. 
As the amount of shading increases, grass cover decreases. With 
the increased shading, litter fall and litter accumulation likely 
increase. Thus, allelopathic products from the litter could influ- 
ence grass cover. 

Crown diameters of the juniper canopies were also negatively 
correlated with basal area of grasses. Crown diameters are a reflec- 
tion of how much shading each location receives. The north mid- 
canopy location proved to be an exception for the east-west diame- 
ter, which was positively correlated with both total grass and blue 
grama basal area. Generally, as the size of the juniper increased, so 
did the canopy diameter; and as the diameter increased, the canopy 
on the north side opened up and admitted more light. This was 
reflected by the north side having more open canopy than the south 
side. 

A hypothesis to explain both Jameson’s (1966) results and those 
of this study is that as junipers grow, blue grama and other grasses 
growing beneath the crown receive less light and eventually these 
grasses die due to shading. As junipers continue to grow, the 
canopy becomes higher and more open resulting in more light 
under the canopy. As the tree grows, litter accumulates under the 
crown preventing, by mechanical, allelopathic interference, and 
root competition, grass establishment and spread. Additional 
research is needed to isolate and separate these influences. 

Basal diameter of the juniper trunk, tree height, and height of the 
canopy tend to be positively related to grass cover. As the juniper 
grows larger, branches are higher off the ground, admitting more 
indirect light to the plants under the canopy. Barth (1980) found 
similar conditions for pinyon pine (pinus edulis Engelm.) in Colo- 
rado. This phenomenon may explain why Jameson (1966) found 
no correlation between canopy cover and grass cover, because 

Pinyon ricegrass has an opposite response to shading than that 
of other grass species. It is a cool-season grass which seems to 
respond to shade. It is positively related to greater canopy closure, 
north-south canopy diameter and trunk diameter, and negatively 
related to greater height of the canopy from the ground, and 
east-west canopy diameter. As canopy closure and diameter 
increase, the amount of shade also increases. Pinyon ricegrass 
requires time to disperse and ecesis, which is shown by its positive 
relation to trunk size and hence, age. 
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Environmental Factors Influencing Gardner Saltbush 
Seed Dormancy Alleviation 
R. JAMES ANSLEY AND ROLLIN H. ABERNETHY 

Abstract 

Pregermination treatments applied to seed of Gardner saltbush, 
[ALriplexgar&cri(Moq.) D. Dietr.] were evahtated for alleviation 
of seed dormancy. Treatments selected simulated conditions the 
seed might be exposed to in its natural environment, including dry 
afterripening, scarification, leaching, and cold stratification. Ger- 
mination response to individual treatments was equal to or higher 
than nontreated seed. Germination percentage of afterripened seed 
was increased from 17% for nontreated filled seed to an average of 
86% of filled seed by the combined treatments of scarification, 
leaching, and 4-week stratification. This combination of treat- 
ments allowed optimum germination. Response to treatments 
provided evidence as to the type of dormancy in Gardner saltbush 
seeds. The levels of germination response to specific treatments 
appears to be an adaptation to ensure a temporal dispersal of 
dormancy release and seedling emergence. Pregermination treat- 
ments used in this study were relatively easy to apply to the seeds 
and stimulated germination without potentially damaging the 
embryo. Thus, they would be useful in revegetation by direct 
seeding efforts. 

Gardner saltbush [Atriplexgurdneri (Moq.) D. Dietr.] is a low- 
growing perennial half-shrub, 20 to 50 cm tall, which occurs in cold 
desert regions of Montana and Wyoming. It is particularly adapted 
to saline, alkaline, and clayey soil conditions, extreme tempera- 
tures, high winds, and aridity (Stubbendieck et al. 1981). It is a 

Authors are postdoctoral research associate, Texas A & M Agricultural Experi- 
ment Station, Vernon 76348; and assistant professor, Plant Science Division, Univer- 
sity of Wyoming, Laramie 8207 I. At the time of the research? the senior author was a 
graduate research assistant, Plant Science Division, University of Wyoming. 

Research was funded in part by the University of Wyoming Agricultural Exp. Sta. 
and the High Plains Grassland Res. Sta., through USDA-ARS Coop. Agreement No. 
58: 9AHZ-9-467. Published as Wyoming Agricultural Exp. Sta. Journal Article 1286. 

Manuscript accepted October I, 1984. 

JOURNAL OF RANGE MANAGEMENT 38(4), July 1985 

valuable winter forage and aids in stabilization in areas where 
grasses are not predominant. 

Seed dormancy can be considerable in Gardner sahbush and 
closely related Atriplex spp. (Foiles 1974, Vories 1981), and this 
may explain why previous efforts to establish these species via 
direct seeding have largely been unsuccessful (Bleak et al. 1965, 
Nord et al. 1971, McKell 1979). Beadle (1952), Twitchell (1955), 
Cornelius and Hylton (1969), and others found that the presence of 
salts in the utricle imposed dormancy in seeds of many Atriplex 
spp. and that leaching with water partially alleviated dormancy. 
Most of these species, unlike Gardner saltbush, occur in Mediter- 
ranean climates and dormancy breaking mechanisms may be 
somewhat different (Chatterton and McKell 1969, Osmond et al. 
1980). Atripfex spp. occurring in colder climates, including 
Gardner saltbush, reportedly have cold stratification requirements 
ranging from 2 weeks to 10 months at 2 to 5°C (McLean 19531, 
Foiles 1974, Eddleman 19782). It is not known whether stratifica- 
tion affects embryo or seedcoat dormancy in Atriplex spp. A better 
understanding of processes involved in alleviation of Gardner 
saltbush seed dormancy may aid future revegetation efforts. 

In some species a correlation exists between requirements for 
dormancy alleviation and conditions necessary for seedling estab- 
lishment (Mayer and Poljakoff-Mayber 1975, Thompson 1973). 
We hypothesized that because Gardner saltbush evolved in an 
extremely variable desert environment which offers infrequent 
opportunities for successful seedling establishment, maximum 

‘McLean, A. 1953. The autecology of Arriplex nudli S. Wats. in southwestern 
Saskatchewan. MS. Thesis, Utah State Agr. COIL, Logan. 
‘EddIeman, L.E. 1978. Survey of viability of indigenous grasses, forbs, and shrubs. 
Annu. Prog. Rep. prepared for U.S. Energy Res. and Devel. Admin. Missoula. Mont.. 
p 160-161. 
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dormancy alleviation and subsequent germination involves com- 
plex interactions of many environmental factors on physiological 
processes within the seed. 

The objective of this study was to simulate conditions in the 
natural environment which might alleviate Gardner saltbush seed 
dormancy and determine their interactive effects on dormancy 
release. Additional objectives were to characterize dormancy as to 
type and characterize the ecology of dormancy removal for this 
species, based on germination response to simulated environmen- 
tal seed treatments. 

Materials and Methods 

Seed Procurement 
Gardner saltbush seeds were collected August 1 through 7, 1980 

and 198 1 from 3 distinct populations (Knobs, Rasmussen, and Red 
Desert) of 4 ha or less located from 15 to 70 km west of Rawlins 
(41°40’to41050’Nlatitude, 107’27’to 108’06’W 1ongitude)inthe 
Red Desert Basin of South Central Wyoming. The populations 
were named after local landmarks. The elevation ranges from 2,033 
m to 2,036 m and average annual precipitation from 15 to 18 cm at 
all 3 sites. Mean monthly maximum and minimum temperatures 
during May and June range from 19 to 26”C, and 4 to 7’C, 
respectively (Becker and Alyea 1964). 

Seeds were collected by hand stripping. Freshly harvested seeds 
were spread on a canvas tarp to air dry. Stems and leaves were 
removed via screening. Dust, chaff, and broken seed parts were 
removed using an adjustable pneumatic separator containing seed 
collection baffles in a vertical plexiglass column (Young et al. 
1978). Seed was stored in paper bags at 20 to 24°C for dry afterrip- 
ening before application of additional pregermination treatments 
(Springfield 1970, Foiles 1974). 

Seed Fill and Viability 
The female Gardner saltbush flower has no perianth, protection 

being provided by 2 bracteoles 3 to 6 mm long which form a false 
fruit or utricle (Young et al. 1980). In this study the utricle was 
considered the seed. Seed fill and viability were determined by 
slicing 15 replicates of 100 utricles and by soaking bisected 
embryos (5 replicates, each containing 25 embryos) in a O.l%, 
2,3,5-triphenyl-2H-tetrazolium chloride (TZ) solution for 4 to 8 
hours (Grabe 1970, Weber and Wiesner 1980). 

Seed Pregermination Treatments 
Seed pregermination treatments were applied following after- 

ripening (20 to 22°C) for 2,5, and 15 months post-harvest. Treat- 
ments included 2 levels of scarification, 3 levels of leaching, and 3 
levels of cold stratification arranged in a 2 by 3 by 3 completely 
randomized factorial. Seeds occupying a volume of 250 cm3 were 
scarified for 20 seconds in a Carborundum-lined drum (3 liters in 
volume) containing a motorized steel rotary propeller rotating at 
1725 RPM. The leaching treatments included 200 cm3 of seeds in a 
600 ml beaker covered with cheesecloth and exposed to 6’C run- 
ning tap water (flow rate: 35 to 40 ml/set) for either 1 or 24 hours. 
Leached seeds were then air dried (21°C) for 24 hours to facilitate 
handling. Cold stratification involved maintaining imbibed seeds 
at 2’C for 2 or 4 weeks. Seeds were transferred directly to the 
germinator while in the imbibed condition following stratification. 
For combination treatments (i.e., scarification + leaching, scarifi- 
cation + stratification, leaching + stratification, scarification + 
leaching + stratification) seeds were initially scarified, then leached, 
air dried (2l’C) for 24 hours to facilitate handling, and finally 
rehydrated for the stratification treatment. 

Treatments were replicated 6 times using 100 seeds per replica- 
tion. Seeds in each replication were contained on 1 sheet germina- 
tion blotter moistened with 10 ml distilled water ina 10 by 10 by 2.5 
cm plastic tray with tightly fitting lid, and incubated at a 16 hour, 
22 to 24’ C-light (cool white fluorescent, 1.1. W me’)/ 8 hour, 10 to 
13’C-dark daily cycle. Germination, assessed by 15-mm 

radicle extension, was counted at 5-day intervals for 40 days. No 
fungicides or other seed protectants were used during the study. 

Seed Leacbate Study 
Ten grams each of unscarified and scarified seed from the Red 

Desert 198 1 collection were soaked 2 hours in 60 ml distilled water. 
Leachates were then decanted and diluted with distilled water to a 
constant volume of 100 ml. Each leachate was applied to both 
scarified and nonscarified seed that had been leached 24 hours and 
stratified 3 weeks. Treatments consisted of lOO%, 50%, and 25% 
leachate (diluted with distilled water) and a distilled water control. 
Each treatment was replicated 6 times. Each replication consisted 
of a glass, 9-cm, petri-dish and lid containing 50 seeds on 2 layers 
Whatman No. 2 filter paper and 6 ml of the leachate treatment. 
Petri dishes were enclosed in plastic zip-lock bags to prevent evap- 
oration of water from the dishes. Seeds were germinated for 2 
weeks under the same incubation conditions as previously des- 
cribed. 

An analysis of variance was conducted on data from all labora- 
tory studies. Means were separated using the LSD test at sO.05. 

Results 

Seed Fill and Viability 
Seed fill from all sources ranged from 48 to 64% of total seed 

(Table 1). Ninety percent or more of the embryos of filled seed from 

Table 1. Percent fill and viability of Gardner saltbush seeds collected in 
the Red Desert Basin of Wyoming. 

Seed source] Fill of 
collection year total seed 

Knobs 1980 60 
Knobs 1981 62 
Rasmussen 1980 64 
Red Desert 198 I 48 

Viability” of 
filled seed 

% 
90 
94 
95 
94 

Viability 
total seed 

54 
58 
61 
45 

each source were classified as viable by the TZ test, although 
staining in most of the embryos was nonuniform with portions 
(i.e., radicle, hypocotyl, cotyledons) being either dark red, pink, or 
unstained. Only those embryos completely unstained were classi- 
fied as nonviable. 

Effects of Pregermination Treatments on Cumulative Percent 
Germination 
Afterripening 

No differences in cumulative percent germination of filled seed 
were obtained between 2 and 5 months post-harvest when the 
simple effect of afterripening was combined over all treatments, 
and combined over all wash and stratification treatments in both 
unscarified and scarified Knobs 1980 seeds (Table 2). A significant 
(m.05) increase was obtained at 15 months post-harvest, indicat- 
ing some degree of afterripening occurred. When seeds were 
leached and stratified, germination of 15 month post-harvest seeds 
over both 2 and 5 month post-harvest seeds was further increased 
at all treatment levels (Fig. 1). 
Scarification 

Scarification in the absence of leaching or stratification in- 
creased germination of 2 month post-harvest seed by 18% and 5 
month post-harvest seed by 22%, over non-treated seed, but did 
not affect 15 month post-harvest seed (Fig. 1). Apparently, scarifi- 
cation as a single treatment was only effective in seeds that had not 
afterripened. In ail cases effects of leaching and stratification were 
not as great in unscarified seed as they were in scarified seed. Thus, 

332 JOURNAL OF RANGE MANAGEMENT 38(4), July 1985 



90 

80 SCARIFICATION 
No SCARIFICATION 

70 

-2 
kZ v) 60 

2 
j 50 
v 

x 40 
; 
9 
z 30 
AS 
k 20 
: 

& 10 

0 

1 

HRS 0 1 24 0 1 24 0 1 24 
YKS 0 0 0 2 22 444 

2 bNTHs POST-HARVEST 

60 
I 

LSD*05 

24 0 1 24 0 1 24 
0 2 2 2 4 4 4 

B 

5 Noms POST-HARVEST 

80 
t T n 

0 1 24 0 1 24 0 1 24 
000222 4 4 4 

15 ~THS POST-HARVEST 

Fig. 1. Effects ofajerripening (months post-harvest) on germination response of Knobs 1980 Gardner saltbush seeds to scarification, leaching, and 
cold stratitication. Labels on X-axis are 0. 1. or 24 hours leachina ftoo row), and 0, 2, or 4 weeks cold strat$cation (bottom row). Means within a 
post-harvkt date are separated by LSD ai P&0.05. 

-. . 

Table 2. Effect of dry storage afterripening time on germination of Knobs 
(1980) Gardner saltbush seed. 

Months post- 
harvest dry 

afterripening 

2 
5 

I5 

LSD.m 

Cumulative percent germination 
(of filled seed) 

Means of Means of Means of 
all unscarified scarified 

treatments treatments treatments 

26 17 35 
27 I5 38 
48 38 58 

9.8 7.7 11.7 

scarification appeared to enhance the sensitivity of the seeds to 
leaching and stratification. 
Leaching 

One-hour and 24hour leaching treatments were not effective on 
unscarified 2 month post-harvest seeds (Fig. IA). Leaching scari- 
fied seed significantly (EO.05) increased germination over the 
unscarified control but these increases were no greater than those 
of scarification as a single treatment. Similar to the 2 month 
post-harvest seed, l-hour and 24hour leaching had no effect on 
unscarified 15 month post-harvest seed (Fig. 1C). One hour and 
especially 24 hours leaching significantly (EO.05) increased ger- 
mination of seeds that had been scarified prior to leaching. 

In general, increasing concentrations of leachate from unscari- 
fied and scarified seed reduced germination of unscarified and 
scarified seeds that had been leached prior to leachate application, 
although some exceptions were apparent (Fig. 2). 
Stratijkation 

Four weeks stratification enhanced germination in unscarified 2 
and 5 months post-harvest seed by 15% and 1 l%, respectively, but 
2 weeks stratification was not effective (Fig. 1A and 1B). In scari- 
fied 2 and 5 months post-harvest seed, stratification as a single 
treatment was not effective at either level. By 15 months post- 
harvest, 2 and 4 weeks stratification significantly (EO.05) in- 
creased germination over the control, although 2 weeks stratifica- 
tion was only effective on scarified seeds. The effects of 4 weeks 
stratification appeared to be independent of scarification (Fig. 1C). 
Combined Pregermination Treatments 

Maximum germination of 2 and 5 month post-harvest Knobs 
1980 seed was obtained using a combination of scarification + 
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leaching + stratification. However, only 50% of filled seed germi- 
nated at either of these post-harvest dates (Fig. 1 A and 1 B). By 15 
months post-harvest, 24 hours leaching + 4 weeks stratification of 
scarified seed virtually removed dormancy, yielding 83% germina- 
tion of filled seed (Fig. 1C). Interestingly, within this afterripening 
and scarification treatment, 24 hours leaching without 4 weeks 
stratification provided nearly the same germination (58%) as 4 
weeks stratification without leaching (60%). 

n SCARIFICATION 

n No SCARIFICATION 

n T 

U-LEACHATE S-LEACHATE 

CONCENTRATION 

Fig. 2. Effects of leachates from unscarified (U) and scarified (S) seeds on 
germination of unscarijied and scarI3ed seeds. Leachates were applied IO 
seeds at 25%. 50%. and full concentration. Seeds in rhe control were 
imbibed in distilled water. 

Effect of Collection Year and Seed Source 
Fifteen month post-harvest seed collected from the Knobs site in 

198 1 showed response to pregermination treatments similar to 15 
month post-harvest Knobs 1980 seed (Fig. 1 C and 3). Scarification 
+ 24 hours leaching + 4 weeks stratification yielded the greatest 
germination in seeds collected from both years. Response to 4 
weeks stratification as a single treatment was less relative to other 
pregermination treatments in I981 seed than 1980 seed. 
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Rasmussen 1980 seed had the highest seed fill and viability of all 
seed collections in this study (Table 1). Germination response of 15 
month post-harvest Rasmussen seed to pretreatments was gener- 
ally higher than 15 month post-harvest Knobs 1980 and 198 1 seed. 
Rasmussen seed showed a greater sensitivity to scarification than 
Knobs seed. Scarification alone increased germination by 28% in 
Rasmussen seed but only by 1% and 8% in Knobs 1980and Knobs 
1981 seed, respectively (Fig. 1C and Fig. 3). Moreover, effects of 1 
hour and 24 hours leaching on unscarified seed were greater in 
Rasmussen than Knobs seed. 

15 mnu mdlunn 

24 3 1 24 

1 

Fig. 3. Effectsof scarification, leaching, and cold statification ongermina- 
tion of 15 months post-harvest Knobs 1981 and Rasmussen 1980 
Gardner salrbush seeds. Labels on X-axis are 0, 1, or 24 hours leaching 
(top row), and 0. 2. or 4 weeks cold stratijication. Means within a 
population source are separated by LSD at P10.05. 

Discussion 
lnternetive Effects of Seed Treatments 

Two or three factors (treatments) often must interact to release 
seeds from dormancy (Richards 1941, Popay and Roberts 1970). 
Combined factors may be additive in their effects (Vincent and 
Roberts 1977, Zagorski and Lewak 1983). Results from this study 
demonstrated that high seed germination in Gardner saltbush 
requires a complex interaction of at least 4 factors: afterripening, 
scarification, leaching, and cold stratification. Afterripening and 
scarification should be considered as requisite treatments for com- 
plete alleviation of dormancy since, without them, the effects of 
leaching and stratification were much reduced. Robertsand Smith 
(1977) and Nikolaeva (1969) found afterripening did not itself 
completely remove dormancy but enhanced the sensitivity of seeds 
to other dormancy breaking treatments such as stratification, 
alternating temperatures, and light. Nikolaeva (1969) noted that 
afterripening reduced the requirement for length of stratification in 
seeds of some hardwood species. This effect was not observed in 
Gardner saltbush during this study except in scarified seeds from 
the 1980 collections. 

Seed collected from each of the 3 sources responded similarly to 
the treatments, although the Rasmussen collection provided a 
greater germination increase when scarified and when leached than 
the Knobs 1980 and 1981 collections. The significance of this is 
unknown. Soil characteristics of the sites differed in that Ras- 
mussen had higher sodium absorption ratios and lower organic 
matter content than the Knobs site (Ansley 19833). 

Physiological Characterization of Dormancy 
It is impossible to directly determine whether embryo dormancy 

is present in a seed unless germination response in the absence of all 
other tissues is observed (Bewley and Black 1982). In Gardner 
saltbush seeds, the utricle is so tightly fused around the embryo 

)Ansley, R.J. 1983. Dormancy, germination, emergence and ecology of Gardner 
saltbush [Arriplexgardneri(Moq.) D. Dietr.] seeds. Ph.D. Dissertation, Univ. Wyo- 
ming, Laramie. 
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that complete separation of the two usually results in damage to the 
embryo. Germination responses obtained from seed treatments 
imposed in this study therefore provide only indirect information 
for characterization of dormancy. 

Evidence from this study suggests that seed dormancy in 
Gardner saltbush is both embryo and seed coat related. While 
scarification as a single treatment nearly always promoted germi- 
nation, it did not completely remove dormancy in any collection, 
suggesting that dormancy is partially, but not entirely seed coat- 
imposed. Stratification, a treatment commonly required by seeds 
of woody species which have embryo dormancy (Lewak and Rud- 
nicki 1977, Bewley and Black 1982), was effective in removing 
dormancy. However, scarification appeared to reduce the require- 
ment for length of stratification in the 15 month post-harvest 1980 
collections, suggesting a seed coat influence. The inhibitory effect 
of leachate from unscarified seed on Gardner saltbush germination 
agrees with Cornelius and Hylton (1969), who reported a germina- 
tion decrease from 14 to 4% (total seed) in desert saltbush [Atriplex 
polycarpa (Torr.) S. Wats.] when leachate of unscarified seed was 
reapplied to the seeds. The leachate concentration used in that 
study was similar to the undiluted concentration in this study. 
Leachate from unscarified seed may have contained inhibitors 
located in the utricle while leachate from scarified seed, which was 
much darker in color, implying a greater content of organic com- 
pounds, may have contained a higher percentage of inhibitors from 
the embryo. 

Ecology of Seed Dormaney Removal in Gardner Salthush 
This study showed that seed dormancy in Gardner saltbush was 

removed in varying degrees by exposure to different simulated 
environmental pregermination treatments. This suggests that 
when the seed population is exposed to a particular environmental 
factor, only a portion of the population may have dormancy 
terminated and subsequently germinate. Bewley and Black (1982) 
noted this sporadic release from dormancy may be to the advan- 
tage of the species because it temporally disperses germination. 
This is important for species, such as Gardner saltbush, which 
occur in environments where conditions amenable to seedling 
survival occur infrequently. 

While sporadic germination response to environmental stimuli 
may be the more frequent behavior in Gardner saltbush seeds, the 
potential for the entire population of viable seeds to germinate at a 
single time exists. Environmental conditions would have to include 
afterripening, utricle scarification, leaching, and cold stratifica- 
tion. The adaptive advantage of stratification and leaching may be 
to maximize germination in early spring when moisture and 
temperature conditions are most favorable for seedling growth. 
The requirement for afterripening and scarification may be neces- 
sary to provide an interval of time for spatial dispersal of the seed 
from the mother plant, and/ or to prevent precocious germination. 

Research Implications: Gardner Saltbush Revegetation 
A better understanding of the processes involved in alleviation 

of seed dormancy may provide for greater success in establishing 
this species via direct seeding. This could be accomplished by 
artificially removing dormancy with pregermination treatments 
prior to seeding, or by increasing the accuracy of predicting emer- 
gence based on initial seeding rates. 

A subsequent phase of this research involved an evaluation of 
field emergence of seed subjected to the pregermination treatments 
developed here. The results of that work appear elsewhere (Ansley 
and Abernethy 1984). 
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Germination Characteristics of Helianthus maximi- 
lianai Schrad. and Simsia calva (Engelm. & Gray) 
Gray 
D.W. OWENS AND C.A. CALL 

Abstract 

Germination characteristics of Maximilian sunflower (Heliun- 
thus maximiliana Schrad.) and awnless bushsunflower (Simsia 
c&a Engelm. & Gray) Gray were evaluated at water potentials of 
0, -.25, -0.50, -0.75, and -1.0 MPe under alternating temperature 
regimes of 10/20,15/25,and 20/30” C in controlled environmental 
chambers. Cumulative germination was greatest for both species at 
water potentials of 0 and -0.25 MPa in the 15/250 C temperature 
regime. Germination total and rate were depressed for both species 
in the lo/200 C regime. The 20/30° regime depressed total germi- 
nation but increased germination rate. The adverse effects of more 
negative water potentials (-0.75 and -1.0 MPa) were more pro- 
nounced at low temperatures for awnless bushsunflower and high 
temperatures for Maximilian sunflower. 

‘Aztec' Maximilian sunflower (Helianthusmaximiliana Schrad.) 
is an erect, perennial forb with one to several stems (1 to 2 m tall) 
and short rhizomes (Rechenthin 1972, Texas Agricultural Experi- 
ment Station 1979). This cultivar is adapted to the southern three- 
fourths of Oklahoma and all parts of Texas except the Trans Pecos 
region (Thornburg 1982, Wasser 1982). ‘Aztec’is adapted to most 
soil types, except where prolonged saturation or salinity is a prob- 
lem (Texas Agricultural Experiment Station 1979). Plants provide 
forage for livestock, cover and food for wildlife, and showy yellow 
flowers for landscape beautification (Rechenthin 1972). 

Awnless bushsunflower (Simsia calva (Engelm. & Gray) Gray) is 
a multi-branched, spreading, perennial forb occurring on lime- 
stone and calcareous soils in Central Oklahoma and in the Coastal 
Prairie, Cross Timbers, South Texas Plains, Edwards Plateau, and 
Trans Pecos regions of Texas (Gould 1975, Soil Conservation 
Service 1980). Plants are readily grazed by sheep, goats, and deer, 
and to a lesser extent by cattle (Rechenthin 1972). 

Both of these species could be used in mixtures to provide 
greater diversity for revegetation plantings on disturbed range- 
lands in the Southern Great Plains. However, a better understand- 
ing of their ability to germinate and develop under different envi- 
ronmental conditions must be obtained in order to effectively 
establish and manage them (Sutton 1975). The objective of this 
study was to investigate the effects of different temperature X 
water potential regimes on germination characteristics of ‘Aztec’ 
Maximilian sunflower and awnless bushsunflower. 

Materials and Methods 

Seed of ‘Aztec’ Maximilian sunflower and PMT-856 awnless 
bushsunflower were obtained from the Soil Conservation Service 
Plant Materials Center, Knox City, Texas. Seeds were harvested in 
1981 and were stored for 5 months at 16OC and 40% relative 
humidity prior to germination trials. Lots of 100 uniformly sized 
seeds were dusted with Captan (US-N-(Trichlor-omethyl) thio)-4 
-cyclohexene 0 1,2dicarboximide) and placed on 1 piece of What- 
man No. 1 chromatography paper in 13 X 13.5 X 3.5 cm plastic 
trays. The chromatography paper was supported by a 5-mm thick 
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Department, Texas A&M University, College Station 77843. 
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piece of polyurethane foam with 5 cotton wicks which extended 
into a 200-ml reservoir of solution. Solutions had water potentials 
of 0, -0.25, -0.50, -0.75, and -1 .O MPa, which were derived from 
20,000 MW polyethylene glycol. Trays were wrapped with clear 
polyethylene film to reduce evaporation and stabilize the relative 
humidity. Trays were placed in controlled environmental cham- 
bers with night/day temperature regimes of 10/20, 15/25, and 
20/ 30° C and 1Zhour photzperiods. During the day period, a light 
intensity of 450 urn01 l m . sec.’ was maintained at tray level. 
Germinated seeds were counted every other day over a 21day 
period. A seed was considered to have germinated when it had at 
least 1 cotyledon exposed and a radicle greater than or equal to 5 
mm in length (Copeland 1978). 

The experiment was arranged in a completely randomized 
design with 3 replicates (trays) per treatment, and each treatment 
was replicated twice over time. Germination data were trans- 
formed with an arcsine transformation prior to statistical analysis 
by analysis of variance (Steele and Torrie 1960). The effects of 
substrate water potentials and alternating temperature regimes on 
germination percentages were analyzed by the use of a quadratic 
response surface (Evans et al. 1982). 

Results and Discussion 

Cumulative germination of Maximilian sunflower was greatest 
at substrate water potentials of 0 and -0.25 MPa in the 15125°C 
temperature regime (Fig. 1). At the same substrate water poten- 
tials, germination decreased 7% as alternating temperatures were 
lowered to 10/20°C and 16% as alternating temperatures were 
elevated to 20/ 30” C. Germination remained at or above 60% in all 
3 temperature regimes when substrate water potentials decreased 
to -0.50 MPa, but was significantly reduced when substrate water 
potentials decreased from -0.50 to 0.75 MPa and from -0.75 to 
-1.0 MPa. 

Cumulative germination of awnless bushsunflower was greatest 
at the 0 MPa substrate water potential level in the 15/25’C 
temperature regime (Fig. 2). Germination remained at approxi- 
mately 48% when substrate water potential decreased to -0.25 
MPa in the lo/ 20°C and 20/ 30°C temperature regimes, and -0.50 
MPa in the 15/25’C temperature regime. As with Maximilian 
sunflower, germination was significantly reduced in all 3 alternat- 
ing temperature regimes when substrate water potentials decreased 
from -0.50 to -0.75 MPa and from -0.75 to -1.0 MPa. 

Favorable planting dates can be selected on the basis of these 
temperature and moisture requirements for germination and a 
knowledge of seasonal temperature and moisture conditions of the 
area to be revegetated (Ashby and Hellmers 1955). Based on pre- 
cipitation and dry period possibilities and soil temperatures in 
central Texas (Dugas 1983, 1984), optimum germination for both 
species occurs in March and April. Therefore, both species should 
be planted in early spring. Favorable microclimatic conditions 
prevailing in the immediate vicinity of the seed may override 
overall climatic factors and extend planting dates for both species 
(Mayer and Poljakoff-Mayber 1982). 

