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Relative abundance and diet composition of 
Chacoan cavies in relation to range condition 

VICTORIA R. ROSATI AND ENRIQUE H. BUCHER 
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Abstract 

The relative abundance and dietary botanical composition of 
the Chacoan cavy (Pediorclgus salinicola) was studied on sites of 
very good, good, and poor range condition in the Western Chaco, 
Argentina. Pellet count data showed that Chacoan cavy densities 
varied (P<O.OOl) among these areas. In both seasons, the highest 
number of pellets was found in the area of poor condition. This 
area was characterized by an absence of grasses, dense cover of a 
creeping fern (Selaginella sellowii), thorny shrubs and a scarcity 
of dicot herbs. In contrast, a decrease (PxO.05) in Chacoan cavy 
densities was found in the good and very good range condition 
areas, coincident with the increase of grass and forb cover. Fecal 
analysis showed that Chacoan cavy diets were greatly influenced 
by the amount of forage available, which varied according to the 
condition of the rangeland. Forbs were the main forage class con- 
sumed in all range conditions, but the species composition dif- 
fered among condition classes. For example, several species of 
dicot forbs were consumed in areas of very good and good range 
condition, but Selaginella sellowii was the main dietary forb 
when the range condition was poor. We concluded that range 
condition affected the relative abundance and diet of Chacoan 
c&es of Western Chaco, Argentina. High Chacoan cavy density 
should be considered as an indicator of vegetation depletion 
caused by other factors rather than a primary cause of savanna 
degradation. 

Key Words: Pediolagus salinicola, Chaco, diet, range condition, 
relative abundance 

The Chacoan cavy (Pediolagus salinicola) is a rabbit-like 
rodent endemic to Western Chaco, ranging from western 
Paraguay to central western Argentina (Cabrera and Yepes 1940). 
The Chacoan cavy prefers open, semi-arid woodland and shrub- 
land (Cabrera and Yepes 1940, Mares et al. 1989). It is diurnal 
and does not dig burrows, sheltering instead in hollow or rotting 
logs, or burrows dug by other animals. Besides general descrip- 
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Toledo for his constant support, hi. Nores and J.L. Maron for comments on the 
manuscript and A. Snyder for improving the English language. 
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tions of its diet (Rosati and Bucher 1992), little is known about its 
ecological requirements. 

The landscape of Western Chaco is dominated by tall xerophyl- 
lous subtropical woodland with patches of grasslands (Saxmiento 
1972). Most of the economy of the region is based on livestock, 
timber, and charcoal. As in other tropical savannas, grazing by 
livestock and clearing of trees for harvesting has resulted in a 
rapid degradation of the original vegetation. Now, most of the 
Western Chaco grassland has been eliminated and replaced by a 
dense thomscrub that covers millions of hectares (Morello and 
Saravia Toledo 1959). 

Chacoan cavies are common herbivores in the eastern part of 
Salta province. In this region, high densities of these rodents are 
present in some areas but not others. Preliminaxy observations 
suggested that the Chacoan cavy tends to increase in overgrazed 
areas (Bucher 1982). At high densities the Chacoan cavy could 
destroy the seedlings and young plants of trees, preventing the 
regeneration of the dominant trees (Saravia Toledo 1987). The 
purpose of our research was to study the influence of range con- 
dition on: (1) the abundance of the Chacoan cavies; and (2) the 
botanical composition of Chacoan cavies’ diets on a seasonal 
basis. 

Study Area and Methods 

Field work was conducted near Joaqufn V. Gonzalez, Salta 
Province (Argentina) at 25” 05’ S, 64” IO’ W and an elevation of 
378 m. The Western Chaco of Argentina is a vast semi-arid 
region extending from the Pilcomayo River in the north to central 
Argentina on the south, and from a 700 mm rainfall contact line 
in central Chaco up to the foot of the western Sierras. Plant com- 
munities are composed of 2 dominant trees, quebracho colorado 
(Schinopsis quebracho-colorado) and quebracho blanco 
(Aspidosperma quebracho-blanco). Understories are generally 
dominated by garabato (Acacia praecox), algarrobos (Prosopis 
spp.), sinqui (Mimosa detinens) and talilla (Celtis pallida). The 
common genera grasses are Setaria, Trichloris, Aristida and 
Gouinia. The predominant forbs include several species of 
Malvaceae. Cacti and terrestrial and epiphytic bromeliads 
(Bromelia serra and B. hieronymii, Tilkmdsia spp.) are abundant. 
In overgrazed areas, the ground is covered mostly by a creeping 
pteridophyte {Selaginella sellowii) (Morello and Saravia Toledo 
1959). 
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The region has 2 distinct climatic seasons: a humid, hot sum- 
mer (November-April) and a dry, cool winter (May-October). 
The annual average temperature is 22.3” C, with a mean maxi- 
mum of 36.1” C during the warmest month (January) and a mean 
minimum of 7.0” C during the coolest month (July). Annual rain- 
fall averages 500 mm, concentrated between November and April 
(Galmarini and Raffo de1 Camp0 1964). 

We selected 3 study sites with different range conditions 
(Saravia Toledo 1987) resulting from grazing by livestock: (1) 
very good range condition with more than 25 years of rest-rota- 
tion grazing management; (2) good range condition with 10 years 
of rest-rotation management; and (3) poor condition with a long 
history of overgrazing. Sites 1 and 2 were at Campos de1 Norte 
Ranch and Site 3 at Salta Forestal S.A. The study was conducted 
from August 1986 to March 1988, with samples taken from both 
the wet season and dry season. In each site we selected a sam- 
pling area of approximately 1 square kilometer. 

Vegetation was sampled for each range type along 2-6 random- 
ly established 100-m transects. Plants and bare ground cover 
were estimated by a point-intercept method (USDA Forest 
Service 1970). Measurements were made by visual examination 
of points placed at 2-m intervals along each transect to a height of 
1 m. Percent cover of each plant species witbin a study area was 
calculated by dividing the number of points falling on a given 
species by the total number of points sampled. Information on the 
palatability of different plant species to livestock was taken from 
Morello and Saravia Toledo (1959). Pellet counts were used to 
assess the relative abundance of Chacoan cavies (Litvaitis et al. 
1985). Data were obtained from 90 circular 0.28 m2 plots placed 
randomly along three 100-m sample lines established at each site. 
Fecal pellets were counted within each plot. 

Diet composition of Chacoan cavies was studied by microscop- 
ic analysis of feces (Sparks and Malechek 1968). Fresh fecal pel- 
lets were collected within the study sites. Two replicate collec- 
tions of fecal pellets were made in August 1986 and October 
1987 (dry season), and in April 1987 and March 1988 (wet sea- 
son). A composite sample for each collection consisted of 30-50 
pellets collected at random from each study site. On the very 
good condition area, we collected only 1 composite sample for 
each season of each year because of the low density of Chacoan 
cavies. Each composite sample was dried, ground, and passed 
through a l-mm mesh sieves to insure thorough mixing (Hansen 
et al. 1971). We cleared the samples using the technique of 
Williams (1969). Five microscope slides were made for each 
sample and 50 microscope fields per slide were systematically 
examined. Each microscope field contained an average of 3 to 5 
identifiable fragments when viewed at 100 x magnification 
(Johnson et al. 1983). Food items were identified by comparing 
fecal material with a reference collection that included most of 
the plant species present in the area (Rosati 1991). Only epider- 
ma1 plant fragments were used as evidence for the presence of a 
species. Data taken from the slides were expressed as percent rel- 
ative frequency of occurrence following Holechek and Gross 
(19S2). 

Similarity of diets was calculated using Kulcyznski’s formula 
(Oosting 1956). The similarity index represented the percentage 
of 2 diets that were identical. Statistical tests followed Zar 
(1984). Data were transformed if variances were heterogenous as 
determined by Barlett’s test. Arcsin transformations were per- 
formed on the percentage data and square root transformation on 

the pellets counts data. Analysis of variance and the Scheffg pro- 
cedure were used to test for significant differences (P10.05 
among means). 

ReSUltS 

Range Condition 
Grasses showed the highest cover on very good condition 

range, mainly during the wet season (Table 1). Several species of 
Aristida, Ckloris, Eragrostis, Gouinia, Pappopkonrm, Paspalum 
and Trickloris comprised over the 75% of the total grass cover. 
Dicot forb cover was also greater on the very good condition area 
than on either the good and poor condition sites. Frequent forb 
species were perennials including Bacckaris flexuosa, Justicia 
squarrosa, and several species of Malvaceae. Shrub cover was 
lower on the very good range condition than in the other areas. 
Shrub species that occur mainly in light grazed areas, such as 
Aloysia gratissima, were common. The coverage of Selaginella 
sellowii was not important. 

Table 1. Seasonal variations (Mean + SD) in the forage and bare ground 
cover (%) and grazing management of areas in very good, good and 
poor condition of the Western Chaco, Argentina. 

Very good Good 
Wet Dry Wet Dry 

Poor 
Wet Dry 

___* --------_--_---- (“ro) -_-----------_---- 

Dicot forbs 45 
k13.4) &L) $4) bZ.3) $2) 

0 

Grasses 
&) G.41) &2) gi.8) 

0 0 

Shrubs 14 16 59 
&f.$ el1.3) b30.2) $2) g.2) $.l) 

S. Sellowii 1.5 
($.5) $.2) 

T T 
$3) $) 

Bareground 22 
b10.2) (&Z.9) &) $2) $3) & 

Grazing Rest-rotation Rest-rotation Overgrazing 
management No management 
T=Trace 

On the good condition area, shrubs were dominant during both 
seasons (Table 1). Atamisqui (Capparis atamisquea) was the 
most abundant shrub species in both seasons. Grass and dicot 
forb cover decreased in relation to the very good condition site. 
Setaria spp. and Trickloris crinita composed most of the grass 
cover on the good condition range. Forbs characteristic of the 
lightly grazed areas, like Bacckaris flexuosa and Justicia squar- 
rosa, disappeared, whereas a tall forb unpalatable to cattle, 
cabrayuyo (Solanum argentinum), increased. 

In the area of poor condition, Selaginella sellowii comprised 
most of the forage cover during the dry and wet seasons and its 
coverage was higher than on the good and very good condition 
sites (Table 1). Two thorny species (garabato, talilla) and one 
species unpalatable to livestock (atamisqui) made up 55% of the 
total cover of shrubs. Grasses were absent and dicot forbs were 
rare. The percentage of bare ground cover was around 30%. 
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Relative Abundance of Chacoan Cavies 
The relative abundance of Chacoan cavies varied depending on 

the range condition. Density of feces differed (F = 38.833, df. = 
2,14, PcO.001) among areas. In both seasons, the number of pel- 
lets found in the area of poor condition was higher (wet season: x 
= 22.61 feces/m2 +4.76 (SE); dry season: x = 39.28 + 2.20) than 
that for rangelands in the good (wet season: x = 1.98 of: 1.27; dry 
season: x = 9.88 5 2.06) and the very good condition (wet season: 
x=l.l+l.O7;dryseason:x=O). 

Diet Composition 
Leaves of different kinds of forbs formed the major part of the 

Chacoan cavy diets regardless of range condition and season 
(Table 2). Similarity indices of diets when compared between 
seasons were higher (85%) on the poor range site than on the 
very good and good condition sites (52% and 46% respectively), 
indicating that consumption of plant species did not change 
markedly between seasons in overgrazed areas. In contrast, for- 
age plants were not consumed in similar amounts during the wet 
and dry seasons on the good and very good condition rangehmds. 
At these sites, dicot forb and grass consumption was highest dur- 
ing the wet season, whereas shrub and succulent ingestion 
increased during the dry season. 

In general, the diet composition of the Chacoan cavies varied 
among areas of different range conditions. We found a significant 
change in the mean percentage of woody plants (F = 4.183, df = 
2, 17, P = 0.033), grasses (F = 15.738, df = 2, 17, P<O.OOOl) and 
fruits and seeds (F = 6.959, df = 2, 17, P = 0.006) as diet compo- 
nents. The amount of forbs (F = 3.303, df = 2, 17, P = 0.0614) 
and succulents (F = 1.303, df = 2, 17, P = 0.29) consumed were 
similar for all range conditions. 

The woody plant composition of the diet differed (PcO.05) 
between the sites on the poor and very good range conditions. On 
the poor condition site, 2 species of shrubs, sacha limon 
(Capparis speciosa) and talilla, made up about 70% of the woody 
plant ingestion during both seasons. On the good condition site, 
15 species of the woody plants were identified in the diet of the 
Chacoan cavy, whereas 6 species occurred on the very good con- 
dition site. Leaf fragments of the dominant trees quebracho col- 
orado and quebracho blanco, were in trace amounts in sites of all 
conditions. 

Although forbs consumption did not vary (P>O.O5) among 
range conditions, forb species composition was markedly differ- 
ent. SeZugineZZu sellowii, the dominant plant in the diet on sites in 
poor condition, was a minor dietary constituent on sites in the 
very good and good conditions. In these areas, several species of 
Malvaceae and cabrayuyo were the major herbaceous dietary 
components. 

Chacoan cavies consume grasses when available, but we did 
not find differences (fiO.05) between the sites in the good and 
very good range conditions. On the good range condition site, 
about 32.5% of the diet was composed of grasses during the wet 
season. At this site, Setaria spp. were the most frequent grasses 
found in the diet. On the very good condition site, grasses made 
up 20% of the diet (Table 2) despite its high availability (70%) on 
the range (Table 1). Important species in the diet included 
(Gouinia sp., Paspallum villosum and Trichloris crinita. Grasses 
were absent in the diet of Chacoan cavies that fed on the poor 
condition area. 

Table 2. Seasonal variation in the mean percentages ( + SD) of food items 
found in the Chacoan cavy diet according to range condition in the 
Western Chaco, Argentina. 

Very good Good Poor 

Wet Dry Wet w Wet Dry 

wood-4 Plants 
2.6 

k1.2) 

0 

T 

18.9 
b3.6) 

6.2 
k2.4) 

&E) 

T 

& 

T 

T 

& 
31.5 

b1.S) 

0 

0 

0 

0 

48.2 
kS.9) 

T 

0 

T 

48.6 
ti.0) 

0 

0 

0 

0 

0 

0 

0 

10.2 
k3.3) 

& 
T Palo mark0 

(Achatocarpus 
praecox) 

Quebracao 
blanco 

Sacba lb0611 

0 T 

18.6 
k2.4) 

& 

T 

Talilla 

Abreboca 
(Maytenus spinosa) 
sinqui 

Qtiscataco 
(Prosopis data) 

Algarrobo negro 
(Prosopis nigra) 

TiititaCO 

(Prosopk torquata) 
Others 

Total woody 
plants 

0 

T T 

& 
&) 

T 

f$) 
T 

T 

36.6 
b2.4) 

(ltl.2) 
24.1 

&l& 
Dyschoristes 

2.6 
@3.4) 

13.8 
kl5.5) 

0 

0 
2::) 

T 0 

0 
venturii 

hticia squarro3a 0 

Malvaccae 17.2 12.0 
k3.1) Q7.9) 

,a::) & 

$: :, &, 

0 0 

0 

Rivinia humiIi.s 0 

&) 

7.4 
k2.4) 

$2) 

& 

2.8 
Q3.5) 

2.0 
&2.8) 

20.0 
ti-1) 

T 

.::rr, 
cili::, 
& 

31.2 
cf27.5) 

&A::, 

T 

54.4 
W.2) 

T s01anum 
chacoensis 

Cabrayuyo 

16.2 
&4.2) 3::) 

45.3 26.3 
c&.9) hl3.0) 

0 

56.4 
b3.9) 
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Discussion drought period, this rodent may cause damage to the young trees. 

Our study com%ms the relationship of rodent and rabbit abun- 
dance to deterioration of rangeland that has been well-studied in 
the western United States and elsewhere. Lindsdale (1946) noted 
the disappearance of jackrabbits (Lepus) and ground squirrels 
(Cirellus) from a California oak savanna following protection 
from livestock grazing. Reynolds (1956) has noted the relation- 
ship between the abundance of kangaroo rats (Dipodomys sp.) 
and the condition of the range as influenced by domestic stock. 
Similarly, Fogden (1978) found in northern Mexico that the 
rangeland parameters correlated with high jackrabbit densities 
were symptoms of rangeland in poor condition. In Argentina, 
Kufner and Chambouleyron (1991) found a similar tendency in 
maras (Dolichotis patagonum) when comparing densities in a 
reserve of the Monte region and surround areas subjected to cattle 
gr=h3 

Some long term studies have demonstrated that rodents and 
lagomorph have profound impacts upon native vegetation and on 
ecosystem processes, preventing the improvement of deteriorated 
arid rangelands. Brown and Heske (1990) found that the effects 
on vegetation of the exclusion of a rodent guilds in combination 
with livestock exclusion were much greater than those produced 
by the exclusion of livestock. Gibbens et al. (1993) also showed 
that preferential grazing by lagomorph can influence the species 
composition of shrub, s&frutescent and perennial grass cover. 
The low density or lack of Chacoan cavies found in rangelands of 
good and very good conditions permit us to suggest that the 
Chacoan cavy should be considered as an indicator of vegetation 
depletion caused by other factors rather than a primary cause of 
savanna degradation. It must be recognized, however, that in 
deteriorated rangelands high densities of this species and other 
rodents, particularly the vizcacha (Lagostomus maximus), may 
prevent the Chaco vegetation from recovery even after complete 
exclusion of cattle and goats (Saravia Toledo 1987). 