Germination was initiated earlier, rate of germination was 
increased, and highest level of germination was reached at an 
earlier date with increasing temperature for both species (Fig. 3 
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Fig. 1. Quadratic response surfacefor cumulative germination percentage 
of ‘Aztec’ Maximilian sunflower seeds in relation to substrate water 
potentials and alternating retnperarure regimes. Values in parentheses 
are one-half rhe width of calculated confidence intervals. 

and 4). In the lo/ 20° C temperature regime, germination started at 
day 5 (an average of the 0, -0.25, and -0.50 MPa substrate water 
potentials) and continued through day 21 without reaching the 
highest ultimate level of germination. In the 15/25’C temperature 
regime, germination initiated at day 3 and leveled off after day 18. 
In the 20/30°C temperature regime, germination started at day 2 
and reached the highest level of germination after day 10. Germina- 
tion rates were negligible for both species at -1.0 MPa water 
potential in all 3 alternating temperature regimes. 

The rates of germination and initial seedling growth can be 
critical factors in the success or failure of seeding operations on 
wildlands (Hillel 1972). Fast germination and establishment is 
desired because favorable temperature and moisture conditions 
last for only short periods of time under field conditions. Temper- 

Fig. 2. Quadratic response surfacefor cumulative germination percentage 
of awnless bushsunflower seeds in relation to substrate water potentials 
and ahnerating temperature regimes. Values in parentheses are one-half 
the width of calculated confidence intervals. 

atures at the high end of the favorable range for germination 
shorten lag times and accelerate rates of germination, thus allow- 
ing germination to occur under transiently favorable water condi- 
tions (McDonough 1977). When averaged over substrate water 
potentials of 0, -0.25, and -0.50 MPa, Maximilian sunflower seeds 
attained 50% germination in approximately 12 days at lo/ 20” C 
(Fig. 3A). At 15/25 and 20/30°C approximately 10 and 8 days, 
respectively, were required for 50% of the seed to germinate (Fig. 
3B and 3C). When averaged over the same substrate water poten- 
tials, awnless bushsunflower requires approximately 20, 11, and 9 
days for 40% seed germination to occur at respective temperatures 
of 10/20, 15/25, and 20/3O“C (Fig. 4A, 4B, and 4C). 

Sorensen and Holden (1974) investigated the germination char- 
acteristics of other native species in the Asteraceae family that are 
found in Southern Great Plains. Under controlled environmental 
conditions (constant temperature of 21°C, complete darkness, and 
a continually moist filter paper substrate), common yarrow (Achil- 
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Fig. 3. Percent germination of Maximilian sunjlo wer seeds imbibed in five 
substrate water potentials in alternating temperature regimes of (A) 
IO/200 C, (B) UJ25’ C, and (C) 20/300 C. 

lea millefolium) had 87% germination in 8 days, black Sampson 
(Echinacca angustifolia) had 92% germination in 9 days, and silky 
aster (Aster sericeus) had 71% germination in 24 days. Seeds of 
these perennial species were considered germinated once the radi- 
cle protruded through the seed coat (Sorensen and Holden 1974). 
Common ragweed (Ambrosia artemisiifolia), an introduced annual 
species in the Asteraceae family, was found to germinate readily at 
constant temperatures of l&20, and 25” C and alternating temper- 
atures of lo/20 and 15/30°C following 15 weeksof cold stratifica- 
tion (Pickett and E&kin 1973). The ability to germinate readily at 
several temperature regimes aids in the establishment of this weedy 
species on disturbed sites in the Southern Great Plains. 

Results from these laboratory tests may vary from results 

Up&a 

-asO MPa 

-075 MPa 

280 
15/25’C 

I -0.50 MPa 

-t175 MPa 

1357snl3sl7192l 
DAYS 

20/30°C 

- 8 !F d Pa 
450 MPa 

475 MPa 

0 -1.0 MPa 
i3579nftsI7992I 

DAYS 
Fig. 4. Percent germination ofawnless bushsunj7ower seeds imbibed in 

five substrate water potentials in alternating temperature regimes of (A) 
lo/200 C, (B) 15/2S0 C, and (C) 20/300 C. 

obtained under field conditions. At supraoptimal temperatures, 
germination of planted seeds may exceed germination in labora- 
tory tests because soil cover has a strong modifying effect on both 
temperature extremes and on the development of water deficits 
(McDonough 1977). Conversely, germination under field condi- 
tions may be lower than in laboratory tests due to poor seed-soil 
contact, limited water flow properties of the soil (Sharma 1973), or 
competition from resident vegetation or other species in the seed- 
ing mixture. These studies do, however, provide guidelines for the 
proper timing of seeding in order to take advantage of favorable 
environmental conditions, and a means for comparing the germi- 
nation performance of Maximilian sunflower and awnless bush- 
sunflower to other native forb species tested under similar labora- 
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tory conditions. 
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Growth Parameter Differences between Populations 
of Blue Grama 
M.J. SAMUEL 

Abstract 

Samples of blue grama were obtained from disturbed and undis- 
turbed areas of native rangeland in southeast Wyoming. Assumed 
‘slow-spread’ populations were selected along a 50-year-old plow- 
line from blue grama sod which had spread only a few centimeters 
into the plowed area. Assumed ‘fast-spread’ populations were 
selected from large plants within the plowed area. Control popula- 
tions were selected at random from the undisturbed native range. 
Plants from 15 populations were grown in a dryland, uniform 
garden where basal spread was measured to determine if there were 
differences in rate of spread between populations of blue grama. 
Herbage production, plant height, and phenology were also com- 
pared. By the end of the second and fourth seasons of growth in the 
uniform garden, the fast-spread populations had spread 21 and 
20% more than the slow-spread populations. The random popula- 
tions were 17 and 11% larger than the slow-spread populations 
during the same year. The fast-spread and random populations 
were not different. 

Throughout the Central Great Plains there are many marginal 
areas which were cultivated and then, when drought conditions 
prevailed, allowed to return to native vegetation. Costello (1944) 
detailed the steps of natural revegetation of abandoned plowed 
land (old fields) in northeastern Colorado. He stated that in some 
instances blue grama [Bourelouu grucilis (H.B.K.) Lag ex Grif- 
fiths] appeared on old fields during the initial stage of revegetation, 
although its abundance was quite low and its presence may have 
been overlooked. Blue grama may not become dominant in the 
vegetation until 20-50 years after abandonment. Tomanek et al. 

Author is botanist, USDA Agriculture Research Service, High Plains Grasslands 
Research Station, 8408 Hildreth Road, Cheyenne. Wyo. 82009. 

Manuscript accepted October IS, 1984. 

(1955) reported that blue grama revegetated an abandoned field 
slowly. Blue grama made up 6.6 and 1 I .3?& of the herbage produc- 
tion by weight after 23 and 33 years, respectively, of natural succes- 
sion compared with 26.8% blue grama on native rangeland. If the 
disturbance was from a single cultivation, vegetative remnants of 
some of the native plants revegetated the area after abandonment 
(Costello 1944, Hyder et al. 1971). Hyder et al. (1971) reported 
40-year-old plowlines which were still visible because the furrow 
next to the blue grama sod was straight and distinct. 

Several authors (Riegel 1940, Mueller 1941, McMillian 1956, 
and Green and Goetz 1973) have reported variability within several 
growth parameters of blue grama plant material which was col- 
lected throughout the Great Plains. 

The objective of this experiment was to determine if there might 
be differences in rate of spread between blue grama populations 
taken from sod which had spread minimally along a plowline, 
compared with populations taken from plants within the disturbed 
area which had spread considerably since the disturbance. 

Materials and Methods 

In 1926 approximately 15 ha of semiarid rangeland were plowed 
and planted to an unknown hay crop (Current 1978) on what is 
now known as the High Plains Grasslands Research Station 
northwest of Cheyenne, Wyo. This plowed area was allowed to 
return to native vegetation in 1927. Because it was not fenced, the 
previously plowed land has been grazed along with the adjacent 
native range. Current (1978) estimated that yearlong grazing pres- 
sure ranged between 0.3 to 2.4 ha/AUM since 1928. It is probable 
that the grazing season was less than yearlong and therefore the 
grazing pressure was less. In 1976 part of the plowline was still 
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visible as a straight line because of the difference in botanical 
composition between the 2 sides of the plowline. Some blue grama 
plants had not spread more than a few centimeters from the 
unplowed area into the plowed area while others had spread to 
form patches of up to a meter in diameter within the plowed area. 
Many of these patches of blue grama were in rows which suggests 
most plants, that had not been destroyed by plowing, probably 
originated from remnants between furrows. Nevertheless, some 
plants could have established from seed. 

In October of 1976, 3.8-cm diameter plugs of blue grama sod 
were collected within section 8 (T-14-N; R-67-W). Samples were 
taken at 5 separate places along the plowline in the unplowed 
native rangeland from plants which were adjacent to, but had not 
grown into, the plowed area. These 5 samples were assumed to be 
from material which was slow to spread. Another 5 samples were 
obtained from 5 separate large patches of blue grama in the plowed 
area. The material in these large patches was assumed to be fast- 
spreading. A third set of samples was obtained from 5 places 
selected at random from the nearby native rangeland. These latter 
samples were used as controls. The 15 samples, each consisting of 9 
separate plugs, will be referred to as populations because the 
material may not be genetically identical within each sample, par- 
ticularly those from along the plowline or from the native 
rangeland. 

Plugs were grown in the greenhouse during the winter of 1976- 
77. In April plant material from these plugs was divided so that 
each prospective plant started from a tiller with 1 rooted node. 
These plants were grown in pots in the greenhouse. In early June, 
16 plants were selected randomly from each population and set 
into a dryland plot area with a randomized complete block design. 
The soil was a Wheatridge fine loam over sand or sandy-skeletal, a 
member of the mixed mesic family of Aridic Argiustolls (Steven- 
son et al. 1984). Plants were set on 107-cm centers. Plants were 
watered when planted but received no additional irrigation. The 
40-year average annual precipitation was 37 cm with 70% occur- 
ring between 30 September and 1 April. Precipitation was 96,67, 
96,113, and 116% of normal for the 12 months ending in August of 
1977 through 1981, respectively. Weeds were removed from the 
plot area regularly. Of the 240 plants set into the garden, 2 did not 
survive. One plant was later damaged by a runaway horse and was 
deleted from data taking. Values for these missing plants were 
estimated (Steel and Torrie 1960). Means were separated using 

Tukey’s w procedure (x0.05). 
Data collection was started in 1978 and continued through 198 1. 

Not all measurements were taken in all years. Basal area was 
estimated with the use of a grid (Hart 1965). The grid was cali- 
brated by counting intersections on a known area to get a conver- 
sion factor of points to square centimeters. In the field, the grid was 
placed on top of a plant from which the herbage had been harv- 
ested. Squares of 5 by 5 intersections on the grid were painted 
different colors for faster counting. An intersection was counted 
when it was within the rooted parimeter of the plant. The number 
of grid intersections was averaged from 5 and 3 grid placements per 
plant in 1978 and 1980, respectively. 

Basal area was of primary interest, but other measurements were 
taken on these plants. Phenological observations were made 3 
times weekly to document boot stage, heading, and anthesis in each 
of the 4 years. Anethesis date was analyzed because it was the most 
objective phenological stage of development. Vegetative height 
was measured, before the boot stage, from ground level to the tip of 
the extended longest leaf in 1981. Reproductive height was mea- 
sured, after anthesis, from ground level to the tallest flowering axis 
during 1978 and 198 1. Herbage was cut to ground level to obtain 
herbage production in late August or early September of 1978 and 
1980. 

Results and Discussion 

Basal area of the 15 populations is shown in Table 1. Popula- 
tions were combined into their assumed fast, slow, and random 
rate-of-spread groups. The analysis of variance showed that signif- 
icant differences occurred between the spread groups. In 1978 and 
1980, respectively, the slow-spread populations averaged 8 1 and 
264 cm2 and were slower spreading than the fast-spread popula- 
tions (98 and 3 17 cm2) or the random populations (95 and 293 cm*). 
In 1978 the mean basal area was 91 cm2. When the means of the 
populations were compared, population 9, a fast spreader, spread 
more than populations 1 and 8, which were both slow spreaders. 
There was a difference of 37 cm* between the fastest and slowest 
spreading populations (77 and 114 cm2, respectively). In 1980 the 
mean basal area was 292 cm*. Population 10 had the largest basal 
area. It spread faster than populations 5 and 15, both assumed to 
be slow spreaders. The range of basal areas for 1980 was from 23 1 
to 345 cm2, a difference of 114 cm2. For both years, when the 
populations were placed in order of decreasing basal area, the 

Random 

. . . . . . . . . . cm2 . . . . . . . . . . . . . . . . . . . . g/ plant . . . . . . . . . . . . . . . . . . . . g/cm2 . . . . . . . . . . 
Fast 7 95 ab 3llab 27.6 abc 81.6 de .29 b .27 e 

9 I I4 a 308 ab 41.1 a 96.8 bcde .36 ab .30 cde 
10 97 ab 345 a 32.9 abc 141.6a .35 ab .42 ab 
I2 91 ab 293 abed 36.2 abc 109.6 abed .39a .38 abed 
I3 94 ab 326 ab 33.3 abc 91.5 cde .35 ab .28 e 

Mean 98 x 317 x 34.2 X 104.2 x .35 x .33 x 
3 96 ab 277 abed 23.9 bc 86.6 de .26 b .32 cde 
4 95 ab 306 abc 29.4 abc 104.6 bcde .35 ab .35 bcde 
6 98 ab 305 abed 31.0 abc 93.2 cde .33 ab .3l cde 

11 102 ab 320 ab 36.6 ab 126.4 abc .35 ab .39 abc 
I4 83 ab 257 bed 28.9 abc 76.0 de .36 ab .30 cde 

Mean 95 x 293 X 30.0 XY 97.4 x .33 x .34 x 
I 78 b 292 abed 22.0 c 88.8 de .29 b .32 cde 
2 87 ab 292 abed 29.6 abc 92.2 cde .35 ab .32 cde 
5 80 ab 233 cd 24.5 bc 72.1 e .30 b .3l cde 
8 77 b 271 abed 35.0 abc 129.7 ab .44a .47 a 

I5 85 ab 231 d 29.4 abc 81.5 de .36 ab .35 bcde 
Mean 81 Y 264Y 28.1 Y 92.9 X .35 x .36 X 

‘Values within a column followed by the same letter are not significantly different using Tukey’s w procedure (KO.05); do not compare population values (small letters) with 
mean values (capital letters). 

Slow 

Table 1. Basal area, herbage weight and herbage weight per unit area of blue grama populations and rate of spread groups.’ 

Basal Area Herbage Wt Herbage wt/ unit area 
Assumed rate of spread Population 1978 1980 1978 1980 1978 1980 
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Table 2. Vegetative height, reproduction height and nnthesis dates of blue grama populations and rate of spread gr0ups.l 

Assumed rate 
of spread Population 1981 

Reproductive Height Anthesis Date 

1978 1981 1978 1979 I9802 1981 

Random 

. ..cm... . . . . . . . . . . cm . . . . . . . . . . . . . . . . . . . Julian Day . . . . . . . . . . 
Fast 7 13.1 bc 43.0 abc 40.7 bed 196a I91 ab l83a 177a 

9 13.9 bc 39.4 bc 40.7 bed 203 cd 197c 202 cd I87 e 
IO 13.3 bc 43.7 abc 41.9 bed 199 abc 191 ab I87 abc 184 bcde 
12 14.3 bc 43.6 abc 46.0 abc 200 abed 193 abc 189 abc I80 abed 
I3 14.1 bc 47.1 a 45.7 bed 200 abed 192 ab 187 abc 179 abc 

Mean 13.8 X 43.4 x 43.0 Y 200x 193 x 190 x 182 x 
3 II.7 c 43.9 abc 45.2 bed 197 ab 190 a 186 ab 178 ab 
4 12.4 c 43.0 abc 46.1 abc 204d I95 bc I99 bed 182 abcde 
6 11.2c 42.3 abc 39.4 cd 201 bed 192 ab I88 abc I79 abc 

II 12.8 bc 44. I abc 47.8 ab 201 bed 193 abc 190 abc 183 abcde 
I4 12.1 c 43.3 abc 43.6 bed 200 abed 193 abc 194 abed 182 abcde 

Mean 12.0 Y 43.3 x 44.4 XY 201 x 192X I91 x 181 X 
Slow I 13.4 bc 45.0 ab 44.3 bed 198 ab 192 ab I89 abc 183 abcde 

2 15.6 ab 42.4 abc 44.4 bed 203 cd I95 bc 209 d I85 cde 
5 II.3 c 38.7 c 38.0 d 200 abed 194 abc 191 abc I84 bcde 
8 18.4 a 44.4 abc 53.8 a 202 bed 194 abc I96 abed I86 de 

I5 12.5 bc 43.4 abc 47.7 ab 202 bed 194 abc I88 abc 186 de 
Mean 14.2 X 42.8 X 45.6 X 201 x 194 x I95 x I85 Y 

‘values within a column followed by the same letter are not significantly different using Tukey’s w procedure (KO.05); do not compare population “aloes (small letters) with 
mean values (capital letters). 
‘Ten plants which did not bloom by day 234 were assigned a 240 Julian day for purposes of analysis. 

assumed fast-spread populations were in the top half of the list and 
the assumed slow-spread populations were on the bottom half of 
the list. The populations selected at random from the undisturbed 
native range were scattered throughout the list. 

spread. The random group was intermediate. 

The variation in basal area within each group was also evalu- 
ated. In 1978 there were no differences in rate of spread within the 
fast, slow, or random groups. In 1980 there were no differences in 
basal area within the fast-spread or the random groups, but within 
the slow-spread group, populations 1 and 2 had larger basal areas 
than populations 5 and 15. Population 8 was intermediate. 

When herbage production was analyzed (Table l), the fast- and 
slow-spread populations were distributed throughout the range of 
values and not clustered at the top and bottom, respectively, as 
they were for the basal area data. In 1978 population 9 produced 
more herbage than populations 5,3, and 1, but in 1980 population 
9 was the same as the latter and population 10 was more productive 
than 11 populations including $3, and 1. In 1978 the slow spread- 
ers produced less herbage than the fast spreaders. But in 1980 the 
differences were only between populations and were not significant 
among spread-rate groups. 

Anthesis date was the only variable measured in all 4 years of the 
study, 1978 through 1981 (Table 2). Unlike most other variables, 
the earliest blooming populations were early in all years and the 
late blooming populations always bloomed late. Populations 7and 
3 bloomed earlier than population 9 in all 4 years. Population 7 and 
population 9 are both fast spreaders. An analysis by growth rate 
showed no difference for 1978, 1979, and 1980. In 1981, however, 
the slow-spread populations were slower to reach anthesis than the 
fast-spread or random groups, probably because of the early 
bloom date in that year when 3 of the 4 slowest blooming popula- 
tions were slow-spread populations. 

Because herbage production per plant is obviously influenced by 
basal area (r=O.693 and 0.998 for 1978 and 1980, respectively), the 
herbage weight per unit of basal area, g/cm*, was calculated and 
analyzed (Table 1). In 1978, populations 8 and 13 had higher 
production per unit area than populations 5,7, 1, and 3. In 1980, 
population 8 had significantly more herbage per unit area, 0.47 
g/cm*, than 11 of the 14 populations. Grams per unit area was not 
correlated with basal area (r=O.O60 and 0.117 for 1978 and 1980, 
respectively) and did not differ significantly among spread-rate 
groups in either year. 

Bloom date was influenced by weather. The average bloom date 
was 1 July, 12 July, 19 July in 1981, 1979, and 1978, respectively. 
Ten plants did not bloom in 1980. These 10 plants were in 4 
different populations: 1 slow-spread, 1 fast-spread, and 2 random 
populations. The lack of summer precipitation in 1980 probably 
delayed the blooming for the year. Although precipitation was 
113% of normal for the 12 months preceding sampling, precipita- 
tion was only 3% of normal in June and 64% of normal for June 
through August. Precipitation in 198 1 was 122% above normal for 
January through June and 270% above normal in May. This high 
availablity of moisture probably resulted in the early bloom date 
for 1981. McMillian (1956), who transplanted blue grama from 
throughout Nebraska to a uniform garden in Lincoln, reported 
that antehesis dates varied approximately 2 weeks between the 2 
years of his study and that the latest flowering clone was the same 
in both years. 

Conclusions 

Vegetative height was measured in 1981 (Table 2). Population 8 
was taller vegetatively than 13 of the other 14 populations. The 
slow- and fast-spread groups were significantly taller than the 
random group. 

The height of the tallest reproductive culm of each plant was 
measured after anthesis in 1978 and 1981 (Table 2). In 1978 only 
populations 13 and 5 were of different heights. There were no 
differences when grouped by rate of spread. In 1981, probably 
because of the abundant precipitation, there were many differences 
among the populations, but 13 and 5 were not different. In 198 1, 
the slow-spread group of populations was taller than the fast- 

Blue grama populations were found to be quite variable for 
several growth parameters. There is a difference in rate of spread 
among populations of blue grama, even when sampled within a 
small geographic area. The visibility of very old plowlines next to 
blue grama dominated native rangeland may be evidence of slow 
growing populations throughout the plains. Fast growing popula- 
tions may be present where old plowlines have been obliterated. 
Some populations have a short growth habit and low forage pro- 
duction, while others have long, leafy stems and high forage pro- 
duction. Because rate of spread was not correlated with herbage 
production, a breeding program might develop a fast spreading, 
high yielding type. 
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Evaluation and Management of Grasses for Dual Live- 
stock and Game Bird Use 
E.C. HOLT, J.R. CAIN, AND R.J. HENDLER 

Abstract 

Kleingrass 75 and Verde kleingrass (Panicum colortrtum L.), PI Similarly, selection of grasses for rangeland revegetation has been 
217229 and PMT 4022 plains bristlegrass (Setoria macrostachya based largely on the ability to become established, persist, and 
H.B.K.) Nees), and commercial green sprangletop (Leptoehba produce an acceptable amount of forage. In Texas, game birds are 
~(HJ.K.),wereshdicdforfoRgePndseedproduction.A~~- an important or potentially important source of income from 
ty of seed was studied using caged bobwhite quail (Co&us virgini- hunting leases and a recreation resource for both rural and urban 
anus). Defoliation management practices had relatively little influ- populations. While grass seed plays a significant role in bird nutri- 
ence on forage yield. Forage digestibility declined rapidly when tion (Davidson 1949), bobwhite quail (Colinus virginianus) require 
defoliation was delayed, and the species responded differently in seed of more than one vegetation type to meet their nutrient 
the rate and pattern of decline. Seed yields were as high or higher requirements (Stoddard 1931, Casey 1965). Thus, grasses and 
with 30day interval harvesting as with deferred harvesting except management practices are needed that produce good quality for- 
that spring deferment increased kleingrass and summer deferment age for livestock and seed for bird use. 
increased green sprangletop seed yields. Green sprangletop also Wernecke (1977) identified grasses with seed production pat- 
produced more seed by leaving a 20sm stubble than a lo-cm terns and seed characteristics that apparently make them accepta- 
stubble. These indeterminate species apparently mature seed in ble for game birds. The genera included Panicum, Paspalum, and 
approxhnately 30 days, indicating that a management system that Setaria. Growth and forage quality in response to defoliation have 
leaves some tillers intact for 30 days or longer will result in some been reported for some species (Pitman and Holt 1983). This study 
seed formation. Seed production decreases to nil in 2 to 3 months was undertaken to evaluate selected management practices for 
following first maturity in an undefoliated stand. forage and seed production and to determine the acceptability of 

Bobwhite quail readily consumed kleingrass seed as a significant selected grass seeds to bobwhite quail. 
portion of their diet even in the presence of a high quality game bird 
diet. They subsisted for short periods on an all grass seed diet, but Materials and Methods 

consumed little plains bristlegrass or green sprangitop when game 
bird diet, pearl millet, or kleingrass were present. Thus, kleingrass 
has the most potential of the species studied for dual use. 

The value of grasses for tame pasture has been based almost 
exclusively on forage production, adaptation, and soil protection. 

Authors are professor, Soil and Crop Sciences Department; associate professor, 
Poultry Science Department,, Texas A&M University, College Station 77843; and 
former graduate research awstant, Texas Agricultural Experiment Station, College 
Station 77843. 

The studies were partially funded by the R.M. Kleberg Research Foundation, San 
Antonio, Texas. 

Manuscript received May 7, 1984. 

Kleingrass 75 and Verde kleingrass (Panicum coloratum L.), PI 
2 I7229 and PMT 4022 plains bristlegrass (Setariu macrostachya 
H.B.K.), and commercial green sprangletop (Leptochloa dubiu 
(H.B.K.) Nees) were used in these studies. All 3 have an indetermi- 
nate flowering habit. Kleingrass 75 was the only kleingrass in use in 
Texas prior to 1982. Verde kleingrass, which has larger seed and 
better seedling vigor, was released in 1982 (Holt et al. 1983). PMT 
4022 plains bristlegrass is a Soil Conservation Service accession 
supplied by the SCS Plant Materials Center at Knox City, Texas. 
The management of grasses for forage and seed production was 
conducted in 3 studies and a fourth study involved caged bobwhite 
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Table 1. The innuence of harvest treatments on forage and seed yields of two grasses in 1977. 

Grass 

(1) Monthly 
at 10 cm 

height 

(2) Monthly 
at 20 cm 

height 

Harvest treatments 

(3) Spring 
Not harvested in:’ 

(4) Summer (5) Fall 

Kleingrass 75 
Plains bristlegrass 

PI 217229 

Kleingrass 75 
Plains bristlegrass 

PI 217229 

Kleingrass 75 
Plains bristlegrass 

PI 21729 

5480; 
1280$ 

47609 
980; 

Kg DM/ ha 
5700; 
1290; 

577& - 
lo70;b - 

8by 
6s 

Kg seed/ ha 

44ay 
77; 

57f2.62 56f2.1 
55f3.2 52f5.2 

IVDDM, Yc of dry matter 
55f5.0 
53f3.9 

58f2.8 58M.8 
53f4.2 52f5.9 

‘Harvested monthly at 10 cm height except in periods noted. 
2Means f standard deviation 
a,b,c Significant (K.05) differences within a row. 
x,y Significant (K.05) differences within a column for a parameter. 

quail feeding. 

Study 1 
Kleingrass 75 and PI 217229 plains bristlegrass established in 

1975 on Norwood clay loam (fine, loamy, mixed, thermic udiflu- 
vents) near College Station, Texas, were used in the first study. The 
grasses were in main plots with 5 harvest treatments superimposed 
in subplots on each grassas follows: (I) monthly clipping to IO-cm 
stubble height, (2) monthly clipping to 20-cm stubble height, and 
monthly clipping to IO-cm stubble height except during deferment 
in (3) spring, (4) summer, or (5) fall. Deferment indicates periods 
with no clipping and was chosen as a management tool to permit 
seed to mature at various times of the year. The deferment periods 

Table 2. The response of grasses to harvest treatments in 1978. 

were: spring, 15 March to 15 June ; summer, 15 June to 3 1 August ; 
and fall, 1 September to 30 November. The harvest treatment 
subplots consisted of 4 rows spaced 1 m apart, 4.75 m in length. The 
test was replicated 3 times. 

Seeds were harvested as they matured in deferred plots and on 
clipping dates in monthly clipping treatments if mature seed were 
present. Forage yields were determined monthly or at the end of 
specified deferment periods by harvesting 2 center rows using a flail 
mower. Seed yields are reported as screened seed material, free of 
leaves and stems. 

Study 2 
The second study was conducted on plots of Verde kleingrass, 

Grass 

Verde kleingrass 
PMT 4022 Plains 

bristlegrass 
Green sprangletop 

(1) Monthly at (2) Monthly at 
10 cm stubble 20 cm stubble 

height height 

999& 9400sb 

3650; 3520; 
6034 5780; 

Harvest treatments 

(3) Late spring 
early summer 

Kg DM/ha 
77605: 

3750: 
6560”yb 

Not harvested in:’ 
(4) Late summer 

early fall 

1097& 

3960% 
7930; 

(5) Late fall 

IO& 

4125a 
i: 

531oy 

Kg seed/ ha2 
Verde kleingrass 92 94 214 78 60 
PMT 4022 Plains 

bristlegrass 420 522 124 184 168 
Green sprangletop 86 251 114 279 89 

IVDDM, % of dry matter* 
Verde kleingrass 60f2.9’ 59f3.5 53f2.6 48f2.5 53f2.4 
PMT 4022 Plains 

bristlegrass 56f3.7 55f3.9 50fl.9 42f2.0 4Of2. I 
Green sprangletop 60f3.7 60f3.6 51f2.1 40f1.9 36f1.8 

a,b,c significant (X.05) differences within a row. 
x,y.z significant (K.05) differences within a column for a parameter. 
‘Harvested monthly at IO cm height except in periods noted. 
*Seed and IVDDM values for deferred defoliation treatments (3.4.5) represent peak seed yields of weekly samples and IVDDM of final biweekly sample during defoliation 
deferment period. 
3Mean f standard deviation. 
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PMT4022 plains bristlegrassand green sprangletop established in 
early April 1978. Plants were transplanted as 45day old seedlings 
on 30-cm centers in rows 30 cm apart. A split plot design was 
employed with grass species as main plots and harvest treatments 
as subplots. The 5 harvest treatments described in Study 1 were 
superimposed on each grass in subplots consisting of 4 rows 3.66 m 
in length. The test was replicated 4 times. 

Forage measurements in the above tests consisted of dry matter 
(DM) yield and in vitro digestible dry matter (IVDDM). Yield and 
IVDDM were determined from 3 plants harvested at prescribed 
monthly intervals and at biweekly intervals during clipping defer- 
ment periods. Seed yields were determined at monthly harvest 
periods and weeklyduringclippingdeferment periods by collecting 
seed from 3 different plants each week. IVDDM was determined 
by the Tilley and Terry (1963) procedure as modified by Goering 
and Van Soest (1970). 

Study 3 
Seed production patterns were determined in undefoliated plots 

of Verde kleingrass and PMT 4022 plains bristlegrass in 1978. The 
grasses were established in 1977 by transplanting 45day old seed- 
lings in SO-cm rows on 30-cm centers, in plots 8 m long, with 4 
replications. No cultural treatments were applied in 1978. Two 
plants were hand harvested for seed at approximately weekly 
intervals beginning with first seed maturation and continuing as 
long as mature seed was present. Approximately 6 to 8 weeks after 
first seed maturity, one-half of each plot was cut to a stubble height 
of 10 cm. Seed harvesting in the cut area began when the first seed 
matured and continued until early October. 

Study 4 
In the bird feeding study, 10 bobwhite quail in each of 3 replica- 

tions were offered ad libitum 2 feed containers: 1 contained a 
standard game bird diet (20% protein, primarily corn and soybean 
meal growers feed), and 1 contained 1 of the following seed or feed 
sources-green sprangletop, Kleingrass 75, PMT 4022 plains bris- 
tiegrass, commercial pearl millet, or game bird standard diet (con- 
trol). Pearl millet is a commonly used game bird feed and served as 
a second control. Feed consumption from each source was mea- 
sured daily. Birds were weighed at the beginning and weekly in a 
3-week feeding period. 

In a second feeding study, using the same number of birds and 
replications as in the first, 3 seed containers per cage were offered 
ad libitum choices as follows: (1) Kleingrass-green sprangletop-- 
pearl millet; (2) Kleingrass-plains bristlegrass-pearl millet; (3) 
plains bristlegrass-green sprangletop-pearl millet; and (4) Klein- 
grass-plains bristlegrass-green sprangletop. Seed consumption 
and bird weights during the 3-week study were measured as before. 
Birds on all grass seed diet (4) were placed on the game bird diet 
during a fourth week and reweighed at the end of the fourth week. 

Results 

Study 1 
The harvest management treatments employed in this study did 

not appear to have a major or consistent effect on forage and seed 
yield (Table 1). Two defoliation stubble heights were used on the 
rationale that some seed would develop below the 20-cm height. 
The 20-cm height decreased harvested forage yields, while seed 
yield of plains bristlegrass (PI 217229) increased. Delaying the 
initial harvest until mid-June increased the seed yield of both 
Kleingrass 75 and plains bristlegrass compared to monthly harvest 
at IO-cm stubble height. However, deferring harvest in the summer 
did not increase seed yields. Regrowth after 15 August was too 
limited to harvest, thus there were no fall yield data, but hand 
samples were collected for IVDDM analyses. Harvest treatments 
had no significant effects on forage digestibility though plains 
bristlegrass tended to have lower IVDDM at the end of the non- 
harvest periods than with monthly harvest. 

Study 2 
Verde kleingrass yields were reduced by spring deferment in 

1978 (Table 2). It seems likely that Verde tillering either decreased 
or ceased with seed maturation in June in the absence of defolia- 
tion whereas regrowth with more frequent defoliation involved 
new tillers. A similar pattern is noted with late fall deferment of 
green sprangletop in 1978. Both Verde and Kleingrass 75 produced 
significantly more forage than the other species with all defoliation 
practices (Table 1 and 2). 

Both Kleingrass 75 and plains bristlegrass seed yields were min- 
imal in 1977 with the most favorable yields occurring with spring 
clipping deferment. Verde kleingrass followed the same pattern in 
1978 (Table 2) but total seed yields were higher. Kleingrass (Verde 
and Kleingrass 75) produces its major seed crop in June. The 
absence of defoliation during shoot elongation in late spring 
improved total seed yields. The deferment of summer clipping 
seemed to be more favorable than either spring or fall deferment 
for seed production of both PMT 4022 plains bristlegrass and 
green sprangletop. However, both of these species produce as 
much or more seed with monthly cutting than with any seasonal 
deferment. Green sprangletop seed yields were favored by the 
20-cm stubble height because its growth form is erect. It also has 
fewer tillers than kleingrass and is taller than plains bristlegrass. It 
seems likely that the 20cm cutting height permitted more rapid 
recovery and therefore maturation within a 30day period, but it 
did not result in more total growth. 

Deferment reduced IVDDM since the forage was 2 to 3 months 
old at the end of the deferred period. Plains bristlegrass and green 
sprangletop IVDDM with late summer and fall deferment was 
affected more than the IVDDM of Verde kleingrass (Table 2). 
Verde kleingrass and grass sprangletop did not differ appreciably 
in IVDDM with frequent harvests but differed as much as 8 to 17 
digestibility units with late summer and fall deferment. 

The influence of advancing maturity on forage digestibility is 
shown in Figure 1. The 3 species responded similarly in the initial 
weeks of the first 2 deferment periods although Verde kleingrass 
tended to recover slightly at the end. Fall IVDDM of Verde was 
markedly different from the other species and did not decline as 
rapidly with age. 

Table 3. Feed intake and gain by captive bobwhite quail offered freochoice of two feed sources. 

Average daily feed intake (g/bird/day) 

Alternate feed source 

Green spangletop 
Plains bristlegrass 
Kleingrass 
Pearl millet 
Standard diet3 

‘Meanfstandard deviation. 

Standard diet Alternate source Total consumption 

35.9f.46 2f.04 16.1 
17.1f.45 .2f.09 17.3 
13.0f.57 5.2f.33 18.2 
3.4f.22 10.5f.27 13.9 
8.2f.45 9.2f.40 17.4 

Percent 
alternate source 

1.2 
1.1 

28.6 
75.5 

Average gain/ bird/ 
day, g 

.82a2 
I .04a 
1.OOa 
1.25a 
1.25a 

*Average gains followed by same letter are not significantly (K.OS) different. 
)A 20% protein corn-soy grower feed in both containers. 
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Fig. 1. Forage digestibiliry fly IVDDM)parterns as injluenced by season 
and advancing age. 

Study 3 
The pattern of seed maturation on non-defoliated stands of 2 

grasses is shown in Figure 2. These data, taken from a second-year 
stand, show that undisturbed plants of both species essentially 
cease producing new inflorescences after 2 or 3 months. Since seed 
shattering occurs in both species, no seed are present on the plants 
after an extended period without defoliation. The late summer and 
fall pattern on plants defoliated in late July is approximately the 
same except that some new tillers were produced in late September. 
The patterns indicate that if grasses are grown primarily for seed 
for game birds, defoliation by some means is required for continu- 
ous seed production. 

Study 4 
Kleingrass 75 constituted 28% of the diet of caged bobwhite 

quail where the birds had a high quality alternative seed source 
(Table 3). However, only negligible amounts of green sprangletop 
and plains bristlegrass seed were consumed when birds had the 
high quality alternative. Body weights gains did not differ signifi- 
cantly, but tended to be less when a grass seed was one of the 
choices. 

In a second cafeteria feeding study (Table 4) use of Kleingrass 75 
seed exceeded that of either plains bristlegrass or green spran- 
gletop. More pearl millet was consumed than grass seed in all 
combinations involving pearl millet. The percentage of grass seed 
in the diet increased over time, indicating that the birds were 
learning to eat it. Kleingrass seed made up 36% of the diet by the 

Fig. 2. Amounts of mature seed on plants at intervals following initial 
maturity. 

third week when pearl millet was available as a free choice. When 
only the 3 grasses were available, Kleingrass constituted 86 to 96% 
of the diet. Body weight increases did not differ among diets that 
included pearl millet, and the rate of increase was lower than in the 
first phase because the birds were approaching mature body 
weight. Birds lost weight when only grass seed was offered, even 
though total feed intake appeared to be higher in the second and 
third weeks. There was 30% mortality among birds on the grass 
seed diet. The diet did not meet the nutrient requirements of the 
birds as indicated by the weight loss. Apparently some birds could 
not survive the rate of weight loss. There was no mortality in other 
treatments. The surviving birds on the all grass seed diet were 
placed on the standard diet in the fourth week. They showed 
compensatory gain, with body weights approximately equalling 
those of birds from the other diets at the end of the week. 

Discussion and Conclusions 

The defoliation deferment practices used in these studies gener- 
ally resulted in omitting 1 monthly harvest within each season. The 
harvest treatments designed primarily to influence seed yields, had 
relatively little influence on forage yields. The higher seed yield of 
both Kleingrass 75 and Verde with spring deferment is related to 
timing of defoliation. The spring seed crop, which is the major 
crop, usually starts maturing during the first 15 days in June or 
slightly later in the establishment year. A defoliation during flower- 
ing removes many tillers before they mature; thus, a delayed defo- 
liation results in increased seed yield. Subsequent tillers will 

Table 4. Feed intake and gain by captive bobwhite quail offered free choice of three feed sources. 

Feed consumption ratio (70) Average daily feed intake (g/bird) Gain/bird/day 
wk 1 wk 2 wk 3 wk I wk 2 wk 3 (9) 

Kleingrass 26 34 36 
Green sprangletop 5 8 13 15.1 17.3 15.7 0.33al 

Pearl millet 69 58 51 

Kleingrass 16 29 34 
Plains bristlegrass 5 5 16 15.4 16.4 16.4 0.48a 

Pearl millet 79 66 50 

Plains bristlegrass 3 I5 22 
Green sprangletop 2 2 2 14.7 16.1 17.2 0.57a 

Pearl millet 95 83 76 

Kleingrass 96 90 86 
Green sprangletop 2 4 8 14.7 19.7 21.0 -1.24b 
Plains bristlegrass 2 6 6 

‘Average gains followed by same letter are not significantly different (RZ.05). 
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mature in about 30 days. Green sprangletop seed yields tend to be 
higher with summer deferment, which may indicate that flowering 
is greater in the summer and that a higher percentage of summer 
tillers require more than 30 days to mature. The rate of flowering 
may be reduced also, resulting in a longer time requirement for 
high seed yields. The study indicates, with these 2 exceptions, that 
tillers of these indeterminate grasses that are undisturbed for 30 
days or longer will mature seed. Thus, grazing intensities or utiliza- 
tion practices that result in defoliation less frequently than 30 days 
or that result in individual tillers with an intact shoot apex for 30 
days or larger will provide some seed for birds. Conversely, unde- 
foliated plants will cease floral development in 2 to 3 months and 
require defoliation or disturbance to initiate new tillers and 
inflorescences. 

These studies were conducted on a relatively fertile soil which 
becomes nitrogen deficient rapidly in the absence of fertilization. 
Also, summer rainfall is a major factor in warm-season grass 
growth and reproduction, and the study site receives intermittent 
summer rainfall. Thus, forage and seed yields are likely to be less in 
lower rainfall areas or on low fertility soils but the general patterns 
and responses should not change. 

If defoliation deferment is required to provide adequate seed 
production for birds, disposition of the forage with low IVDDM 
(36 to 42%) at the end of the deferment period may be a problem 
with plains bristlegrass and green sprangletop. However, the 
potential problem would appear to be greatest with fall deferment 
which offered no advantage in seed production in either year. 
Summer IVDDM of green sprangletop, which declines almost as 
rapidly as fall IVDDM, may be a problem if summer deferment is 
required for seed production. 

The birds used in the feeding trials were debeaked (tip of beak 
removed), and this may have influenced their ability to remove the 
caryopsis from the seed coverings in plains bristlegrass and green 

soranaletoo. Kleingrass has a slick seed. Preferences might be 
1 I 1 

altered to some extent under natural conditions. These studies 
indicate that Kleingrass seed are readily consumed by bobwhite 
quail, but when grass seed constitutes the entire diet it may not 
meet all nutrient requirements of the birds. Birds in nature choose a 
mixed diet where available to meet their nutrient requirements 
(Kiel 1976). Performance on all grass seed diets indicates that bird 
populations may subsist for short periods of time on these grass 
seeds, primarily kleingrass, and the individual birds recover body 
weight rapidly when a more balanced diet becomes available. 
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The Animal-Unit and Animal-Unit-Equivalent Con- 
cepts in Range Science 
DAVID L. SCARNECCHIA 

Abstract 

The terms animal-unit and animal-unit-equivalent have evolved 
as a means of expressing different kinds and classes of livestock in a 
common form. This paper discusses the evolution of the concepts, 
analyzes their conceptual boundaries,and discusses their use in the 
analysis of range livestock systems. Recent efforts to modify these 
concepts to develop livestock species substitution ratios for specitic 
ranges are discussed. For greater usefulness in describing range 
livestock systems, animal-unit-equivalents should be calculated 
based only on animal-related factors. Also, the animal-unit- 
equivalent concept should not be redefined in the calculation of 
pasture-specific substitution ratios. 
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While the animal-unit (AU) and animal-unit-equivalent (AUE) 
are familiar terms to most range scientists, there is considerable 
variation in the definition and use of these concepts. Recent papers 
by several investigators in different countries show divergent inter- 
pretations and applications of them, producing inevitable confu- 
sion. This paper (1) discusses the origins of the animal-unit and 
animal-unit-equivalent, (2) defines their conceptual boundaries, 
(3) examines their usefulness in deriving species substitution ratios 
under common-use grazing, and (4) describes their applications in 
range science. 

Origins 
The cow-day, a forerunner of the animal-unit-day (AUD), has 

its origin in the range reconnaissance survey method developed in 
part by Jardine between 1907 and 1911, while working as an 
inspector of grazing for the U.S. Forest Service. Jardine and 
Anderson (1919) addressed the question of substitution ratios for 
cattle and sheep under common use grazing, but used neither the 
term animal-unit nor cow-unit. Sampson (1923) used the term 
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cow-unit in describing grazing capacities. He stated that 1 cow-unit 
was the equivalent of 5 sheep or 5 goats, but did not otherwise 
define the cow-unit. Pickford (1940), in a glossary following a 
paper on range survey methods, defined an animal-unit as the 
amount of forage grazed by a mature cow in 1 year, and further 
stated that 5 sheep, 5 goats, or 1 horse were considered equal to 1 
cow for range grazing. This definition is essentially the animal- 
unit-year as defined years later by the Society for Range Manage- 
ment (1974). 

Stoddart and Smith (1943) used the term animal-unit in calculat- 
ing carrying capacities, and although they did not define the term, 
its use was apparently the same as that of Sampson (1923), des- 
cribed previously as the cow-unit. Twelve years later. Stoddart 
and Smith (1955) had removed the term animal-unit from discus- 
sions of carrying capacity in the second edition of Range Manage- 
ment, but as a footnote to a table on page 2 of that book defined an 
animal-unit as “1,000 lb liveweight, or roughly equivalent to the 
weight of a cow and a calf.” This definition, and another table 
(page 192) in that book (Stoddart and Smith 1955), suggest that the 
authors had adopted a liveweight approach to defining an animal- 
unit. Under this approach a 454 kg (I ,000 lb) animal of any species 
was equivalent to 1 AU, while a 227 kg (500 lb) animal of any 
species was equivalent to 0.5 AU. 

Three years earlier, Sampson (1952) had defined the animal-unit 
as “the forage requirement of a mature cow for 1 year,” further 
stating that 5 sheep or 5 goats were generally regarded as equal to 1 
cow for range grazing. This definition, like that of Pickford (1940), 
is essentially an animal-unit-year as later defined by the Society for 
Range Management (1974). 

Thus, as of the mid-1950’s, the animal-unit was explicitly defined 
only in terms of animal liveweight (Stoddart and Smith 1943, 
1955), but was implicitly being usedto equate forage consumptions 
among different livestock species under common use grazing, and 
thereby determine substitution (exchange) ratios. Up to that time, 
the animal-unit concept had not been rigorously defined, and 
consequently, while it may have been occasionally applied in prac- 
tical management, it was not widely used in published work. 
Widespread use required a more rigorous definition, and a better 
understanding of its uses and limitations. 

Vallentine (1965) attempted to address this problem and defined 
the animal-unit as a mature, 454 kg dry cow in maintenance or 
gestation, or its equivalent. From this definition, he derived 
animal-unit-equivalents for different classes of cattle. In his paper, 
the animal-unit and animal-unit-equivalent were applied only to 
cattle; there were no interspecific applications. 

Conceptual Boundaries 
To understand the animal-unit and animal-unit-equivalent con- 

cepts, one must understand differences between 3 different defini- 
tions of the animal-unit. Voisin (1959) defined the animal-unit as 
500 kg of intraspecific animal liveweight, which is similar to the 
definition of Stoddart and Smith (1955) although Stoddart and 
Smith did not limit their definition to intraspecific comparisons. In 
Voisin’sapproach, if a herd is composed solely of cattle, the weight 
of the herd is summed and divided by 500 kg, thus giving the total 
number of cattle animal-units in the herd. Under this definition, a 
250-kg heifer is equivalent to 0.5 AU, while a 500-kg cow or bull is 
equivalent to 1.0 AU. Voisin (1959) specifically assumed that: (1) 
an animal of 250 kg should consume half as much forage as an 
animal of 500 kg; (2) an animal of 750 kg should consume one and 
one half times as much forage as an animal of 500 kg, and; (3) a 
lactating cow should consume the same amount of forage as a dry 
cow. It is significant that this definition of the animal-unit involves 
only one variable, animal weight, and contains no herbage or 
environmental variables. 

Questions concerning the validity of the above assumptions of 
Voisin (1959) led to a metabolic size definition of the animal-unit. 
This approach is discussed in detail by Edwards (1981). Several 
similar but slightly different definitions have been proposed as the 

basis of the metabolic size approach. Edwards (1981) stated that 
the basis for the animal-unit should be considered a 450-kg steer at 
30 months of age. Edwards’animal-unit was explicitly defined in 
terms of an animal of a specific weight and implicitly defined in 
terms of the metabolic requirements of an animal. Following the 
work of Kleiber (1975), the animal-unit-equivalent of an animal 
was calculated by the equation X = (M/450)0.75, where X is in 
animal-units, and M is the animals’s weight expressed in kilo- 
grams. This approach addresses the first 2 stated assumptions 
(limitations) of Voisin’s weight approach, but the third limitation 
remains, e.g., a lactating cow and a dry cow of equal weights are 
calculated to have the same animal-unitequivalent. 

An earlier but more explicit definition was proposed by the 
Society for Range Management (1974). The Society defined an 
animal-unit to be a mature 454-kg cow or equivalent with an 
average for consumption of 12 kg of dry matter (DM) per day. In 
this case, the animal-unit was defined explicitly in terms of both an 
animal weight and what is essentially a daily potential intake or 
animal demand. This approach was also implicitly based on the 
metabolic size equation because the potential intake of an animal 
was assumed a function of its metabolic size. 

Examination of the 3 definitions of the animal-unit (Voisin 1959, 
Edwards 198 1, Society for Range Management 1974) suggests that 
it is more useful to define the effect of an animal on a pasture and 
vice versa in terms of an animal’s metabolic size rather than its 
weight. In turn, it is more useful to describe this mutual effect in 
terms of an animal’s demand on the pasture (i.e., potential intake), 
than simply in terms of its metabolic size. The potential intake 
approach allows consideration of the differential demand of differ- 
ent classes of livestock, e.g., the differential demand of a lactating 
cow versus a dry cow. 

Hodgson (1979) in a discussion of grazing terminology, referred 
to the usefulness of a potential intake approach to describing 
grazing relationships. Simply, the potential grazing effect of an 
animal on a pasture is determined not by how much the animal 
weighs, but on its potential herbage intake, or animal demand. To 
use a potential intake approach to describe animals on pasture, a 
unit of potential intake (= animal demand for forage) is needed. 

Scarnecchia and Kothmann (1982) simplified the definition of 
the animal-unit and defined it simply as a unit of animal demand 
equal to 12 kg DM per day. The 12 kg DM/ day figure was adopted 
to be as consistent as possible with the definition of an animal-unit 
suggested by the Society for Range Management (1974) and is 
based only on potential intake, without regard to losses to fouling 
or trampling. The 12 kg DM/ day may be either too high or too low 
to describe the demand of a mature cow. While the figure was 
adopted for convenience by the Society for Range Management to 
approximate the demand of a mature cow, so that a cow could 
equal 1 AU, the figure is in every other sense arbitrary and designed 
only to quantify the animal-unit. Under the simplified definition of 
Scarnecchia and Kothmann (1982), the animal-unit is a unit of 
demand analogous to the meter as a unit of length. 

The definition of Scarnecchia and Kothmann (1982) is the basis 
for developing time-dynamic animal-unitsquivalents and an entire- 
timedynamic grazing terminology. With the animal-unit defined 
in this way, the demand of any animal can be expressed in animal- 
units. The animal-unit-equivalent is then the animal demand of an 
individual animal expressed in animal-units and is a function of 
animal-related factors which affect the animal’s potential intake, 
including metabolic size, gestation, or stage of lactation; i.e. AUE q  
f(MS, P, L, etc.). In this way, the differential demand of, for 
example, a lactating cow and a dry cow can be considered in 
calculations of stocking density, stocking rate, grazing pressure 
and other stocking variables described by Scarnecchia and Koth- 
mann (1982), and more accurate calculations of stocking variables 
are possible. 

This definition of the animal-unitequivalent does not include 
herbage or environmental characteristics. Thus, an animal-unit- 
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equivalent of an animal is independent of herbage or environmen- 
tal factors; it is a function of only animal factors such as metabolic 
size, gestation or lactation. 

There is justification for limiting the boundaries of the animal- 
unit-equivalent concept in this way. Figure 1 is a simplified concep- 
tual model of some factors affecting daily herbage intake. In the 
model, intake is affected by factors which are conceptually animal- 
related (AUE), herbage-related (cell wall content), environmental 
(ambient temperature), animal-herbage related (suitability index), 
and animal-herbage-environmental (energy expenditures). In ana- 
lyzing the system, we attempt to isolate the effects of individual 
variables on other individual variables, e.g., the effect of cell wall 
content on intake, or the impact of adding an additional animal- 
unit of demand on daily herbage intake. If the animal-unit- 
equivalent (=animal demand) is defined as a composite of animal, 

been a frequently asked question. It has long been accepted (Jar- 
dine and Anderson 1919) that because some forage species are not 
preferred by some kinds of livestock, some ranges are better suited 
to one kind of livestock than to another. Recent investigators 
(Elinders and Conde 1980, Botha et al. 1983) have attempted to 
calculate pasture-specific substitution ratios by adjusting animal- 
unit-equivalents for different animal species based on the average 
dietary overlaps of these animal species on a specific tyte of range. 
These investigators proposed the equation X = 450’. /((M”.75)(% 
dietary overlap)) to calculate animal-unitequivalents, thus rede- 
fining the animal-unit-equivalent concept. 

While the relative suitability of a range type to a particular kind 
of livestock is important in management, incorporation of this 
dietary overlap factor into the animal-unit-equivalent concept is 
disadvantageous for 2 reasons. First, the dietary overlap of 2 
animal species is subject to many variables, including season of use, 
stocking density, and stocking rate. Use of a single percentage 
figure to cover all combinations of even these 3 factors is inadvisa- 
ble because dietary overlap can vary greatly with changes in these 3 
and other variables. The dietary overlap of 2 species on a particular 
pasture is highly dynamic, and therefore, not generally useful in 
calculating substitution ratios. 

Second, the dietary overlap percentage should not be used to 
adjust animal-unit-equivalents as has been proposed because it 
redefines the animal-unit-equivalent by incorporating an herbage- 
related factor. From a systems perspective, integration of a 
pasture-specific dietary overlap figure into the animal-unitequivalent 
makes the animal-unit-equivalent less useful as a variable for anal- 
ysis. Since stocking density, stocking rate and other stocking vari- 
ables are calculated using animal-unit-equivalents, their meanings 
are equally unclear under this type of adjustment. The problem of 
how many sheep to substitute for a cow on a particular pasture to 
satisfy management goals is a separate and more complex man- 
agement problem beyond theanimal-unit and animal-unit-eauiva- 

Fig. 1. A simphfied conceptual model of some variables affecting actual 
lent concepts. Calculation of substitution ratios on specific ranges 

herbage intake of a grazing animal on pasture. Ifstocking rates or other 
involves explicit statement of goals, and for most goals is a model- 

stocking variables are to be compared between pastures or between ing problem of many variables, including animal-unit-equivalents. 

studies. the animal-unit-equivalents used in their calculation musr be 
independent of the environmental. herbage, or animal-herbage factors 

Applications of the Concepts 

shown, even though these factors may affect actual herbage inrake. 
No 2 animals in a pasture will behave in exactly the same way. 

Animal-unit-equivalents are more meaningful and useful in collec- 
herbage and environmental factors, it is confounded with all of 
these other factors. Although suitability index, ambient tempera- 
ture, and the other variables in Figure 1 will affect actual herbage 
intake, they should not affect the potential intake underlying the 
animal-unitequivalent concept. Instead, a particular animal must 
have an animal-unit-equivalent independent of the kind of herbage 
it is eating or the temperature of its environment; an animal must 
have the same animal-unit-equivalent whether in a pasture or in a 
feedlot. Only by making the animal-unit-equivalent purely an 
animal-relate-d variable can it be conceptually separated for sys- 
tems analysis as a distinct variable, rather than a pasture-specific 
composite of limited use. 

Animal-unit-equivalents are used in calculating stocking rates 
and all other stocking variables. It is impossible to compare stock- 
ing rates or other stocking variables between any 2 pastures if the 
animal-unit-equivalents in those stocking rates are specific to each 
pasture. For example, a single herd of animals on 2 different 
pastures of equal size can only represent 1 stocking density, not 2 
different densities based on differences in species composition 
between pastures. Only by basing animal-unitequivalents on only 
animal-related factors can comparison of stocking variables 
between pastures, years, or studies have meaning. 

Substitution Ratios 
The animal-unit was developed partially to provide a common 

basis for describing grazing by different animal species on ranges. 
On a specific range, the number of animal-units of one snecies (e.e.. 
sheepjwhich maibe substituted for another species (e.g.1 cattlej his 

tively describing animals with similar diets. Thus, animal-unit- 
equivalents are most meaningful inrraspecifically, and even more 
meaningful within intraspecific classes of livestock; they are less 
meaningful interspecifically. For example, the effect on a pasture 
of stocking 100 AU of 300-kg steers should be similar to the effect 
of stocking 100 AU of 400-kg steers. Comparatively, the effect of 
stocking 100 AU of mature cows should be less similar to the effect 
of stocking 100 AU of 300-kg heifers. By further comparison, the 
grazing of 100 AU of cattle will be even less similar to stocking 100 
AU of sheep, goats, or different wildlife species, because the differ- 
ences in diet selection between species are usually greater. The 
animal-unit-equivalent concept is best applied as an intraspecific 
tool, rather than as an interspecific one. 

Consequently, stocking densities, stocking rates, and other 
stocking variables containing animal-unit-equivalents are more 
meaningful if calculated and expressed intraspecifically. Used in 
this way, the animal-unit approach offers a more accurate way of 
calculating stocking rates, etc., of a group of animals of different 
sizes, growth rates, and physiological states. Because all of the 
effects of a group of animals on pasture cannot be contained in one 
number (the AUE), it is still important to keep grazing records of 
animal numbers and characteristics. If defined and applied rigor- 
ously, the animal-unit and animal-unit-equivalent concepts and 
the stocking variables derived from them are a useful part of 
describing range livestock systems. 

Conclusions 

Based on the foregoing discussions 1 have concluded the follow- 
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ing: first, the animal-unit should be considered a unit of animal 
demand (potential intake). The animal-unit-equivalent concept 
has evolved from one based either implicitly or explicitly on 
weight, metabolic size, or other one-variable models, to one based 
on animal demand. An animal’s effect on a pasture, and vice versa, 
is a function of metabolic size, lactation, gestation, and other 
variables contributing to animal demand, not simply animal 
weight, metabolic size, or any other single variable. Determination 
of animal-unitequivalents using such a multi-variable animal 
demand model allows more precise calculation of stocking varia- 
bles like stocking rate. 

Second, animal-unit-equivalents should be calculated based 
only on animal-related factors, including animal weight, lactation, 
gestation, and other animal factors which affect animal demand. 
For this potential intake approach to be most useful, it should be 
applied intraspecifically. General, standardized animal-unit-equiva- 
lent models should be developed for different kinds and classes of 
livestock. The animal-unit approach does not eliminate the need or 
usefulness of keeping grazing records on animal numbers or 
characteristics. 

Third, adjustment of animal-unit-equivalents based on dietary 
overlap estimates for specific pasture types should not be attemp- 
ted because this approach violates the boundaries of the animal- 
unit and animal-unit-equivalent concepts and makes the animal- 
unit-equivalent, and stocking variables derived from it, less useful 
for analysis and comparison of range livestock systems. Calcula- 
tion of substitution ratios among different kinds of livestock on a 
particular range is a separate problem, possibly requiring use of the 
animal-unit and animal-unit equivalent, but not justifying their 
redefinition. 
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Magnification and Shrub Stemmy Material Influen- 
ces on Fecal Analysis Accuracy 
JERRY L. HOLECHEK AND RAUL VALDEZ 

Abstract 

When 100X and 200X microscope magnification levels were 
used singly and interchangeably in microhistological analysis, 
magnification level had no effect (K.05) on diet botanical compo- 
sition of 60% grass and 60% forb diets containing 6 forage species 
fed to mule deer. However, hrrge differences occurred between 
magnification levels for individual plant species in a 60% shrub diet 
containing the same forage species. The use of the 100X and 200X 
magnification levels interchangeably was slightly more accurate 
than exclusive use of either magnification level for the high grass 
and high shrub diets. For fecal analysis our study shows 100X and 
200X microscope magnification levels can be used singly or inter- 
changeably with little influence on accuracy. Use of the 100X 
magnification level to scan fields for potentially identifiable frag- 
ments followed by switching to 200X magnification for better 
resolution of fragments difftcult to discern can slightly improve 
both speed and accuracy. Fourwing saltbush, which had a high 
proportion of stemmy material relntive to leaves, was severely 
underestimated in the feces of all 3 diets. Our data indicate fecal 
analysis has limited value as an estimator of diets of herbivores, 
such as mule deer, that consume significant but variable quantities 
of stemmy material from shrubs. 