The dietary composition of the Chacoan cavy was greatly influ- 
enced by the amount of forage available, which varied depending 
on the condition of the rangeland. They consumed a greater num- 
ber of species in areas of very good and good conditions than 
when feeding on the poor condition rangelands. When the forage 
resource was limited-by livestock grazing or drought, their diet 
included just a few food items that were abundant on the range. 
Kufner and Pelliza Sbriller (19X7) found that maras changed their 
diet significantly from forbs to grasses after forb coverage was 
reduced by cattle grazing. Consumption of various components of 
the herbaceous category varied greatly from season to season. 
The use of grasses was highly seasonal, given that availability to 
the green grass was mostly limited to the wet season. Annual 
forbs (e.g. species of Malvaceae) are particularly important as 
forage because they are available throughout the wet season and 
early dry season. Leaves Corn large forb species undesirable to 
cattle were consumed during the stressed period. Our data pro- 
vide no evidence for a significant impact of Chacoan cavies on 
the seedlings of hardwood trees. Although woody plants were 
heavily used during the dry season in all range conditions, leaf 
fragment frequency of the seedlings of dominant trees was low in 
the Chacoan cavy feces. However, visual observations confirm 
that these plants are sometimes severely damaged by girdling 
(Bucher 1982, Saravia Toledo 1987). Although this needs further 
study, we think that in overgrazed areas and in years with a long 

The wide variation in the abundance of Chacoan cavies report- 
ed here confirms that this rodent has specific habitat requirements 
associated with range condition. Our results suggest that at least 2 
factors may explain the observed pattern of abundance. First, the 
changes in food availability resulting from variations in plant 
species composition associated with grazing pressure. The second 
factor may be related to structural characteristics of the habitat 
(Rosati and Bucher, unpubl. data). Factors associated with habitat 
selection, such as preferences for open spaces to minimize risk of 
predation may also play an important role in determining the dis- 
tribution of Chacoan cavies in the Western Chaco. Therefore the 
fact that high densities of Chacoan cavies were found on the poor 
range condition site raises the possibility of developing manage- 
ment practices through habitat manipulation. 
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Abstract 

A metabolism study evaluated the influence of increasing 
quantities (O-30% dry matter basis) of mountain big sagebrush 
(Artemisia trident&a ssp. vaseyana Rydb. Beetle) on dry matter 
intake and in vivo digestibility of wether diets. Diets consisted of 
band-harvested, coarse-ground and frozen current year’s growth 
of mountain big sagebrush leaves and twig tips mixed with 
chopped native grass hay. Dry matter intake decreased from 93 
to 23 g dry matter day“ kg metabolic weight’ and in vivo dry 
matter digestibility from 59 to 0% with increasing levels of sage- 
brush in the diet. With increasing levels of sagebrush in the diet, 
water, lignin, and nitrogen contents increased in the diet, but 
decreased iu the dung, while fiber components decreased in both 
the diet and dung. Total nitrogen intake decreased from 
1.58+0.041 to 0.406+0.070 g day“ kg metabolic weight’, and 
nitrogen retention decreased from 0.80 g day-’ kg metabolic 
weight-’ with no sagebrush to a slight loss of nitrogen with 30% 
sagebrush in the diet. Mountain big sagebrush was not readily 
consumed by wethers when fed together with grass; as low as 
10% sagebrush in the diet seems to adversely influence intake 
and digestibility. Therefore, when other more favorable forages 
are not available, sheep and other ruminants with similar physio- 
logical responses to mountain big sagebrush may not meet their 
nutrient requirements through increased sagebrush consump- 
tion. 

Key Words: livestock nutrition, forage quality, Wyoming 

Mountain big sagebrush (Artemisia tridentata ssp. vaseyana 
Rydb. Beetle) is a dominant big sagebrush subspecies in tbe cen- 
tral Rocky Mountains, forming extensive stands, usually in com- 
bination and competition with other shrubs and herbaceous 
species (Beetle 1960, Beetle and Young 1965). Mountain big 
sagebrush is reported to be a preferred sagebrush taxon by mule 
deer in soutbwestem Montana (Person& et al. 1987, Striby et al. 
1987), in eastern Oregon (Sbeeby and Winward 1981), and in 
eastern Utah (Welch et al. 1983), but not in Wyoming (Beetle 

hhnuscript accepted 4 Feb. 1995. 

1960) or in nortbcentral Colorado (Dietz et al. 1962). Mountain 
big sagebrush generally is not preferred by either sheep or cattle 
(Beetle 1960, Cook et al. 1961, Ngugi et al. 1992), although dur- 
ing January in Utab sheep preferred planted mountain big sage- 
brush over other browse species in a crested wheatgrass 
[Agropyron desertorum (Fiscb. ex Link) J.A. Schultesl-shrub 
pasture (Gade and Provenza 1986). 

Laboratory analyses indicate mountain big sagebrush browse 
has relatively high nutrient content (Dietz et al. 1962, Striby et al. 
1987, Welch and Wagstaff 1992). However, the nutritive value of 
most sagebrush species, including mountain big sagebrush, is still 
uncertain because of deleterious effects of substances in sage- 
brush on digestibility (Johnson et al. 1976). 

Mountain big sagebrush is abundant on spring-fall and summer 
ranges (Beetle 1960), and many mountain big sagebrush plant 
communities are grazed by livestock as well as big game (Cook 
et al. 1961). Therefore, if mountain big sagebrush is to be man- 
aged in a multiple animal use program, basic information on its 
nutritive value and its influence on other dietary components for 
livestock is needed. The objective of tbis research was to deter- 
mine tbe effects of increasing quantities of mountain big sage- 
brush on dry matter intake and in vivo digestibility of native grass 
hay fed to wetbers. 

Methods 

A metabolism study was conducted in late fall in Laramie, 
Wyo., using 16 Rambouillet wetber lambs (28-41 kg body 
weight) raised on sagebrush rangeland in central Wyoming. Four 
diets were fed in a completely randomized single factor experi- 
mental design. Diets consisted of mixtures of hand-harvested cur- 
rent year’s growth of mountain big sagebrush leaves and native 
grass bay. Sagebrush leaves were harvested in September from 
tbe western edge of Medicine Bow Range, Carbon County, Wyo., 
and stored in sealed plastic bags in a freezer until fed. 

To reduce feed selectivity, tbe grass bay was ground through a 
hammer mill and tbe browse through a Wiley mill fitted with a 20 
mm screen. The Wiley mill was prechilled with dry ice; thus 
sagebrush remained frozen during grinding. 
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Diets were hand-mixed daily (on dry matter basis) in the fol- 
lowing proportions of grass hay:sagebrush: lOO:O, 90:10, 80:20, 
and 70:30. The amount fed each day was adjusted on the basis of 
previous day’s voluntary intake, to an amount that would result in 
about 10% refusal (or&+). 

The metabolism study consisted of a 24-day pre-treatment 
adjustment period, during which all wethers were fed grass hay 
twice per day. Ad libitum intake was determined for all wethers 
during the last 6 days of the pre-treatment period. Wethers were 
then fed the assigned diets, allowed a g-day adjustment period 
followed by a 6-day total dung and urine collection period. Sheep 
fed alfalfa hay and big sagebrush may tolerate up to 20-25% 
sagebrush in the diet if given a 6-day adjustment period, but big 
sagebrush contains substances highly toxic to sheep if fed without 
the adjustment period (Johnson et al. 1976). On the sixth day of 
the adjustment period, all wethers were fitted with harnesses and 
dung collection bags. 

During the collection period, total daily feed intake, orts, dung 
and urine output were measured and sampled. Samples were 
composited by animal. Dung samples were stored in plastic bags 
in a freezer. Urine samples were acidified after collection and 
stored in air-tight plastic bottles at 5” C. Following the collection 
period harnesses and dung collection bags were removed and all 
wethers received ground hay for a 6&y post-treatment period. 

Feed, orts, and dung samples were oven-dried at 50” C and 
then ground through a l-mm screen of a Wiley mill. Dry matter, 
organic matter, and total nitrogen were determined according to 
AOAC (1980). Acid detergent fiber (ADF), neutral detergent 
fiber (NDF), and acid detergent lignin (ADL) were determined by 
the procedures of Goering and Van Soest (1970). Urine samples 
were analyzed for nitrogen content using the Kjeldahl procedure 
(AOAC 1980). 

To determine if animals were selecting against sagebrush, feed 
and orts samples were sent to the Composition Analysis 
Laboratory, Colorado State University, Fort Collins for botanical 
composition analysis (Sparks and Malechek 1968). Differences in 
the ratio of grass hay to sagebrush fragments in the diet and or& 
were attributed to sorting. 

Average daily feed intake (g dry matter day-’ kg metabolic 
weight-‘) was calculated as the difference between quantity of 
feed offered and quantity of feed refused. Apparent in vivo dry 
matter and organic matter digestibility coefficients (%) were cal- 
culated as the difference between daily feed intake and daily total 
dung output, divided by feed intake, and multiplied by 100. All 
values are expressed on a dry matter basis. Nitrogen balance was 
calculated by subtracting the grams of nitrogen in the dung and 
urine from the grams of nitrogen consumed. 

Differences in relative density of discerned fragments of sage- 
brush in diets and arts were tested with the ANOVA (analysis of 
variance) procedure of SAS (1990). Linear, quadratic, and cubic 
effects of sagebrush levels were evaluated with single degree of 
freedom comparisons appropriate for equally spaced treatments 
(orthogonal polynomials) according to procedures outlined by 
Snedecor and Co&ran (1989). Relationships between and among 
nutritive characteristics of diets were determined using correla- 
tion and regression analysis; the MAXR regression procedure 
was used to evaluate more than one variable affecting dependent 
variables (SAS 1990). All differences discussed are significant at 
P c 0.05 unless otherwise stated. 

Dietary Discrimination 
Microhistological analyses of diet and orts samples showed a 

consistently higher density (3-8 percentage units) of sagebrush 
fragments in the orts than in the corresponding diets (Fig. 1). 
Thus, wethers selected against mountain big sagebrush. 
Assuming the mean percent relative density of discerned sage- 
brush fragments in each diet indicates the relative proportion by 
weight of sagebrush in each diet, and because of selection against 
sagebrush, the actual percentages of sagebrush ingested for the 
10, 20, and 30% diets were computed as 11.6-cO.O6%, 
19.2*0.79%, and 28.&0.57%, respectively. 

Sagebrush Levels (%) in Diet 

Fig. 1. Mean @WI) relative density (%) of discerned fragments of 
sagebrush in diets and 0x6 Treatment means with a different let- 
ter are significantly different at P CO.05 

Dry Matter Intake 
All wethers had similar dry matter intakes (i.e., 83 to 93 g day” 

kg metabolic weight-‘) before being placed on different diets (Fig. 
2). However, intakes decreased within 24 hour following the 
introduction of sagebrush in the diet. Wethers on the 30% sage- 
brush diet decreased intake from 88 to 23 g day-’ kg metabolic 
weight-‘. There was a negative linear relationship between 
increasing level of sagebrush in the diet and level of intake (Table 
1). For each 1% increase in sagebrush in the diet, there was a 
2.35 g day” kg metabolic weight-’ decrease in dry matter intake. 
Sagebrush levels in the diet accounted for 90% of the variation in 
dry matter intake. 

Table 1. Dry matter intake @MI, mean f SE, g dry matter day” kg 
metabolic weighf’, N=4) and in vivo digestible dry matter (DD?vl, 
mean + SE, %, N=4) relative to sagebrush level. 

Sagebrush Level P - Value 
Item 0 10 20 30 SEM L Q 

______________-______ 70 -__-- ----__-_-_-__-- 
DMI 93.3k1.9 71.0*7.0 47.8k5.9 22.8-c 3.8 9.36 0.01 0.79 
DDM 58.8~k1.4 47.1k1.5 25.567 -2.7zklO.O 12.15 0.01 0.19 
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al. (1966) reported the influence of varying levels of big sage- 
140 brush (Artemisia tidentafa Nutt.) on diet intake and digestibility, 

- 120 k-l the non-sagebrush composition of the diets used varied with dif- 
‘5- 
5 

ferent levels of sagebrush in the diet and thus confounded the 
100 

2 
influence of level of big sagebrush on intake and digestibility. 
Also, the diet composition was apparently reported on an as-fed 

v-4 60 

‘h 
basis and thus levels of big sagebrush (dry matter basis) in diets 

2 60 would be much lower than the reported 13,22,35, and 45% sage- 

2 brush. 
40 

3 
Sheehy and Winward (198 1) evaluated the relative preferences 

m 
2 

20 
of free-roaming mule deer and sheep for 7 sagebrush taxa in 

l-4 Oregon. They observed sheep consumed, but did not prefer, 
0 

0 
mountain big sagebrush compared to the other 6 sagebrush taxa. 

10 20 30 Striby et al. (1983) using big sagebrush leaves from Montana 
Sagebrush Levels (00) in Diet with about 25% of their volatile oils removed by solvent extrac- 

tion, reported 77 g and 78 g kg metabolic weight“ as daily 

Fig. 2. Mean dry matter intake (g dry matter day” kg metabolic intakes of offered alfalfa hay or a mixture of 37% big sagebrush 
weight-l) before (&lay pre-treatment average, N = 16), during and 63% alfalfa hay, respectively. 
&day treatment, N = 4), and after 6&y post-treatment average, 
N = 16) the metabolism trial. Treatment means within the same 
level of sagebrush with a different letter are significantly at 

In Vivo Digestible Dry Matter 

PcO.05. 
In vivo digestible dry matter (DDM) decreased from 59% for 

grass hay and no sagebrush to 0.0% for the diet containing 30% 

Following the removal of sagebrush from the diet, feed intake 
sagebrush gable 1). In vivo organic matter digestibility coeffi- 

returned to pre-treatment levels within 24 hours for 15 of the 16 
cients were very similar to those for in vivo dry matter. In vivo 

wethers. One of the wethers previously on 30% sagebrush gradu- 
digestible dry matter was highly correlated (r = 0.93) with dry 

ally, but consistently increased feed intake to pre-treatment level. 
matter intake. Sagebrush levels in the diet accounted for SO% of 

On average, wethers on the 10% sagebrush diet consumed 7.6 g 
the variation in in vivo digestible dry matter. For each 1% 

of sagebrush dry matter kg of metabolic weight’ day“ and those 
increase in sagebrush in the diet, there was a 2.1% decrease in in 

on the 20 and 30% sagebrush diets consumed 8.4 and 6.4 g, 
vivo digestible day matter. 

respectively. Ngugi (1990) reported the sagebrush used in this 
Decreases in in vivo digestibility of the diet with increasing 

research contained 2.0% terpenoids (dry matter basis); thus the 
levels of sagebrush in the diet indicate sagebrush interfered with 

average daily intake of terpenoids would have been 150,170, and 
the digestive processes. These results are contrary to those of 

130 mg kg metabolic weight-’ for wethers on diets of 10,20, and 
Smith et al. (1966) who reported big sagebrush had no effect on 

30% sagebrush, respectively. Wethers in our study apparently tol- 
digestibility. The difference may be due to differences between 

erated no more than 170 mg of terpenoids kg metabolic weight-’ 
the sagebrush subspecies used in the 2 studies. Moreover, as pre- 

d&. 
viously mentioned, the level of sagebrush in the diet on a dry 

The selection against sagebrush in the diet offered, the immedi- 
matter basis and the lack of the same feeds at all levels of dietary 

ate drop in feed intake following introduction of sagebrush in the 
sagebrush confounded the effects in the previously mentioned 

diet, the immediate rise in feed intake upon removal of sagebrush 
study. 

from the diet, and the refusal of wethers to consume over 170 mg 
Welch and Wagstaff (1992) concluded that too much emphasis 

kg metabolic weight“ day-’ of terpenoids from sagebrush sug- 
has been made concerning the negative influence of monoter- 

gests a food aversion similar to those described by Burritt and 
penoids on microbial digestion. However, volatile compounds in 

Provenza (1989), du Toit et al. (1991), and Thorhallsdottir et al. 
big sagebrush inhibited digestion of grass cell walls (Hobbs et al. 