Fecal analysis has become one of the most widely used tools to 
evaluate the botanical composition of wild herbivore diets. While 
degree of magnification in fecal analysis studies has consistently 
been 100X or 125X, higher levels of magnification might improve 
the accuracy of fecal analysis. Fecal analysis may have severe 
limitations for estimating diets of herbivores consuming varying 
quantities of woody material during the year (Zyznar and Urness 
1969, Westoby et al. 1976). The objectives of this research were to 
determine the similarity between actual mule deer diets and fecal 
samples when the 100X and 200X microscope magnification levels 
were used singly and interchangeably for estimating the botanical 
composition of fecal samples. Because the 3 diets used in this study 
contained different levels of shrub stemmy material, its influence 
on fecal analysis accuracy could be evaluated. 

Methods 

Three trials were conducted at New Mexico State University 
with 2 individually penned mule deer does in summer, 1982. Each 
deer was individually fed 3 diets that were 60% by weight grasses, 
forbs, and shrubs (Table 1). Commercial forages in the diets were 
Sudan grass (Sorghum sudanense), timothy (Phleum pratense), 
and alfalfa (Medicago sativa). Native forages fed were mountain 
mahogany (Cercocarpus montanus), fourwing saltbush (Atriplex 
canescens), and soft globemallow (Sphaeralcea incana). Current 
year’s growth from native plants was collected near the Organ 
Mountains between 6 July and 8 August 1982. Fourwing saltbush 
was purposely clipped to contain a much higher proportion of 
stemmy material than mountain mahogany. Native forages were 
sun dried for 5 days and then chopped to reduce particle size l-2 cm 
to prevent mule deer from selecting plant species or parts from 
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mixtures. Each diet was fed to each deer for 12 days. All defeca- 
tions from each deer were collected and cornposited during the last 
day of each trial. During this period the pens were covered with a 
canvas mat to prevent contamination of feces. 

Samples of the 3 diets fed and the feces were dried in a forced air 
oven and then ground through a micro-Wiley mill with a l-mm 
screen. Before slide preparation all diet and fecal sample materials 
were soaked in undiluted domestic bleach for 15 minutes. 

Ten slides were prepared using Hoyer’s solution from each 
undigested diet sample and for each fecal sample. Three trained 
observers evaluated the 10 slides for each diet sample at 100X 
magnification. To insure high repeatability, 20 frequency observa- 
tions were recorded per slide (Holechek and Vavra 1981). Fecal 
samples were evaluated at 100X and 200X magnification. A third 
procedure was used for fecal samples that involved scanning or 
fields at 100X magnification for potentially identifiable fragments 
followed by switching to 200X magnification for better resolution 
of fragments difficult to identify. Cellular material had to be pre- 
sent before a fragment was considered identifiable by observers. 
This helped prevent overestimation of soft globemallow, that has 
many easily identifiable trichomes. The frequency addition proce- 
dure (Holechek and Gross 1982) was used to calculate percent by 
weight composition of each diet. 

Multivariate analysis of variance (MANOVA) was used to 
determine if a difference in botanical composition existed between 
the observed diet offered and fecal samples for that diet read at the 
100X, 200X, and 100X/200X interchangeable magnification lev- 
els. Individual observer (3) estimates for each deer (2) were used as 
replications (6) and the 6 species in the 3 diets were used as variates 
in this analysis. Stroup and Stubbendieck (1983)discuss the use of 
MANOVA for determining differences in botanical composition. 
The degree of similarity in botanical composition between actual, 
observed undigested, and fecal samples was calculated with Kul- 
cyznski’s formula (Oosting 1956). The similarity value represents 
the percentage of the 2 mixtures compared that is identical. 

Results and Discussion 

MANOVA showed botanical compositions of observed undi- 
gested and fecal samples differed (K.05) for the high shrub diet at 
all magnification levels (Table 2). Soft globemallow and fourwing 
saltbush in the high shrub diet showed large differences between 
observed undigested diets and fecal samples (Table 1). Undigested 
and fecal samples for the high grass and high forb diets did not 
differ (Z-P.05) at any magnification level. Observed undigested 
samples represented the botanical composition of the actual diets 
better than the feces for the high grass and high shrub diets (Table 
2). However, the feces were most representative of the actual diet 
for the high forb diet. 

Timothy was overestimated while fourwing saltbush was under- 
estimated in all 3 observed diets compared to the actual diets. 
Fourwing saltbush was much more severely underestimated in 
fecal than undigested diet samples. The degree of under- or overes- 
timation of timothy and fourwing saltbush was not consistent 
between diets. This is explained in part by observer variability 
(Table 3). In addition associative effects within feeds may have 
caused fragments of the 6 species to be digested differently between 
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Table 1. Percent compositions of actual diets and means and standard errors of tbe observed diets and f-1 .WmPks of 2 mule deer fed 3 diets.’ 

Diet 

High Grass 
Timothy 
Sudan 
Soft globemallow 
Alfalfa 
Fourwing saltbush 
Mountain mahogany 

High Forb 
Timothy 
Sudan 
Soft globemallow 
Alfalfa 
Fourwing saltbush 
Mountain mahogany 

High shrub 
Timothy 
Sudan 
Soft globemallow 
Alfalfa 
Fourwing saltbush 
Mountain mahogany 

Actual 
diet 

30 
30 
10 
10 
10 
10 

10 
IO 
30 
30 
10 
IO 

10 
10 
IO 
10 
30 
30 

Observed composition 
of undigested Observed composition Observed composition Observed composition 

diet of of of 
using 100X feces (100X feces (200X feces (100X/ 200X 

magnification magnification) magnification) interchangeable) 

x SE x SE x SE x SE 

35 3.5 39 2.2 39 2.3 38 2.8 
22 2.3 23 4.4 25 1.5 24 5.6 
17 2.2 16 7.8 9 4.4 I4 7.2 
13 2.0 9 0.9 16 4.6 IO 2.0 
5 1.5 2 0.3 I 1.3 4 0.9 
8 1.3 II 7.9 II 3.0 II 3.7 

16 1.7 14 2.0 14 0.3 16 5.4 
7 3.8 9 2.0 8 0.6 10 3.8 

39 5.5 34 10.6 38 9.0 34 9.6 
31 2.6 28 5.4 32 4.3 31 7.2 

3 1.2 2 2.8 1 1.0 I 0.7 
3 2.3 12 2.7 8 4.5 8 2.6 

17 2.7 16 4.1 I9 3.0 19 2.4 
7 3.2 II 4.9 7 1.7 14 4.2 

14 3.1 32 9.5 15 6.4 18 8.0 
10 2.9 IO 1.0 10 2.3 17 2.6 
21 3.5 4 1.3 4 2.3 5 1.4 
31 5.6 27 9.8 44 2.0 24 5.1 

‘Botanical compositions of some treatments do not add to 100 due to rounding off. 

Table 2. Percent similarity between actual and observed botanical com- 
positions of 3 diets fed to mule deer. 

Diet 
High High High 

Comparison1 grass forb shrub -; X 

Actual/feces (lOOX/2OOX) 88 89 74+* 84 
Actual/feces (100X) 85* 89 71** 82 
Actual/feces (200X) 84; 87 71** 81 
Actual/ undigested 85* 83’ 88 85 
Undigested/feces (100X/200X) 94 92 77; 88 
Undigested/ feces (100X) 92 88 78’ 86 
Undigested/feces (200X) 88 94 83* 88 

‘Data pooled across observers were used for calculation for similarity indices. 
*Diets are different (K.05) using MANOVA. 

**Diets are different (K.01) using MANOVA. 

the 3 feeds. Norris (1943) found that proportions of other species in 
the diet of sheep affected the extent to which a particular species 
was digested. Clippings of fourwing saltbush contained a higher 
proportion of stemmy material than mountain mahogany. Stems 
from shrubs have lower proportions of identifiable epidermal 
material per unit weight than grasses and forbs (Zyznar and Urness 
1969, Westoby et al. 1976). Although other investigators (Vavra et 
al. 1978, Westoby et al. 1976, Mclnnis et al. 1983) have reported 
fecal analysis overestimated grasses and underestimated forbs and 
shrubs, our results indicate generalizations cannot be made. Our 
results are consistent with Zyznar and Urness (1969) Westoby et 
al. (1976) and Gill et al. (1983) in showing that fecal analysis 
severely underestimates shrubs high in stemmy material when they 
occur in the same diet with grasses and forbs. 

MANOVA showed that the 100X, 200X, and 100X/200X inter- 
changeable magnification levels differed (K.05) only for the high 
shrub diet (Table 1). The similarity between the actual and esti- 
mated botanical compositions was nearly the same for both the 
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100X and 200X magnification levels for the 3 diets (Table 2). 
However, for the high grass and high shrub diets, the 100X/ 200X 
interchangeable level estimated the actual diet more closely than 
the 100X or 200X levels. 

Observers were most consistent in their estimates of grasses and 
least consistent in their estimates of shrubs (Tables 1 and 3). Mean 
similarity indices for the 3 individual observers were 78, 79, and 
91%, respectively, for actual compared to undigested diets; 70,75, 
and 76%, respectively, for actual diets compared to estimates of 
fecal composition; and 90,82, and 83?& respectively, for estimates 
of botanical composition of undigested diets compared to esti- 
mates of fecal composition. Holechek et al. (1982) Gross et al. 
( 1983) and our study show observer variability is substantial when 
microhistological analysis is used. Our data show that variability is 
greater for fecal than undigested samples. 

Observers found it much more difficult to identify fecal frag- 
ments than undigested fragments. Fecal fragments of alfalfa were 
more difficult to discern than those of other species. Observers did 
believe that they could more quickly identify alfalfa fragments with 
the 200X compared to 100X magnification level. Our data show 
that using 100X magnification to locate potentially identifiable 
fragments in microscope fields and then switching to the 200X 
magnification level for better resolution may slightly improve 
accuracy and speed. 

Although only 6 species were used in this study, they do repres- 
ent the plant types that can show differing responses to digestion. 
These include cool-season grasses (timothy) and warm-season 
grasses (Sudan); easily identifiable shrubs (mountain mahogany) 
and easily identifiable forbs with many trichomes (soft globemal- 
low) (Gill et al. 1983); legumes thought to be difficult to discern and 
highly sensitive to digestion and sample preparation (alfalfa) 
(Mclnnis et al. 1983, Gill et al. 1983); and shrubs with a high 
proportion of stemmy material (fourwing saltbush) (Westoby et al. 
1976, Gill et al. 1983). Because of the types of species we selected 
and their levels in the 3 diets, we believe our results have applica- 
tion to herbivores selecting a wider variety of forages and different 



Table 3. Observer estimates of undigested and fecal samples pooled across magnification levels*. 

Undigested samples Fecal samples 

Obs. Obs. Obs. Obs. Obs. 
Diet 

Obs. 
Actual diet 1 2 3 x 1 2 3 x 

High Grass 

Timothy 30 35 41 29 35 39 42 34 
Sudan 

39 
30 20 20 27 22 21 22 

Soft globemallow 
30 24 

10 20 19 13 17 18 17 
Alfalfa 

3 13 
10 16 9 13 13 15 8 12 

Fourwing saltbush 
12 

IO 3 5 8 5 2 0 4 
Mountain mahogany 

2 
10 6 6 10 8 6 10 18 11 

High Forb 

Timothy 10 18 13 18 16 16 8 19 
Sudan 

14 
10 6 1 14 7 9 7 12 

Soft globemallow 
9 

30 38 49 30 39 41 48 16 
Alfalfa 

35 
30 31 35 26 31 24 31 32 

Founving saltbush 
30 

10 5 1 4 3 I 0 5 2 
Mountain mahogany 10 1 I 8 3 7 6 15 9 

High Shrub 

Timothy 10 22 14 14 17 21 12 21 18 
Sudan 10 7 2 13 7 9 8 19 
Soft globemallow 

12 
10 20 12 10 14 30 32 3 

Alfalfa 
22 

10 15 5 9 10 13 II II 12 
Founving saltbush 30 15 27 21 21 4 3 7 
Mountain mahogany 

5 
30 21 40 33 31 23 35 40 33 

‘Botanical compositions for some observer/diet combinations do not add to 100 due to rounding off. 

forage species. We conclude that the 100X and 200X magnification 
levels used interchangeably can slightly increase the accuracy of 
fecal analysis. When herbivore diets contain varying proportions 
of shrub stemmy material, we conclude that fecal analysis has 
limited value as an estimator of diet botanical composition. We 
doubt that reliable correction factors can be developed to improve 
fecal estimates of shrubs high in stemmy material because the 
proportion of shrub leaf to stem selected varies constantly within 
and between shrub species with seasonal change. 
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Automated Rainout Shelter for Controlled Water Re- 
search 
R.E. RIES AND L.C. ZACHMEIER 

Abstract 

An automated rainout ibelter was constructed at the Northern 
Great Plains Research Laboratory, Mandan, N. Dak., for use in 
conducting controlled water research to gain a better understand- 
ing of soil-plant-water relationships. The design and construction 
criteria were developed to accommodate many components that 
were commercially available. The primary components are: (1) 
foundation, (2) steel I-beam rail, (3) roller mechanism, (4) rainout 
shelter structure, (5) drive mechanism, (6) electrical control system, 
and (7) irrigation system. Wind, temperature, and precipitation 
sensors activate movement of the shelter to cover a plot area 11.5 X 
30.3 m (38 X 100 ft), resulting in a modification of the selected 
environmental conditions. After inactivation of the sensors and a 
time delay, the rainout shelter automatically returns to its rest 
position, ready to repeat its cycle when the sensors are reactivated. 

Water frequently limits grass establishment and crop yield in the 
semiarid northern Great Plains. However, field research has not 
been able to adequately quantify the effect of water stress on plant 
growth at critical growth stages from seedling establishment to 
maturity. Any large or untimely precipitation event will confound 
or negate the results of such field experimentation. Rain shelters or 
rainout shelters have been designed to overcome this problem. The 
first rainout shelter was built in 1962 at Iowa State University 
(Horton 1962). Early shelters were small in size and required 
trade-offs between plot size and replication of treatments as well as 
limiting the size of farm equipment that could be used to apply 
cultural practices. Since then, several designs have been developed 
and larger shelters have been built and were reviewed by Upchurch 
et al. (1983). 

Rainout shelters have provided a mechanism to bridge the gap 
between greenhouse or growth chamber and field experiments by 
modification of the field environmental conditions, primarily pre- 
cipitation. The purpose of this paper is to describe the development 
and function of this automated rainout shelter for controlled water 
research at the Northern Great Plains Research Laboratory, Man- 
dan, N. Dak. 

Development and Construction 

The shelter was constructed on a Parshall fine sandy loam 
(coarse-loamy, mixed Pachic Haploborolls) with O-2% slope. This 
soil is deep (1.6 m +), moderately well to well drained, with moder- 
ately rapid permeability, and is moderately extensive in western 
North Dakota, northwestern South Dakota, and eastern Mon- 
tana. The primary crops grown on this soil are small grain, oilseed 
crops, corn, domesticated grass, and alfalfa. Native vegetation 
found on this soil is a mixture of medium and short grasses. 

Construction orientation was in a northwest to southeast direc- 
tion, parallel to the prevailing winds. This orientation was used to 
reduce wind resistance, minimize shadow effects, and facilitate 
winter snow management. 
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The shelter covers a plot area of 11.5 X 30.3 m (38 X 100 ft.), an 
area of 348 rnz (3800 ft*). The total rail length is 69.7 m (230 ft) on 
each side of the shelter. This allows 30.3 m (100 ft) for the building 
at rest, a 9.1 m (30 ft) buffer zone between the building at rest and 
the active plot area, and 30.3 m (100 ft) for active plot area. The 
height clearance within the rainout shelter is 2.5 m (8.3 ft). This 
allows for research on taller crops such as corn or sunflowers and 
for the use of most farm equipment for applying cultural practices. 
Costs for the construction of this rainout shelter, including the 
travelling irrigator, were $8 I ,700.OO. This figure does not include 
salary time spent on the project by employees of the Northern 
Great Plains Research Laboratory, which is estimated at 1,120 
work hours for an additional cost of abour $12,771.00. 

The southeast end of the rainout shelter consists of non- 
disturbed soil which will be used for most of the research work. The 
northwest end can be used fordisturbed soil studies or, byexcava- 
tion and back filling, different textured soil materials could be 
studied. The rest and active shelter positions can be reversed by 
switching the electrical controls. 

The shelter was designed and constructed using many compo- 
nents which are readily available to the building trade. The princi- 
pal parts of this rainout shelter are: (I) foundation, (2) steel I-beam 
rail, (3) roller mechanism, (4) rainout shelter structure, (5) drive 
mechanism, (6) electrical system, and (7) irrigation system. Design 
of this rainout shelter considered the variable and sometime severe 
environmental conditions experienced in the northern Great 
Plains. This was important since a shelter that would be durable 
and workable for many years was needed to justify the construc- 
tion cost. The components were designed for expected wind and 
snow loads, frost depth, and other adverse environmental factors. 
No special fixtures to shed water away from the shelter were 
incorporated and do not appear needed. However, the option to 
install rain gutters and special drainage is available. Fans for 
ventilation of the shelter while over the plots were considered and 
can be installed. At this time, no need for ventilation above that 
which is currently possible with door operation and the time plots 
are covered appears needed. The shelter was not designed for 
winter operation because of ice and snow buildup on the tracks and 
the extreme stiffness of this equipment at below zero temperatures. 
To design any shelter for operation during the winters experienced 
in the northern Great Plains appears unfeasible. Other options for 
snow management such as snow removal, leaving the plots covered 
over winter, or documenting soil water from snowfall are possible. 

Foundation 
Because soil freezing is common in North Dakota, footings, 0.3 

m thick X 1.1 m wide X 69.7 m long (I ft X 3.5 ft X 230 ft), of 
concrete support footings with steel bar reinforcement were 
poured at a depth of 1.5 m (5 ft) on each side of the structure, well 
below the normally expected frost depth (Fig. 1, A). This type of 
footing was critical to insure stability and straightness of the steel 
I-beam rail. Reinforcement rod from the footings extended into a 
0.25 m wide X 1.36 m high X 69.7 m long (10 in X 4.5 ft X 230 ft) 
concrete wall set 10.2 cm (4 in) in from the inside of each footing 
(Fig. 1, B). This provided a reversed L shape foundation to give 
added strength against the outward pressure that would be exerted 
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installed at the ends of each rail to cushion the impact of the 
building at the end of travel. A force of 916 kg (2,020 lb) as 
measured by a spring scale is required to start movement of the 
rainout shelter in the rest position. The building and roller mecha- 
nisms contribute 680 kg (1,500 lb) of the total force and the 
dry-fluid clutches and gear boxes provide 236 kg (520 lb) braking 
protection when the building is in the rest position. A time delay 
switch, adjustable from 0 to 60 min, keeps the shelter over the plot 
area for the specified time if the sensors are not activated. After the 
desired time delay, and if the sensors are not activated, the motors 
reverse and the shelter returns to the rest position. Another time 
delay switch, adjustable from O-30 min, is activated when the 
shelter returns to the rest position. As soon as the specified time 
elapses, the shelter is ready to move again, but will remain in the 
rest position until the sensors are activated by the desired environ- 
mental condition. The time delay switches were added to provide 
time control when environmental conditions are rapidly fluctuat- 
ing, otherwise the shelter would be activated and inactivated result- 
ing in erratic movement over the plots. A total of 5 mm (0.22 in) of 
natural rainfall was measured at a central point under the shelter 
during the 1982 season. This rainfall (an average of 0.5 mm/event; 

0.02 in/event) was received during the closing operation of the 
shelter. 

The motor driven bi-fold doors can be set to remain open all the 
time or to open automatically when movement of the shelter 
begins. After the building has covered the active plot area, the 
doors automatically close. The lead door must be open during 
shelter movement to prevent damage to research instruments or 
the test crop. Each door can be operated separately or in unison at 
any time. In general operation, both doors open and close auto- 
matically at the start and stop of movement of the rainout shelter. 
With both doors open, less wind assistance or resistance exists 
during shelter movement. 

By the sequence just described, this rainout shelter can be used to 
modify the field environment of wind, temperature, and precipita- 
tion on the active plot area with manual, partial, or fully automatic 
control. More detailed information concerning this rainout shelter 
can be obtained by contacting the authors. 
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Response of Vegetation of the Northern Great Plains 
to Precipitation Amount and Grazing Intensity 
KENNETH C. OLSON, RICHARD S. WHITE, AND BRIAN W. SINDELAR 

Abstract 
Changes in basal cover of vegetation were predicted in response 

to variation in precipitation and grazing intensity. Multiple regres- 
sion analysis was used with basal cover as a dependent variable and 
precipitation parameters as independent variables to develop pre- 
dictive equations. Predicted cover values were used to develop 
three dimensional response surfaces which describe individual spe- 
cies responses to fluctuating precipitation and different grazing 
intensities. Results indicate that each species reacts to precipitation 
regimes and grazing pressure in a unique manner. Continual 
changes in basal cover can be expected in the plant community as 
the precipitation regime changes. Moderate grazing intensity, 
approximately 0.92 ha (2.3 acres) per AUM, appears to be most 
conducive for maintaining vegetative cover that is desirable for 
livestock production. However, stocking rate changes need to be 
anticipated and planned to coincide with available forage because 
of large fluctuations in cover due to varying precipitation. 

Climate appears to be the major factor controlling plant growth 
in the Great Plains. Whitman et al. (1943) stated that drought is the 
primary influence of vegetational change. Reed and Peterson 
(1961) Hurtt (1951) and Clark et al. (1943) stated that major 
trends in vegetation are primarily determined by fluctuations in 
climatic conditions, and that changes within these major trends are 
influenced by grazing intensity. 
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There is a close relationship between time and amount of precip- 
itation and plant growth (Albertson et al. 1953). One wet or dry 
year will affect production, but 2 or more wet or dry years are 
required to change the basal cover (Johnson 1981). Abrupt and 
fundamental changes in the amount and kind of living plant crown 
area may result from severe drought and last longer than antici- 
pated (Reed and Peterson 1961). Both frequency and duration of 
drought are important in determining the severity of effects of 
climate on vegetation (Cook and Sims 1975, Herbel et al. 1972). 

Native vegetation has developed under conditions of wide cli- 
matic variation (Albertson et al. 1957). Marked changes in botani- 
cal composition occur, but plant populations are seldom com- 
pletely destroyed by climatic fluctuation (Cook and Sims 1975). 
These changes are slow, whether for better or worse (Sarvis 1941). 
Native grass species will remain dominant in prairies unless they 
are severely grazed or buried by dust (Cook and Sims 1975, 
Schumacher 1974, Albertson et al. 1957). 

A more comprehensive understanding of the responses of range 
ecosystems to weather and grazing is desirable for good manage- 
ment (Reed and Peterson 1961). Drought cannot be controlled, but 
its impact can be moderated by proper livestock management. To 
do this, changes in plant communities need to be better defined so 
that effects of both drought and above average precipitation can be 
anticipated on the range. There are general ideas of the influence of 
precipitation and grazing intensity on rangeland plant communi- 
ties, but only limited effort has been made to predict the responses 
within plant communities to fluctuating precipitation regimes and 
different grazing intensities. Models have been developed to pre- 
dict forage production at different levels of precipitation (Smoliak 
1956, Sneva and Hyder 1962, Abel et al. 1962) but similar endea- 
vors that evaluate plant cover response to fluctuating precipitation 
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and grazing intensity have not been undertaken. Predictive models 
that estimate forage production are very useful for determining 
stocking rates. However, a more concise understanding of chang- 
ing ecological roles of plant species can be achieved by determining 
changes in basal cover of the plant species; and hence, a better 
understanding of community dynamics of range ecosystems can be 
realized. 

The purpose of this study was to describe quantitative changes in 
basal cover of vegetation in response to variation in precipitation 
amount and grazing intensity. Specific objectives were: (1) to inves- 
tigate the relationship between plant basal cover and amount of 
precipitation; (2) to examine the effect of grazing intensity super- 
imposed on the relationship between plant basal cover and amount 
of precipitation; and (3) to evaluate the use of multiple regression 
as a method to examine these relationships and effects. 

Methods and Procedures 
Data were compiled over a 25year period (1932 to 1956), at the 

Livestock and Range Research Station near Miles City, Mont. 
Cattle grazed 3 pairs of pastures of unequal size for a 6-month 
period from mid-May to mid-November each year. Three rates of 
stocking were provided by assigning 10 cows to each pasture. The 
stocking rates were 0.76 ha (1.9 acres) per animal unit month 
(AUM) for heavy grazing, 0.92 ha (2.3 acres) per AUM for moder- 
ate grazing, and 1.24 ha (3.1 acres) per AUM for light grazing.1 A 

‘Ingeneral, the AUM stocking rate wasconsistent with that of the classical definition. 
That is, it was defined as a 454 kg (I ,000 lb) cow with calf grazing for a period of one 
month. It should be noted that small annual variations occurred over the 25-year 
period with respect to either cow size or calf crop. However, such deviations were not 
regarded as having a significant impact on forage utilization (Holscher and Woolfolk 
1953). 

fourth stocking rate with no livestock grazing was provided by 
fenced exclosures within individual pastures. 

Basal cover data were collected during early and midsummer 
using the pantograph method (Hill 1920, Weaver and Clements 
1938). A total of 43 permanent square meter pantograph plots were 
distributed throughout the pastures to monitor plant response 
under the 3 stocking rates and in ungrazed exclosures. For further 
information concerning the character and design of this study, see 
Reed and Peterson (1961), Hurtt (195 I), and Houston and Wood- 
ward (1966). 

A total of 142 species was recorded on the pantograph plots 
throughout the 25year period of the study. Many species were 
eliminated from further study because they occurred rarely or 
showed little relationship between basal cover and precipitation. 
Elimination was based on visual comparison of graphs which 
displayed the cover response of individual species to annual precip- 
itation, Multiple regression analyses were then employed for spe- 
cies that showed a visual relationship, and predictive equations 
were developed which related basal cover of individual species to 
precipitation. Independent variables included precipitationamounts 
from the current and preceding year examined with respect to 3 
different intervals: on a calendar year basis, on an annual basis of 1 
November through 3 1 October (plant-year precipitation), and for 
the normal growing season interval (i.e., monthly periods, April 
through May). Linear and quadratic responses were evaluated 
along with all associated interactions for each of the precipitation 
intervals noted. 

The regression equations that were obtained were evaluated for 
their ability to predict basal cover and in order to determine which 
precipitation variables yielded the highest coefficient of multiple 

Table 1. Comparison of Rj values obtained using calendar-year, plant-year and growing-season precipitation as independent variables and plant basal 
cover as tbe dependent variable. 

Precipitation Regime 
Species or group Calendar-year Plant-year’ Growing-season’ 

Western yarrow (Achilles millefolium) .27 
Western wheatgrass (Agropyron smithii) .71 .76 .83 
Red Threeawn (Aristida longiseta) .74 .76 .83 
Silver sagebrush (Artemisia cana Pursh.) .I8 
Fringed sagewort (A. frigida) .66 .62 .71 
Big sagebrush (A. tridenrara Nutt.) .I0 
Blue grama (Bouteloua gracilis) 52 
Buffalograss (Buchloe dactyloides) .77 .83 59 
Threadleaf sedge (Carexfiltfolia) .44 
Needleleaf sedge (C. eleocharis) .50 
Six weeks grass (Vulpia octofrora (Wolf) Rydb.) .35 
Pincushion cactus (Mammilaria missouriensis Sweet.) .21 
Plains pricklypear (Opuntiapolyacanrha) .50 
Hoods phlox (Phlox hoodii Richardson) .28 
Woolly plantain (Plantagopatagonica Jacq.) .28 
Sandberg bluegrass (Poa sundbergii Vasey) .28 
Tumblegrass (Schedonnardus paniculatus) .62 .79 .65 
Scarlet globemallow (Sphaeralcea coccinea) .73 .76 .60 
Sand dropseed (Sporobolus cryptundrus (Torr.) 

A. Gray) 53 .64 .70 
Needleandthread (Stipa comata) .77 .80 64 
Green needlegrass (S. viridula) .60 .68 .59 
Bufalograss and blue grama .69 .80 
All cacti .50 
Increaser grasses .63 A0 
Decreaser grasses .65 .43 
All perennial grasses .66 .59 
Annual grasses .I6 
Shrubs .31 
Increaser shrubs .31 
Total cover .I7 

‘Calculations of R* values for plant year and growing-season precipitation were made only when Rz values for calendar year precipitation exceeded 0.60. 
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determination (Rz). Efforts were then undertaken to derive a more 
simplified and functional predictive equation by limiting the 
number of independent variables while still maintaining a reason- 
ably high R2 value (RzX.70). Equations derived by this approach 
were more easily interpreted. 

After identification of the best precipitation parameters, sets of 
regression equations were developed for each species in all treat- 
ments combined and individually for each of the 3 grazing intensi- 
ties and the ungrazed areas. Regression equations were also deve- 
loped for the following groups of species: buffalograss (Buchloe 
dactyloides (Nutt.) Engelm.) and blue grama (Bouteloua grucilis 
(Willd. ex HBK) Lag. ex Griffiths) combined, all perennial grasses 
together, all decreaser grasses, all increaser grasses, all annual 
grasses, all shrubs, all increaser shrubs, all cacti and total cover. 

Predicted basal cover values were calculated using different 
precipitation levels for equations with Rz X.70. Twenty-five com- 
binations of previous and current annual precipitation were exam- 
ined by using increments of 102,203,305,406, and 508 mm (4,8, 
12, 16, and 20 inches, respectively) of annual precipitation. Some 
of these increments extrapolate beyond the range of precipitation 
which occurred during the study. Consequently, evaluation of such 
values required special care to insure that predicted values were 
reasonably consistent with what might be expected. Predicted 
values were used to graph three dimensional figures (response 
surfaces). These response surfaces were used to describe species 
responses to fluctuating precipitation over a 2-year period. Curves 
of each species were compared among grazing intensities to deter- 
mine which grazing intensity provided an optimum amount of 
basal cover for forage.2 

Results and Discussion 

Graphic Screening 
After preliminary visual analysis of 142 species, 69 species were 

subjected to further evaluation by more detailed graphing methods. 
Subsequently, only 21 species showed sufficient relationships 
between cover and precipitation to merit in-depth analysis. These 
2 1 species, however, were common constituents of the plant com- 
munities on the study site. These species were subjected to more 
detailed multiple regression procedures. 

>In this paper. we have employed the concept of optimum basal cover in reference to 
whetheraplant specieswasdesirableorundesirableascattleforage. Largeamountsof 
basal cover were considered optimal for desirable species with good forage value, such 
as western wheatgrass or green needlegrass; and small amounts of basal cover were 
considered optimal for species of poor forage value, such as red threeawn or scarlet 
globemallow. 

Multiple Regression 
For 6 of 9 species tested against all 3 precipitation regimes, 

largest R2 values were obtained by using plant-year precipitation 
(Table 1); and except for western wheatgrass (Agropyron smithii 
Rydb.), it required fewer variables in the regression equation to 
achieve comparable Rz values than did monthly growing season 
precipitation or calendar year precipitation. Therefore, plant-year 
precipitation was considered superior to other precipitation inter- 
vals, and it was used in all subsequent efforts to predict basal cover 
of individual species. When considering groups of species, R2 
values were greater using the calendar-year data, but R2 values 
were relatively low for all groups. The only exception was for blue 
grama and buffalograss combined with Rz = 0.80 on a plant-year 
basis and R* q  0.69 on a calendar-year basis. Because of low Rz 
values, groups of species were not considered further. 

Multiple regression analysis performed for each species and each 
grazing intensity resulted in R*X.60 for one or more of the indi- 
vidual stocking rates (Table 2). Equations with R2X.70 were 
obtained for 6 species when no livestock grazing occurred, and they 
were likewise derived for 8, 7, and 9 species, respectively under 
light, moderate, or heavy stocking rates. 

Predictive equations were developed from regression equations 
for all species that had an initial RQO.70. If the actual precipita- 
tion variables had been eliminated by the stepwise process, they 
were added back into the regression equation to provide mathem- 
atical balance. In addition, variables that represented interaction 
responses could sometimes be removed from the regression equa- 
tion without substantially reducing R2 values. This was done to 
obtain simplified predictive equations with RQO.70. Associated 
R2 values that were obtained from this process are presented from 
each category in Table 3. Predicted values were than calculated 
from the resulting equations. 

Predicted Rasal Cover and Response Curves 
Basal cover values that were predicted for each species were used 

to create response surfaces (Fig. 1-4) which provided an effective 
means of interpreting species response to precipitation combina- 
tions. By comparing response curves for the same species under 
different grazing intensities, the response of the species to grazing 
was also evaluated. Detailed discussion of the response of individ- 
ual species can be found in Olson (1982). 

Three general responses were exhibited by most species although 
individual variations between response surfaces occurred. The 
most frequent response was an increase in cover under either very 
high or very low precipitation regimes (Fig. I and 2). This response 

Table 2. i?’ values obtained using plant-year precipitation parameters as independent variables and plant basal cover as the dependent variable for 
individual stocking rate treatments. 

RJ 
Stocking Rate Treatment 

Species None 

Western yarrow .81 
Western wheatgrass .51 
Red threeawn _I 

Fringed sagewort .59 
Blue grama .80 
Buffalograss .82 
Threadleaf sedge .62 
Needleleaf sedge .25 
Pincushion cactus SO 
Tumblegrass .77 
Scarlet globemallow .70 
Sand dropseed _I 
Needleandthread .62 
Green needlegrass .87 

‘Species with no value recorded were not encountered under this stocking rate. 

Light Moderate Heavy 

_I .23 .42 
.78 .97 .88 
.92 .81 .89 
.84 .74 .69 
.76 .79 .69 
.74 .87 .77 
_I .62 .70 

.43 .82 .89 

.34 .29 .61 

.78 .35 .94 

.78 .7l .83 

.66 --I .53 

.84 .60 .84 

.19 .68 .73 
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was most frequently characterized by the highest points on the 
curve occurring where precipitation fluctuated from year to year 
(Fig. 1). On some curves, response surfaces were concave shaped 
with higher amounts of cover under extreme conditions and lower 
amounts under more average or normal precipitation conditions 
(Fig. 2). Species showing this response were western yarrow (Achil- 
lea millefolium L.), western wheatgrass, red threeawn (Aristida 
longiseta Steud.), blue grama, buffalograss when ungrazed or 
lightly grazed, needleleaf sedge (Carex eleocharis Bailey) when 
heavily grazed, threadleaf sedge (Carex filifolia Nutt.), tumble- 
grass (Schedonnarduspaniculatus (Nutt) Trel.), scarlet globemal- 
low (Sphaeralcea coccinea (Nutt.) Rydb.) when ungrazed, and 
green needlegrass (Stipa viridula Trin.) when considering all 
treatments or when heavily grazed. It appeared that these species 
have an ability to respond to year-to-year fluctuations in precipita- 
tion that are common in this region. This may give them a competi- 
tive advantage in most years. Reduction in cover in these species 
under consistent, average precipitation conditions can probably be 
attributed to competition from species which are favored by less 
extreme precipitation fluctuation. 

The second general type of response curve shows a direct rela- 
tionship between cover and precipitation, regardless of the year in 
which precipitation occurred (Fig. 3). In this case, cover was grea- 
test with 2 consecutive periods of high plant-year precipitation. 
There was an apparent linear decrease in cover as either previous or 
current year precipitation decreased. This response suggests that 
basal cover is most directly related to total cumulative precipita- 
tion for both years. Species exhibiting this response include buffa- 
lograss in either heavy grazing or for all treatments; scarlet globe- 
mallow when considering all treatments, light, moderate, or heavy 
grazing; needleandthread (Stipa comata Trin. & Rupr.); and green 
needlegrass when ungrazed. These species apparently have an abil- 
ity to respond to precipitation whenever it occurs during a 2-year 
period. Basal cover of these species appeared to be inversely related 
to cover of species showing the first response described. Reed and 
Peterson (1961) also noted that the cover of western wheatgrass 
and buffalograss were inversely related. 

The third general type of response curve includes species which 
respond only to precipitation from either the previous or current 
year (Fig. 4). Precipitation in the alternate year has little effect on 
their basal cover. In these cases, as precipitation for the determin- 
ing year increased, so did basal cover. This response can be subdi- 
vided into species that respond to previous year or current year 
precipitation. Fringed sagewort (Artemisia frigida Willd.) re- 
sponded to previous year precipitation when lightly or moderately 
grazed. Species that responded to current year precipitation 
included buffalograss when moderately grazed and needleleaf 
sedge when moderately grazed. 

Some species had response curves that were similar for all graz- 
ing intensities, while others showed a difference in their response to 
precipitation under different grazing intensities. This indicated 
that grazing pressure played a more important role in the response 
of such species. Moderate grazing appeared to be most favorable 
for optimum basal cover for the greatest number of species. Species 
with optimum cover under moderate stocking included western 
wheatgrass, red threeawn, fringed sagewort, blue grama, buffalo- 
grass, and needleleaf sedge. Scarlet globemallow attained opti- 
mum cover under heavy grazing, while needleandthread exhibited 
optimum cover under light grazing. 

Conclusions 
Each species reacted to precipitation regimes and grazing treat- 

ments in a distinctive manner. A species may respond differently to 
the same precipitation regime when subjected to different 
grazing intensities. Therefore, it is difficult to predict how cover of 
the entire plant community will react to a give precipitation regime. 
Species that are favored and disfavored will change in accordance 
with prevailing precipitation. Therefore, continual changes can be 
expected in species composition of the plant community as the 
Precipitation regime fluctuates. For management purposes, domi- 
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nant species in the plant community and their response to precipi- 
tation fluctuation need to be identified. However, when precipita- 
tion regimes change substantially, other species may become 
dominant, possibly affecting management decisions. 

Many species respond positively to fluctuations and extremes in 
precipitation which occur frequently in the Northern Great Plains. 
Some species such as western wheatgrass or red threeawn obtain 
maximum cover when fluctuations and extremes occur, while oth- 
ers such as buffalograss or needleandthread respond quickly to any 
increases in precipitation. 

Moderate grazing was more conducive to optimum basal cover 
for more of the species intensively studied than were other grazing 
intensities. This agrees with the findings of Reed and Peterson 
(1961) and Hurtt (1951) who recommended moderate grazing 
intensity for these ranges. Therefore, it appears that moderate 
stocking of 0.92 ha (2.3 acres) per AUM, or 5.52 ha (13.8 acres) per 
animal unit for 6 months of summer grazing would provide more 
favorable conditions for optimizing total plant basal cover than 
would other stocking rates. Because basal cover of species fluctu- 
ated from none or very little to the maximum amount due to 
changes in the precipitation regime, it is also apparent that stock- 
ing rate should be adjusted to coincide with available forage. Basal 
cover is not a direct measurement of the forage available for 
livestock, but it does provide an index to the amount of plant basal 
material available to produce forage. 
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Economic Returns from Burning Tobosagrass in the 
Texas Rolling Plains 
D.E. ETHRIDGE, R.G. SUDDERTH, AND H.A. WRIGHT 

Based on 7 
mutica) in the 

Abstract 
prescribed burning trials on tobosagrass (Hihria 
Rolling Plains of Texas from 1968 to 1976, burned 

tobosagrass ranges yielded an additional present value of $36.16/ha 
(S14.64/ac) over 5 years with calf prices at Sl.BZ/kg (S.731 lb). 
Additional costs are SlO-12.50/ha (S4-S/at). These results are 
based on average precipitation on ranges which had prior chemical 
treatment on mesquite. The prescribed burns were conducted 
according to recommended practices. 

Tobosagrass (Hihriu mutica (Torr.) Benth.) is a grass which 
builds up large quantities of litter (Wright 1969). This litter makes 
tobosagrass less palatable to cattle and decreases both plant and 
animal production as litter accumulates. Burning removes excess 
litter and increases the grass palatability and yield for several years. 
Although cattle will use tobosagrass after a burn (Heirman and 
Wright 1973), the investment decisions are affected by soil mois- 
ture and economic considerations, including livestock prices and 
interest rates on borrowed capital. 

Prior research on prescribed burning of tobosagrass has been on 
the physical relationships involved. Wright (1972) studied fire as a 
management tool in mesquite-tobosagrass communities; 1 loca- 
tion was in the High Plains and 6 were in the Rolling Plains of 
Texas. His results showed that burned plots reached equilibrium 
with unburned plots in about 5 years, and reburns could be con- 
ducted every 5 to 8 years without forage loss, depending on the site. 
Tobosagrass is most heavily used in the first and second year after 
burning. Also, burning improved tobosagrass productivity, con- 
trolled broomweed, reduced cactus, removed dead mesquite wood, 
and killed some honey mesquite (P. glandulosa Torr. var. glandu- 
loss). 

Heirman and Wright (1973) measured the effects of burning on 
the composition and production of a High Plains grass community 
and on cattle use of tobosagrass. Tobosagrass production increased 
threefold the first year after the burn. They concluded that in 
mixed stands of tobosagrass and buffalograss (Buchfoe ducty- 
loides (Nutt.) Engelm.), grazing pressure was absorbed primarily 
by tobosagrass during spring and again in late summer-early fall. 

On 5 burned and unburned locations in the Rolling Plains, 
Wright (1969) concluded that fire could control mesquite without 
adversely affecting tobosagrass production. Yield of tobosagrass 
was higher on all burned plots compared to the unburned plots. 
Also, late spring and early summer rainfall most influenced tobo- 
sagrass production. Bunting et al. (1978), working on the southw- 
estern edge of the Rolling Plains, found that (I) elimination of 
excess litter was a major reason for increased tobosagrass produc- 
tion, (2) tobosagrass and other herbs reached equilibrium with 
control plots by the end of the fifth year after burning, and (3) 
growing season rainfall following the burn was very important. 

Workman (1976) described an economic analysis of prescribed 
burning which consisted of comparing treatment cost with dis- 
counted net annual returns. The identified factors which affected 
the economic feasibility of a prescribed burn were: (1) herbage 
increase, (2) percentage of this which could be harvested, (3) value 
of each added unit of forage, (4) life of the treatment, (5) treatment 
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cost, and (6) the interest rate on borrowed capital. He illustrated 
the procedure with an example on sagebrush burning. 

The objective here is to develop a procedure and evaluate the 
economic feasibility of burning tobosagrass on the Texas Rolling 
Plains under varying economic circumstances. This will allow 
decision makers to consider several variables affecting future 
returns. 

Analytical Framework 

Prescribed burning of tobosagrass constitutes a capital invest- 
ment because the major expense occurs at one time and the effects 
of the burn extend into the future. Since the effects are expected to 
last several years, there are two risks: (I) physical, such as weather 
variation, and (2) economic uncertainty, arising mostly from varia- 
tions in livestock prices. Effectiveness of prescribed burning, in 
conjunction with certain economic variables, largely determines 
the feasibility of burning. 

The basis for this analysis is a herbage yield response function 
relating marginal (additional) grass production (yield) resulting 
from a prescribed burn (MGP) to time(t) and other variables, Xi: 

MGP = f(t,Xi) (1) 

MGP is expected to decline over time because of litter buildup after 
the burn. Additional grass production is converted to additional 
(marginal) livestock production (MLP), or: 

MLP = k(MGP) = h(t, Xi) (2) 

where MLP is additional livestock production per unit of land 
associated with prescribed burning and k is units of livestock per 
unit of grass (a conversion factor for converting grass to meat). 
Equations (I) and (2) are biological relationships. Equation (2) is 
transformed into the value of additional grass production (VMGP) 
by multiplying by the unit value of livestock produced net of added 
unit costs of production,’ PL: 

VMGP-• (MLP) (PL) = j(t, Xi) (3) 

Range managers cannot affect the market value of the livestock. 
VMGP is the added revenue from prescribing burning, and there is 
a VMGP each year during which the burn has an impact on grass 
and livestock production. If all costs of burning occur at the time of 
the burn, the stream of additional returns must be discounted in 
order to place them on an equivalent basis with the cost (Whitson 
and Scifres 1980). Thus, 

PVMP=:[VMGPt/(l + r)‘] (4) 

where PVMP is present value of added revenue from prescribed 
burning, VMGPt is added revenue from the burn in year t, and r is 
the discount rate, i.e., the price of capital used for the burn. The 
longer the life of the burn (t) and the lower interest rate (r), the 
greater the present value of the revenue generated from prescribed 
burning. 

If PVMP is greater than or equal to the cost of burning, the burn 
is economically feasible. To estimate costs and returns, several 
things must be known: (1) the nature of the MGPand/ or the MLP 
relationship, (2) the value of livestock, and (3) the cost of pres- 
cribed burning. Value of livestock is difficult to forecast, especially 

‘The value of additional grass production as used here is a net value added in terms of 
livestock production. i.e.. it is net of additional costs associated with producing more 
livestock. However, it is a gross value in terms of prescribed burning; it shows the total 
value of burning which is directly comparable to the cost of burning. 
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over a long period. The grass or livestock production response 
relationship requires identification of factors which affect produc- 
tivity of the prescribed burn and quantitative estimation of impacts 
of those factors. 

Methods and Procedures 
Data on grass yield after prescribed burning were obtained from 

studies by Neuenschwander (1976) and Wright (1969,1972). These 
studies had observations for burns up to 5 years old. All locations 
were in the Rolling Plains of Texas, and all burns were conducted 
on range which had prior chemical mesquite control treatment. 

Variables having effects on grass yield after a burn in equation 
(1) included: (a) time, (b) rainfall during the growing season, (c) 
rainfall during the period preceding the growing season, (d) slope 
of the terrain, and (e) site where the burn was conducted. The 
relationship between MGP and each of the independent variables 
except time was hypothesized to be linear and the relationship with 
time nonlinear (semi-log) form. The mathematical model formu- 
lated was: 

MGP=BO+BlRl+B2R2+B3Int+B4DI+B5D2+B6D3+ 
B7D4+B8DS (5) 

where MGP = added grass production from burning (kg/ ha), 
RI = rainfall during the July-Feb. period prior to the grow- 

ing season (cm), 

R2 = rainfall during the Mar.-June growing season (cm), 

hit = natural logarithm of year following treatment (I = year 
of treatment), 

Dl = site dummy variable; DI = if site is Post, Texas, 0 
otherwise, 

D2 = site dummy variable; D2 = I if site is Guthrie, Texas, 0 
otherwise, 

D3 = site dummy variable; D3 = I if site is Quanah, Texas, 0 
otherwise, 

If DI, D2, and D3 are all 0, Site is Colorado City, Texas.) 
D4 = slope dummy variable; D4 = I if site is lowland, 0 otherwise, and DS 

= slope dummy variable; D5 = 1 if site is upland, 0 otherwise. 
(If D4 and DS are both 0, slope is midslope.) 

The additional grass yield per year was calculated as the burned 
plot yield less its respective control plot yield. Data on rainfall were 
obtained from Climatological Data, Texas (U.S. Department of 
Commerce 1970). Ordinary least squares was used to estimate 
parameters of equation (5). 

It was assumed that the livestock enterprise would be a cow-calf 
operation in which an animal unit (AU) would consist of 454 kg 
(1,000 lb) cow, one 181 kg (400 lb) calf, 5% of a 725 kg (1600 lb) 
bull, and 14% of a 295 kg (650 lb) replacement heifer (Kennedy 
1970). A calving rate of 90% and marketing of calves at I8 1 kg was 
assumed. Thus, under these conditions, one AU produces 138 kg 
(304 lb) of marketable calf (.76 X 181 kg = 138 kg; .76= .90 calving 
rate minus .14 heifer replacement). The additional cull cow pro- 
duction from heifer replacement was accounted for with the pro- 
duction costs. The MGP relationship was converted to MLP as 
follows. It was estimated that for the Rolling Plains areas in the 
study, an additional total production of 6,530 kg (14,400 lb) of 
tobosagrass was required to support 1 added animal unit (AU) the 
first year after the burn. The following years after the burn it takes 
more tobosagrass to support an added AU, because tobosagrass 
quality deteriorates after the burn and the forage becomes coarser 
through time. It was further estimated that 9,800 kg (21,600 lb) of 
tobosagrass was required to support an added AU the fifth year 
after a burn and in subsequent years. 

If the additional grass produced can be utilized, the number of 
kilograms of grass required to support an animal unit for years 1 
through 5 is found by 5715.3 + 816.5 t. Therefore, the conversion 
factor for converting kg of grass to kg of marketable calf becomes: 

k = 138/(5715.3 + 816.5 t) (6) 

The value of the calves was determined in terms of net value 
rather than gross value. If more animal units are placed on the 
land, there are added costs associated with grazing those livestock. 
The value of livestock marketed, PL, was calculated as: 

PL=PC-VPC (7) 

where PC is market price of 18 1 kg calves in $/kg and VPC is 
variable production costs for I8 1 kg calves in S/ kg. Variable costs 
consisted of those items shown in Table 1 minus the value of cull 

Table 1. Estimated costs assoelated wltb adding cow-calf nnlts, Texas 
Rolling Plains. 

lperating Costs 
Cottonseed cake 
Hay 
Vet. medicine 
Salt & minerals 
Miscellaneous 
Marketing 
Fence repair 
Water facilities rel 
Barn repair 
Equipment fuel & 
Equipment repair 

mir 

lub. 

Total added operating costs 
Interest on operating capital (1%) 
Depreciation, taxes, insurance on livestock 
Interest on livestock investment 

Investment: Cow $475.00 
Heifer 58.00 
Bull 43.67 

$576.67 X 10% 

S 9.00 
8.00 
4.50 
2.10 
3.00 
5.00 
2.70 
1.30 
1.55 
2.68 

.74 

$ 40.57 
4.06 

14.34 

57.67 
Total added cost per cow-calf unit $I 16.64 

Cost/kg of marketed calf (I 16.64/ 138) S .8458 

Source: Texas Agricultural Extension Service, 1983 enterprise budget B-1241 (L6) 
for Texas Rolling Plains II region. 

cows; land costs and overhead costs were excluded. The value of 
cull cows was determined using a price relationship between cull 
cow and calf prices: price of cull cows = . I 162 + .4774 (price of 
calves) where both prices are in S/kg. This regression estimate (I?z= 
.96; F = 180.9, significant at the .OOOl level) was derived from 10 
years of price data from the San Angelo market. Weight of cull cow 
used was 408 kg (900 lb). 

Results and Interpretation 
Estimation of equation (5) yielded the following relationship*: 

MGP = -356.31 - 557.69 In t + 73.53 R2 - 976.06 D3 (8) 
(0.0006) (0.0001) (0.0795) 

The 2 slope dummy variables, D4 and D5, were insignificant as 
were Dl and D2, site dummy variables for Post and Guthrie, 
respectively. The site variable for Quanah, D3, was significant at 
the .08 level. The preseason rainfall variable, RI, was not signifi- 
cant for the data used in this study. Both growing season rainfall 
and year were highly significant explanatory variables. 

ZNumbers in parentheses below the estimated regression parameters represent the 
probability of a greater t-value for the parameter (the significance level). F = 16.80 
(significant at the .OOOl level), R* = .64X and n = 38. 

Table 2. Descriptive statistics for variables in the MPG relationship. 

Variable Mean 
Standard 
Deviation 

MGP (added produced) grass 509.69 779.88 
In t (logarithm of year) 0.69 0.59 
R2 (growing season rainfall-cm) 17.39 6.26 
D3 (site dummy variable for Quanah) 0.03 0.16 
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Table 3. Calculation of value of added grass production. 

Year Added grass prod.’ Conversion factor Added beef prod. 

kg/ ha kg/ ha 
I 922.38 ,021 I 19.46 
2 535.82 .0188 10.07 
3 309.70 .0169 5.23 
4 149.26 0153 2.28 
5 24.8 I .0141 0.35 

1941.97 37.39 

‘Conditions: Growing season rainfall of 17.39 cm (6.85 in) and D3 set equal to 0. 
*Conversion factor of equation (6) is used. 
“Assumes variable calf production cost of $.8458/kg ($.381Ib). and calf market price of $1.62/kg ($.73/lb). 
‘10% Discount rate. 
SIf the c&t of burning is $12SO/ha ($5/ac). the internal rate of return is 129%. 

Value of 
grass prod.3 

$/ha 
22.18 
I I .48 
5.96 
2.60 
0.40 

42.62 

Discounted value of 
added prod.4,5 

$/ha 
20.16 

9.49 
4.48 
1.78 
0.25 

36.16 

To facilitate interpretation, the R2 and D3 variables in equation 
(8) were assigned fixed values to produce a grass yield function 
with added grass yield as a function of time. If D3 is set at 0 and the 
mean value for growing season rainfall (Table 2) is substituted into 
equation (8) 

MGP = 922.38 - 557.69 In t (9) 

This relationship indicated that with normal rainfall conditions 
prescribed burning would produce 922 kg/ ha (820 Ibjac) more 
grass the first year after the burn, 536 kg/ ha (477 Ibjac) the second 
year after the burn, 310 kg the third year, 149 kg the fourth year, 
and 25 kg the fifth year (Table 3). After year 5, the effects of the 
burn are negligible. In practice, implementation of the system 
might involve rotational burning with say, 5 tracts and 1 tract 
burned each year. This would allow stability in livestock numbers 
rather than annual adjustment of stocking rates. 

As with changes in physical conditions, changes in economic 
conditions likewise affect the economic feasibility. Economic fac- 
tors which affect beef prices, costs of producing beef, and interest 
rates may have a substantial effect on the returns from and feasibil- 
ity of prescribed burning. Magnitudes of these effects are shown in 
Table 4. The value of prescribed burning in the Texas Rolling 
Plains increases as beef prices increase and decreases as interest 
rates increase. 

Table 4. Present value of prescribed tobosagrass burning (S/ha) at differ- 
ent calf prices and discount rates. 

To convert the added grass yield to added beef production, the 
appropriate conversion factor was obtained by using equation (6). 
To convert to dollar values, the estimated added cost of producing 
the marketable calf of $.8458 less the cull calf value was used. The 
price of beef is subject to variation-from numerous sources, but for 
purposes of this analysis, the price quotations for the San Angelo 
market for medium frame # 1 feeders, 136- I8 I kg (300-400 lb) and 
181-227 kg (400-500 lb) reported on 12 June 1982 were used 
(Texas Department of Agriculture 1982). Based on those prices, a 
calf price of $1.62/ kg ($.73/lb) was assumed. This calf price was 
adjusted for added production costs ($I 16.64 variable production 
cost/ AU + 138 kg calf/ AU = $.8458/ kg) and the value of cull cows 
[cull cow price = $. 1162 + .4774 ($1.62) = $.8896/kg/ $.8896 (408 kg 
cow/ AU) .I4 f 138 kg calf/ AU = $.3682/kg]. Thus, PL = $1.62 - 
[$.8458 - .3682] = $1.14, or an additional kg of marketable beef 
produces $1.14/ kg ($.52/lb) income above added costs. 

Calf Price 

($/kg) 

I .43 
I .54 
I .65 
1.76 
I .87 

Discount rate 

I 0% 15% 
29.05 26.98 
33.23 30.86 
37.42 34.75 
41.60 38.63 
45.78 42.5 I 

Conclusions 

If average rainfall conditions hold for sites other than Quanah 
(Table 2) and the above production cost and market price condi- 
tions hold, the present value of prescribed burning is shown in 
Table 3. A discount rate of 10% was assumed over the 5-year life of 
the burn. Under these conditions, the burn would produce 
$36.16/ha ($14.64/ac) additional income over the life of the burn. 
If burning cost is less than $36.16/ha, investment in the burn is 
economically feasible, Current contract costs for burning mesquite-to- 
bosagrass ranges are $10.00 to $12.50/ ha ($4-5/ac). Under these 
conditions the total cost of burning is recovered in the first year 
following the burn. 

The economic feasibility of prescribed burning of tobosagrass in 
the Rolling Plains of Texas depends on many variables; some are 
environmental, some are economic, and some may be influenced or 
manipulated by managers. The main environmental variable 
which affects added grass and beef production, and therefore 
economic feasibility associated with prescribed burning, is growing 
season rainfall. An additional consideration is that in a year when a 
prescribed burn is done and growing season rainfall is less than 5 
inches during the first year there will be a decrease in production 
instead of an increase. This type of situation can be avoided by 
burning in late March when a better assessment of adequate soil 
moisture can be made (Wright 1969). 

If any of the above conditions change, the economic feasibility 
may change. Returns from the Quanah site were lower than the 
other sites because grass response on that site was lower. If all 
conditions are the same as shown except there is a permanently 
lower growing season rainfall, then one could expect a lower return 
from prescribed burning. It is important that burning be avoided 
during drought years, because yields will be below those on 
unburned areas. 

Among the economic variables which affect economic feasibility 
are livestock prices, costs of production, and interest rates. While 
an individual ranch manager is quite limited on the degree to which 
he may influence these variables, some impact on them through 
livestock production management, financial management, and 
marketing strategies may occur. This analysis shows the relative 
magnitudes of effects from the various factors on the economic 
returns from prescribed burning of tobosagrass. Based on 7 burns 
conducted and followed from 1968 to 1976, burned tobosagrass 
ranges were estimated to yield an additional $36/ha over a 5-year 
time span. To determine economic feasibility, the discounted 
added returns from burning must be compared to the added costs 
of burning. Economic feasibility may, therefore, vary with time, 
among ranches, and among pastures within ranches. The added 
forage production relationship estimated in this study is believed to 
be generally reliable for the Rolling Plains region. The 
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appropriate values of the variables within the relationship, the 
appropriate factors to convert to marketable product, and the 
appropriate values for the economic variables will vary from one 
situation to another. The analytical framework, along with the 
MGP relationships, should be applicable to individual decision 
situations. 
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Ranch Resource Differences Affecting Profitability of 
Crested Wheatgrass as a Spring Forage Source 
KIMBERLY A. SPIELMAN AND RONALD L. SHANE 

Abstract 

A representative cow-calf ranch operation in Elko County, Nev., 
was modeled using a linear programming procedure to determine 
effects of selected ranch resource differences on profitability of 
seeding crested wheatgrass. Net present value (NPV) results sug- 
gest seeding crested wheatgrass as a spring forage can be a profita- 
ble investment if there are associated increases in calf weaning 
weights of 9.07 kg and increases in calving rates of 5 percentage 
points. Amount of meadow hayland, deeded range, and BLM 
forage available to the representative ranch were increased and 
decreased 50%. NPV’s of the crested wheatgrass investment are 
greater for ranches with excess meadow hay and excess deeded 
range. NPV’s are lower for ranches with limiting resources of 
meadow hayland, deeded range, and BLM forage. 

Herd size and profit potential on many western ranch operations 
are limited by availability of high quality, low cost early spring 
forage. Increased infestation of rangeland with low quality forage 
species may decrease the amount of spring forage produced. Over- 
grazing of the perennial grass community during the 1880’s des- 
troyed much of the native understory, with degraded stands of 
sagebrush remaining (Young et al. 1979). Also, domination of 
rangeland by late maturing range species may delay early spring 
usage of the range. Given a permanent physical shortage of early 
spring forage, an operator may choose to buy hay, lease pasture, or 
graze other forage sources earlier than desired to maintain stand 
productivity. However, depending on costs and returns, it may be 
more profitable for the operator to maintain a smaller herd size 
and have excess ranch forage later in the grazing season. 

One possible investment alternative to inadequate spring forage 
is to remove existing forage and seed the rangeland with an earlier 
maturing grass. The adaptability of crested wheatgrass (Agro- 
pyron deserrorum) as a forage source on western range operations 
has been established, as more than 5 million ha have been seeded in 
the U.S. (Dewey and Asay 1975). Crested wheatgrass has its high- 
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est nutritional content in early spring (Rauzi 1975) and develops 2 
to 3 weeks earlier than native grasses (Frischknecht et al, 1953). 
Successful crested wheatgrass stands have been established in most 
western states (Lloyd and Cook 1960, Robertson et al. 1970, Sharp 
1970). 