(19S7). 
1986) and extraction of non-volatile terpenoids from sagebrush 

Diets containing mountain big sagebrush were not readily con- 
increased in vitro organic matter digestibility by 12.3% (Striby et 

sumed by wethers. Therefore, if other more desirable forages are 
al. 1987). Big sagebrush also contains highly lignified, indi- 

not available, wethers may not meet their daily dry matter require- 
gestible cell walls, surrounding a large and relatively digestible 

merits by increasing sagebrush consumption. Consequently, their 
fraction of cell solubles (Kufeld et al. 1981). 

condition will decline. 
Relatively high in vitro dry matter digestibility figures have 

The average calculated net energy for maintenance intakes for 
been reported for mountain big sagebrush by Striby et al. (1987) 

the 4 treatment groups were about 1,400, 1,000, 700 and 400 
(45.4-52.7%; IVOMD; inoculum), Welch and Pederson (1981) 

Kcal day“ with 0, 10,20, and 30% sagebrush in the diet, respec- 
(48.7-55.8%), and Welch and Wagstaff (1992) (52.6 + 2.6%). 

tively. The net energy requirement for maintenance was estimat- 
However, the relationship between in vivo digestibility and in 

ed as 660 Kcal/day-’ (NRC 1985). Based on these data, wethers 
vitro digestibility for big sagebrush needs additional study. Of the 

on the 30% sagebrush diet were receiving about 60% of their 
13 forages subjected to both in vivo and in vitro digestibility tri- 

maintenance energy requirements. 
als for mule deer by Urness et al. (1977), big sagebrush was the 

Similar studies involving determination of intake and/or 
only forage for which in vitro digestibility (62%) exceeded in 

digestibility of sagebrush or diets containing sagebrush at sub- 
viva digestibili+y (54%) 

species level are not available in the literature. Although Smith et 
Antimicrobial action of volatile oils is well documented 

(Maruzzella and Lichtenstein 1956, Nagy et al. 1964, Oh et al. 
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Table 2. The average chemical composition (mean&E, %, N=16) of 
the grass hay and sagebrush consamed by the wethers. Means per 
chemical followed by a different letter are significantly different at 
Pco.05. 

Chemical’ 

Feed Material 

Grass Sagebrush 

-----------Q----------- 

NDF 67.7ti.5a 31.W.3b 
ADF 40.5kO.4a 22.OkO.4b 
Cellulose 30.5kO.3a 14.OHl.4b 
Ash 8.620.2a 5.3&3b 
ADL 7.9ztO.lb 9.CkOSa 
Nitrogen 1.7+0.02b 2.OkO.3a 

1 NDF - neutral detergent fik, ADF - acid detergent fiber, ADL - acid detergent &pin; 

1968, Wallmo et al. 1977). Maruzzella and Lichtenstein (1956) 
reported that 91% of plant volatile oils tested exhibited an 
inhibitory effect on gram positive and gram negative bacteria. 
Using in vitro techniques, Nagy et al. (1964) found monoter- 
penoids from big sagebrush suppressed the growth of rumen 
microorganisms from mule deer. Thus, one explanation for the 
depression in in viva digestible day matter is the influence of 
volatile oils on rumen microorganisms. A depression of rumen 
microbial activity would result in a decrease in dry matter 
digestibility. Whether there are other factors influencing diet 
digestibility is not known at this time. 

Forage Components, Diet, and Dung Chemical Composition 
The average chemical composition (%) of the grass hay and 

sagebrush, consumed by the wethers is shown in Table 2. Grass 
hay was higher in fiber and ash; sagebrush was higher in lignin 
and nitrogen. 

The values for the diet differed slightly from the values for for- 
age components in the material offered because of animal selec- 
tion against sagebrush. The greatest variation (i.e., selection) 
among wethers for different components in intake was for ADL 
(CV = 15%) and the least variation was for ADF (CV = 6%). Diet 
and dung chemical composition relative to sagebrush level is 
shown in Table 3. 

A comparison of orthogonal polynomials showed the relation- 
ships between sagebrush levels and most of the chemical compo- 
nents in the diet and in the dung were best described by linear 
relationships rather than by quadratic or cubic relationships; the 
exceptions are noted. Water content (%) in the diet increased 
rapidly with increasing levels (%) of sagebrush, however, water 
content in the dung decreased rapidly with increasing levels of 
sagebrush in the diet. Although water intake was not measured, 
wethers on diets of 20% and 30% sagebrush were observed to 
drink less water than those on 0% or 10% sagebrush. Urine out- 
put (ml urine kg metabolic weight-‘) was not highly correlated 
with sagebrush level (r = -O&I), but tended to decrease with 
increasing levels of sagebrush in the diet. The low dung water 
content, low water intake, and low mine volume of wethers on 
diets with higher amounts of sagebrush were similar to the results 
of Powell and Arnold (1986) studying metabolism of wethers on 
diets of variable forage quality. 

A quadratic relationship between neutral detergent fiber (NDF) 
contents (%) and sagebrush levels (%) in the diet indicated a rela- 
tively sharp decline in NDF contents in the diet of wethers on all 
grass hay to those on a diet of 10% sagebrush and relatively less 
difference in NDF contents in the diets of wethers on 10,20, and 
30% sagebrush levels. The relationship between sagebrush levels 
(%) in the diet and NDF contents (%) in the dung was linear. 

The relationship between acid detergent fiber (ADF) contents 
and sagebrush levels in the diet (r = -0.37) was similar to that 
between NDF contents and sagebrush levels in the diet, but sig- 
nificant at only the 16% level. However, ADF contents (%) in the 
dung were highly correlated with sagebrush levels in the diet. 
With increasing levels of sagebrush in the diet, cellulose levels 
(%) decreased linearly in the diet and in the dung. Increasing lev- 
els of sagebrush in the diet increased lignin contents (ADL, %) in 
the diet and decreased ash contents (%) in the diet. Relationships 
between sagebrush levels in the diet and either lignin contents in 
the dung (r = -0.18) or ash contents in the dung (r = -0.21) were 
negative, but relatively weak. 

Neutral detergent fiber in the diet was the best chemical predic- 
tor of both dry matter intake and in vivo digestible day matter; it 
accounted for 70% of the variation in dry matter intake values 
and 66% of the variation in in vivo digestible day matter values 
(Table 4). For each 1% increase in NDF contents in the diet, there 

Table 3. Diet and dung chemical composition (mean + SE, %, N=4) relative to sagebrush level. 

Sagebrush in Diet 

Chemicd 0 10 20 30 

--------------------%-------------------- 

Water Diet 11.2k2.4 26.7k1.3 37.5k4.3 46.Sti.4 
Dung 61.k1.9 57.111.7 53.1&.1 50.k2.2 

NDF Diet 67.BO.5 60.5kO.s 58.7k1.3 55At1.3 
Dung 59.9kl.S 57.W.S 55.skO.3 549~0.2 

ADF Diet 40.220.4 37.4k0.7 38.2kO.4 37.6k1.9 
Dung 43.6ti.3 42.7H.5 42.2k0.3 40.sti.3 

cell. Diet 3O.lkO.3 2SAzO.6 27.1k0.3 26.721.2 
Dug 26.B10.6 26.5kO.6 26.Szkl.O 25.cko.9 

ADL Diet 7.skO.s 7.3kO.4 9.2ti.5 9.2io.9 
Dung 11.6ti.9 11.1kO.4 10.5*1.0 11x&0.6 

Ash Diet 8.7AO.3 8. Wt.2 S.4kO.2 7.5Ht.2 
Dw 1o.9kO.s 9.5kl.O 9.7+0.3 lO.lkO.2 

I DhI - Dry matter. ADF - acid detergent fiber. IXtF - neutral detergent fiber, 
ADL - acid detergent ligain; Cell. - cellulose; 

SEM 

5.46 
3.66 
2.31 
1.91 
2.11 
0.66 
1.36 
1.54 
1.16 
1.2s 
0.46 
1.30 

P-Value 

L Q 

0.01 0.27 
0.01 0.80 
0.01 0.07 
0.01 0.33 
0.16 0.30 
0.01 0.54 
0.01 0.24 
0.1s 0.33 
0.04 0.63 
0.51 0.41 
0.01 0.49 
0.43 0.19 
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Table 4. Regression equations used to predict dry matter intake (g) per metabolic weight and in vivo digestibiity (%). All regression coeffi- 
cients are significant at PcO.05. (N = 16). 

Yi’ bo bl Xl ‘a x2 b3 x3 R2 F 

DMI -245 +5.0 NDF 0.70 32.4 
-127 +4.1 NDF - 7.7 ADL 0.80 26.1 
-156 +2.8 NDF - 9.1 ADL +I50 ASH 0.85 22.9 
+94 - 2.3 SAGE 0.90 125.9 

DDM -241 +4.5 NDF 0.66 26.9 
- 86 +3.3 NDF -10.1 ADL 0.86 40.9 

-109 +2.3 NDF -11.2 ADL +11.8 ASH 0.90 35.9 
+63 -2.1 SAGE 0.80 57.4 

’ DhII = Dry matter itttake (g day-’ kg metabolic wei&‘); DDM = In viva digestible dry matter (9; NDF = Neutral detergent fiber in diet (%); ADL = Acid detergent l&tin in diet 
(52); ASH = Ash in diet(%); SAGE = Sagebrush levels (%) in diet 

was a corresponding 5.0 g dry matter day-’ kg metabolic weight-’ 
increase in dry matter intake and 4.5% increase in in vivo 
digestible day matter. 

In general NDF reflects the positive effect of grass, and ADL 
reflects the negative effect of sagebrush in the diet. Additional 
research should be conducted to determine whether NDF and 
ADL are equally good predictors of dry matter intake and 
digestible day matter for other herbage-browse diets. 

Nitrogen (N) Balance 
Dietary nitrogen contents increased from 1.67kO.01 

tol.S2+0.06% with increasing levels of sagebrush in the diet 
(Table 5). Diets with the higher proportions of sagebrush had 
slightly higher nitrogen contents because sagebrush had a higher 
nitrogen content than the grass hay. Dung nitrogen varied little 
among diets, but urinary nitrogen concentrations (%) declined 
sharply with increasing sagebrush levels. In addition, nitrogen 
digestibility (%) declined sharply from 64.1+1.7% for grass hay 
only to 10.1%+12.3 for the diet with 30% sagebrush. Ruminants 
consuming shrub diets high in soluble phenolics/tannins frequent- 
ly have reduced nitrogen digestibility, elevated dung nitrogen 
concentrations, and reduced nitrogen retention (Mould and 
Robbins 1981, Nastis and Malechek 1981, Wofford et al. 19SS). 

Total daily nitrogen intake (g N day-’ kg metabolic weight-‘) 
steadily decreased as levels of sagebrush in the diet increased. 
Dung nitrogen losses (g N day-’ kg metabolic weight-‘) also 
decreased with increasing levels of sagebrush in the diet.These 
were mainly a function of reduced dry matter intake by the 
wethers. 

Urinary nitrogen losses (g day-’ kg metabolic weight-‘) among 
individual wethers on the 20% and 30% sagebrush diets were 
highly variable, but nitrogen losses declined with increasing lev- 
els of sagebrush. Wethers on the higher levels of sagebrush had 
low urine output (ml day-’ kg metabolic weight’) as well as low 
urinary nitrogen concentrations. 

The amount (g N day-” kg metabolic weight-‘) of nitrogen 
retained by wethers decreased with increasing sagebrush levels in 
the diet. It ranged from 0.80 g nitrogen day-’ kg metabolic 
weight-’ on the grass hay diet to a slight loss of nitrogen at the 
highest level of sagebrush. Although much of the ingested protein 
may have been metabolized to generate energy, the major limita- 
tion was the S-fold decrease in total nitrogen intake with increas- 
ing concentrations of sagebrush in the diet. In a similar study 
with Angora goats in which 6 different shrub species, including 
big sagebrush, each comprised 30% of different shrub-prairie 
hay-straw diets, the sagebrush diet produced the lowest intake of 
OM (0.9% of body weight) and nitrogen (5.0 g day-‘) and the 
lowest nitrogen retention (-2.7 g day-‘) (Nunez-Hemandez et al. 
1989). 

Management Implications 
Results of this metabolism study indicate mountain big sage- 

brush will and should comprise only a small part of the diet of 
wethers on mountain big sagebrush ranges. Therefore, in a shrub 
management program designed to benefit both sheep and big 
game habitat, benefits to sheep from maintaining or increasing 
mountain big sagebrush can not be justified. 

Table 5. Mean (N=4) and standard error for dietary, dung and urinary nitrogen contents, nitrogen digestibility (%), and total nitrogen 
intake, dung and urinary nitrogen loss, and nitrogen balance (g day-’ kg metabolic weight“). 

Dietary N (570) 
Dung N (55) 
Urine N (55) 
Digest. N (a) 
Total N intake 
Dung N 
Urine N 
N balance 

0 

1.67kO.01 
1.48ti.04 
0.28kO.03 
64.121.7 
1.58zkO.041 
0.57ti.016 
0.22ti.036 
0.8OzkO.081 

Sagebrush f%j in Diet 
10 20 

1.65~0.01 1.77kO.03 
1.55kO.04 1.51kO.01 
0.25zkO.06 0.17kO.02 
50.2k2.0 36.8k4.5 
1.17zt0.123 0.84zkO.086 
0.58~0.058 0.52ti.022 
0.2420.094 0.13ti.028 
0.35kO.103 0.19+0.040 

30 SEM 

1.82szO.06 0.17 
1.53kO.02 0.06 
0.1 l&O3 0.07 
lO.lk12.3 12.9 

0.406ti.070 0.16 
0.341+0.015 0.08 
0.065~0.020 0.10 

-0.00033+0.049 0.16 

P-Value 
L Q 

0.28 0.71 
0.35 0.44 
0.01 0.61 
0.01 0.34 
0.01 0.89 
0.01 0.01 
0.03 0.41 
0.01 0.10 
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Abstract 

Studies were initiated in 1980 and 1984 to compare animal per- 
formance, dietary P levels, and serum mineral levels of P supple- 
mented and unsupplemented replacement beef heifers (Bos mu- 
r~us). Phosphorus supplementation levels averaged 4 g day-’ from 
14 November 1980 and 24 January 1984, respectively, until 1 
September 1980 and 15 October 1984, respectively, when supple- 
mental P was raised to 6 g day-‘. Heifers in both studies received 
mixed hay, primarily smooth bromegrass (Bromus inermis 
Leyss.), and rolled oats during their first whiter and hay only the 
second winter. During the summer they grazed on native pas- 
tures which contained primarily western wheatgrass 
(Pascopyrum smithii (Rydb.) A. Liive), needleandthread (Stipa 
comata Trin. and Rupr.), green needlegrass (S. viridzdiz Trin.), 
blue grama (Boutdoua grads (H&K.) Griffiths), and upland 
sedges (Curex spp.). Hereford and Hereford-Angus cross heifers 
in the first study showed no weight gain or serum P response to 
supplemental P, but conception rate over the 2 studies was lower 
(P<O.O5) for the unsupplemented heifers and 75% of the open 
heifers occurred in the first study. Hereford-Simmental heifers 
used in the second study demonstrated an immediate weight gain 
response (P<O.O6) to supplemental P which persisted to the end 
of the study in 1985, but there was only 1 open heifer in the 
unsupplemented group in this study, compared to 3 in the first 
study. Serum P was higher (PxO.06) for P supplemented than 
control heifers only when they were removed from summer pas- 
ture in the second study. Diet P (2.10 g kg-‘) for unsupplemented 
Hereford-Simmental heifers during the winter of 1984 was mar- 
ginal, but diet P (2.53 g kg-‘) for unsupplemented Hereford and 
Hereford-Angus heifers during the winter of 1980-1981 was 
clearly above recommended levels. Modest weight gain diier- 
ences in the second study, serum P data and differences in con- 
ception rate suggest that Northern Great Plains forages are mar- 
ginal to deficient in P for replacement beef heifers, but P supple- 
mentation would be expected to produce small and variable ben- 
efits. 

Key words: native range, forage phosphorus, extrusa 

Dietary phosphorus (P) is considered to be deficient for much 
of the world’s grazing livestock, (Church et al. 1971); however, 
the response to P supplementation has been erratic. Northern 
Great Plains rangelands are largely situated on glacial till soils 
that are often low in P, consequently forage grown on these soils 
may also be low in P @lack 1968). Supplementation of grazing 
cattle with P in a salt mixture provided ad libitum is a common 
practice; however, the amount of P supplied by this procedure 
and it’s value are uncertain. Karn (1992) reported low ad lib&urn 
P consumption with no improvement in liveweight gains of either 
cows or calves during 3 summer grazing periods. Judkins et al. 
(1985) reported a response to ad libitum P supplementation on 
New Mexico range only when combined with drought. Although 
P recommendations for all beef cattle classes have been reduced 
by the ARC (1980) and NRC (1984), P requirements for free- 
ranging cattle are still unclear. Much of the early literature and 
some more recent reports (McDowell et al. 1983) have stressed 
the affect of P supplementation on reproduction. However, 
Gartner et al. (1980) reported that under practical conditions 
other nutrient deficiencies such as protein and possibly energy 
supersede P as the first limiting factor in reproduction. There is a 
paucity of literature with regard to the effect of P supplementa- 
tion on the performance of replacement heifers grazing range- 
lands. Call et al. (1978) reported no liveweight gain differences in 
Hereford heifers over a 15 month period, where dietary P levels 
of 1.4 and 3.6 g kg-’ on an “as fed” basis were compared. Gartner 
et al. (1982) reported that it took 19 months before any adverse 
effect was observed on feed intake or liveweight gains of beef 
heifers on a diet containing 0.9 g kg-’ P. 

The objectives of this research were to determine the effect of 
force feeding supplemental P with ground oats, on the perfor- 
mance of replacement beef heifer calves from weaning until just 
prior to their first calf, and to determine the adequacy of unsup- 
plemented diet P levels compared to NRC (1984) recommenda- 
tions. 