Much research has focused on the difference in animal produc- 
tion between grazing native range and grazing crested wheatgrass 
(Jeffries et al. 1967, Springfield and Reid 1967, Hart et al. 1983). 
Economic aspects of seeding as a range improvement have also 
been analyzed. Several studies have estimated returns to seeding 
based on the value of increased animal gains produced on seeded 
range versus native range. Kearl and Cordingly (1975). using 
budgeting techniques, determined that reseeding rangeland is a 
profitable investment for a cow-yearling operation. assuming 
increases in weaning weights and calving percentages. Those man- 
agement practices which influence crested wheatgrass seeding prof- 
itability were identified by Godfrey (1975) in a study of various 
seeding utilization patterns. Relatively high economic returns from 
increased animal gains made on crested wheatgrass over time have 
been estimated for most grazing patterns in Idaho (Godfrey et al. 
1979). Sonnemann (1982) concluded that seeding crested wheat- 
grass on a cow-calf operation is profitable even if weaning weights 
and calving percentages are unchanged. provided excess resources 
are available to enable cow herd size to increase. 

Previous research has concentrated on the impact of various 
management practices on profitability of crested wheatgrass as a 
range improvement project. Effects of forage resource quantity 
differences among ranches upon profitability of removing sage- 
brush and planting crested wheatgrass have not been evaluated. 
Objectives of this study are: (I) determine if ceterisparibus differ- 
ences from one ranch to another in amounts of meadow hayland. 
deeded forage, and public range forage will influence expected 
profitability of the range investment of seedingcrested wheatgrass; 
and (2) if differences exist, identify factors contributing to 
increased profitability. 

Procedure 

Linear programming (LP) ranch models were developed in this 
study to estimate the effect of different levels of 3 ranch resources 
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on net returns to seeding crested wheatgrass. LP is frequently used 
as a research technique to determine economically efficient alloca- 
tion of range resources (Woodworth 1973, D’Aquino 1974, Tore11 
1981). The LP technique allows simultaneous examination of 
resource and activity alternatives in an operation to determine the 
optimal combination of production activities. This mathematical 
procedure can maximize returns or minimize costs subject to a set 
of production constraints. LP has an advantage over total ranch 
budgeting in the reduced time by which a large number of produc- 
tion alternatives can be evaluated to achieve the single economi- 
cally optimal solution in ranch resource use. 

Recursive linear programming (RLP), a variation of linear pro- 
gramming, is the modeling procedure used in this study to enable 
sequential optimization of the ranch operation throughout the 
seeding establishment process. An RLP model is constructed and 
used in the same manner as an ordinary LP model (Day 1963). 
RLP, however, permits changes in resource levels and technical 
coefficients from one period to the next. An optimal solution for an 
unchanging production system is obtained from LP. RLP accounts 
for system differences between periods by utilizing optimal results 
from the previous time period. Modification of specified resource 
levels was thus made in this study during modeled transition peri- 
ods between the initial operation and the final situation 5 years 
later, when crested wheatgrass seeding is a forage source and ranch 
adjustments are complete. Changes between periods in production 
coefficients, e.g., weaning weights and calving percentages, were 
also made where appropriate. 

The RLP model constructed describes a representative cow<alf 
operation in Elko County, Nev. Elko County contains some of the 
State’s most productive rangeland. Cost data, resources, and activ- 
ities for the operation were based on information obtained from a 
panel of ranchers (Myer and Hackett 1982, USDA 1983). Return 
data were based on average Kansas City prices received 1979- 198 1 
(Livestock and Meat Situation, USDA, 1979-81). Initial resource 
levels and activities of the model are shown in Table I. Initial herd 
size and production parameters are given in Table 2. 

This specific RLP model allocates available forage sources 
among alternative activities to maximize the objective function of 
annual net returns to variable costs, calculated as total sales minus 

Table 1. Initial resource levels, yield, and grazing periods of representative 
ranch, Elko County, Nevada. 

Unit of 
Resource measure Quantity Yield 

Mechanical harvesting: 
Meadow havland ha (acres) 524 ( 1295) 2470 kg/ ha 
Dec. l5-Ap;. I4 

Grazing: 
BLM rangeland: 

Apr. I5-May 14 
May &June I4 
June 15-July I4 
July l5-Sept. I4 

Deeded rangeland: 

Apr. I5-May I4 
May l5-June I4 
June l5-July I4 
July I5-Sept. I4 
Sept. l5-Oct. 31 

Meadow pastureland: 

Nov. I-Dec. I4 

(I. I tons/acre) 

AUM 532 
AUM 563 
AUM 780 
AUM 900 

AUM 50 
AUM 50 
AUM 100 
AUM 412 
AUM 339 

AUM 407 2.47 AUM/ ha 
(I AUM/acre) 

Meadow hayland aftermath: 
Nov. I-Dec. I4 AUM 917 1.85 AUM/ha 

1.75 AUM/acre) 

Table 2. Stock count table. 

Quantity 

Livestock class Measure Before seeding After seeding 

Weight: 
Heifer weaners kg (lbs) I61 (355) 170 (375) 
Steer weaners kg (lbs) I80 (395) I89 (415) 
Cull cows kg (Ibs) 420 (925) 420 (925) 
Cull bulls kg (lbs) 545 ( 1,200) 545 (1,200) 

Production parameters: 
Weaned calf rate % .80 .85 
Replacement rate % .20 .20 
Death loss-cows % .03 .03 
Death loss-bulls % .07 .07 
Bull-cow ratio I :20 I:20 

Initial inventory: 
Brood cows no. 480 
12 mo. replacements no. I25 
24 mo. replacements no. 120 
Bulls no. 30 

total variable costs. Table 3 shows per unit variable costs and per 
unit returns included in the model. Hired labor and operator labor 
for the ranch were included in the raise-cow-cost activity at $6.00 
per hour. An opportunity cost for the operator’s management was 
not included. Other costs not included in the model were costs of 
horses, depreciation, taxes, interest, and insurance. 

Table 3. Costs and returns for major representative ranch activities. 

Activity 

Cost: 
Establish crested wheatgrass’ 
Grow and harvest meadow hay 
Graze BLM rangeland 
Graze deeded rangeland 
Graze meadow pasture 
Graze meadow hay aftermath 
Purchase grass hay 
Raise cow* 
Lease private range 

Return: 
Sell weaner heifer’ 
Sell weaner steer) 
Sell cull cow3 
Sell cull bull3 

‘Variable costs, Sonnemann, et al., 1981. 

Measure Cost/unit (.$) 

ha $ 46.42 
ha 62.30 

AUM 1.40 
AUM 0 
AUM 0 
AUM 0 

kg .09 
head 155.1 I 

AUM 5.70 

kg 1.34 

kg 1.65 
kg .95 
kg 1.17 

2lncludes labor, salt and minerals, veterinary and medicine, fuel (haying not included), 
accounting, brand inspection, repairs and maintenance (haying not included), fence 
repairs, marketing, utilities, and protein supplement. 
‘Average price per kg received 1979-1981. 

Forage nutrient quality and forage availability from any particu- 
lar source in each grazing period were accounted for in the model. 
Seasonal variation in forage quality may be a binding constraint on 
animal production (Cook and Harris 1968). Total nutrient quality 
of range forage is highly correlated with the single variable of 
digestible protein (Cook et al. 1977). Minimum digestible protein 
requirements for the various livestock classes were included in the 
model to account for seasonal nutrient variations (National 
Research Council 1976, Cook and Harris 1968). Metabolizable 
energy requirements were also incorporated to assure adequate 
winter feed requirements are met. Maximum daily intake, how- 
ever, was restricted to 2.3% of body weight to prevent unrealistic 
livestock feed intake values. After establishment, crested wheat- 
grass was an early season forage substitute for BLM and deeded 
native range forage. Unused BLM and deeded native range forage 
was carried forward in the model one grazing period. For example, 
50 deeded AUM’s (Animal Unit Months) not consumed 15 
May- 14 June were available 15 June-14 July but were not availa- 
ble during the 15 June-14 September grazing period. 
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In the analysis, an LP solution was initially obtained for the 
representative ranch having an adequate but low quality supply of 
early spring pasture. Based on activity levels of this solution, 
constraints for successive models were established. Seeding of 
crested wheatgrass then occurred on I ,O I2 ha of private rangeland. 
Seeding 1,012 ha results in a loss of 125 AUM’s for 2 years of 
deferment following seeding. This 125 AUMS were based on 8. I ha 
per AUM (Mitchell and Garrett 1977). Deeded land was assumed 
to be available for lease during these 2 years at a cost of $5.70 per 
head per month, an average of values provided by a sample of Elko 
ranchers. This lease charge was the only additional cost accounted 
for as a result of seeding. 

After successful conversion to crested wheatgrass, the 1,012 ha 
are assumed to provide 833 AUM’s, or 1.24 ha per AUM, April 
IS-June 14 (a personal communication with R.A. Evans, range 
scientist, USDA, ARS, Reno, Nev.). A separate constraint was 
added to the model to account for the crested wheatgrass forage 
source. A crested wheatgrass stand life of 20 years, with constant 
annual production, was evaluated. Many factors influence produc- 
tive life of a stand, but crested wheatgrass seedings have remained 
in use for 30 years or more (Hull 1972). 

If an increase in herd size occurred in the ranch model following 
establishment of crested wheatgrass, heifer calf sales were reduced 
in years prior to availability of crested wheatgrass. Fewer weaner 
heifers were sold during year 2 to adjust herd size to the anticipated 
increased forage availability. These heifers mature and are produc- 
tive at the time the seeding is available in year 4. 

Permanent increases in weaning weight and calving percentage 
were assumed to occur following seeding. Weaning weights 
increase by 9.07 kg (20 lb) per calf in the initial year of crested 
wheatgrass grazing. Calving percentage increases 5 percentage 
points during the second year of crested wheatgrass grass availabil- 
ity. These values may be conservative estimates of production 
increases attainable by seeding crested wheatgrass. Weaning 
weight inreases of 9.08 kg were assumed by Kearl and Cordingly 
(1975), and pasture research results of IO-16 kg were reported by 
Cook (1966) and Springfield (1963). Differences in calving percen- 
tages between native range and seeded pasture of lo-30% have 
been reported by Frischknecht (1965) and Houston and Urick 
(1972). Kearl and Cordingly (1975) assumed an 8% increase. 

Although cattle production increases were assumed in this study 
as a result of improved forage availability, factors other than 
crested wheatgrass seeding may influence the amount, if any, of 
these increases. Livestock nutrition in the spring prior to seeding 
establishment may be at a level such that spring forage from crested 
wheatgrass will not affect animal production. Increases in calving 
percentages may result from cows and bulls grazing together in a 
more concentrated area rather than from the seeded pasture itself 
(Houston and Urick, 1972). Changes in stocking rates prior to and 
following seeding may also influence animal production response. 
For ranchers planning to expand existing range areas of crested 
wheatgrass, the impact on animal production will likely be less 
than if cattle change from a native forage only situation to a native 
forage and crested wheatgrass situation. 

Changes in management practices and cattle production, which 
were assumed to occur from one year to the next during crested 
wheatgrass establishment, are shown in Table 4. These livestock 
production increases were assumed to be maintained throughout 
the life of the crested wheatgrass stand. 

Differences between ranch net returns above variable costs prior 
to seeding and following seeding were calculated for each year. 
Present value of added net returns was then calculated to place all 
current and future costs and incomes on a comparable basis. Costs 
and incomes were discounted in the year they occurred. 

A discount rate (r) of 6% was used. The average yield on U.S. 
Treasury bonds was approximately 12% (Wall Street Journal, 
April, 1984). The expected rate of inflation was assumed to be 8% 
annually with a risk premium of 2% such that: 

Table 4. Annual changes/actions made during seeding establishment. 

Year Establishment action 

I Year of seeding 1012 ha (2500) acres of crested wheatgrass; 
cost of seeding incurred in fall. 

2 Private pasture is leased to account for loss of 125 AUM’s 
of deeded range; and, lease cost incurred. If herd size in- 
crease is anticipated following crested wheatgrass availa- 
bility, fewer heifers are sold to build up herd size; lower 
revenue from heifer sales; and deferment of crested wheat- 
grazing. 

3 Lease cost incurred; increased grazing fees if heifers are be- 
ing kept to mature as cows in anticipation of crested 
wheatgrass availability; deferment of crested wheatgrass 
grazing. 

4 Crested wheatgrass available for grazing; cow herd in- 
creases (if possible) as heifers not sold in previous years are 
now mature; increased calf weaning weights of 9.07 kg per 
head. 

5 Full benefits of crested wheatgrass realized as cow calving 
percentage increase of five percent is attained, along with 
calf weight increases. 

r= 12%-8%+2% 
r=6% 

This represents a real rate of interest because all per unit income 
and costs were in constant dollar values. Lower (higher) rates of 
discount, reflecting lower (higher) levels of risk or higher (lower) 
rates of inflation will yield higher (lower) net present values 
(NPVs) than those reported in this study. 

Results and Discussion 

Based on resource levels obtained from the initial optimal solu- 
tion, net income impacts of varying resource levels upon profitabil- 
ity of seeding crested wheatgrass were examined. For the represen- 
tative ranch with adequate spring forage, seeding crested wheatgrass 
was profitable, assuming calving percentage and weaning weight 
increases occurred (Table 5). Seeding allows delayed grazing of 
nonimproved range in a later season. Cow herd size was not 
expanded, however, because forage sources in other feeding peri- 
ods were physically limiting and purchase of grass hay was not 
economical. Crested wheatgrass became an excess range forage 
source. Ranch net returns increased following seeding because of 
decreased BLM forage purchased, increased calving percentage, 
and increased weaning weights. 

For comparison, the profitability of seeding crested wheatgrass 
with no assumed cattle production increases was also examined 
(Table 5). Seeding with no change in calf weight and calving 
percentage did not produce a positive NPV. This range improve- 
ment project was not profitable because crested wheatgrass was an 
excess forage source. With no cattle production increases assumed, 
the project produced noadditional revenue, although it did reduce 
costs by decreasing BLM grazing purchased and hence, decreasing 
BLM grazing fees paid. 

Hayland Resources 
Amount of ranch hayland was varied 50% to determine the effect 

on profitability of seedihg ranches that differ in relative quantities 
available of this forage source. As shown in Table 5, discounted 
added net returns from seeding were increased 13% on a ranch 
which has 50% greater meadow hayland (786 ha relative to the 
representative ranch situation of 524 ha). Ranches with relatively 
large meadow hayland resource levels have a source of low cost fall 
and winter forage enabling herd size to expand beyond the size 
limited in the “just adequate” initial forage case. With a 50% 
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Table 5. Economic effects of crested wheatgrass seeding with varying forage resource availabilities on a representative ranch, Elko County, Nevada. 

Resource quantity 
relative to 
initial level 

Seeding: 
With no cattle production 

increases 

With cattle production increases 

Meadow hayland: 
+50% 
-50% 

Deeded range: 
+50% 
-50% 

BLM range: 
+50% 
-50% 

Net Ranch Income ($) 

Before After 
seeding seeding 

$30,721 $3 1,765 

30,72 1 44,884 

30.72 1 47,055 
i 6,094 23,351 

31,482 45,808 
20,019 30,924 

30,721 44,884 
17,535 37,294 

NPV of added net 
returns @ 6% disc 

rate (20 Yrs.) 

S-39.796 

60,720 

68,624 
7,614 

62,042 
31,278 

60,720 
57,969 

Cow herd size 

Before After 
seeding seeding 

480 480 

480 480 

480 505 
240 240 

480 480 
317 330 

480 480 
264 394 

increase in meadow hay availability, full use of the seeding, and 
delayed seasonal use of native range forage enabled complete 
utilization of all forage resources. The increase in herd size of 25 
head contributed to the largest positive NPV of added net returns 
obtained of investment scenarios examined. 

A ranch with 50% less meadow hayland available (262 ha) than 
the representative operation had the lowest positive NPV of the 
seeding investment alternatives analyzed (Table 5). In this situa- 
tion, the reduced amount of low cost fall and winter feed, com- 
pared to the representative ranch, resulted in a smaller economi- 
cally optimal herd size. Smaller herd size created an excess supply 
of crested wheatgrass and other range forage. Lower returns were 
obtained because of the smaller number of livestock sold. NPV was 
positive but low, relative to other alternatives evaluated in the 
study. 

Deeded Range 

size increase of 130 head occurred after the investment was made. 
Because 32% of the ranch’s spring and summer forage was supplied 
by public range, seeding crested wheatgrass became a profitable 
complement to this forage source. As in the case of limited deeded 
range, deferred BLM forage use combined with spring crested 
wheatgrass availability enabled additional grazing. Herd size 
expansion was possible because other resources, at the representa- 
tive ranch level of availability. were in excess supply prior to 
seeding. 

Summary and Conclusions 

A ranch with 50% greater deeded range capacity than the repre- 
sentative ranch yielded the second largest added NPV (Table 5). 
Increased net returns in this model were a result of reduced BLM 
grazing fees paid as more deeded land was available. Herd size was 
not increased, however, due to the limited availability of all other 
forage sources, particularly meadow hayland. Purchase of grass 
hay was not profitable in this model. 

The 50% smaller deeded range capacity yielded lower, but posi- 
tive added net returns compared to the increased deeded forage 
operation. Although operations were assumed to have equal max- 
imum quantity of BLM forage available, the smaller amount of 
available deeded range limited the amount of BLM forage used, 
causing a smaller optimal herd size. Crested wheatgrass became a 
complementary forage source for the 50% lower deeded capacity 
by enabling deferred use of deeded land later in the grazing season. 
This availability of later forage, with crested wheatgrass providing 
early season grazing, enabled expansion of herd size by 23 cows 
(Table 5). 

Based on NPV investment criterion and assumptions made in 
this study, removing sagebrush and seeding crested wheatgrass was 
a profitable investment for a representative Elko County, Nev., 
cow-calf operation. The degree of profitability, however, was 
influenced by the availability of certain other ranch forage sources. 
Availability of relatively low-cost winter feed (ranch produced 
meadow hay) had the largest impact upon profitability of the 
investment. An excess amount of this resource enables herd size to 
expand and fully utilize the new forage source. NPV of the invest- 
ment also increases, if excess deeded range is available. 

Increases in calf weaning weights and calving percentages were 
assumed to occur as a result of cattle grazing the improved forage 
source. Production increases assumed in this study should be 
realistic objectives for many cow-calf operators. If high levels of 
management and nutrition are provided before seeding, these 
increases in animal production may not be achieved. 

An operator considering investment in crested wheatgrass to 
provide early spring forage should consider herd size adjustments 
desirable during years of seeding establishment. This analysis 
assumed additional deeded land was available for lease to maintain 
herd size prior to availability of the seeding. If additional land is 
not available, other feed sources may be too costly for crested 
wheatgrass to be a profitable investment. 
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Effects of Secondary Metabolites from Balsam Poplar 
and Paper Birch on Cellulose Digestion 
KENNETH L. RISENHOOVER, LYLE A. RENECKER, AND LUIGI E. MORGANTINI 

Abstract 

Inhibitory effects of metabolites from balsam poplar (Pop&s 
balsamifera) and Alaskan paper birch (Betulapapyrifera) on cellu- 
lose digestion in vitro were examined. Significant inhibition of 
cellulose digestion occurred at concentrations of 5 mg per gram of 
substrate for benzyl alcohol, cineole, papyriferic acid, and a steam 
distillate fraction from juvenile paper birch. Digestibility declined 
as increasing amounts of resin were added to the substrate, but the 
rate of inhibition declined with each concentration increment. 
Secondary metabolites present in resins of paper birch and balsam 
poplar appear to be important in determining the relative nutritive 
quality of these species. 

Balsam poplar (Populus balsam&era) and paper birch (Betula 
papyrzjkajare relatively common tree species in the boreal forests 
of North America (Rowe 1972). Although these plants are occa- 
sionally fed upon by a number of herbivores, the relatively high 
terpene and phenolic resin content present is generally sufficient to 
reduce palatability and to deter browsing (Bryant and Kuropat 
1980). 

Major components of balsam poplar and Alaskan paper birch 
(B. P. humilus) resin have been identified (Reichardt 198 1; Unpub- 
lished data, P.B. Reichardt) and the relative amounts present in 
juvenile and mature plants and plant parts are being quantified. In 
addition, bioassays are being conducted to evaluate deterrent 
properties of different resin fractions isolated (Bryant and Kuropat 
1980, Bryant 1981, Bryant et al. 1983, Unpublished data, P.B. 
Reichardt). 

Bryant and Kuropat (1980) speculated that current annual 
growth (CAG) twigs ofjuvenile Alaska paper birch are less digesti- 
ble than CAG twigs from mature-growth-form plants due to their 
higher resin content, which may be toxic to rumen microbes. 
Previous studies have demonstrated antibacterial effects or inhibi- 
tion of digestion by rumen microbes exposed to various terpe- 
noids. Nagy et al. (1964) found that essential oils in sagebrush 
(Artemisia tridentata) inhibited bacterial growth and decreased 
gas and volatile fatty acid production in rumen of mule deer 
(Odocoileus hemionus). Oh et al. (1967) and Longhurst et al. 
(1968) found that oxygenated monoterpenes present in Douglas fir 
(Psuedotsuga menziesii) needles strongly inhibited Columbian 
black-tailed deer (0.h.’ columbianus) rumen microbial activity. 
Schwartz et al. (1980) reported that volatile oils present in various 
junipers (Juniperus spp.) reduced cellulose digestion in vitro by up 
to 40%. 

In this paper, we present evidence that benzyl alcohol, cineok 
papyrifcric acid, and a steam distillate fraction from juvenile 
Alaska paper birch depress in vitro fermentation of cellulose SUS- 

pended in rumen fluid from wapiti (Cervus elaphus nelsoni). 

Material and Methods 

Four resin components, 2 each from balsam poplar and paper 
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birch, were chosen for testing because of their ability to deter 
browsing by snowshoe hare (Lepus americanus) (Unpublished 
data, J.P. Bryant). Papyriferic acid, a triterpene carboxylic acid, 
and a steam distillate fraction, composed primarily of sesquiter- 
penes, from juvenile Alaska paper birch were provided by Dr. P.B. 
Reichardt (Department of Chemistry, University of Alaska, Fair- 
banks). Papyriferic acid was isolated from diethyl ether extract of 
CAG twigs from winterdormant juvenile plants by column chro- 
matography. The steam distillable fraction of juvenile paper birch 
was isolated by diethyl ether extraction of the steam distillate 
(Personal communication, P. Reichardt). In addition, cineole (an 
isoprenoid) and benzyl alcohol, 2 compounds present in balsam 
poplar bud resin, were obtained commercially (Sigma Corp., St. 
Louis, MO.). 

Sample Preparation 
Concentrations of resin fractions used for in vitro trials were 

based on the amount of each resin component available and on the 
amount estimated to be present in CAG twigs from both mature 
and juvenile forms of paper birch and balsam poplar (Unpublished 
data, P.B. Reichardt). Because of the limited availability of papyri- 
feric acid and paper birch steam distillate, treatment concentra- 
tions for these compounds were 5 and 20 mg per gram of substrate. 
Cineole and benzyl alcohol were tested at concentrations of 5, 10, 
20,40, and 100 mg per gram of substrate. All treatment concentra- 
tions were prepared on a dry weight basis. Commercial purified 
cellulose (“Alpha floe”, Lee Chemicals Ltd., Toronto, Ont.) was 
used as a substrate. 

Resin components were dissolved in excess acetone, placed into 
a 150-ml round-bottom flask with the cellulose substrate, and 
swirled until the material was saturated. The flask was then placed 
on a vacuum rotodistiller with a water bath temperature of 50°C 
for approximately 10 minutes, or until the acetone had evaporated. 
The treated cellulose was removed from the flask, placed into metal 
dishes, and oven-dried at 4O“C for 48 hours. Following drying, 
samples were mixed in a micro mill and stored in sealed glass 
containers. 

In Vitro Techniques 
The in vitro techniques used to measure digestion of dry matter 

were developed by Tilley and Terry (1963) and modified by Mor- 
gantini and Hudson (in press). Rumen inoculum was obtained 
from a fistulated wapiti steer which was maintained on pelleted 
aspen concentrate, alfalfa hay, freshly cut browse, and fresh grass 
available ad libitum in a l-ha pasture. Triplicate samples were 
tested at each concentration level. Acetone controls were also 
tested for antimicrobial effects. Differences were tested by one-way 
analysis of variance and Duncan’s new multiple range test 
(KO.05). 

Results 

There was a significant decrease (F<O.OOl) in the digestion of 
cellulose for all resin fractions tested (Fig. 1). All 4 resin compo- 
nents significantly (KO.05) inhibited digestion of cellulose at the 5 
mg per gram concentration level. Digestibility continued to decline 
as increasing amounts of resin were added to the substrate. 
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Fig. 1. Ef/ects of 4 secondary metobolites on percent cellulose digestion in 
vitro, using wopiti rumen inoculum. 

However, the degree of inhibition declined with each concentra- 
tion increment. 

The paper birch steam distillate was most inhibitory and reduced 
cellulose digestion by 30.29oat concentrations of 20 mg of distillate 
per gram of substrate (2% by dry weight). Benzyl alcohol and 
papyriferic acid reduced cellulose digestion by 21.6 and 22.6%, 
respectively, at the 20 mg per gram concentration level and was the 
least inhibitory of the resin fractions tested. Acetone controls had 
no dectectable antibacterial effects. 

Discussion 
In view of the relationship between forage digestibility, retention 

time in the rumen, and rate of intake (Van Soest 1982, Owen-Smith 
I982), digestibility is likely to be an important parameter in forage 
selection by ruminants. The presence of chemicals impervious or 
antagonistic to digestive enzymes, or which inhibit digestive pro- 
cesses and microbial activity, will ultimately result in a lowered 
energy and nutrient supply. 

Results from the in vitro assay demonstrated that certain com- 
pounds present in paper birch and balsam poplar resin inhibit 
rumen microbial activity even at low concentrations. These find- 
ings are in agreement with previous studies examining the effects of 
terpenoids from other plants on rumen microbes and digestion 
(Nagy et al. 1964, Oh et al. 1967, Nagy and Tengerdy 1968, 
Schwartz et al. 1980). 

Reichardt et al. (Unpublished data)found papyriferic acid pres- 
ent in concentrations of up to 35% (dry weight) in the buds and 
internodes of CAG twigs from juvenile Alaska paper birch. The 
steam distillate fraction was present in lower concentrations 
(<l%), primarily in buds of CAG twigs of juvenile plants. In 
separate bioassays using snowshoe hares, it was demonstrated that 
both papyriferic acid and the steam distillate deterred hare feeding 
(Personal communication, J.P. Bryant). In addition, J. Oldemeyer 
(Personal communication) found that CAG twigs from juvenile 
Alaska paper birch were less digestible in moose (Alces &es) 
rumen fluid (in vitro) than CAG twigs from mature trees, implying 
that twigs from juvenile plants contain more digestion-inhibiting 
substances. 

Since microbial fermentation supplies up to 7wc of ruminant 
energy requirements (Annison and Lewis 1959), chemical inhibi- 
tion of microbes could directly affect animal performance, espe- 
cially during the critical winter period. However, there are reports 
of potentially toxic secondary metabolites being detoxified in the 
rumen (Lanigan and Smith 1970, Cluff et al. 1982, Van Soest 1982) 
and some compounds may even stimulate microbial fermentation 
(Oh et al. 1967). 

Avoidance of plants containing toxic compounds may help to 
explain diet selection by vertebrate herbivores (Freeland and Jan- 
zen 1974, Bryant and Kuropat 1980, Bryant 1981, Bryant et al. 
1983). Indeed, herbivores obligated to feed upon woody plants 
such as birches, willows (S&x spp.), and poplars for substenance 
are exposed to a great number of different plant substances (Palo 
1984). Observations on the feeding behavior of hare and moose 
show that their selection within and between plants are not solely 
explained by nutritional content (Bryant and Kuropat 1980, Bry- 
ant 1981, Hjeljord et al. 1982). 

Results from this study illustrate the potential negative effects 
certain secondary metabolites present in resins of paper birch and 
balsam poplar can have on rumen function. Secondary metabolites 
appear to be important in determining the relative nutritional 
quality of these species. 
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Emergence and Survival Response of Seven Grasses 
for Six Wet-Dry Sequences 
G.W. FRASIER, J.R. COX, AND D.A. WOOLHISER 

Abstract 

A greenhouse study was conducted to determine seedling emer- 
gence and survival responses of 7 warm-season grasses to 6 combi- 
nations of initial wet-day and dryday water sequences. Two fac- 
tors which affected the number of seedlings that survived the first 
wet-dry watering sequence following planting were: (1) the number 
of seedlings produced in the first wet period which developed 
sufficient vigor to survive the subsequent drought or dry period, 
and (2) the number of ungerminated but viable seeds which remain 
after the first wet-dry watering sequence. Sideoats grama (Boute- 
loua curtipendzda (Michx.) Torr.) seedlings emerged within 18 h of 
the initial wetting, with maximum numbers occurring on days 2 
and 3. There was a high seedling mortality during the dry periods. 
‘Cochise’ lovegrass (Eragrostis lehmanniana Nees X E. tricho- 
phora Coss and Dur.), ‘Catalina’ Boer lovegrass (E. curvula var. 
conferta (Schrad.) Nees), and ‘A-130’ and ‘SDT’ blue panicgrass 
(Panicum antidotale Retz) emerged on day 2 or later, and maxi- 
mum seedling counts occurred on days 4 to 6. ‘A-68’ Lehmann 
lovegrass (E. lehmanniana Nees) and ‘A-84’Boer lovegrass did not 
have significant emergence until there were 3 or more consecutive 
wet days. Seedling mortality, during dry periods of 2 to 7 days 
following initial wetting, ranged from 0 to 70% of the viable seeds. 
Survival characteristics of the grasses were not directly affected by 
total water loss. There were differences within varieties of the same 
species, and some grasses were better suited for surviving short 
term droughts during early seedling stages. These studies provided 
information showing how the survival characteristics of plants to 
the first wet-dry watering sequence can be used to assist in selecting 
species for range revegetation. 