Materials and Methods 

The author wishes to thank hk Richard Huppler for caring for the cattle and 
Phosphorus supplementation studies with replacement beef 

collecting research samples and Dr. Gary V. Richardson for assistance with statis- heifers were initiated on 14 November 1980 and 24 January 
tical analysis. 1984. Fifty-three Hereford and Hereford-Angus crossbred heifer 

U.S. Department of Agriculture, AgriculturaJ Research Service, Northern Plains 
Area, is an equal opportunityMtirmative action employer and all agency services 

calves were used in the first study and 55 Hereford-Simmental 
are available without discrimination. heifer calves were used in the second study. Heifers were 

hlanuscript accepted 4 Feb. 1995. weighed following an over night stand without feed or water. 

JOURNAL OF RANGE MANAGEMENT 48(8), November 1995 493 



After weighing, heifers were randomly assigned into 2 groups, 
based on weight and breeding in the lirst study and weight in the 
second study. Breeding was not used as a sorting criteria in the 
second study because heifers were more genetically similar. 
Heifers were group supplemented. One group was randomly 
assigned to receive supplemental phosphorus and the other group 
was maintained as controls. The initial P level in both studies was 
4 g day-‘, the level was raised to 6 g day-’ on 1 September 1981 
and 15 October 1984 for heifers in the first and second studies, 
respectively. Supplemental P levels were increased to coincide 
with lower forage P levels. Phosphorus provided as monosodium 
phosphate was fed with 28.5 g day” each of ground oats and 
dried molasses, to aid consumption. Control heifers received only 
ground oats and dried molasses. Trace mineralized salt (Akzo 
Salt, Inc., Clarks Summit, Pa) was available at all times. During 
the 1980-1981 winter feeding period, heifers were also fed 2.7 kg 
dry rolled oats, 0.10 kg of soybean meal and 5.9 g limestone per 
head daily. Mixed hay, primarily smooth bromegrass (Bromus 
inermis Leyss.), was fed free choice. During the 1984 winter 
feeding period, each heifer received 2.7 kg dry rolled oats and 
0.14 kg soybean meal, 6 days per week and had free choice 
access to mixed hay, similar in botanical composition to that used 
in 1981. Hay consumption was recorded in 1984 only, for all 
heifers together. During the first winter of each study, supple- 
ments were fed at the time oats and soybean meal were fed. 
Heifer treatment groups in the first study were maintained in sep- 
arate pens during the winter or pastures during the summer and 
rotated between the 2 pens or pastures every 14 days until the 
beginning of the second winter when they were combined into 
one group. From then on heifers were separated (Kam and 
Lorenz 1984) only during supplementation. Heifers in the second 
study were maintained together except when separated into 
groups during supplementation. Summer grazing periods began 
on 22 May 1981 and 25 May 1984 and ended 5 November 1981 
and 6 November 1984. Two native pastures, situated side by side 
were 92 and 99 ha in size and were located 3 to 5 km from the 
winter feeding area. Forage species, quantity and quality were 
similar between the 2 pastures. In the filst study P supplemented 
heifers grazed in one pasture and controls in the other, heifers 
were rotated between pastures every 14 days to minimize pasture 
effects. During the second study heifers from both treatments 
were placed on one of the pastures and rotated between the 2 pas- 
tures as forage supply dictated. Pastures contained primarily 
western wheatgrass (Pascopyrum smithii (Rydb.) A. Love), 
needleandthread (St@ corn&u Trin. and Rupr.), green needle- 
grass (S. viricfdu Trin.), blue grama (Boutelouu grucilis (H. B. 
K.) Griffrths) and upland sedges (Curex spp.). These pastures 
have previously been described in more detail by Kam (1992). 
During the summer grazing period heifers were supplemented 
only on Monday and Friday, but the daily allocation of supple- 
ment was not changed it was simply combined into 3&y and 4- 
day portions. 

Heifers used in the 1980 study were mated to Longhorn bulls to 
facilitate calving. Beginning in mid-June, 1981 one Longhorn 
bull was placed in each of the 2 pastures where they remained for 
a 55-day breeding season. Heifers were rotated between the 2 
bulls after the first 7 days, thereafter they were rotated every 14 
days. Heifers in the 1984 study were maintained in a single 
group, with 2 Angus bulls during a 60-day breeding season, 
beginning in mid-June. 

Jugular blood samples were taken on 14 November 1980, 22 

May and 5 November 1981; and on 24 January, 14 June, and 6 
November 1984. Serum was separated from the whole blood and 
frozen until analyzed. 

Extrusa samples were collected with 3 mature esophageally fis- 
tulated steers on alternate weeks from each pasture throughout 
the grazing season in 1981 and with four esophageally fistnlated 
steers on a weekly basis from the pasture being grazed in 1984. 
Fistulated steers were penned off feed over night before each 
sampling date. Grazing selectivity did not appear to be affected 
by this method. Individual animal collections were mixed, sub- 
sampled and freeze dried for nitrogen and in vitro digestible 
organic matter (IVDOM) analysis. Extrusa subsamples for miner- 
al analyses were squeezed to remove saliva (Hoehne et al. 1967) 
and oven dried at 50°C. All extrusa samples were ground to pass 
a 1 mm screen before chemical analyses. 

During the summer of 1984 fecal output was measured weekly 
using a 24 hour total fecal collection from 4 yearling steers fitted 
with fecal collection bags and grazing with the heifers. Extrusa in 
vitro digestible organic matter QVDOM) was used with the fecal 
output data to estimate dry matter intake for the heifers. Forage 
intake was calculated by dividing fecal organic matter by l- 
IVDOM. Collecting steers received no supplemental P. 

Chemical and statistical analysis 
Phosphorus and nitrogen (N) in extrusa, hay, oats and soybean 

meal, and P in serum were determined with a Technicon 
Autoanalyzer’ (Technicon Industrial Systems, Tarrytown, N.Y. 
10591). Crude protein was determined by multiplying N by 6.25. 
Atomic absorption was used to determine calcium (Ca), magne- 
sium (Mg) and potassium (IS) in forage and Ca and Mg in semm. 
In vitro digestible organic matter was determined by the Tilley 
and Terry (1963) procedure as modified by Moore and Mott 
(1974). 

Animal weight gains and semm data were analyzed according 
to a completely randomized design. It was assumed there was no 
method of supplementation interaction, thus animals were consid- 
ered as replicates. Conception rate data were analyzed by the chi- 
square test. Serum P, Ca, and Mg were analyzed by covariance, 
using SAS GLM procedures (SAS Institute 1985) to correct for 
initial differences in element levels. 

Results and Discussion 

Compared to heifer requirements, hays fed were low in P all 4 
years, but especially in 1982 and 1984 (Table 1). Hay fed in 1984 
was of poor quality as indicated by low crude protein and 
digestibility QVDOM) values (Table 1). Hay dry matter intake 
averaged 4.6 kg day-’ for all heifers during the winter of 1984 and 
9.6 kg day“ during January and February of 1985. Hay consump- 
tion was lower in 1984 because heifers were smaller and they 
were also receiving rolled oats. Rolled oats were fed only during 
the initial winter to ensure that heifers would reach adequate 
breeding size by June. The addition of rolled oats to the diet 
raised dietary P for the unsupplemented heifers to 2.53 and 2.10 g 
kg-’ during the initial winter of the first and second studies, 
respectively. The NRC (1984) dietary P requirement for growing 

‘Mention of a Bade name is solely to identify materials used and does not consti- 
tute endorsement by the USDA, 
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Table 1. Mean (&D), phosphorus (P), calcium (Ca) crude protein 
(CP) and in vitro digestible organic matter (IVDOM) in winter 
feeds fed to replacement heifers. 

Feed Ye= P Ca CP IVDOM 
_______ gkgs’dryb&+----- g kg-’ 

Hav 
1980-82 

1981 1.3TO.3 4.4ti.l 84+26 - 
Oats 1981 
Soybean Meal 1981 
Hay 1982 

4.Wl.2 0.620.1 131*11 - 
7.2kO.3 2.2kO.5 49lc23 - 
l.OkO.2 4.2kl.O - - 

u84-85 
Hay 1984 1.2kO.5 3.4ti.6 5&15 48Wl 
Oats 1984 3.9zkO.2 0.9ti.l 135ti2 - 
Soybean Meal 1984 6.4a.l 5.5ti.5 - - 

Hay 1985 1.4ti.2 5.1io.5 801-10 586+24 

heifers ranges from 2.0 to 2.4 g kg-’ dry matter, with lighter 
weight animals having the highest P requirement. 

Extrusa samples of grazed forage contained P levels that were 
marginal to deficient (NRC 1984) for growing heifers during 
October and November of 1981 and September and October of 
19S4 (Table 2). Although extrusa samples were squeezed to 
remove saliva (Hoehne et al. 1967), Langlands (1966) indicated 
that even squeezed extrusa samples contained more P than 
unmasticated forage. This suggests that dietary P levels for 
unsupplemented heifers may have been even lower than indicated 
by extrusa samples and were likely marginal to deficient accord- 
ing to NRC (1984) recommendations much of the summer graz- 
ing season. Although there are problems with extrusa samples, 
they represent the most readily accepted method of sampling pas- 
ture forage for chemical analysis. 

Average daily gains (ADG) were not different (P>O.O6) 
between P supplemented and control heifers in the first study 
(Table 3). However, P supplemented heifers in the second study 
began to show a positive response in gains (ADG) within 60 days 
after the study was initiated. From 24 January to 14 June, P sup- 
plemented heifers had higher (PcO.06) ADG than control heifers 
(0.73 vs 0.68 kg). Cumulative gains (ADG) for the entire study 
period were also slightly higher (PcO.06) for P supplemented 
heifers. Results of the second study do not agree with Call et al. 
(1978) and Gartner et al. (1982) who reported no adverse affect 
on the performance of heifers up to 15 and 19 months, respective- 
ly, after they had been receiving diets containing only 1.4 and 0.9 

Table 2. Mean chemical composition of native pastures sampled with 
esophageal fistola steers (extrasa) in 1981 and 1984. 

Month P ca Mg K Cl” IVDOM’ 

____________-_ gkg’&yb& ----------- -- a kg-’ 
1981 Extrusa 

May 2.43 3.21 - - 135 - 
JUII. 2.18 4.3s - - 81 - 
Jul. 2.00 4.86 - - 15 - 
Aug. 1.90 4.26 - - 74 - 
Sep. 1.92 3.79 - - 82 - 
Oct. 1.48 3.68 - - 68 - 
Nov. 1.28 3.30 - - 56 - 

JUn. 2.22 
1984 Extrusa 

4.27 1.49 9.82 114 689 
Jul. 2.18 5.71 1.65 9.57 104 622 
Aug. 2.02 5.10 1.44 7.23 81 586 
Sep. 1.68 4.05 1.10 5.4s 66 589 
act 1.45 3.04 0.71 3.3s 5x 579 

’ CP==de protein, lVDOhl=in vitro digestible organic matter. 

g kg-’ P, respectively. Hereford heifers were used in the studies of 
Call et al. (1978) and Gartner et al. (1982) while Hereford- 
Simmental cross heifers were used in our second study. 
Contrasting results between these 2 studies and our second study 
may have been due to the heifers’ nutritional history, dietary P 
availability, heifer growth potential differences (breed effect) or a 
combination of all 3. 

The conception rate of P supplemented heifers was 100.0% in 
both 1981 and 1984 while the conception rate of control heifers 
was 88.9% in 1981 and 96.3% in 1984. Weight gain and concep- 
tion rate data appear contradictory. In 1981 weight gains were not 
different between treatments, but 3 out of 27 control heifers failed 
to conceive. In 1984 weight gains were different, but only 1 con- 
trol heifer out of 27 failed to conceive. For the 2 years, P 
increased (PcO.05) conception rates by an average of 7 percent- 
age units over the controls. However, Fishwick et al. (1977) 
reported no adverse effects of P deficiency on reproduction when 
cows were on green grass at the time of breeding and Call et al. 
(1978) reported that reproduction in Hereford cows was not 
adversely affected by a diet containing only 1.4 g kg-’ P. Early 
summer forage P levels in our studies were well above 1.4 g kg-‘, 
although they were only slightly above NRC (1984) recommen- 
dations (Table 2). 

Serum P, levels for heifers in the first study were not different 
between treatment groups in either the early summer or fall 

Table 3. Performance of phosphorus (P) supplemented and unsupplemented (control) heifers in 1981 aad l9&. 

Category 

Length of study (day) 
Number of heifers 
Liveweight (kg) 

Initial 
Early summer 

ADG2 
Fall 

Cumulative ADG 
Before Calving 

Cumulative ADG 

- Date 
1981 

P Control SE 

462 462 
26 27 

Date 
1984 

P Control SE 

402 402 
28 21 

14 Nov. 80 193 195 24 Jan. 84 252 251 
22 hlay 8 1 295 295 14 Jun. 84 356 347 

0.54 0.53 0.004 0.73a 0.6Sb 0.003 
5 Nov. Xl 395 396 6Nov. 84 444 434 

0.57 0.56 0.002 0.67a O&b 0.002 
19 Feb. 82 408 406 1 Mar. 85 474 460 

0.46 0.46 0.002 0.55a 0.52b 0.002 

- 

: hluns within a row and year with different letters differ (PcO.06). 
ADG=wcrage daily gain. 
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Table 4. Initial, early summer and fall serum phosphorus (P), calcium (Ca), and magnesium (Mg) levels for P supplemented and unsupplemented (con- 
trol) heifers in 1981 and 1984. 

P (me liter’) 
Period Date P Control SE’ 

Initial 4 Nov. 80 82 78 - 
Early Summer 22May81 75 72 1.7 
Fall 5 Nov. 81 62 61 1.9 

Initial 24 Jan. 84 72 72 - 
Early Summer 14 Jun. 84 703 733 1.3 
Fall 6Nov. 84 64’ 522 1.5 

: SE=Lest squares mean standard error from SM GLM. 
3 Least squaw means within a row and element are different (RO.06). 

Last squares mans within a row and element are different (P4.08). 

Ca (ms liter? Mg (me litei’) 
P Control SE’ P Control SE’ 

1981 
101 100 - - - - 
115 116 1.3 - - - 

127’ 1332 1.5 - - - 

J$@ 
102 106 - 21 20 - 
102 100 1.1 20 0.3 

1022 106’ 1.1 203 0.3 

(Table 4). In the second study, serum P was lower (PcO.08) for P 

Least squares adjusted serum Ca levels were not different 
(P>O.O6) between treatment groups in the early summer in 

supplemented heifers in early summer and higher (PcO.06) for P 

either study, but serum Ca levels were greater (kO.06) for 
control heifers at the end of the summer grazing season in 

supplemented heifers in the fall when they were removed from 

both studies. However, serum Ca levels in both studies were 
also above 90 mg liter-’ which Underwood (1981) suggests to be 

pasture. Mean serum P levels for heifers in both treatment groups 

the lower normal limit for serum Ca in cattle. Serum Mg was 
only measured in the second study. Least squares adjusted means 

for all sampling dates were within the normal range of 40-80 mg 

were not different (-0.06) between treatments at the beginning 
of the grazing season, but when heifers were removed from sum- 

liter’ reported by the NRC (1984). 

mer pastures serum Mg was slightly lower (P<O.O8) for P supple- 
mented compared to control heifers. 

Total dietary P (forage plus supplement) in Fig. 1 shows that, 
according to the NRC (1984), P supplemented heifers received a 

* - Extrusa + Supp. 
- -*- . Extrusa 
- NRC1984 

Jun. 28 Jul. 28 Aug.27 Sep. 26 

Date 

Fig. 1. Forage and total diet (forage plus supplement) phosphorus 
levels, based on extrusa collections during the summer of 1984 and 
the NBC (1984) requirement (1.9-2.0 g kg”) for growing heifers. 
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diet adequate in P throughout the summer. However, P levels in 
extmsa samples alone indicate that control heifers were deficient 
in P beginning about 1 September, Whether summer dietary P 

According to NRC (1984) recommendations our pastures were 

intake levels were above or below NRC (1984) recommenda- 

marginal to deficient in P for growing heifers during much of the 
grazing seasons of 1981 and 1984. However, only the Hereford- 

tions, weight gains were not increased by P supplementation 

Simmental heifers in 1984 exhibited a growth response to P sup- 
plementation and that occurred during the wintering period when 
hay was fed. In contrast to the growth response to P supplement 

(Table 3). 

in the second study, only 1 out of 27 control heifers failed to con- 
ceive while in the first study 3 out of 27 failed to conceive. 
Response differences between the 1981 and 1984 studies may 
have been due to differences in the heifers’ P nutrition before the 
studies commenced or growth potential differences between the 
predominantly Hereford heifers used in the first study and the 
Hereford-Simmental heifers used in the second study. Serum and 
diet P levels, as well as heifer performance data all suggest that 
Northern Great Plains forages are marginal to deficient in P for 
growing heifers and that a small but variable response to P sup- 
plementation can be expected. 
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Abstract 

To understand how different techniques might affect diet esti- 
mates for cattle, the esophageal-fmtula and bite-count techniques 
were compared using trained cattle. For the Texas Coastal Bend, 
bite-count was not as reliable a technique as the esophageal fistu- 
la. These techniques differed in estimation of forage classes and 
plant species in cattle diets. The esophageal-tistnla technique was 
more accurate however, the bite-count technique may be accept- 
able if analyses are limited to only those plant species making up 
>2% of the diet. 

Key Words: microhistological analysis, grazing, cattle, Texas 
Coastal Bend 

Techniques such as fecal analysis, forage utilization, stomach 
analysis, esophageal and rumen fistulae, and direct observation 
have been used to determine diets of free-ranging ungulates 
(Holechek et al. 1982). Among these techniques, examination of 
esophageal estrusa was the most accurate method to determine 
food habits of ungulates (Mchmis 1976, McInnis et al. 1983). 
This technique has been extensively used to determine food 
habits of livestock since first descibed by Torrell (1954). 
However, it has not been widely used with wild ungulates 
(Kessler et al. 1981) primarily because the stress involved when 
using semi-tame animals limits its efficacy (Short 1962, Veteto et 
al. 1972). This is the reason why bite count has proven more use- 
ful for tame white-tailed deer (O&o&us virginianus Boddaert) 
(Bryant et al. 1979, Thill and Martin 1989) and tame mule deer 
(Odocoileus hemionus Rafinesque) (Olson-Rutz and Umess 
1987). Bite-count has also been used in domestic livestock 
research @asure 1979, Sanders et al. 1980). 

Free et al. (1971), working in a semi-arid Colorado environ- 
ment, found that bite-count and esophageal-fistula methods gave 
similar estimates of cattle diets. When using these techniques, 

The authors wish to oxpress gratitude to I. Berger aad D. Vaa Noy for assis- 
tance ia microhistological analysis aad to S. Soltero-Gardea for his help ia the 
field. We also wish to thaak C. B&on, K. Launchbaugb, aad E. Laca for reviews 
of the maauscript. This is a Welder Wildlife Foundation contribution No. 445 
aad a College of Agriculture aad Natural Resources TTU publication T-9-704. 
This research was also supported by the Office of Agriculture, Bureau of 
Research aad Development, U.S. Agency for International Development under 
Grant No. DAN-132%G-m-0046-00. 
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they suggested that reliable estimates depended primarily upon 
observer skill although other parameters such as density and 
diversity of plants also affected diet estimation. Since no compar- 
ison of esophageal-fistula and bite-count techniques have been 
conducted in diverse and rich vegetation types such as those 
found in the Texas Coastal Bend, our objective was to determine 
the botanical similarity of cattle diets estimated by esophageal 
and bite-count techniques. 

Materials and Methods 

The study was conducted at the Rob and Bessie Welder 
Wildlife Refuge, San Patricia County, Tex. The 1.7-ha pasture 
used for this experiment was characterized as a mesquite-mixed- 
grass community, dominated by grasses such as buffalograss 
(Buchloe ductyloides (Nutt.) Engelm), longtom (Paspalum 
lividum Trin.), and little bluestem (Schizachyrium scoparium 
(Michx.) Nash). Prairie coneflower (Ratibida columnaris (Sims) 
D. Don) and clay violet (Ruelliu nudifloru (Gray) Urban) were 
the dominant forbs, though wood-sorrel (Ox&s d&xii Jacq) also 
occurred in patches. Measurements of vegetation were not con- 
ducted since only comparisons of diet sampling techniques were 
of interest. Botanical names and plant identification followed tax- 
onomy by Gould and Box (1965) and Jones (1982). 

A total of 90 samples of cattle diets was collected in August, 
October, and November, 1988, and February, May, and July, 
1989. Diet samples were obtained from 5 randomly-selected, 
esophageally-fistulated steers from a herd of 12. Extrusa sample 
collection and bite-count observation were conducted simultane- 
ously 3 to 4 consecutive days per month. To increase appetite of 
the steers, food and water were withheld for at least 12 hours the 
night before sampling. Diet data were collected in the early mom- 
ing. Steers were fitted with collection bags and allowed to roam 
free in the pasture while an observer stood within 1 to 4 m of 
each steer and recorded the number of bites of each species. 
Steers were sequentially observed feeding for 25 bites until a 
minimum of 100 bites per steer were recorded. Selection of plant 
parts was not recorded. Data were recorded on cassette tape and 
transcribed to a computer. All bite-count data were recorded by 
the same observer. 

Extrusa samples were allowed to drain in screen-bottom collec- 
tion bags for at least 2 hours. A subsample of the diet was pre- 
served in ethyl alcohol and prepared for microhistological analy- 
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sis according to Scott and Dahl(l980). An aliquot of each sample 
was mounted on 5 microscope slides. From each slide, 20 fields 
were read to identify plant species based on a reference collection 
of plant specimens previously collected in the field. Frequency 
and percent composition were calculated following the method 
used by Scott and Dahl(l980). Analysis of botanical composition 
was conducted by 2 trained technicians at the Department of 
Range and Wildlife Management, Texas Tech University. 

Species were pooled into 3 forage classes: forbs, grasses, and 
browse. Diet data were analyzed using the General Linear Model 
Procedure of the Statistical Analysis System (SAS 1985) for a 
completely randomized design with a split-plot in time arrange- 
ment. Replication was represented by animals. Techniques were 
whole plot with months as the split plot. The error term for test- 
ing significant effects of techniques was replication X techniques. 
Each estimated species or forage class mean obtained by bite- 
count was compared to that obtained by microhistological analy- 
sis of esophageal-fistula samples using Fisher’s Protected Least 
Significant Difference at the 95% confidence level. 

Shannon’s diversity index (Magurran 1988) was determined for 
the vegetation of the area as well as for diets collected using the 
different techniques. Vegetation cover frequency was extrapolat- 
ed from data collected in the immediate surrounding pastures for 
a different study (Ortega 1991). A t-test was used to compare 
diversity indices among vegetation and the diets (Hutchenson 
1970). Diversity indices and t-tests were calculated using BIO- 
DIV (Baev and Penev 1993). 

ReSUltS 

Across sampling periods the 2 techniques were different 
(PcO.05) in detecting forbs (bite-count = 11.4%; esophageal-fis- 
tula = 17.7%) and grasses (bite-count = 88%; esophageal-fistula= 
8 1.2%), but were similar (P > 0.05) in detecting browse (bite- 
count = 0.6%; esophageal-fistula = 1.1%) in the cattle diets. Each 
month, data collected using the bite-count technique tended to 
show a higher proportion of grasses and lower proportion of forbs 
than the esophageal-fistula method (Fig. 1). Both techniques 
detected differences (P c 0.05) in the amount of grasses and forbs 
in the diets each month (Fig. 1). 

The number of plant species detected by either technique varied 
with sampling period (Table 1). Although more plant species 
were detected using the esophageal-fistula technique, most of 
them were detected only in trace amounts and probably were not 
an important contribution to cattle diets (Table 2). Overall, more 
forb and grass species were detected by the esophageal-fistula 
than with the bite-count method (Table 1). A total of 41 plant 
species were common in diets estimated by both techniques. 

- Bite-count - Esophageal-fistula 

~OOO~~S Bite-count -- -.... Esophageal-fistula 
100, 

Aug. Oct. Nov. Feb. May Jul. 
Month 

Fig. 1. Monthly cattle diets by forage class as determined by the bite- 
count and the esophageal-fistula techniques. 

Overall, regardless of the technique, 13 species were detected 
in proportion greater than 2% of the diet, 5 were forbs and 8 were 
grasses. Considering only those species comprising more than 2% 
of the diet, 93% of the diet was accounted for by the bite-count 
method, while the esophageal-fistula method accounted for only 
79%. Among the most important forbs in the cattle diet, Ox&s 
dillenii was detected similarly (P > 0.05) by either technique 
(Table 2). Buchloe dagyloides and Schizachyrium scoparium 
were among the most important grasses used by cattle, however 
they were detected differently (PcO.05) by the 2 techniques 
(Table 2). Almost twice as much B. dactyloides was detected 
using the bite-count technique compared to the esophageal-fistula 
technique (Table 2). Dichanthium annulatum (For&.) Stapf was 
the only grass detected similarly (fiO.05) by the 2 techniques 
(Table 2). 

The highest diversity index for vegetation was in October, 
when biomass was also the highest (Soltero-Gardea 1991) and 
lowest in July (Fig. 2). Both techniques had diet diversity indices 
that followed a similar trend, though lower. The bite-count 
indices, however were significantly different (PcO.001) from 
vegetation indices for each month. Diversity of the diets collected 
by the esophageal-fistula technique was similar to the vegetation 

Table 1. Number of plant species detected monthly using the bite-count (BC) and the esophageal-fistala (EF) methods. 

Auwst October November Febmarv Mav Julv Overall 
BC EF BC EF BC EF BC EF BC EF BC EF BC EF 

-------------------------------------------(NumberofSpecies)------------------------------------------- 
Forbs 13 30 14 20 15 25 4 16 11 22 6 23 23 37 
Grasses 9 23 10 19 10 21 7 24 7 24 10 22 19 2s 
Browse 1 5 0 0 1 2 0 2 2 3 2 4 3 7 

TOTAL 23 5s 24 39 26 4s 11 42 20 49 1s 49 45 72 
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Table 2. Relative frequency of plant species in monthly cattle diets using the bite-count (IX) and the esophageal-fistula (EF) methods’. 

Diet Composition 
Aueust October November Februarv Mav Julv Overall 

BC EF BC EF BC EF BC EF BC EF BC EF BC EF 

Forbs 
Ambrosia psilostachya DC. 
&ythamnia humilis (Engelm. & Gra) 

Muell. Arg. 
Commelina elegans H.B.K. 
Commelina erecta L. 
Croton monanthogynus Michx. 
Desmanthus virgatus (L.) Willd. 
Lesquerella linaheimeti (Gray) Wats. 
Lythrum califomicum Tom & Gray 
hiachaeranthera tent& (Wats.) 

Turner&Home. 
hfalvastntm aurantiacum 

(Scheele) Walpers 
Nothoscordum bivalve (L.) Britt. 
Oxalis dillenii Jaq. 
Phyla incisa Small 
Ruellia mtdijlora (Gray) Urban 
Sida~licaulis Ton. & Gray 
Others 

Grasses/Sedges 
Agrostk hiemalis (Walt.) B.S.P. 
Arktida oligantha M&X. 
Bothrkhloa saccaroides Rydb. 
Bromus willdenowii Kunth. 
Buchloe aizctyloides (Nun.) Engelm 
Cynodon dactylon (L.) Pers. 
Cyperus acuminatus Torr. & Hook. 
Dichanthium anmdatum 

(Fork.) Stapf 
Eragrosits lugens Nees. 
Hordeum pusillum Nutt. 
Leersia monandra Swartz 
hluhlenbergia schreberi Gmel. 
Panicum halli Vasey. 
Panicum obtusum Kunth. 
Paspalum lividum Trio. 
Paspalum sp. 
Schizachyrium scopatium 

(Michx.) Nash 
Setaria geniculata (Lam) Beauv. 
Stipa leucoticha Trin. and Rupr. 
Tridens congestus 

6.H. Dewey) Nash. 
Others 

Browse 
Acacia smallii Isely 
Diospyros texana Scheele 
Prosopis glandulosa Torr. 
Others 
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1.4 
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0.6 0.6 
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7.1 

40.8 
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0.3 
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1.7 

0.6 20.1 6.1 6.0 

0.2 
0.1 

23.6 

12.4 

8.4 

1.3 

T 

0.6 
T 

1.3 
2.2 
3.1 
4.3 
3.7 

T 
14.1 

1.4 
3.0 

T 

1.7 

0.5 
0.2 

13.6 
0.6 

3.5 

5.0 0.4 

0.7 
0.1 

1.0 
2.6 
1.4 
0.1 
T 
0.4 
T 

0.1 
1.8 

0.1 7.3 

3.2 
0.1 
0.8 

0.1 
4.5 
2.6 

0.1 
0.8 
0.5 
0.5 

0.8 
1.1 
1.4 2.4 

0.2 

0.6 
T 

10.9 1.6 

17.1 27.4 
0.9 

48.7 

0.8 

9.4 
1.9 

22.9 

0.5 
T 
0.8 
1.6 
0.6 
1.7 5.7 

11.0 17.6 6.7 32.5 

6.3 8.0 
6.8 
5.6 

0.9 

T 

1.2 

0.3 

1.1 

0.1 
T T T T T T T T T T 0.1 

0.8 

‘Only spccicr that contributed mire than 1% on any sampled month are presented in this table. 
2T= occurr~uce of > 0.09%. 
3Alms with the same suwpt behwxn columns arc? not significardy different (E-0.05). 

0.2 
1.4 
0.2 

0.1 0.2 
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3.5 

0.2 5.3 
3.7 1.0 
3.5 0.1 
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0.3 
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0.1 
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0.6 
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0.5 
2.7 1.8 

8.8 9.8 
7.9 2.8 

2.1 0.8 

T 
T 

0.1 0.3 Tz 0.2”3 0.8” 
T 1.2 1.3 -b 0.6’ 

0.1 1.2 0.6 3.1” 0.7b 
T 0.5 1.6 1.9 0.2b 1.63 
T 0.3 T -b o.4a 

2.5 4.7 0.6 2.2’ 0.3b 
2.0 0.6 5.4 0.1 O.lb 1.3” 
0.1 0.1 0.3 0.3 0.1” 0.63 

0.2 0.3= o.2a 

1.0 0.1 2.5 1.3 -P 3.0a 

6.2 0.1 0.1 0.9” 1.1” 
0.4 2.9 3.6 T 0.3 1.4a 2.2a 
0.6 1.7 2.8 0.8 2.3 0.7b 2.3” 

1.9 0.8 0.8 0.2 1.2a 0.5b 
T 0.1 T Tb 0.8” 
0.4 0.3 0.9 0.2 1.1 0.7 1.3 

0.1 0.4 
3.2 0.3 
3.7 1.2 
2.5 2.4 

26.3 67.6 27.5 
1.2 1.1 

T 1.5 0.3 
2.9 3.9 

0.1 0.7 0.4 
5.4 T 
0.3 0.7 
0.3 0.6 
T 1.1 
0.8 0.4 0.2 

13.2 12.6 10.5 

0.6 0.1 
21.7 3.2 16.4 

3.8 1.9 9.6 

1.9 T 0.7 

1.7 -b 0.7” 
T -3 0.6= 
3.5 0.3b 4.9” 
0.7 -b 0.9” 

64.3 30.4 47.2’ 27.Sb 
0.4 1.3 o.2b 1.73 

0.1 0.4= 0.1” 
8.7 4.3” S.13 

2.6 0.4” -a 
0.1 O.lb 0.8’ 

0.2 0.2 r 1.2” 
0.7 -b 0.9’ 
1.3 o.2b 1.5” 
2.0 Tb 1.c 

4.5 1.5 7.63 I.8b 
0.3” Tb 

11.4 13.7 1s.2z 11.5b 

0.1 0.3 3.8= 0.4b 
0.1 6.8 2.2b 1O.63 
7.3 12.8 2.3b 8.3” 

0.2 1.0 0.5 1.4 

0.1 2.7 -’ 0.5’ 
0.2 1.7 0.2 ‘Ib 0.3” 

0.7 0.1 0.1 2.4 0.1 0.5” 0.3” 
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Fig. 2. Diversity indices of vegetation (VE) of the area, the bite-count 
(BC), and the esophageal-fistula (EF) techniques. (**= indices sig- 
nEcantIy different (PcO.001). 

for each month but October (PcO.001; Fig. 2). Diversity between 
diets collected by each technique were similar in every month but 
May (PcO.001; Fig. 2). 

Discussion 

McInnis (1976) and McInnis et al. (1983) found that the most 
accurate method to determine food habits of ungulates was 
esophageal-fistula. In our study, diets obtained by bite-count had 
fewer plant species when compared to esophageal-fistula. Also, 
forbs were estimated in lower proportions using the bite-count 
method compared to the esophageal-fistual method. 

On the Welder Wildlife Refuge, density and diversity of plant 
species was high, making positive identification by bite-count of 
cattle diets difficult. Even so, plant species were identified easily 
because the bite-count observations were conducted l-4 m from 
the animal. However, a potential problem when using bite-count 
to obtain cattle diets relates to the way cattle consume vegetation. 
Inaccurate observation of the plant species being eaten by cattle 
can be related to the wide mouth and the sweeping prehension 
movements of the tongue of these animals. In dense, diverse veg- 
etation, several plant species can be taken in one bite for which 
the observer will be able to see only the most obvious species; 
e.g., the long blades of grasses or large, broad leaves of some 
forbs. For a narrow-mouth species such as deer, species composi- 
tion may be easily observed. Thus, vegetational complexity and 
cattle grazing behavior may help explain why fewer plant species 
were detected and forbs were apparently underestimated using 
bite-count compared to esophageal-fistula. This seems to be con- 
firmed by the diversity indices. Diversity of diets collected with 
either technique followed the trend in diversity of the vegetation, 
although with lower diversities, especially with the bite-count 
technique. However, diets collected by the esophageal-fistula fol- 

lowed the diversity of the vegetation much closer than the bite- 
count technique. 