The timing and quantity of precipitation immediately following 
seeding are 2 factors which significantly affect the success of range- 
land revegetation efforts. Cox and Jordan (1983) found that the 
quantity and frequency of first-year growing-season precipitation 
was a major factor in explaining plant densities and forage produc- 
tion measured 11 years after planting in southeastern Arizona. 
McLean and Wikeem (1983), in British Columbia, found that the 
persistence of available soil moistureat the time of seeding was the 
most important single factor in seedling establishment. Frasier et 
al. (1984) showed that the initial germination and seedling survival 
of sideoats grama (Boureloua curtipendulu (Michx.) Torr.) and 
‘Cochise’ lovegrass (Eragrostis lehmanniana Nees X E. tricho- 
phoru Coss and Dur.) was directly affected by the relative lengths 
of the first wet and dry periods following seeding. They demon- 
strated how a basic understanding of plant-water relations and 
plant responses could be combined with probability models of the 
occurrences of natural precipitation-drought combinations to 
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develop a description of the seedling environment to guide in 
selecting the optimum time for seeding. 

Research Hypothesis: 
To use the concept of combining rainfall occurrence probabili- 

ties and seedling survival characteristics, it is first necessary to 
develop an understanding of the seedling response characteristics 
of various plant species to the initial wet and dry periods following 
seeding. This study was to determine if there are differences in the 
means of live seedlings between species or accessions and watering 
sequences. There are several possible response alternatives for seed 
germination, seedling emergence following the initial wet period. If 
the first wet period is short, the seeds may not germinate and will 
survive the wet-dry watering sequence as viable seeds. If the wet 
period is long enough to germinate most seeds, and is followed by a 
long dry period, many, if not all, of the plants will die. If the first 
wet period is long enough for the seedlings to develop a root system 
and plant vigor sufficient to survive a drought-induced quiescence, 
a high percentage of the plants might survive a long drought 
period. For a wet period of length LI, followed by a dry period of 
length LO, there will be a particular response in the number of 
viable seeds, viable seedlings, and dead seeds or seedlings at the end 
of the drought period. 

If N(t), t = 0, I, 2, . . . , 14 signifies the number of live seedlings 
observed on an area on day t, the outcome of an experiment of 
length t = 14can be described by the random vector (nt, ns, . . . , n14), 
N(0) = no = 0; N(t) 5 m where m = number of pure live seeds planted. 
A completed description of the process N(t) requires that the 
multivariate distribution function 

F(nl,nz,...,nlr)=P{N(I)In~,N(2)5n~,...,N(14)1nlr) (1) 

be specified. With 7 grasses and 6 water treatments, samples are 
taken from 42 different 14-variate populations. The hypothesis to 
be examined is that the parent populations are identical. 

Hypothesis testing in multivariate analysis is confined to the 
multivariate normal case (Kendall et al. 1983). Distributions 
within this study are discrete, not multivariate normal, which 
makes it necessary to modify the approach. The usual procedure is 
to consider a single random variable and to test hypotheses regard- 
ing one particular parameter, such as the mean. This simplification 
is justified, since the study is primarily exploratory, rather than 
confirmatory (Tukey 1977). 

A typical sample function of the process N(t) is shown (Figure 1) 
for a specified wet-dry sequence oft, wet days followed by a dry 
period of td - tw days. For each experiment, the following discrete 
random variables can be identified: (1) N,.,, the maximum 
number of emerged seedlings during, or following, the first wet 
period, (2) Lx, the number of days from planting till N,, was 
observed, (3) N,,,h, the minimum number of live seedlings observed 
after tmax, and (4) N( 14), the number of live seedlings on day 14, the 
end of the experiment. By inference, L = N,., - N,r,, which is the 
minimum number of seedlings that died during the study, while 
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Fig. 1. Definition sketch of seedling emergence response to thefirst wet-dry water sequence. 

I4 

V( 14) = N( 14) - Nmin which is the minimum number of viable seeds 
at day td. The process G(t), the number of germinated seeds at time 
t with no dry period, G’(t), the number of germinated seeds with a 
dry period, is also illustrated (Fig. 1). 

experiment were randomly selected and marked for daily weigh- 
ing, to determine evapotranspiration losses and the quantity of 
applied water. 

Table 1. Wet-dry-wet watering sequences used in the experiments. 
Materials and Methods 

The grasses used in the study were ‘Premier’ sideoats grama, 
‘Cochise’ lovegrass, ‘A-68’ Lehmann lovegrass (Erugrostis leh- 
manniunu Nees), ‘Catalina’ and ‘A-84’ Boer lovegrass (E. curvulu 
var. confertu (Schrad.) Nees), and ‘A- 130’ and ‘SDT’ blue panic- 
grass (Panicurn untidotule Retz). The A-68 and Cochise lovegrass 
are from similar genetic lines (Holzworth 1980). Catalina lovegrass 

*is a selection from A-84 lovegrass (Wright and Jordan 1970, 
Wright 1971), and the SDT blue panicgrass is a selection from 
A-130 panicgrass (Wright and Dobrenz 1970). The Premier side- 
oats grama seeds were provided by Ranch0 Experimental La 
Campana, SARH, INIP, Chihuahua, Chihuahua, Mexico. Other 
grass seeds were provided by the Tucson Plant Mriterials Center, 
USDA-SCS, Tucson, Ariz. Seed lot germination percentages 
(pure live seed, PLS) were: Premier sideoats-97%, Cochise love- 
grass-80%, A-68 lovegrass-68%, Catalina lovegrass-52%, A-84 
lovegrass-82%, A-l 30 panicgrass-76%, and SDT panicgrass-42%. 

The studies were conducted in an evaporative cooled greenhouse 
using the procedure reported by Frasier et al. (1984). Tapered 
plastic cones, 3.8-cm in diameter by 20 cm long, with 2 cotton balls 
placed in the bottom, were filled with 210 g of dry 60-mesh silica 
sand. Sand was used to provide a reproducible, uniform growth 
media, and to reduce problems of undesirable seed contamination. 
Thirty cones were prepared for each grass species or accession per 
watering sequence. Ten seeds were placed on the dry surface of 
each cone and covered with a 2- to 3-mm layer of dry sand. 

Watering sequences used in the studies were: (1) 2 days wet, 5 
days dry; (2) 1 day wet, 7 days dry; (3) 2 days wet, 7 days dry; (4) 3 
days wet, 7 days dry; (5) 2 days wet, 2 days dry; and (6) 3 days wet, 3 
days dry. The watering sequences represented possible precipita- 
tion patterns which may occur during the early summer growing 
season in southern Arizona. The number of cones required per 
watering sequence precluded a simultaneous comparison of all 
watering sequences and all grass species. Two watering sequence 
experiments were conducted at a time (Table 1). 

Water was sprinkled onto the cones, in the predetermined wet- 
dry-wet days watering sequence, with an overhead reciprocating 
spray system. Ten percent of the total number of cones in an 

Experiment Water Period 
no. sequence wet dry wet 

(days) (days) (days) 
I 2-2 2 2 10 

2-5 2 5 I 
2 3-3 3 3 8 

3-7 3 7 4 
3 1-7 I I 6 

2-7 2 7 5 

All cones were initially wetted to approximate field capacity 
with 20 g of water (-10% moisture by weight). In the wet periods, 
cones were sprinkled daily with sufficient water to bring the aver- 
age moisture content of the cones to the original field capacity 
weight. Cones in a dry-day period were covered during sprinkling 
with an 18-gauge galvanized sheetmetal roof. A 5-mlapplication of 
one-quarter strength Hoagland solution was given to each cone on 
day 10. 

The 210 cones per watering sequence were randomly divided 
into three 70-tone replications, 10 cones of each grass per replica- 
tion. The number of live plants in each cone was counted and 
recorded daily. For each species, the mean plant count of the 10 
cones per replication was determined for each day. 

There are 3 specific periods, during the 14day experiments, 
when the number of seedlings are of significant interest. It is 
important to determine: (1) the maximum number of seedlings 
(N,.,) resulting from the initial wet period; (2) the minimum 
number of seedlings (N,in) surviving the dry period; and (3) the 
number of seedlings at the end of the second wet period (N(14)) 
when all surviving seeds have germinated. Because the mean daily 
plant counts can be considered as random variables, dependent 
only upon the watering sequence, values of N,.,, Nmin, and N( 14) 
between species, even though N,,and Nti,, may occur on different 
days, can be compared. For the purpose of analysis, N, is the 
maximum number of seedlings prior to the start of the second wet 
period (td), Nmin is the minimum plant count between the day on 
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which (N-) occurs and day (td + 1). 
As previously noted, all water treatments were not conducted 

simultaneously. This limited the statistical testing of the hypothesis 
to the paired water treatments. Replication means of N,,, N,,,h, 
and N(14) were subjected to analysis of variance to determine 
differences between species and watering sequences. When “F” 
values were significant (p_y).O5), Duncan’s new multiple range test 
was used to separate means (Steel and Torrie 1960). 

Results and Discussion 
Initial Seedling Emergence 

Premier sideoats grama seedlings were observed within 18 h of 
the initial wetting, with maximum initial seedling counts (Nmax) 
occurring at days 2 to 3 (Table 2). Seedling emergence of the other 
grasses was not observed until day 2 or later, with N,,, occurring 
on days 3 to 6. 

With all 3 experiments, there were significant differences in N,,, 
between species or accession (KO.05). Only in Experiment No. 3 
(l-7,2-7 watering sequences) were there significant interactions on 
N max between watering sequences and species. With the Cochise 
and Catalina lovegrass and the two blue panicgrasses, N,., was 
significantly higher with 2 days wet than with 1 day wet (Table 2). 

With the l-day initial wet period (Experiment No. 3), Premier 
sideoats grama has the highest N,.,, based on PLS planted, fol- 
lowed by A-130 panicgrass and the Catalina and Cochise love- 
grasses (Table 2). With 2 or more wet days (Experiments NO. 1 and 
No. 3), the Catalina lovegrass had the highest percentage of initial 

seedling emergence, followed by Premier sideoats or A-l 30 panic- 
grass, with Cochise lovegrass ranked fourth. Differences in the 
mean N,- seedling emergence of the grasses were not always 
significant (P50.05). 

Ranking the initial seedling emergence response places Premier 
sideoats grama, A-130 panicgrass, and the Cochise and Catalina 
lovegrasses at the top, depending upon the watering sequence, 
followed by the SDT panicgrass. Even with 3 wet days, initial 
seedling emergence of the A-68 and A-84 lovegrasses was very low. 
However, Cox and Jordan (1983) reported them to be relatively 
persistent range grasses in southern Arizona. It might be expected 
that the higher the ranking, the easier it would be to produce a 
seedling. 

Seedling Mortality 
In all 3 experiments, there were some differences (Z50.05) 

among grasses in the minimum number of seedlings surviving the 
dry period (Nmin). Ranking the grasses showed Catalina lovegrass 
with the largest Nmin, followed by the Cochise lovegrass, A-130 
panicgrass, and Premier sideoats grama. The A-84 and A-68 love- 
grasses had the lowest numbers of seedling survival (Table 2). Only 
in Experiment No. 3 was there a significant interaction between the 
watering sequences and species (B.05). With the exception of 
the A-84 and A-68 lovegrasses, there were more surviving seedlings 
with 2 wet days than with 1 day wet (Table 2). This indicated that 
with the extra day of water, a more durable seedling is produced. 

Some of the differences in Nmin can be attributed to a carryover 

Table 2. Mean plant count, based on pure live seed, of the initial maximum seedling emergence, N ,,,aI, seedlingssurviving dry period, Nminpand the number 
of seed and seedlings surviving the wet-dry watering sequence, N(14), of seven grass species or accessions with six wet-dry watering sequences. 

Period 

Water Species 
sequence ‘Premier’ ‘A-68’ ‘Cochise’ ‘A-84’ ‘Catalina’ ‘A- 130’ ‘SDT’ 
(wet-dry) sideoats Lehmann Atherstone Boer Boer blue blue 

days grama lovegrass lovegrass lovegrass lovegrass panicgrass panicarass 

Initial -N,. 

Dry -Ntii. 

Final -N( 14) 

Initial -N,, 

Dry -Nti,, 

Final -N( 14) 

2-2 (2)‘69.7 
2-5 (3) 69.4 

x 69.5abz 

2-2 (5) 35.7 
2-5 (7) 20.6 

,x 28.2~ 

2-2 (14) 36.1 
2-5 (14) 25.4 

x 30.7d 

3-3 
3-7 

x 
3-3 
3-7 

x 
3-3 
3-7 

x 

(2) 65.2 
(2) 70.4 

67.8b= 

(6) 52.2 
(IO) 37.1 

44.6~ 

(14) 54.6 
(14) 39.8 

47.2~ 

Initial -N,.. 

Dry -Nti,, 

Final -N( 14) 

l-7 (2) 65.9b’ 
2-7 (2) 65.9b 

l-7 (8) 24.6c 
2-7 (9) 51.8b 

l-7 (14) 44.6cd 
2-7 (14) 54.9bc 

Experiment No. I 
(2) 0.5 (3)52.9 
(3) 0.0 (4)52.9 

0.2d 52.9b 

(4) 0.0 (4)58.3 
(7) 0.0 (7)47. I 

O.Od 52.7b 

( I4)22. I (14)75.8 
(14)19.6 (14)64.2 

20.8d 70.0b 

Experiment No. 2 
(5) 3.4 (4)64.6 
(5) 6.9 (5)65.8 

5.ld 65.2b 

(7) 1.0 (5)65.4 
(IO) 0.0 (10)60.0 

0.5d 62.7b 

(1411 I.8 f 14169.2 
(14ji5.2 il4j69.2 

l3.5d 69.2b 

Experiment No. 3 
(4) o.Od (4)3 I .7c 
(4) 0.5d (6)65.8b 

(8) O&i (8)27. Ic 
(9) o.Od (10)57.9b 

(14)19.k (14)55.0bc 
(14)15.2e (14)62.9bc 

‘Nuybers in parenthesis arc the day of the experiment. 
2No significant water treatment vs. species interaction or significant differences between water treatments in experiments No. I and No. 2. Numbers in a row of means(X) for a 
given per’@ witkn an experiment, followed by the same letter, are not significantly different (m.05). 
‘Numbers m columns and rows for a given period, followed by the same letter, are not significantly different (KO.05). 

(3) 1.6 
(4) I.2 

l.4d 
(4) 3.7 
(7) 0.8 

2.2d 
(14)24.4 
( I4)26.4 

25.4d 

(5)12.6 
(5)10.6 

11.6cd 

(7) 3.7 (7)lOO.O 
(9) 2.0 (IO) 96.0 

2.8d 98.Oa 

(14)16.7 (14)lOO.O 
(14)25.2 (14) 96.0 

20.9d 98.Oa 

(4)7 I .3 
(4)8 I .8 

76.6b 

(6)56.8 
(10)65. I 

60.9b 

(14)64.2 
(14)67.8 

66.0b 

(4)31.7 
(5)41.3 

36.5~ 

(6)16.7 
(10)30.9 

23.8~ 

(14)38.1 
(14)36.5 

37.3cd 

(4) o.Od (4) 39.7c (3)34.8c (3)15.9d 
(5) 2.Od (6)lOO.Oa (3)69. I b (5)42.8c 

(8) O.Od (7) 33.9c (9)20.2c (8)ll.I~ 
(9) 0.4d (8) 96.6a (9)60.7b (9)34. Ic 

(14)26.8d (14) 94.7a (14)47.lcd (14)34.9d 
(14)36.6d (14) 96.6a (14)70.8b (14)63.4bc 

(3) 80.0 
(3) 76.8 

78.4a 

(4) 85.1 
(7) 57.0 

7l.Oa 

14)100.0 
14) 89.6 

94.8a 

(5) 100.0 
(5)lOO.O 

1 OO.Oa 

(3)59.8 
(3)63.4 

61.6b 

(4)40.9 
(7)34.3 

37.6bc 

(14)56.3 
(14)46.2 

51.2bc 

(3)17.4 
(3)23.0 

20.2c 

(4)19.8 
(8)13.5 

l6.7d 

(14)53.2 
(14)41.3 

47.2cd 
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CATALINA LOVECRASS 

A-SR LOVEGRASS 

COCHISE LOVEBRASS 

WATER SLOULNCC 

A-04 LOVEGRASS 

A-130 PANICGRASS 

WATER tEouENcE 

SOT PANICGRAW 

PREMIER SIDEOATS ORAYA 

Fig. 2. Percentage of viable seedsplanted which emerged as seedlingsfor 7 warm-season grasses with 6 wet-dry wafer sequences at lperiods during 14-day 
experiments. 

of the differences in the number of initial seedling emergence, N,,. 
The differences between N,. and Nmin for various lengths of dry 
periods are a potential measure of a plant drought tolerance. The 
relative seedling mortality of the grasses which died during the dry 
period is presented as a percentage of the initial number (NmaX) of 
seedlings (Table 3). Quantifying the seedling mortalitycharacteris- 
tics of A-68 and A-84 lovegrasses was not possible because of the 
limited number of seedlings which emerged during the initial wet 
period. The Premier sideoats grama grass had the highest seedling 
mortality, and the Cochise and Catalina lovegrasses had the lowest 
seedling mortality rates within each watering sequence. This indi- 
cates that the Premier sideoats grama may have the lowest drought 
tolerance, and the Cochise and Catalina lovegrasses the highest 
drought tolerance. 

Seed and Seedling Survival 
There are 2 conditions that favor the survival of a viable seed or 

seedling during a dry period. These are: (1) a wet period that is 
short, with respect to the time for seed germination such that the 
seed remains viable, but does not germinate during the wet-dry 

period, and (2) a wet period of sufficient length plus plant growth 
characteristics that produces a seedling with sufficient vigor and 
root development to survive the following dry period. It might be 
expected that the longer the wet period, the greater the chance for a 
seedling to survive a short-term drought. With some species, there 
is the possibility that, with moderate length wet periods, more 
seedlings may initially emerge, but be in a growth stage that is 
susceptible to a drought. 

In all water sequences, the Catalina lovegrass had the highest 
percentage (89.6-100% PLS) of seeds and seedlings surviving the 
initial wetdry period (N( 14)) with the A-84 and A-68 lovegrasses 
having the lowest numbers of surviving seedlings (Table 2): There 
were again some significant differences in N( 14) between species or 
accessions, but only in Experiment No. 3 was there a significant 
interaction between the watering sequence and the grass species 
(P50.05). Across all grass species, there were more surviving seed- 
lings with the 2-7 watering sequence than with the 1-7 watering 
sequence. The extra day of water produced more initial seedlings 
(Nmax), and there was a lower seedling mortality with 2 wet days 
than with only I wet day. Evidently, the seedlings were better able 
to survive the dry period. 



Table 3. Percent of initinl seedlings (N,..) which died during the dry period of 7 grass species or accessions with 6 wet-dry watering sequences. 

Experiment No. 

Water 
sequence 
(wet-dry) 

days 

‘Premier’ 
sideoats 
grama 

I 2-2 
2-5 

48.8 
70.3 

2 3-3 
3-7 

x 59.W 5.5c 
19.9 - 0.0 
47.3 - 8.8 

‘A-68’ 
Lehmann 
lovegrass 

-.-I 

‘Cochise’ 
Atherstone 
lovegrass 

0.0 
11.0 

3 1-7 
2-7 

x 33.6a 4.4c 
62.7 14.5 
21.4 12.0 

X 42.la 13.2~ 

‘A-84 
Boer 
lovegrass 

‘Catalina’ 
Boer 
lovegrass 

0.0 
25.8 
12.9~ 

- 0.0 
- 4.0 

2.oc 
14.6 

- 3.4 
9sk 

‘A-130’ ‘SDT 
blue blue 
panicgrass panicgrass 

31.6 0.0 
45.9 41.3 
38.8b 20.7~ 
20.3 47.3 
20.4 25.2 
20.3b 36.3a 
42.0 30.2 
12.2 20.3 
27. lab 25.2bc 

‘Insufticient numbers of initial seedlings to make evaluation. 
2No significant water treatment vs. species interaction or significant differences between water treatments. Numbers in a row of means (X) for a given period within an 
experiment, followed by the same letter, are not significantly different (KO.05). 

Some of the differences in the final seedling count were a direct 
result of the relative numbers of initial seedling emergence NmBx, 
and the percentage seedling mortality during the dry period. An 
additional factor is the number of viable seeds which survived the 
dry period V( 14) (Fig. 1). A plant species may be better adapted to 
surviving long drought periods if there is a relatively high number 
of seeds surviving the first wet-dry watering sequence. The percent 
of the final seedling counts which are a result of seeds surviving the 
wet-&y periods is presented in Table 4. Over 84% of the final 
number of A-84 and A-68 lovegrass seedlings were from seeds 
surviving the wet-dry watering sequence and germinated during 
the second wet period. Conversely, less than 20% of the final 
Premier sideoats grama seedlings were from surviving seeds, 
except with the 1-7 watering sequence. The percentage of Cochise 
and Catalina lovegrasses and the 2 panicgrasses’ seeds surviving 
the initial wet-dry water sequence was influenced by the relative 
length of the wetdry periods. The A-130 panicgrass had a lower 
percentage of final seedlings resulting from ungerminated seeds 
than did the SDT. 

A common way of rating the potential suitability of a species to 
an area is with respect to the total annual or growing season 
precipitation. In these studies, the average daily water loss during 
the wet periods was relatively uniform at 3 to 5 mm per day. 
Average daily water loss decreased during the dry periods to less 
than 1 mm per day by the end of the 7day dry period. Total water 
use in the studies varied from 32 mm in the I day wet, 7 day dry to 
54 mm in the 2 day wet, 2 day dry study. There was no correlation 

of seedling survival to total water availability or loss. 

Seedling Emergence Characteristics 
Seedling emergence characteristics of the 7 grasses at 4 periods 

during the three 14day experiments are shown in Fig. 2. The initial 
period ends at the end of the wet sequence , (tw) (Fig. 1). The 
mid-dry period is approximately the middle of the dry period. The 
end-dry period is the end of the dry period, td (Fig. l), when the 
average water content in the cones is at a minimum and plant die 
off is at maximum. The final period is the termination of the 
experiment, with the plant count representing the total of seeds and 
seedlings (N( 14) which survived the wetdry watering sequence. 

The A-68 and A-84 lovegrasses and the SDT panicgrass had one 
type of seedling response characterized by low initial seedling 
emergence, even with 3 wet days. This was combined with a low 
final seedling count (N( 14) < 40% of viable seeds for the love- 
grasses), which indicated that many seeds may have germinated 
but did not emerge as seedlings. 

The Catalina and Cochise lovegrasses and A-130 panicgrass 
exhibited a second (N(t)) seedling emergence response. This type is 
characterized by good initial seedling emergence, with minor seed- 
ling mortality during the dry period. The Catalina lovegrass had 
the most final seedling counts, with a (N( 14)) count of 9%100% of 
viable seeds. The A-130 panicgrass and the Cochise lovegrass 
required 2 or more wet days for good seedling emergence with N,., 
reaching 50-70% of viable seeds by the mid-dry period. 

The sideoats grama had a third type of seedling emergence 
pattern. There was good initial seedling emergence and high seed- 

Table 4. Percent of iinal seedling counts which survived the wet-dry period as seeds for 7 grass species or accessions with 6 wet-dry watering sequences. 

Period 

1 

Water Species 

sequence ‘Premier’ ‘A-68’ ‘Cochise’ ‘A-84’ ‘Catalina’ ‘A-130 ‘SDT 
(wet-dry) sideoats Lehmann Atherstone Boer Boer blue blue 

days grama lovegrass lovegrass lovegrass lovegrass panicgrass panicgrass 

2-2 1.1 100.0 23. I 84.8 14.9 27.4 62.8 
2-5 18.9 100.0 26.6 97.0 36.4 25.8 61.3 

X1o.od’ lOO.Oa 24.9~ 90.9a 25.7~ 21.4c 65.lb 

2 3-3 
3-7 

4.4 91.5 5.5 77.8 0.0 II.5 56.2 
6.7 100.0 13.3 96.0 0.0 4.0 15.3 

x--GG 95.8a 9.4d 86.9b O.Od 7.8d 35.8~ 

3 1-7 44.8b* lOO.Oa 50.7b lOO.Oa 64.2b 57.lb 68.2b 
2-7 5.6~ lOO.Oa 7.9c 98.9a o.oc 14.3c 46.2b 

‘No significant water treatment vs. species interaction or significant differences between water treatments in experiments No. I and NO. 2. Numbers in a row of means(X) for a 
given period within an experiment, followed by the same letter, are not significantly different (KO.O!). 
2Numbers in columns and rows for a given period. followed by the same letter, are not significantly chfferent (pI0.05). 
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ling mortality during the dry period. Less than 60% of the viable 
seeds survived the wet-dry water sequence. 

Summary and Conclusions 

Two factors were found which affected the number of seedlings 
of selected warm-season grasses which survived the first wetdry 
watering sequence following planting. These were: (1) the number 
of seedlings produced in the first wet period which developed 
sufficient vigor to survive the subsequent drought or dry period, 
and (2) the number of seeds which remained viable but ungermi- 
nated during the first wet-dry watering sequence. 

These studies showed that A-68 and A-84 lovegrasses have slow 
seedling emergence characteristics, requiring at least 3 wet days. 
Most of the plants resulted from seeds which survived short wet 
periods. The SDT blue panicgrass had similar characteristics. With 
a slightly higher initial seedling establishment, SDT panicgrass 
seedlings may be more susceptible to a dry period than the A-68 
and A-84 lovegrasses. If the longevity of established SDT plants is 
comparable to the A-68 and A-84 lovegrasses, it would be expected 
that the SDT panicgrass would be a persistent range plant. The 
slow seedling emergence characteristics of these 3 grasses may 
cause problems in achieving successful field planting, unless it is a 
wet year with frequent precipitation events. 

The Catalina lovegrass and Premier sideoats grama were good in 
initial seedling establishment; but sideoats seedlings were suscepti- 
ble to short dry periods (2 to 7 days), whereas the Catalina love- 
grass seedlings were able to survive. The A-130 panicgrass and the 
Cochise lovegrass had desirable characteristics of both good seed- 
ing establishment, like sideoats grama, and seed survival like A-68 
lovegrass. 

For long-term persistence and natural reseeding of range 
grasses, it may be desirable to have plants which produce a seed 
which will not germinate fast, but will remain viable in the soil for 
long periods, such as the A-68 and A-84 lovegrasses. For reseeding 
projects, plants with early seedling establishment characteristics, 
like the Premier sideoats grama and the Catalina lovegrass, may be 
desirable, providing that the time of seeding can be selected to 
minimize the potential seedling loss during the first dry period. 

We acknowledge the assistance of John Griggs and Griselda Blankenagle, Physical 
Science Technician and Graduate Student, respectively, in collecting and summariz- 
ing the data. Their excellent work is gratefully recognized. 

Greenhouse studies cannot duplicate field conditions, but they 
do demonstrate the wide range in response of grass species to the 
characteristics of the first wet-dry sequence after planting. There is 
the possibility that the seeds will germinate in the wet period and 
survive the dry period as germinated. The possibility of seeds 
surviving a dry period in a germinated state cannot be observed 
directly in studies with a soil growth media. The study was not able 
to determine if this is a common or important feature. Results 
suggested that the response of these same species to the first wet- 
dry sequence, in combination with a probabilistic description of 
the wet-dry sequences, may provide an objective method for select- 
ing plant species and planting times for optimum survival at a given 
location. Further studies are needed to determine the sensitivity of 
the decisions that might be made (i.e., optimum planting date or 
best grass species) to alternative models of rainfall sequences,and 
to field or greenhouse evaluation of the seedling response function. 
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Some Responses of Riparian Soils to Grazing Manage- 
ment in Northeastern Oregon 
C.C. BOHN AND J.C. BUCKHOUSE 

Abstract 

Infiltration, sediment production, penetrometer penetrability 
and bulk density were measured on control/treatment paired plots 
of several grazing schemes in a riparian zone of northeastern 
Oregon. Treatments were in effect over a period of 5 years. Rest- 
rotation favored the hydrologic parameters measured, while 
deferred rotation and season-long did little to enhance, and some- 
times hindered, hydrologic expression. Late-season grazing in Sep- 
tember demonstrated a positive hydrologic response, whereas Iate- 
season grazing in October was negative-probably due to the onset 
of fall rains and a change in soil moisture conditions. 

Although land managers generally acknowledge that the rate at 
which an upland soil accepts water largely determines erosion 
rates, surface ponding, soil moisture, and ground water recharge, 
little attention has focused on infiltration in riparian areas. Infiltra- 
tion into the soil may influence stream systems because erosion 
delivers sediment and nutrients to the stream, and discharge and 
dissolved salt concentrations respond differently to runoff and 
groundwater flows (Morisawa 1968). Infiltration, therefore, may 
be of particular interest in a riparian zone, which is the last terres- 
trial area water crosses before entering the stream. Furthermore, 
compactionand low infiltration rates may interfere with the ripar- 
ian zone’s function as a stream source area. These areas contribute 
to streamflow according to rainfall characteristics and the water 
storage and transmission properties of the soil (Branson et al. 
1981). 

Several studies have linked cattle grazing with changes in upland 
soil properties (Gifford and Hawkins 1978, Moore et al. 1979. 
Branson et al. 198 I, Gifford 198 I). Livestock on upland systems 
can increase soil compaction and depress infiltration by grazing 
protective plant cover, reducing soil organic matter, and trampling 
the soil surface. The physical disturbance and removal of protec- 
tive vegetation by grazing animals may dislodge soil particles, 
thereby increasing the potential for sediment production. Although 
there is little documentation of the effects of cattle grazing on soil 
properties in a riparian zone, the close linkage between grazing, 
soil-water relations, and plant communities on the uplands sug- 
gests that a similar pattern in the stream bottoms may exist. In fact, 
the moist riparian soils may be particularly subject to compaction 
and its attendant impacts on water transmission and root growth 
and aeration. Moist soils are generally more vulnerable to compac- 
tion and riparian areas tend to be moist more often and for longer 
periods than upland soils because (I) water is directed downslope 
to the riparian zone, (2) waterdoes not run off flat floodplains and 
meadows as readily as off slopes, and (3) the water table is high in 
riparian areas. Increased sediment production from animal distur- 
bance is also a concern in the riparian zone, where there is little or 
no opportunity for dislodged soil particles to settle before reaching 
the stream. In many areas, however, livestock production currently 
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depends on access to streams for drinking water, and the reduction 
or exclusion of livestock is economically undesirable . Conse- 
quently manipulation of soil condition through the use of a partic- 
ular grazing system may be an attractive option. 