Reliable diet estimates would depend on observer skill in a 
complex plant community (Free et al. 1971). Our study was con- 
ducted by a single observer who had several months of experi- 
ence with the local flora. Thus, observer error was minimized. 

When only plant species contributing greater than 2.0% of the 
diet were examined, the bite-count diets contained a greater pro- 
portion of those species in the esophageal-fistula diets. Thus the 
bite-count technique may be acceptable if analyses are limited to 
only those plant species making up >2.0% of the diet. 

In summary, the bite-count and esophageal-fistula techniques 
to detetine cattle diets in the Texas Coastal Bend gave different 
results for forage classes and plant species ingested by cattle. 
Grasses, the main forage class used by cattle, were detected dif- 
ferently by the 2 techniques (P<O.OS). The bite-count technique 
detected grasses in greater proportion than the esophageal-fistula 
technique. This was especially true of the 2 most important 
dietary constituents, Buchloe dactyloides and Schizachyrium sco- 
parium. These results were related to the high density and diver- 
sity of the vegetation community at the Welder Wildlife Refuge 
and to the ingestion mechanism of cattle. 

Either technique has its advantages and disadvantages depend- 
ing upon the environment, the level of resolution required, and 
the animal species being used. In the Texas Coastal Bend, the 
esophageal-fistula method should be used when information on 
floral diversity or botanical composition of cattle diets is needed. 
Research using the bite-count method for cattle diets could report 
data as forage classes, as long as researchers recognize that bite- 
count overestimates grasses and underestimates forbs. Still, the 
bite-count method provides a reasonable estimate of forage class- 
es consumed by cattle throughout the year. Further, if only 
species comprising greater than 2% of the diet are included, the 
bite-count technique will estimate a greater percentage of the diet 
than the esophageal-fistula technique. 
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Abstract 

Rehwasion of mechanically disturbed juniper communities is 
possible through contributions from the soil seedbank, seed rain, 
and the juvenile seedling bank. We compared spatial distribution 
of the seedbank and seed rain of undisturbed communities to 
sites where trees were deliberately left as single trees, small 
mottes of less than 5 trees per group, or large mottes of 5-10 
trees per group. Seed density in the litter layer ranged from 
1,197 to 1,436 seeds m-’ and in the soil layer from 318 to 617 
seeds m-*. Seed rain ranged from 275 to 366 seeds m-* over all 
tree arrangements. The treatment associated with single trees 
caused the litter layer to be removed resulting in the removal of 
that portion of the seedbank, consequently most seeds @SO%) 
were found under the canopy of mature, seed-producing trees. 
Soil disturbance was less severe in small and large motte 
arrangements, so only 65% of the soil seed bank was under 
mature trees. In undisturbed communities, the seed population 
was distributed evenly under tree canopies and in interspaces. 
Viability and germinability within the seedbank were low (4% 
and 0%, respectively). Viability of new seed was 47% and ger- 
minabiity was approximately 5%. The juvenile seedling bank 
contained a sufhcient number of seedlings (408 seedlings ha-‘) for 
ashe juniper to regain dominance on the site through growth. 
There was no advantage to any spatial pattern of tree distribu- 
tion in terms of invasive potential when fewer than 10 trees ha-’ 
were left on a site. However, when 20-50 trees ha-’ are left on a 
site, tree spatial arrangement has a significant effect on rehrva- 
sion rates. 

Key Words: Juniperus, seed bank, seed rain, mechanical control, 
seedlings 

The ecological and economic importance of shrub and tree 
dominance on semiarid rangelands in western North America is 
illustrated by the number of recent symposia and textbooks on the 
subject (Scifres and Hamilton 1993, Everett 1987). Equally evi- 
dent is interest in controlling or limiting the spread and growth of 
“problem” trees and shrubs (MacDonald and Wissel 1991, 
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Gonzalez 1990). One of the primary genera affecting semiarid 
rangelands is Juniperus. Roughly 16.6 million ha have been 
affected by the increasing range and density of Juniperus species 
in the Intermountain West (Buckman and Wolters 1987) and an 
additional 8.9 million ha have been affected in Texas. Mechanical 
(Van Pelt et al. 1990, Bozzo et al. 1992), chemical (Scifres 1980), 
and fire (Bryant et al. 1983, Engle and Stritzke 1992) prescrip- 
tions have been developed to control or manage Juniperus 
species but their effects typically last for only 1 or 2 decades. 

Reestablishment of Juniperus on manipulated communities is 
possible from a limited number of sources. New juniper trees 
must originate from residual seed in the seed bank, seed rain or 
input after the treatment, and/or the seedling bank of juvenile 
trees. Episodic establishment is common in semiarid communi- 
ties and a long-lived, viable seed bank may be important to allow 
a population to respond to episodic precipitation and other favor- 
able establishment conditions. In light of this, considerable effort 
has been made to determine the effects of management strategies 
on the seed bank of some invasive shrub species (Zammit and 
Zedler 1987, Morgan and Neuenschwander 1988, Holmes 1989, 
Lamont et al. 1993). Seed rain from trees remaining after land 
clearing or from adjacent communities may direct the path of sec- 
ondary succession (Olsson 1987) and is often a consideration in 
silviculture and revegetation plans (Smith 1962, McClanahan 
1986). Many small to intermediate size islands of vegetation may 
be more effective at revegetating adjacent land than a few large 
islands (McClanahan 1986, Moody and Mack 1988, Skogland 
1992) and mechanical disturbance of juniper communities typi- 
cally results in a mosaic of single trees and tree mottes within a 
grassland. Lastly, seedling banks represent not a reinvasion but 
rather a population of trees or shrubs already present on the site 
(Harper 1977). 

To better understand the reestablishment of junipers in native 
ecosystems, Whisenant (1991) developed a theoretical population 
model of ashe juniper to identify critical transition stages during 
the life cycle. Sensitivity analysis of his model indicated seed and 
seedling mortality, and seed production were the 3 most critical 
transition periods during the recruitment process. The objectives 
of our study were: 1) to identity and quantify the major source (or 
sources) of potential reestablishment by ashe juniper into treated 
juniper communities, and 2) to determine the effect of tree 
arrangement on the seed bank, seed production, and seed rain of 
ashe juniper. 
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Methods 

The study was conducted on the Silver Lake Ranch, (29”19’N 
100”25W, maximum elevation 730 m) located 60 km northwest 
of Uvalde, Texas. The research site was located on the southwest- 
em edge of the Balcones Escarpment that forms the south and 
east margins of the Edwards Plateau physiographic region. The 
primary soils were Tat-rant series which consist of very shallow 
dark grayish-brown to black stony soils over hard, fractured lime- 
stone. Approximately one-third to one-half of the soil surface was 
covered by limestone rock. Slopes were generally less than 5%. 
Temperatures range from a mean daily maximum in July of 36°C 
to a mean daily minimum in January of 4°C. Mean annual rainfall 
is 500 mm, with maximum rainfall occurring in May-June and 
September-October (Owens et al. 1995). 

Ashe jumper, liveoak (Quercus virginiana Mill.), Texas per- 
simmon (Diospyros texana Scheele), mescal bean (Sophoru 
secundifora (m)DC), agarita (Berberis tr$oZioZuru Moric.), cat- 
claw (.4cucia greggii Gray), coyotillo (Kurwinskia hurnboldtiana 
(R.&S.) Zucc.), leatherstem (Jatropha dioicu Cerv.), pricklypear 
(Opuntia lindheimen~, and Lindheimer senna (Cassia lindheime- 
riana Scheele) were the dominant trees and shrubs on the sites. 
Dominant grasses included threeawns (Aristida wrightii L), red 
grama (Bouteloua trifida Thurb.), Texas wintergrass [Stipa leu- 
con-i&z Trim. & Rupr.), and curly mesquite (Hikzriu behzngeri 
(Steud.)Nash). 

Two study sites approximately 9 km apart were selected as 
replications. Both sites were mechanically treated using a combi- 
nation of one-way chanting and bulldozing in March 1987. Three 
common tree arrangements including single juniper trees scat- 
tered across the landscape, small mottes with 5 or fewer neigh- 
bors in a group, and large mottes with 10 or more neighbors were 
identified within each site. Two years later in July 1989,5 repeti- 
tions of each tree arrangement and an additional 5 repetitions of 
undisturbed trees in adjacent communities were located on each 
study site. Mottes were located on a topographic map and an indi- 
vidual target tree within each motte was identified with plastic, 
numbered ear tags for permanent identification. Female junipers 
with berry production were selected as the target trees. Each tree 
was characterized by measuring trunk diameter at ground level, 
canopy width in 2 directions, tree height and growth habit in July 
1989. 

Jumper berry production was estimated using a modified refer- 
ence unit method (Holthuijzen et al. 1987). Berries on a represen- 
tative unit, the number of units per branch, and the number of 
branches per tree were counted. The product of these 3 factors 
provided an estimate of berry production. Estimated and actual 
production on a subsample of 15 branches were measured and a 
regression was calculated to correct for observer bias. 

The soil seed bank was sampled using a lOO-cm* plot (10 cm x 
10 cm) placed at the base of the tree, mid-way between the bole 
and the canopy dripline, at the dripline, and at l-m intervals for 
5-m past the dripline in July 1989. The litter layer and the top 5 
cm of the A horizon were collected by coring and bagged sepa- 
rately. The entire sampling procedure was repeated in each cardi- 
nal direction at each tree to minimize the effects of slope. All 
sampling depressions were refilled with soil to prevent confound- 
ing the seed rain experiment. The extraction technique for deter- 
mining seed bank size was used because jumper seeds were large 
enough (5 to 7 mm diameter) to be separated from soil samples 

by dry sieving and sorting (Brown 1992). Subsamples of 200 
seeds from both the litter layer and soil were scarified and tested 
for viability using the tetrazolium staining technique. Additional 
subsamples of 500 seeds from both the soil and litter were scari- 
fied with sandpaper, placed in a growth chamber (constant 3O”C, 
12 hour light) on wet blotter paper, and observed weekly for 70 
days to determine germinability. 

Seed rain was estimated by collecting all seeds on the soil sur- 
face at the same locations used for the soil seed bank study. 
Samples were collected in January 1990 after the majority of 
seeds had fallen from the trees. All seeds were counted and a sub- 
sample of 200 seeds per treatment was used to determine viability 
using the tetrazolium staining technique. An additional 800 seeds 
were scarified and tested for germinability using the same growth 
chamber conditions listed above. 

The juvenile jumper population was sampled in 20 randomly 
located transects on each replication. The 2 motte sizes of 5 or 
fewer and 10 or more trees were not spatially isolated so we 
could not identify juvenile seedling density relative to those spe- 
cific tree arrangements. Seedling density was collected in chained 
areas (motte arrangements) and bulldozed areas (single trees). 
Jumper trees were considered as juveniles if they were <l-m in 
height and showed no signs of reproduction. Height and number 
of all juvenile junipers within 30-X 2-meter transects were 
recorded. 

The seed population was analyzed as a split-split plot analysis 
of variance. Replication and tree arrangement were included in 
the whole plot, distance from the bole of the tree as the first split, 
and seed location (seed rain, Jitter or soil) as the second split. 
Seed density data were log transformed (log(n+l)) prior to analy- 
sis to reduce the heteroscedacity of variances (Mead 1988); 
square root transformations were not sufficient to normalize the 
residuals. All tests were conducted at ~~0.05. Mean separation 
was conducted using Duncan’s multiple range test when appro- 
priate. Viability and germinability percentages were analyzed 
using a one-way analysis of variance. The sole independent vari- 
able was tree spatial arrangement. 

ReSUltS 

Tree Characteristics 
Mean canopy diameter was significantly greater for trees on the 

single tree and undisturbed areas (564 cm, SE=23) than for trees 
on the small and large motte areas (438 cm, SE=19). Mean tree 
height was not significantly different across the spatial arrange- 
ments (407 cm, SE=1 1). Mean seed production was 15,364 seeds 
per tree (SE=1,352) across all tree spatial arrangements. 

Seed Bank Characteristics 
The distribution of seeds around juniper trees was not affected 

by tree arrangement alone, but was affected by three 2-way inter- 
actions between tree arrangement, distance from the tree, and 
seed location in or on the soil. Seed density in either mineral soil, 
Jitter or as seed rain was significantly affected by distance from 
the bole of the tree (Fig. 1). The number of seeds actually incor- 
porated into the soil was lowest at the bole of the tree and 
increased significantly at both the mid-canopy and dripline loca- 
tions. Density then remained constant with increasing distance 
from the dripline of the tree to 5 m. Seed density in the litter layer 
was greatest at the bole of the tree (4,780 seeds rn-*) and 
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Fig. 1. Mean seed density mq2 on the soil surface, in the litter and in 
the soil at the bole (B), mid-canopy (C), dripline (D) and at l-m 
intervals away from Junipems ashei trees. Vertical bars represent 
*lSE. 

decreased rapidly to the dripline location (1,222 seeds mm*). The 
litter-layer seed bank continued to decrease significantly with dis- 
tance from the bole until only 97 seeds mm2 were found 5 m away 
from the tree (Fig. 1). Seed rain was concentrated under the 
canopy of the tree with the highest density (1,083 seeds mm*) at 
the bole and only 123 seeds rn-* 1 m from the canopy edge. Seed 
rain decreased another 50% within 2 m of the canopy edge and 
remained low to a distance of 5 m. 

Tree spatial arrangement and distance from the target tree also 
affected the distribution of seeds in the seed bank. Most seeds 
were located under the canopy of trees, with the greatest density 
at the bole and the lowest density at the dripline (Fig. 2). The 
interaction between tree arrangement and distance from the bole 
was apparent at locations not under tree canopies. Seed density 
was greater for the large and small mottes at the 1 to 3-m dis- 
tances than for the other tree arrangements. Seed density at loca- 
tions not under the tree canopy was always significantly lowest 
for the single trees. 

Seed Viability and Germinabiity 
Four percent of the soil seed bank (8 seeds from 200 tested) 

was viable. About 38% of the seeds were desiccated and decayed 
to the extent that they crumbled when handled. Of the 1,000 
seeds tested for germinability, no seeds germinated during the 70- 
day observation period. There were no significant differences in 
viability or germinability for seeds in the litter layer or the miner- 
al soil. 

Almost half (48%) of the seeds present from the current year 

seed rain were viable according to the tetrazolium tests. After 
scarification, only 5% of the seeds germinated during the 70&y 
observation period. Viability and germinability were not signifi- 
cantly affected by any of the tree arrangements. 

Juvenile Seedling Bank 
There were no significant differences in the density of juvenile 

seedlings between replications. Mean density was 408 seedlings 
ha-’ (SE = 118) with a mean height of 23.5 cm (SE = 5). Density 
of juvenile plants was also not significantly affected by the type 
of mechanical clearing. Mean density in the one-way chained 
area was 556 ha-’ (SE = 234) and in bulldozed area was 317 ha-’ 
(SE = 96). 

Invasion Potential 
A simple model of potential invasion was developed using the 

residual seed bank, seed rain, viability and germinability data for 
each of the tree arrangements. The actual ground area of each 
concentric ring representing the distance from the bole of the tree 
was calculated based on average sized mature jumper trees. A 
density of 50 reproducing trees ha-’ in mature native communities 
was assumed for modelling purposes. At this assumed density, 
the small and large motte arrangements affected significantly less 
area than either single trees or native communities (Fig. 3). When 
20 to 50 trees were left on the site, spatial arrangement of single 
trees yielded approximately 30% more land area affected by seed 
rain than the same number of trees in either small motte or large 
motte arrangements. When only 10 trees ha-’ were left on the site, 
there were no differences in land area affected between the 3 tree 

0 Undisturbed 

W Large Motte 

A Small Motte 

BCD12345 

Location 

Fig. 2. Mean seed density rn-* around individual trees at the bole (B), 
mid-canopy (C), dripline (D) and at l-m intervals away from 
Juniperus ashei trees. See the text for treatment descriptions. 
Vertical bars represent f 1 SE. 
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Fig. 3. Predicted area affected by seed input by increasing tree densi- 
ty from 4 different spatial arrangements of trees. See the text for a 
description of the spatial arrangements. 

Discussion 

Juniper seed is covered with a large fleshy fruit or berry typi- 
cally associated with vertebrate dispersal (Howe and Smallwood 
19S2) and is a staple in the winter diet of frugivorous birds in 
both Europe (Jordan0 1993) and in the United States (Holthuijzen 
et al. 1987, Chavez-Rameriz 1992). Robins (Turdus migrurorius) 
and cedar waxwings (Bombycilla cedrorum) are the predominant 
avian consumers of ashe jumper berries and may account for sub- 
stantial dispersal on a local scale (Chavez-Rameriz 1992). 
Although these birds were observed in our study area, they did 
not harvest seeds from any of our target trees. The total number 
of seeds estimated using the seed rain data and the land area 
affected around trees or mottes of trees accounted for nearly all 
the annual seed production estimated for individual trees. 
Furthermore, the fleshy berry was intact on all seeds found in the 
seed rain experiment, suggesting that vertebrate dispersal had not 
occurred. Since these birds feed on the seeds while still on the 
tree rather than after they fall on the ground (Chavez-Rameriz 

Table 1. Mean (S.E.) seed density of Juniperus seeds on the soil surface, 
in the litter and in mineral soil sarrounding trees in 4 spatial arrange- 
ments. 