In 1975, the U.S. Forest Service, Pacific Northwest Forest and 
Range Experiment Station initiated a multidisciplinary case study 
at Meadow Creek on the Starkey Experimental Forest and Range 
in northeastern Oregon. The study was conducted through the 
Range and Wildlife Habitat Laboratory in La Grande, Ore., and 
spanned 7 years. One objective was to compare infiltration rates, 
sediment production, and compaction associated with different 
systems of grazing cattle in a historically deteriorated riparian 
zone. 

Site Description 

The Starkey Experimental Forest and Range is located in the 
Blue Mountains about 48 km southwest of La Grande, Ore. The 
study area includes approximately 8 km of stream coursing in open 
ponderosa pine-Douglas fir forest. The floodplain rises about 1 
meter above mean water level at low flow and averages 23 meters 
wide. Soil data is sketchy, but preliminary soil maps on file at the 
Range and Wildlife Habitat Laboratory in La Grande generally 
describe interspersed patches of well-drained Veezie gravelly loam 
(coarse-loamy over sandy or sandy-skeletal, mixed mesic cumulic 
haploxerolls) and Voats sandy loam (sandy-skeletal, mixed mesic 
fluventic haploxerolls). Areas of unvegetated riverwash also exist, 
as well as an occasional boggy patch. Average annual precipitation 
is 50 cm. occurring primarily as winter snowfall, with some contri- 
bution from spring and fall rain. 

In the first part of this century, the study area was subjected to 
logging operations, which included roads and a splash dam, and to 
heavy livestock grazing. The Forest Service dedicated the Starkey 
Forest for research purposes in 1940 and began to regulate the land 
use activities and reduce grazing pressure (Skovlin et al. 1976). 
Although vegetation in the pastures gradually improved, the 
stream bottoms continued to be heavily used as cattle concentrated 
there for water and succulent forage (Strickler per. comm. 1980). 
Rocky Mountain elk (Cervuseluphusnelsoni)use the Forest prim- 
arily for spring and fall range, and mule deer (Odocoileus hemio- 
nut hemionus) are present year-round. 

Methods 

Stocking Systems 
The area immediately adjacent to Meadow Creek was fenced 

into several small, contiguous pastures (Fig. 1) and stocked June 
through October with yearling heifers at the moderate rate used on 
the Starkey Forest as a whole (3.2 ha/ AUM). These pastures held 2 
to 20 heifers, depending on the pasture size and grazing system 
(Table I). Because of the small pasture size, the number of animals 
using the riparian area was less than occurred on large pastures 
stocked at similar rates. 

The following management options were applied to the Meadow 
Creek pastures: four-pasture rest-rotation, deferred rotation, 
season-long grazing, and no grazing. Rest-rotation pastures fol- 
lowed a pattern of rest, grazing late June-mid-August, grazing 
season-long, grazing mid-August-mid-October. Deferred rotation 
pastures were grazed alternate years, late June-mid-August and 
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Fig. 1. Diagram of Pastures on Meadow Creek. 

mid-August-mid-October. Season-long grazing lasted from late 
June-mid-October. Big game were allowed access to all treatments 
in one area and excluded from the same treatments in another area. 
In addition, shortduration, high-intensity, deferred-rotation graz- 
ing was tested in September and October. All pastures contained a 
small control exclosure. 

Sampling Infiltration 
Infiltration rates were estimated with a Rocky Mountain infil- 

trometer (Dortignac 1951) and a ring infiltrometer (Haise et al. 
1956, Bertrand 1965) on paired treatmentexclosure plots in each 
grazing system. All plots were moistened and allowed to drain 
prior to testing to alleviate differences due to antecedent moisture. 
Ocular estimates of vegetative cover were recorded for interpretive 
use. The Rocky Mountain infiltrometer plots received 28-minute 
applications of simulated rainfall at a rate of approximately 7 
cm/ hour. This was the lowest application rate of the machine, 
simulating severe storm conditions for the area. Three 76.2 X 30.5 
cm subplots were sampled at every plot early in the grazing season 
each year. The average infiltration rate from S-minute intervals for 
times 3-28 minutes and the final rate on all treatments were calcu- 
lated and used in separate analysis of variance (ANOVA) and least 
significant difference (LSD) tests. Tests were made in 1975, 1976, 
1980, and 1981. In calibration years (1975 and 1981) the pastures 
were not stocked with cattle. Potential sediment production was 
measured from runoff produced on the Rocky Mountain infil- 
trometer plots. 

Fifteen-centimeter diameter cylinders were used as single ring 
infiltrometers in early summer 1980, late summer 1980, and early 
summer 1981. Some pastures were too stony to properly set the 
rings and were dismissed as unsuitable. Pastures where soils were 
suitable were tested in exclosure-treatment pairs. Mean and final 
infiltration rates were calculated from the time needed to drain 10 
cm of water and used in separate ANOVA and LSD tests. Rate 
measurements were attempted at 9 subplots for each plot in each 
season, but the actual sample size varied somewhat due to prob- 
lems with rocks and animal burrows. The numerical estimates 
from both types of infiltrometers were useful for establishing 
trends, but should not be considered absolute values. 

Sampling Soil Density and Bulk Density 
Soil bulk density and penetrability were also estimated concur- 

rently at the ring infiltrometer plots (Blake 1965, A.S.A.E. 1975). 
Eighteen measurements, to a depth of about 3 cm, were collected 
from each plot with a proving ring penetrometer in early summer 
1980, late summer 1980, and early summer 198 1. Three gravimetric 
soil cores per plot were collected through the duff layer into the 
upper 3.8 cm of soil in early summer 198 1 and analyzed for bulk 
density. Differences between treatments and their paired exclo- 
sures were tested by one-way ANOVA and LSD. 

Statistical Analysis 
The Meadow Creek Study was designed as a case study and, as 

such, was not replicated. Statistical analysis was performed on 
multiple samples within a treatment as a guide in interpreting 
trends and processes specific to the conditions on Meadow Creek. 
The infiltration analysis examined patterns between treatment- 
exclosure pairs rather than comparing absolute values. Data of this 
nature are usually analyzed one of two ways-either for changes 
over time at a particular site or for differences between a treated 
area and a control. Neither of these approaches was entirely 
appropriate for these data because analysis for changes over time 
did not account for environmental influences other than the treat- 
ment, and treatment-control comparisons were only valid when 
both plots had equal value for the parameters at the first measure- 
ment. This is a difficult restriction in riparian areas where soil types 
and conditions often occur in extremely small, irregular patches 
due to channel changes and other hydrologic occurrences. Large 
sample sizes may be required and paired plots may not always have 
the same absolute values on test parameters. Therefore, an analysis 
was devised which employed part of each technique to examine 
trends rather than absolute values. First, each plot was analyzed 

Table 1. Meadow creek stocking schedule. 

Grazing treatment 

Big Game Access 
rest rotation 
deferred rota. 
season-long (5) 
rest rotation 
no grazing 

Big Game-Proof 
rest rotation 
season-long (5) 
deferred rota. 
rest rotation 
no grazing 

Late Season 
September 
October 

Approx. pasture No. of 
size (ha) animals 

73.8 20 or 0 
82.0 20 
56.6 IO 
61.2 0 or 20 
49.0 0 

5.7 4 or 0 
4.7 2 
4.7 4 
4.1 0 or 4 
4.0 0 

6.2 12 
5.7 12 

Stocking’ 
rate 

3.2 ha/AUM 
3.2 ha/AUM 
3.2 ha/ AUM 
3.2 ha/AUM 

3.2 ha/AUM 
3.2 ha/AUM 
3.2 ha/AUM 
3.2 ha/ AUM 

- 

.85 ha/AUM 

.77 ha/AUM 

Approx. stream Meters of 
frontage stream/animal/season 

544 27 
444 22 
409 41 
538 27 
352 - 

238 60 
206 103 
174 44 
257 64 
248 - 

648 54 
397 33 

3tocking rate to achieve 70% utilization. 
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for statistically significant change over time. Then, significant 
changes for each treatment plot were graphically compared with 
the response on its paired exclosure plot to, in effect, remove any 
environmental influences which would have affected both plots 
equally. Treatment response was indicated when significant changes 
on the treatment differed from those found on the paired exclo- 
sure. Several treatment-exclosure combinations were possible and 
each combination was coded as “plus”, “minus”or “zero”based on 
the treatment’s response to its paired exclosure (Table 2). 

Table 2. Treatment response code for trends index in soil infiltration. 

Exclosure plot Treatment plot Trend index 

t 
1 
t 

no change 
no change 
no change 

1 
I 
I 

t 
no change 

1 
no change 

t 
1 
1 

no change 
t 

I = infiltration rate increase over time (1975 vs. 1981) 
1 = infiltration rate decrease wer time (1975 vs. 1981) 
+ = positive trend (increased infiltration rate) attributable to treatment 
- = negative trend (decreased infiltration rate) attributable to treatment 
0 q  no change in trend attributable to treatment 

When long-term data were not available (ring infiltration, bulk 
density, and penetrability), treatmentexclosure pairs were assumed 
to be comparable and tested directly with the t-test, ANOVA and 
LSD statistical tests. These results were also coded (Table 3). 

Results 

Long-term effects on infiltration were estimated from compari- 
son of the Rocky Mountain infiltrometer infiltration rates at 28 
minutes in 1975 and 1981. Infiltration increased in several control 
exclosures, suggesting a process of recovery from the previous 
heavy grazing. Rest-rotation grazing and no grazing appeared to 
follow the same patterns found in their paired control exclosures, 
while deferred rotation and season-long grazing responded nega- 
tively relative to their paired control exclosures, regardless of big 
game accessability. Rocky Mountain infiltrometer data indicated 
that the September late-season grazing treatment responded sim- 
ilarly to its paired control; however, the October late-season graz- 

Table 3. Treatment response code for ring infiltration, soil penetrability 
and bulk density trend indices. 

Soil attribute 

Ring infiltration 

Penetrability 

Bulk density 

Net response Coded trend index 

increase + 
decrease 

no difference 0 
increase + 
decrease 

no difference 0 
increase 
decrease 

no difference ; 

ing treatment had lower infiltration rates than did its control 
(Table 4). 

Sediment production, as estimated from “Sprinkler” runoff, 
followed the same pattern as infiltration; the response of rest- 
rotation and no grazing treatments corresponded to their paired 
exclosures, while season-long grazing on the game-proof pasture 
had a negative response relative to its paired exclosure (Table 4). 

If conditions are assumed to have been similar within each 
treatment exclosure pair in 1975, then changes over time can be 
estimated by comparing 1975 to 1981 treatment-exclosure ring 
infiltrometer results. Although these comparisons are not as well 
defined as the “sprinkler” results, they suggested that rest-rotation 
plots in the game-proof exclosures demonstrated a positive 
response relative to their paired controls; whereas the rest-rotation 
plots in the game-access plots were neutral. Season-long grazing 
plots were negative compared to their controls, in either case. 

Deferred rotation was negative in the big game access plots, but 
neutral in the game-proof pastures. Late-season grazing in October 
produced a negative ring infiltration response although September 
grazing had no effect. 

Because soil compaction tests were not initiated until 1980, 
long-term changes were estimated by comparing conditions on 
treatment-exclosure pairs in 1981. This approach assumed that 
conditions in each half of a pair were equivalent at the onset in 
1975. Compaction, as indexed by a proving ring penetrometer, 
increased significantly on all tested treatments with big game 
access. Where big game were excluded, the rest-rotation, deferred 
rotation, season-long and no grazing treatments did not compact 

Table 4. Effects of grazing management on soil properties, a summary of the trend indices, 1975 to 1981 (0.05 significance)’ 

Grazing treatment 
Rocky Mt.* 

infiltrometer 
Sediment2 

production 
Ring’ 

infiltrometer 
Penetrability’ 
penetrometer 

Bulk density-’ 
(soil cores) 

Game access 
rest rotation + no data 0 
deferred rotation no data 0 
season-long (5 yrs) no data 0 
rest rotation 0 0 no data no data no data 
no grazing + + 0 0 

Game-proof 
rest rotation + no data + 0 0 
season-long (5 yrs) -4 

deferred rotation no data 0 0 0 
rest rotation 0 no data no data no data no data 
no grazing + no data no data 0 no data 

Late season 
September + no data 0 0 0 
October no data 0 

‘See Tables 2 and 3 for further explanation of response symbols. 
‘Treatment response trend, relative to exclosure. 
‘Compares treatment to exclosure statistically. 
4Plot located on trail. 
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significantly (Table 4). However, comparisons between big game 
pastures and game-proof pastures may not be valid in this study 
since the big game pastures extended onto the uplands and were 
larger than those which excluded game, and therefore required 
approximately 5 times more livestock than the smaller pastures to 
maintain the prescribed stocking rate. Stream frontage remained 
approximately constant for all pastures so animal impact per unit 
of streamside area may have been greater on big game pastures. 
The data may, therefore, reflect greater livestock use of the riparian 
area rather than big game use. Late-season grazing in October has 
a negative trend, but late-season grazing in September was neutral. 

Bulk density increased significantly only on 1 of the 2 rest- 
rotation pastures which allowed big game access and on the 
season-long grazing which excluded big game. No other grazing 
systems affected bulk density. 

Summary 

Infiltration rates improved in several of the exclosures between 
1975 and 198 1, implying that a process of recovery from historical 
abuses was occurring. Few examples of pristine riparian areas like 
the one studied here exist for comparison, so “recovery” here may 
be defined for management purposes as an increase in infiltration 
rate and decrease in compaction and sediment production. The 
process of recovery has been recognized in other studies and is 
usually linked with a period of rest (Gifford and Hawkins 1978, 
Moore et al. 1979, Branson et al. 198 1, Gifford 198 1). 

Rest-rotation appeared to favor recovery, while deferred rota- 
tion and season-long grazing did little to enhance it and sometimes 
actually seemed to hinder it. The positive infiltration response to 
the short-duration, high-intensity deferred rotation grazing scheme 
in September and the negative response to the same application in 
October probably reflected altered soil conditions in October due 
to the onset of fall rains. 
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Book Reviews 
Emerging Technology and Management for Ruminants. 

Edited by Frank H. Baker and Mason E. Miller. 1985. 
Westview Press, Inc. 5500 Central Avenue, Boulder, CO 
80301.435 p. $40.00. 
This book is a compilation of the presentations made at the 

International Stockmen’s School held January 6-9, 1985. The 
International Stockmen’s School was founded by Dr. M.E. Ens- 
minger. This is the third International Stockmen’s School spon- 
sored by Winrock International. Agriservices Foundation spon- 
sored the school for 18 years prior to this. In the preface, the editors 
give the five basic aims of the school which are to: (1) address needs 
identified by commercial livestock producers and industries of the 
United States and other countries; (2) serve as an educational 
bridge between the livestock industry and its technical base in the 
universities; (3) mobilize and interact with the livestock industry’s 
best minds and most experienced workers; (4) incorporate new 
livestock industry audiences into the technology transfer process 
on a continuing basis; and (5) improve the teaching of animal 
science technology. 

The authors of the papers presented in this book represent the 
scientific community, agribusiness leaders with national and inter- 
national reputations, as well as livestock producers. Therefore, the 
book covers information from a fairly theoretical level to a very 
applied level. The book is divided into five sections. The first of 
these is Genetics and Breeding of Cattle; the second is Reproduc- 
tion of Cattle; the third is Growing and Finishing Cattle; the fourth 
is Forage Range and Pasture; and the fifth is Production and 
Management of Sheep, Goats and Certain Other Small Animals. 

Each section of the book is divided into nine to thirteen chapters 
which represent presentations made at the International Stock- 
men’s School. There is some variation from chapter to chapter in 
the format used and in the presence or absence of references at the 
end of manuscripts. This is to be expected with some fifty various 
authors represented. 

Each section of the book has material that would be of interest to 
the livestock producer, the range manager, people in agribusiness 
as well as the scientific community. This book, as has been the case 
with other publications in the International Stockmen’s School 
series, does a good job of covering the various aspects of livestock 
production and management. In addition to presenting material 
on current production practices, I find certain chapters of this 
book to be very thought provoking in presenting new technology 
and the application of new technology to livestock production. 

The book is easy to read and despite the variation from author to 
author mentioned earlier, the presentation fits together very well. 
Unlike many livestock production texts, it is very current in its 
information and as long as the International Stockmen’s School 
continues to function, would stay very current on a yearly basis.- 
James R. Males, Animal Science, Washington State University, 
Pullman. 

Forages: The Science of Grassland Agriculture. (Fourth 
Edition, January 1984) edited by Maurice E. Heath, R.F. 
Barnes, and D.S. Metcalf. $34.95, 643 pp./ill. Published 
by Iowa State University Press, Ames, Iowa 50010. 
Since the first edition in 195 1, this has been the most comprehen- 

sive and definitive textbook on forages. It has been widely used in 
the USA and Canada. It is also available in Spanish. The editors 
are widely known and highly respected. In this new edition, com- 
pletely rewritten, many familiar chapter authors are missing, but 
61 new names have been added for a total of 107 contributors from 
the U.S. and Canada. 

The preface includes ancient biblical references to grass and 
pastures, also a complete metric conversion table. The metric 

system is used throughout the book. 
There are 63 chapters under five general sections: 

I. Forages and a productive agriculture- 
Covers ancient and modern uses, ecosystems, soil conserva- 

tion, and climatic influences. 
II. Forage grasses and legumes- 

Their botany, seed production, symbiosis in leguminous 
plants, crop breeding, with individual chapters on such important 
species as alfalfa, trefoil, red clover, other legumes, etc. Grass 
chapters include the wheatgrasses, bluegrasses, smooth brome- 
grass, reed canarygrass, timothy, orchardgrass, the fescues, the 
ryegrasses, bermudagrass, and others. Some are in great detail, 
including genetics, taxonomic changes and new species, others in 
terms too general. Many new cultivars are included, some of which 
will fall by the wayside. 

III. Forage production practices- 
These are discussed under establishment, weed control, the 

role of nitrogen, and physiology. There is a chapter for each of 
several hay and pasture seeding areas from the Northeast to the 
Southwest and north to Alaska. Some uniformity occurs in several 
of the seven area chapters. There is also much duplication as 
alfalfa, certain grasses, and management practices are more widely 
adapted than individual areas. 

IV. Forage evaluation and utilization- 
Composition, evaluation, forage-animal disorders, analy- 

sis, mechanization of harvests, hay quality, rangeland ecosystems, 
permanent pastures, cropland pastures, irrigated pastures, hay 
crop silage, corn and sorghum silages, and systems of grazing 
management constitute this section, Some chapters are necessarily 
short, but they at least give a good overview of specific topics. 

V. Forage animal relationships- 
These include the use of forages by various animal classes 

such as dairy cows, beef cattle, slaughter cattle, sheep, goats, and 
rabbits, swine and poultry, and horses. This section, formerly part 
of section IV, now deals more specifically with pasture useage. 
Regional grazing systems are mentioned, but there is no coverage 
of rangeland uses by animals. 

VI. Appendices- 
Include a list of common and botanical names, not all of 

which are found in commonly available references. Capacities of 
upright and horizontal silos are given. The terminology, eleven 
pages of forage-related terms, is fairly complete. It should have the 
endorsement of the animal, soil, agronomy, botany, and related 
science societies. 

Each chapter is profusely sprinkled with citations and each 
chapter ends with a long list of references (probably more than 
necessary). The average chapter is only IO-12 pages long and the 
references often cover a full page. It would be helpful if the most 
important references were marked. It can only be concluded that 
those most often cited should be sought out for further study. One 
is impressed with the tremendous amount of work involved both 
by individual authors and the editors in reviewing so much 
material. 

Each chapter ends with a series of thought-provoking questions. 
This forage handbook is a classic in its field. It will bring you up to 
date on a wide range of forage-related information.-John L. 
Schwendiman, Pullman, Wash. 

Land Classification for Land Uses, Management, and 
Valuation, Marion E. Everhart, Todd Publishing Co., 
Scottsdale, Arizona, 1983. 
Everhart has written a highly practical book on how to classify 

land according to various significant factors and how to use the 
classifications for various management purposes. The book is 
down to earth, both literally and figuratively. The final third of it 
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consists of photos and legends, showing typical scenes of the 
various land classes he establishes. 

The book has a number of good features. Everhart uses several 
different kinds of physical-biological information, showing how 
different kinds of information are interrelated, and how each alone 
or in combination with other kinds of information can be the basis 
for land classification. He cites many sources of information, 
especially on earlier attempts by others to develop land classifica- 
tion systems. Readers of the Journal will find his treatment of 
range land, while conventional, yet very informative and helpful. 
He shows the similarities and differences between classifications 
developed for crop land, for range land, and for forest land. He 
gives substantial consideration to arid and semiarid lands. He 
introduces some economics into his use of land classification 
systems-not enough to satisfy most land economists, but still a 
good deal. 

The result is very much a cook book strong on process of land 
classification and its application, full of the author’s cautions and 
prescriptions, and also full of advice to would-be land classifiers. 
There is a minimum of deductive reasoning and of theory, and 

there are no formulas. 
The book is unfortunately not a top flight publishing job. The 

maps on pages 45 and 113 are identical, as far as I could determine, 
and each is illegible even with the aid of a magnifying glass. Some 
of the other maps are indistinct also. The citation of reference and 
source materials is variable-sometimes at the bottom of the page 
where reference is made to a source, sometimes at the end of the 
chapter or section, not always clearly tied to a specific text refer- 
ence. Th sources of many tables and charts are not shown on the 
table or chart but are to be found, if at all, in the text. The book also 
contains rather more typographical errors than is acceptable. 

Everhart, like every other author, writes from the background of 
his experience. Even when we seek universality in our writing, we 
often unconsciously choose subjects and sources we know best. In 
the case of this book the subject matter and the sources mostly 
relate to the southern Great Plains and the Southwest of New 
Mexico and Arizona. 

This is a book somewhat less than perfect-what book is not ! 
-but it is well worth the attention of the range manager.-Marion 
Clawson, Senior Fellow Emeritus, Resources for the Future. 
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INSTRUCTIONS FOR AUTHORS: This page is reproduced from the Handbook and Style Manual for the Journal of 
Range Management. Copies of the complete booklet ( 12 pages) are available for $1.25 (single copy) or $1 .OO each for 2 or 
more copies from the Society for Range Management, 2760 West Fifth Avenue, Denver, CO 80204. 

Preface 
Although not intended as an exhaustive presentation on manu- 

script preparation. this Handbook ond Style Manualwas prepared 
with the less experienced author in mind. Points of style, however. 
must be followed by all authors. Manuscripts submitted after 30 
June, 1984. and not conforming to JRM style as designated here, 
will be returned to authors for correction before being sent out for 
review. 

From time to time. this manual will be revised. The inside back 
cover of the Journal will carry brief instructions for authors and 
will advise them of style changes or a new edition of the style 
manual. 

Introduction 
Eligibility 

The Journal of Range Manugemenz is a publication for report- 
ing and documenting results of original research. Previously pub- 
lished papersare unacceptable and will not be considered for publication. 
Exceptions to this criterion are research results that were originally 
published as Department Research Summaries. Field Station 
Reports, Abstracts of Presentations, and other obscure and non- 
technical handout publications. Manuscripts submitted to the 
JRM are the property of the Journal until published or released 
back to the author(s). Manuscripts may not be submitted else- 
where while they are being considered for this journal. Papers not 
accepted for publication are automatically released to the authors. 

Kinds of Manuscripts 
Journul Arricles report original findings in Plant Physiology. 

Animal Nutrition. Ecology, Economics, Hydrology. Wildlife Hab- 
itat, Methodology. Taxonomy, Grazing Management. Soils, Land 
Reclamation (reseeding), and Range Improvement (fire, mechani- 
cal, chemical). Technicul Notes are short articles (usually less than 
two printed pages) reporting unique apparatus and experimental 
techniques. By invitation of the Editorial Board, a Reviekv Puper 
may be printed in the journal. Viewpoint articles or keseurch 
Observa~ionsdiscussing opinion or philosophical concepts regard- 
ing topical material or observational data are acceptable. Such 
articles are identified by the word viewpoint or observations in the 
title. 

Manuscript Submission 
Contributions are addressed to the Editor, Journal of Range 

Management, 2760 West Fifth Avenue, Denver, Colorado 80204. 
Manuscripts are to be prepared according to the instructions in this 
handbook. If the manuscript is to be one of a series, the Editor 
must be notified. Four copies of the complete manuscript. typed on 
paper with numbered line spaces, are required. Authors may retain 
original tables and figures until the paper is accepted, and send 
good quality photocopies for the review process. Receipt of all 
manuscripts is acknowledged at once, and authors are informed 
about subsequent steps of review, approval or release, and 
publication. 

Manuscripts that do not follow the directives and style in this 
handbook will be returned to the authors by the Editor. A manu- 
script number and submission date will be assigned when the paper 
is received in the appropriate format. 

Manuscript Review 
Manuscripts are forwarded to an Associate Editor. who usually 

obtains two or more additional reviews. Reviewers remain anon- 
ymous. Where reviewers disagree. the Associate Editor. at his 
discretion. may obtain additional reviews before accepting or 
rejecting a manuscript. 

The Associate Editor sends the approved manuscript, with 
recommendation for publication. to the Editor. who notifies the 
author of a projected publication date. Manuscripts found inap- 
propriate for the JRMare released to the author by the Associate 
Editor. Manuscripts returned to an author for revision are 
rerurned to the Associate Editor for final acceptability of the 
revision. Revisions not returned within 6 months, are considered 
terminated. Authors who consider that their manuscript has 
received an unsatisfactory review may file an appeal with the 
Editor. The Editor will then determine the seriousness of the 
situation, and may select another Associate Editor to review the 
appeal. The Associate Editor reviewing the appeal will be provided 
with copies of all correspondence relating to the original review of 
the manuscript. If the appeal is sustained. a new review of the 
manuscript may be implemented at the discretion of the Editor. 
Manuscripts will not be sent for second reviews merely on the 
possibility of finding Associate Editors more favorable to the 
manuscript. 

Page Proofs 
Page proofs are provided to give the author a final opportunity 

to make corrections of errors caused by editing and production. 
Authors will be charged when extensive revision is required 
because of author changes, even if page charges are not assessed for 
the article. One author per paper will receive page proofs. These are 
to be returned to the Editor within 48 hoursafter being received. If 
a problem arises that makes this impossible. authors or their 
designates are asked to contact the Editor immediately so that 
adjustments can be made. Unproofed articles will not appear in the 
Journul. To avoid delays in production, delayed proof articles will 
be rescheduled into later issues when space is available. 

Page Charges and Reprint Orders 
Where funds are available, authors are expected to pay current 

page charges. Since most research is funded for publication, it will 
be assumed that the authors are able to pay charges unless they 
indicate otherwise, in writing, when submitting a manuscript. 
When funds are unavailable to an author, no page charges will be 
assessed. Only the Editor will have knowledge of fund status for 
page charges. The Associate Editors and reviewers will accept or 
reject a manuscript on content only. 

An order form for reprints is sent to one author with the page 
proofs or shortly thereafter. Information as to price and procedure 
are provided at that time. The minimum order is 100; no reprints 
are provided free of charge. 

Basic Writing Style for Journal 
Articles 

Every paper should be written accurately, clearly, and concisely. 
It should lead the reader from a clear statement of purpose through 
materials and methods, results, and to discussion. The data should 
be reported in coherent sequence, with a sufficient number of 
tables, drawings, and photographs to clarify the text and to reduce 
the amount of discussion. Tables, graphs and narrative should not 
duplicate each other. 

Both authors and reviewers are responsibte for insuring that the 
Journul manuscripts are clear, concise. and accurate. Editors 
encourage authors to have manuscripts thoroughly reviewed by 
colleagues in their own institution and elsewhere before being 
submitted. Peer review before submission insures that publications 
will present significant new information or interpretation of pre- 
vious data.and will speed JRM review processes. 
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INTRODUCING THE NEW BAUSCH & LOMB RMS’” QUAD SYSTEM. 
A TRULY PERSONAL SYSTEM 
Today’s most affordable and practical stand-alone Resource 
Measurement System can now be used for digitizing USGS 
Quadrangle size maps. It’s compact, fast, and easy to use for 
measurement, storage, retrieval, analysis, and plotting-right 
at your own desk. 

ELIMINATE MOSAIC PROCEDURES 
Thanks to the addition of a larger digitizing tablet with a 19-inch 
x 26-inch active area and complementary plotter, information 
can be quantified from the entire map. These technological 
advances make time-consuming mosaic procedures obsolete. 
A totally practical system, the RMS Quad provides resource 
managers and environmental specialists with the data 
needed-instantly, accurately, legibly. 

GET THE FACTS IN ANY FORM 
With a comprehensive menu to work from, it’s user friendly, 
simple to operate. Even graphics, charts and graphs in hard 
copy form are yours at the touch of a key 

GET MORE FOR YOUR MONEY 
Cost effective to own and operate, the new RMS Quad system 
is priced much lower than other comparable systems. You get 
the capability you demand without gimmicks you don’t want or 
require. 
It’s the right instrument at the right price for your needs. 

GET MORE INFORMATION NOW 
Let us show you how much it can do for you. For detailed infor- 
mation, call [7161338-6466, or write Bausch & Lomb, 
Department 6694,l?D. 80x 450, Rochester, New York, 
14692-9961. 

The recognized leader in the field, Bausch 6. Lomb presents the new 
RMS’” Quad system for fast, accurate measurement and analysis at 
a modest investment. 

BAUSCH &LOMB@ 
Opt ic;il Systems Division 

Bausch & Lomb is a registered trademark 
RMS’” is a trademark of Bausch & Lomb Incorporated 38042 
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