Tree arrangement 
Undishubed Large Matte Small Matte Single Trees 

__________________ @Jo. czl - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ 

Surface 301 (54) 306 (43) 275 (40) 366 (74) 
Litter 1221 (229 1197 (204) 1437 (254) 1424 (302) 
Soil 318 63 618 (141) 593 (92) 347 MO) 

1992), avian dispersal seems to affect only a small portion of the 
available seed crop. The decreased importance of avian dispersal 
would most likely result Tom either: 1) the recent increase in the 
density of ashe jumper on the Edwards Plateau and a satiation of 
the bird population; or 2) the highly variable density of avian 
predators between years (Taylor, pers.com.). Almost all of the 
annual seed crop was, therefore, dispersed close to the mature 
plant. 

The reservoir of viable seeds in the litter and mineral soil was 
immense Fable 1). Jn every tree arrangement, there were more 
than 95,000 seeds in the seed bank yielding 3,767 viable seeds 
which could potentially replace the single mature tree. The densi- 
ty of germinable seeds was much less, however, since ger- 
minability under the test conditions was 0% in the litter and min- 
eral soil. In our trials 0 seeds germinated fkom the 1,000 tested, 
but a germinability rate of even 1 in 10,000 would contribute sub- 
stantially to a new juniper community. Blomquist (1990) reported 
a similar low viability and germination rate for ashe juniper seeds 
on the Sonora Experiment Station in Texas. 

Density of germinable seeds on the soil surface ranged from 
284 seeds in the small motte groups to 495 seeds around the sin- 
gle trees (Table 2). These seeds were not protected from avian 
predation by being incorporated into the litter and mineral soil, so 
post-dispersal predation could reduce the number of available 
seeds (Auld 1986, Keeley 1987). 

Seeds in the seed bank were concentrated under the canopy of 
mature plants in all the manipulated tree arrangements. The treat- 
ment associated with single trees removed the litter layer, result- 
ing in the removal of that portion of the seed bank, consequently 
most seeds (>80%) were found under the canopy of the mature, 
seed-producing trees and only 5% of the seed bank was found as 
far as 5 m from the edge of the canopy. Soil disturbance was less 
severe in the small and large motte arrangements so only 65% of 
the soil seed bank was under mature trees. Jn undisturbed com- 
munities, the seed population was distributed evenly under the 

Table 2. Mean density of viable and germinable Juniperus seeds on the soil surface, in the litter layer and in mineral soil surrounding trees in 4 spatial 
patterns. 

Surface 
Litter 
Soil 

Tree Arrangement 
Undisturbed Large Matte Small Motte Single Trees 

Viable Germinable Viable Germinable Viable Germinable Viable Germinable 
_ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ - - _ _ _ _ _ _ - - - - - _ _ _ _ - - - _ _ (see& m-2) - _ - _ _ - - - - - - - _ _ - - - - - - - _ - - - - - - - - - - - - - - - - - - 

7,720 386 5,891 294 5,691 284 9,923 495 
2,560 0 1,865 0 2,277 0 2,583 0 
1,176 0 1,755 0 1,646 0 1,207 0 
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tree canopies and in the interspaces. Tree spacing in the untreated 
community was closer than 5m and this tree density was charac- 
terized by an increased density in the seed bank at the 4- and 5-m 
intervals. Seed density increased at these points because seeds 
could have come from more than 1 tree. 

Spatial arrangement of trees can affect reinvasion rates of treat- 
ed jumper communities. If residual density of trees is greater than 
20 trees ha-‘, then leaving trees in groups of 5 or 10 to create 
islands of jumper mottes will result in a lower potential invasion 
rate than leaving the same number of trees as randomly distrib- 
uted single trees. The single trees serve as satellite foci for the 
invasion process, which increases the rate of spread for the popu- 
lation (Moody and Mach 1988). Leaving trees in mottes reduces 
the distribution of seeds into the interspace regions so potential 
invasion is lower. Post-dispersal seed predation and movement 
were not investigated in this study so it is possible that an 
unknown number of seeds may be redistributed by either verte- 
brates or invertebrates. These seeds may be placed in microsites 
which favor establishment (Chavez-Rameriz 1992) or they may 
be placed in areas where establishment is impossible (Auld 
1986). 

The juvenile seedling bank represents a major potential source 
of juniper reinvasion of mechanically disturbed sites. The 
seedling bank consists of trees of unknown ages that have been 
suppressed under the canopy of mature juniper trees and as such 
are already established and only have to grow to regain domi- 
nance. Within the areas containing the small and large mottes, 
seedling density approached the density of mature trees in undis- 
turbed communities. Smeins (1990) reported 766 trees ha-’ as the 
average density of ashe jumper trees in an undisturbed exclosure 
on the Edwards Plateau whereas the density on the one-way 
chained area was 555 trees ha“. The seedling bank on the areas 
containing the single trees was much smaller at 316 trees ha-‘, but 
still represents a major source of plants for the reinvasion 
process. 

The seed bank of Junipenrs ashei is immense but has a very 
low viability and germinability. Seed rain is concentrated under 
canopies of existing trees with only 5% of the seed being found 
5m from the tree. The spatial arrangement of trees left on a site 
into single trees, small mottes or large mottes can significantly 
affect the invasion rates. Trees which are left in groups affect less 
total area per tree than the single trees. Lastly, the juvenile 
seedling bank contains a sufficient number of seedlings for ashe 
jumper to regain dominance in the community simply through 
growth of juvenile plants. Successful, long-term management of 
ashe jumper populations is unlikely without considering both the 
input of new seed and reduction of the seedling bank. 
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Abstract 

Establishment of blue grama (Bouteloua gracilis [BIB.K.] Lag 
ex. Steud.) depends on adequate precipitation at critical times 
and on reduced competition from associated vegetation. These 
conditions rarely occur on Central Plains rangelands. 
Therefore, rapid vegetative spread of new seedlings is desirable 
for colonizing disturbed rangeland. Blue grama genotypes select- 
ed for rapid spread would also be desirable for rangeland seed- 
ing. For 6 years, we followed the rate of spread of 19 blue grama 
clones originating from seedlings which emerged in 1980 and 
grew under natural competition. We observed a 4.5fold differ- 
ence in basal area and a 16.3-fold difference in above-ground 
biomass of these clones, perhaps because of genetic differences 
among clones and varying levels of competition. Clones must he 
tested under uniform competition with clonal replication to 
obtain reliable estimates of their capacity to spread. 

Key Words: Vegetative reproduction, revegetation, competition, 
Bouteloua gracilis 

Blue grama (Bouteloua gracilis [H.B.K.] Lag ex. Steud.) domi- 
nates most of the shortgrass and mixed-grass rangelands of the 
Great Plains. However, when these rangelands are severely dis- 
turbed by plowing, mining, road-building, or other human activi- 
ties, blue grama may not regain its dominance for decades. 

Samuel and Hart (1994) reported that frequency of blue grama 
on rangeland disturbed 61 years previously was less than half that 
on undisturbed rangeland. Blue grama contributed only about 
10% of the production on disturbed raugeland, compared to 40 to 
70% on undisturbed rangeland. 

Reichardt (1982), Costello (1944), and Shantz (1917) found 
that climax vegetation, characterized by blue grama dominance, 
may develop on abandoned cropland 20 to 50 years after aban- 
donment. Reichardt concluded that blue grama spread from plants 
that had survived through the years in which the fields were culti- 
vated, and agreed with Costello (1944) and Hyder et al. (1971, 
1975) that establishment of blue grama from seed under the pre- 
sent climatic conditions on shortgrass prairie is highly unlikely. 
Low seed weight, the potential for only one seminal root per 
seedling, a limited capacity for water uptake by the seminal root, 
and a seedling form that places the crown, from which adventi- 
tious roots may develop, only a few millimeters below the soil 
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surface contribute to the difficulty of establishing blue grama 
(Briske and Wilson 1978, Wilson and Briske 1979). 

Rapid vegetative spread is advantageous to blue grama plants 
on a disturbed area, whether they have arisen from seed or have 
survived the disturbance. Samuel (1985), Green and Goetz 
(1973), McMillian (1956), Mueller (1941), and Riegel (1940) 
have reported variability in several growth parameters among 
blue grama clones from the same location or from locations 
spread across the Great Plains. 

Nevertheless, occasional blue grama seedlings survive and 
develop into viable plants. Samuel and Hart (1994) found, in 
1980, a few blue grama seedlings on an area last disturbed in 
1976. These seedlings probably resulted from rare combinations 
of seed sonrce, suitable amount and timing of precipitation, and 
reduced competition from existing vegetation (Wilson and Briske 
1979; Samuel and Hart 1992; Coffin and Lauenroth 1988,1989a, 
1989b). 

We followed the development of 19 blue grama seedlings 
found on the area of rangeland last disturbed in 1976 to determine 
the magnitude of differences among plants in rate of spread and 
fragmentation. We hypothesized that these differences would be 
larger than the differences observed in the previous study in a 
cultivated nursery (Samuel 1985), because of greater spatial het- 
erogeneity in competition from other vegetation on the disturbed 
area. 

Materials and Methods 

The study area, described by Samuel and Hart (1994), was on 
the High Plains Grasslands Research Station in Section 3, T 14 N, 
R 67 W, about 8.5 km northwest of Cheyenne, Wyo. The area, on 
Altvan sandy clay loam (Aridic Argiustoll), had been scraped 
annually from 1966 through 1976 with a road grader, to a depth 
of 5-10 cm. The disturbed soil was respread over the area after 
each scraping. Peak standing crop during the growing seasons of 
1980 through 1986 ranged fkom 1.2 to 2.8 Mg ha”. In 1980, peak 
standing crop was approximately 20% western wheatgrass 
[Pascopyrum smithii (Rydb.) A. Love], 50% annual forbs, and 
30% perennial forbs. In 1986 composition of peak standing crop 
had shifted to approximately 50% western wheatgrass and 50% 
perennial forbs, with traces of annual forbs and other grasses. 
Total precipitation was 361, 445, 521, 613, 514, 466, and 376 
mm in 1980 through 1986, respectively. Average annual precipi- 
tation, 1964-1987, was 372 mm. The area was not grazed by live- 
stock during the study. 
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Twenty-one seedling blue grama plants were identified, 
marked, and numbered in the summer of 1980. As the plants 
developed, clones 10 and 11 merged and it became impossible to 
measure them individually, so measurements will be reported for 
19 clones. 

Each clone was mapped and basal area calculated on 28 April 
1981; 23 or 28 September 1981; 9 May 1983; 17 or 20 October 
1983; 17, 21 or 22 October 1985; and between 29 April and 6 
May 1987. Spread on these dates represented spread through the 
growing seasons of 1980, 1981, 1982, 1983, 1984-1985, and 
1986, respectively. We placed a wire grid with a 1.27 by 1.27 cm 

spacing over each clone and recorded the number and locations 
of intersections which lay over the basal area of the plant (Hart 
1965). Basal area was calculated from the mean number of inter- 
sections recorded on five random placements per clone; each 
intersection was assumed to represent 1.613 cm’ of basal area. 
The clone was mapped from the first placement. 

On 17-20 October 1983 and 23-24 September 1985, we 
clipped all herbage from each clone to ground level, dried it at 60 
C, and weighed it. In 1985 we also clipped, dried, and weighed 
all other vegetation inside each blue grama clone and within O-10 
and 10-20 cm of the perimeter of each clone. Because a single 
plant represented each clone, it was not possible to calculate vari- 
ances of areas or weights. 

Above-ground phytomass estimates (y) in 1983 and 1985 were 
regressed on basal areas (x) after the 1983 and 1985 growing sea- 
sons, respectively, using standard methods. Phytomass estimates 

in 1985 were also regressed on total phytomass of all vegetation 
O-10 cm or O-20 cm from the perimeter of each clone, or O-20 
cm plus the vegetation within the clone. 

Results and Discussion 

Basal area of every clone increased in nearly every year Often, as the clones increased in size, older stems near the cen- 
throughout the study. After the 1986 growing season, the basal ters of the clones died, creating bare spots. Clone 80-l showed 
area of the largest clone, 344 cmz, was 4.5 times that of the small- the common pattern of bare areas opening and closing as the 
est clone, 76 cm* (Pig. 1). In 1983, above-ground phytomass of clone spread (Pig. 2). Clone 80-21 fragmented as it spread, par- 
the heaviest clone was 14.7 g, more than 13 times that of the tially because a rock and a developing clone of prairie junegrass 

lightest clone, 1.1 g (Fig. 1). In 1985, the same clones were still 
heaviest and lightest and weighed 45.7 and 2.8 g, a 16-fold differ- 
ence. 

The lightest clone in 1983 and 1985 was also the clone with the 
least basal area in 1983, 1985, and 1986. The heaviest clone in 
1983 and 1985 was only seventh in area in 1983 and eighth in 
1985 and 1986. However, the heaviest clone produced 148 mg of 
phytomass cm* of basal area in 1983 and 250 mg cm-’ in 1985, 
while the clone with the greatest area produced only 72 and 122 
mg cm-* in 1983 and 1985, respectively. Phytomass of clones was 
more closely correlated with basal area in 1983 (3 = 0.67) than in 
1985 (r’ = 0.57). 

Competition from associated vegetation is an important factor 
influencing rate of spread. After 3 growing seasons, blue grama 
seedlings transplanted into 16-cm openings in a western wheat- 
grass sod averaged 1.04 g of phytomass (standard error = 0.19), 
vs. 0.20 g of phytomass (standard error = 0.05) from seedlings 
transplanted into very small openings in otherwise undisturbed 
sod (Samuel and Hart 1992). 

When competition is lacking, the range in phytomass and basal 
area is much smaller. Samuel (1985) selected 5 ‘slow-spreading’ 
clones, which had spread only a few centimeters in an area 
plowed 50 years earlier, and 5 ‘fast-spreading’ clones, which had 
developed into large plants within the same plowed area. In the 
fourth year of growth in a cultivated nursery, an average of 104 g 
(range 82-142 g) of above-ground phytomass was harvested from 
fast-spreading clones vs. an average of 93 g (range 82-130 g) 
from slow-spreading clones. 

We did not estimate competition until 1985, when phytomass 
of blue grama clones was not correlated with phytomass of asso- 
ciated vegetation in any of the 3 zones measured (data not 
shown). If phytomass of associated vegetation had been measured 
in the first 1 or 2 years of establishment, some correlation might 
have been detected. 

400 4-J 
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Clone number 

q Area, 1986 0 Weighs 1983 w Weight, 1985 

Fig. 1. Basal area at the end of the 1986 growing season, and dry 
weight of above-ground phytomass at the ends of the 1983 and 
1985 growing seasons, of 19 blue grama clones arising from 
seedlings established in 1980. 

q Bluegrama q Rock m Bareground 
inside clone 

Fig. 2. Basal area of 2 blue grama clones, showing development of 
internal bare areas and fragmentation, at the ends of the 1981- 
1986 growing seasons. 
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(Koeletiu cristuta [L.] Per-s.) interfered with spread and reunion 
of the fragments. 

Fragmentation of clones has been documented as a means of 
spread in New Zealand fescue (Festuca novae-zelandiae 
Cockayne) (Lord 1993), sheep fescue (Festuca ovina L.) 
(Harberd 1962), German velvetgrass (Holcus mollis L.) (Harberd 
1967), tufted hairgrass (Deschampsia caespitosa IL.1 Beauv.) 
(Davy 1980, Gatsuk et al. 1980), and moor matgrass (Nurdus 
stricta L.) (Chadwick 1960). Lord (1993) determined the identity 
of New Zealand fescue tussocks by isozyme electrophoresis, and 
found clonal fragments separated by as much as 2.7 m, in a stand 
estimated to be 500 years old. An annual spread of 3 mm would 
be adequate to produce separation at this distance. Maximum 
width of blue grama clone 80-21 was 18 cm, representing a 
spread of 3 cm yr.’ for 6 years from the original center. 

In conclusion, a great deal of variability in rate of spread exists 
among blue grama clones, and this may be exaggerated by differ- 
ences in levels of competition. We observed a 4.5fold difference 
in basal area and a 16.3-fold difference in above-ground phy- 
tomass of blue grama clones growing under natural competition. 
Clones must be tested under uniform competition to obtain reli- 
able estimates of their capacity to spread. Replicated testing of 
vegetative propagules (clonal ramets) would further improve reli- 
ability in measuring rate of spread. 
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Abstract 

This study described the effects of soils, site preparation, and 
initial pine regeneration spacings on tree growth and the associ- 
ated understory woody and herbaceous plant succession. 
Although Sawyer soils appeared more productive than Ruston 
soils before the harvest and regeneration treatments, woody and 
herbaceous plant differences were not apparent between the soils 
after regeneration. During the first 3 years after treatment, the 
mechanical site preparation method (shear-windrow-burn) 
reduced woody plant heights more than the under-plant-release 
method; however, these height differences disappeared by the 
6th year of post-treatment. Woody plant densities decreased ini- 
tially, increased by the 6th year after treatment, and decreased to 
pretreatment levels by the 10th year. Herbage yields increased 
significantly after site preparation and pine regeneration 
through the 3rd year, decreased by the 6th year, and declined to 
levels below pretreatment by the 10th year. Initial pine planting 
densities did not significantly intluence the understory herbage 
yields during the first 10 years as a result of the confounding 
effects of the other woody plant growth. 

Key Words: loblolly pine, tree spacing, Ruston, Sawyer, under- 
plant-release, shear-windrow-burn 

Trees are planted yearly in large areas of the southern United 
States to increase forest productivity; for example, 850,000 ha 
were planted in 1985 (Mixon 1988). The greatest potential to 
increase these timber supplies, with at least 12 million ha (mainly 
in the loblolly-shortleaf pine-hardwood forest type (Pinus me&z 
L.-P. echitzata Mill.) currently in production, is through site 
preparation and regeneration by natural or artificial methods 
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(USDA Forest Service 198s). Effective reforestation to maintain 
a sustained-yield is often difficult, especially where aggressive 
hardwood and herbaceous plant competition follows timber har- 
vest. Site preparation methods such as pyric, herbicidal, biologi- 
cal, and mechanical techniques to reduce the competing vegeta- 
tion have been used to improve establishment and growth of 
planted pines. Initial spacing of the pine regeneration also can 
influence the final desired tree product, whether biologically or 
operationally (Smith and Strub 1991). Generally, pine trees, 
herbaceous cover, and other woody plants are more abundant on 
site-prepared areas than on untreated areas (Baskett et al. 1957). 
Pulpwood or early sawlog production can usually be rapidly 
achieved through wider initial tree spacings or early thinnings 
(Burton 1982). Also, low tree densities result in more forage 
(Walters et al. 1982). Timber harvesting, site preparation, and 
reforestation aspects all can affect immediate and long-term 
understory resources, which provide forage for livestock and 
habitat for wildlife. Few studies have examined the effects of ini- 
tial pine spacing on the understory vegetation components. The 
objective of this study was to describe the effects of soils, site 
preparation, and initial pine regeneration spacings on tree growth 
and the associated understory woody and herbaceous plant suc- 
cession. 

Procedures 

The study was located in the loblolly-shortleaf pine-hardwood 
type of the Kisatchie National Forest in the central Louisiana 
parishes of Grant and Rapides. Two replications of 2 site prepara- 
tion treatments (underplant-release and shear-window-bum), 2 
soil series (Ruston and Sawyer), and 5 initial pine spacing densi- 
ties (1.2 x 1.8 m, 1.S x 2.4 m, 2.4 x 3.7 m, 3.7 x 4.9 m, and an 
unplanted control) were established in 1970 and 1972. Ruston 

Disclaimer 
Mention of trade name is solely to identify materials used and does not consti- 

tute endorsement by the U.S. Department of Agriculture. Discussion of herbi- 
cides in this paper does not constitute recommendation of their use or imply that 
uses discussed here are registered. 
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soils are loamy textured, well drained, moderately permeable 
soils, 3 to 8% slopes, with fine sandy loam to clay loam subsoils 
in the Ultisols order and Aressias Paleudult subgroup; Sawyer 
soils are slowly to very slowly permeable clays, 1 to 3% slopes, 
with slowly permeable silty clay subsoils in the Ultisols order and 
Aquic Paleudult suborder (Walters et al. 1977, Haywood and 
Burton 1989,199O). The underplant-release site preparation treat- 
ment consisted of prescribed burning to reduce logging slash and 
residual live plant material; hardwoods 2.5cm diameter breast 
height (dbh) and larger were injected with 2,4dichlorophenoxy 
acetic acid. The shear-windrow-bum site preparation treatment 
consisted of shearing blade mounted on a crawler tractor to fell 
cull pine and hardwood trees, piling the slash into windrows with 
brush rakes, and burning the piled windrows the following win- 
ter. Following site preparation, areas were subdivided into five 
43.9 x 49.4 m plots and hand planted with loblolly pine seedlings 
during January. 

Herbaceous vegetation, included botanical composition (%) 
and yield (kg ha”; oven dry wt), was measured on 20 systemati- 
cally spaced 0.89 m2 quadrants prior to, and 1, 2, 3, 6, and 10 
h7ear.s following site preparation treatments. Floral composition 
was estimated on each quadrant to the nearest 5% for all species 
producing 25% or more of the total herbage yield. These esti- 
mates were subtracted from 100 and residuals were equally divid- 
ed among species producing less than 25% of the total herbage. 
Herbage yields were estimated to the nearest 5 g/O.89 m*. 

Woody plant densities (stems ha-‘), heights (m), and crown (m’ 
ha’) were measured for plants I 2.5-cm stem diameter (dbh for 
trees; ground level diameter for shrubs and vines) on 4 systemati- 
cally spaced 0.004-ha circular quadrants (3.6-m radius). Woody 
plant densities (stems hal) and basal areas (m* ha’) were mea- 
sured for plants 2 2.5-cm diameter, on four O.Ol-ha circular quad- 
rants (5.7-m radius). The diameter (dbh) of trees harvested was 
estimated from residual stumps. All woody vegetation was mea- 
sured before, and 1,2,3,6, and 10 years after site preparation. 

Data were analyzed by analyses of variance based on 3 experi- 
mental design configurations with significance accepted at the 
0.10 probability level and the main effects being separated using 
Scheffe’s Test (Steel and Torrie 1980). Analysis of the vegetation 
characteristics before the treatments were applied was done with 
the basic analysis of variance test between the 2 soils only. The 
analyses for measurement years 1 through 3 were based on a split 
plot design with soils, site preparation, and planting spacing as 
the treatments. For measurement years 6 and 10, the split plot 
design was modified to only include site preparation and planting 
spacing treatments. This change was required because major fires 
and other catastrophic events after year 3 destroyed nearly all of 
the plots for one replication on the Ruston soil, and many plots of 
the same replication on the Sawyer soil. Fortunately, in the mea- 
surement years 1 through 3 analyses, soil effects on the various 
vegetation measures were almost never statistically significant 
(only shrub height in year 2 was significant). Therefore, rather 
than not be able to statistically test results for measurement years 
6 and 10, we elected to eliminate the data from the few remaining 
plots on the Sawyer soils. This left us with only one-half (20) the 
number of plots we started with (40), but it gave us 2 complete 
replications for the site preparation and planting spacing treat- 
ments for analysis in later years. The reader is cautioned that 
years 6 and 10 results may thus be affected to some degree 
because of our procedural change. Common and scientific names 
of plants in this article follow nomenclature by Hicks and 

Stephenson 1978, USDA Forest Service 1974, Grelen and 
Hughes 1984, Gould 1975, Clewell 1985, and Wolters et al. 
1977. 

Results and Discussion 

Pretreatment Vegetation 
Before site treatment, the larger diameter (X!.5-cm) tree and 

shrub densities and basal areas were about 60% greater on 
Sawyer (1,729 stems ha’, 23.7 m2 ha’) than on Ruston (1,097 
stems ha’, 15.0 mz ha’) soils (ITable 1). On Ruston soils, black- 

Table 1. Pretreatment density and basal area of trees and shrubs ZL5an 
dbh before harvest. 

Species 
Densitv Basal area 

Ruston Sawyer Ruston Sawyer 

Red Maple 
Hickory 
Flowering dogwood 
sweetglml 
Shortleaf pine 
Loblolly pine 
Oaks 
Tree huckleberry 
Other trees and shrubs 

(11 SPP.) 

---- s~~ha-‘---- _ 
57 14s 

264 14s 
57 12 
25 25 

0 136 
91 457 

553 210 
42 111 

8 482 

.---&ha-‘__-- 
0.2 0.3 
1.8 0.9 
0.2 t’ 

; 0.1 8.7 
3.5 4.2 
9.2 7.8 

0.: 0.1 1.6 

T&l -- 1097 1729 15.0 23.7 

It = So.05 Ill* ha-’ 

jack oak (Quercus marilandica Muenchh.) was the most tmiform- 
ly distributed and dominant woody species; on Sawyer soils, no 
tree dominance was observed although red maple (Acer nrbrum 
L.) was uniformly distributed. Woody plant densities and basal 

Table 2. Pretreatment density and basal area of trees and shrubs Z2.5-a~ 
dbh following harvest. 

Species 

Red Maple 
Hickory 
Flowering dogwood 
Sweetgum 
Shortleaf pine 
L.oblolly pine 
O&S 
Tree huckleberry 
Other trees and shrubs 

(11 SPP.) 
Total 

Ruston Sawyer 
---- stemshC’---- 

22 37 
74 37 
22 2 

5 5 
0 22 

25 111 
118 40 

15 27 
3 119 

284 400 

Ruston Sawyer 
---_ m2has’---- 

0.1 0.1 
0.3 0.2 
0.1 t’ 

0’ 0.: 
0.1 0.8 
1.7 0.7 

t 
t 0: 

2.3 2.2 

‘t = 50.05 lx? hi’ 

areas were greatly reduced by timber harvest (Table 2). 
Before treatment, the smaller stem diameter (d.5-cm) woody 

plants greatly exceeded the densities of the larger woody stems 
on both soils (Tables 1, 2, and 3). American beautyberry 
(Callicarpa americana L.) was dominant, with arrow-wood 
(Viburnum dentatum L.), southern red oak (Q. fakata Michx.), 
and red maple subdominant, on Sawyer soils. American beauty- 
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Table 3. Pretreatment density and canopy cover of trees, shrubs, and 
vines c2.5-an stem diameter. 

Table 5. Survival of planted loblolly pines by various spacings and dates. 

Species 
identified Dcnsitv 

Plant type Ruston Sawyer Ruston Sawyer 

___- no .---- --stem$h&‘--- 
Trees 16 12 3730 6337 
Shrubs 6 11 2636 8251 
Vines 7 7 6956 5807 
Total 29 30 13322 20395 

&ODV COWT 

Ruston Sawyer 
---m2ha-‘--- 
519 591 
757 847 
- - 

1276 1438 

Spacings (m) 

3.7 x 4.9 
2.4 x 3.7 
1.8x2.4 
1.2 x LSa 
Average 

yea w ye= 
------------------8-------------- 

82” Sob 80a 
S5a S6a 7Sa 
77a 82ab 80a 
S4ab 84ab 74a 
82 83 78 

berry and shining sumac (Rhus copallina L.) were the principal 
species on Ruston soils. Tree huckleberry (Vaccinium arborum 
Marsh.) was less abundant but was common on both soils. 

Pretreatment herbage yields were greater on Sawyer than on 
Ruston soils (Table 4). Since the Sawyer soils also supported 

Grape (Vitis spp.) was the most abundant vine species on both 
soils. Poison ivy (Toxicodendron radicuns (L.) Kuntze) was com- 
mon on Ruston soils while cross-vine (Bignonia capreolufu L.) 
and yellow jessamine (Gelsemium sempervirens (L.) Ait.) were 
abundant on Sawyer soils. 

Table 4. Pretreatment herbage yields. 

Plant type 

Grasses 
Sedges & rashes 
Forbs 
Ferns 
Total 

Species identified 
Ruston Sawyer 

--_-_ no ._____ 
16 12 

1 1 
22 19 

1 0 
40 32 

Yields 
Ruston Sawyer 
_ _ _ - I;g h$’ _ _ _ _ 

IS5 309 
2 27 

59 45 
1 0 

247 381 

greater woody plant densities, it appeared initially that these soils 
were more productive than the Ruston soils. However, great vari- 
ability occurred among herbaceous plants on both soils. Longleaf 
uniola (Chasmanthium sessilijlorum (Poir.) Yates) and spike 
uniola (C. laxum (L.) Yates) combined produced about 55% of 
the herbage on Sawyer soil less than 5% on Ruston soils. On the 
other hand, pinehill bluestem (Schizuchyrium scoparium var. 
divergens (Hack.) Gould) and broomsedge bluestem 
(Andropogon virginicua L.) together produced 40% on Ruston 
soils but less than 5% on Sawyer soils. Low panicums 
(Dichanthelium spp.) were a major herbaceous component on 
both soils as was spreading panicum (Panicurn anceps var. rhi- 
zomatum (Hitchc. & Chase) Fern.) on the Sawyer soils. 
Tickclover (Desmodium spp.) and common carpet grass 
(Axonopus c@inis Chase) were important herbage producers on 
Ruston soil while sedges and spreading panicum were important 
on Sawyer soils. Threeawn (Aristida spp.) was less abundant but 
produced similarly on both soils. 

Post-treatment Vegetation 
Pine Regeneration-Pine survival rates the 1st year after 

planting averaged 82%; survival rate differences were not 
observed among the initial spacing densities (Table 5). Third year 

survival rates averaged 83%, slightly higher than the 1st year, 
indicating either sampling error or additional natural seedling 

Less natural pine regeneration occurred within the more dense 

establishment indistinguishable from the planted pines. In the 3rd 
year, the 3.7 x 4.9 m spacing had a significantly lower loblolly 

initial spacing treatments; wider spacings had more open ground 

pine survival rate than the 2.4 x 3.7 m spacing; other spacing 
densities were not different during that year. By the 10th year, 
artificially planted pine survival rates averaged 78% and were not 
different among the spacing densities. 

Table 6. Density of loblolly pines at various spacings aad dates. 

Planted 1” 3” 10” 
Spacings (m) pines ye= ye.- ye= 

_ I - - - - _ - - - - - - - - - - - stem ha-’ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

3.7 x 4.9 580d’ 474d 472d 1,596b 
2.4 x 3.7 1,146c 973c 98lc 1,388b 
1.8 x 2.4 2,258b 1,744b 1,596b 1,81 lb 
1.2 x LSa 4.451a 3,638a 3.749a 3,Olla 

‘Within column, means with the same lonercase letter are not significant at hO.10. 

and, consequently, more natural regeneration Fable 6). Between 
the 3rd and 10th years after artificial pine regeneration, many of 
the natural loblolly pine seedlings became indistinguishable from 
the artificially planted pines. Ten-year-old loblolly pine heights 
(8.7 m) and diameters (dbh’s) (10.4 cm) were not different 
among the initial pine spacing densities. 

Trees (22.5cm dbh)-By the 6th year after pine regeneration, 
woody plant densities for trees X.5-cm diameter (dbh) were not 
different between soils, between site preparation treatments, or 
among initial pine planting densities, except for sweetgum 
(Liquidambar styruciflua L.). Sweetgum had significantly more 
stems on the 2.4 x 3.7 m pine spacings (358 stems ha-‘) than on 
the 1.8 x 2.4 m (49 stems ha’) and 1.2 x 1.8 m (74 stems ha-‘) 
spacings; other spacings had intermediate sweetgum densities and 
were not different from each other. Densities of red maple (284 
stems hx’), oaks (Quercus spp. 210 stems hs’), sweetgum (198 
stems ha-‘) were consistently high especially on unplanted control 
treatments; even loblolly pine densities were high on the unplant- 
ed controls (309 stems ha-‘). Woody plant densities varied from 
877 to 1,803 stems ha’ across the various spacings. Basal areas of 
the woody stems X.5-cm dbh were only 2.0 m* ha’ by the 10th 
year, of which 0.1 m2 ha-’ was natural pine (42 stems ha’). 

Trees (<2.&m dbh)-Trees with stems <2.5-cm diameter 
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(dbh) remained relatively constant, varying from 5,017 stems ha’ 
during the 1st year to 3,663 the 2nd year, 3,097 the 3rd year, 
5,224 the 6th year, and 5,996 the 10th year, yearly fluctuations 
were the result of the new woody plant establishment which were 
shaded out or grew into the larger dbh category by the 10th year. 
principal tree species during the 10th year were flowering dog- 
wood (Comusfloridu L.), white oak (Quercus alba L.), southern 
red oak, and mockemut hickory (C~I-JU tomentosa (Pair.) Nutt.). 
Woody plant sprout densities were not different between the 
Ruston and Sawyer soils, between the underplant-release and 
shear-windrow-bum site preparation treatments, or among the 
initial pine spacings during the post-treatment years. 

Tree heights (stems &S-cm dbh) were significantly influenced 
by site preparation treatments during the first 3 years after treat- 
ment; heights averaged 1.1, 1.9, and 2.9 m during lst, 2nd, and 
3rd years on the underplant-release and 0.6, 1.4, and 1.6 m on the 
shear-windrow-bum treatment, respectively. By the 6th year, tree 
heights averaged 4.7 m and were not different between site prepa- 
ration treatments. For trees c2.5cm diameter (dbh) heights were 
not different between soils or among the initial pine spacings for 
dy of the post-treatment years. 

Canopy covers (crown cover/plant x trees/ha) of trees with 
stems c2.5-cm diameter (dbh) were not different among initial 
pine spacings or between soils but were different between site 
preparation treatments during the 2nd and 3rd post-treatment 
years. Canopy cover (355 m* ha’) was not different between site 
preparation treatments during the 1st year. Canopy cover on the 
underplant-release treatments averaged 1,036 m* ha’ and 1,192 
m* ha* during the 2nd and 3rd post-treatment years and 259 m* 
ha’ and 97 m2 ha’ on the shear-windrow-bum treatment, respec- 
tively. The 3rd year decrease in canopy cover from the 2nd year 
on the shear-windrow-bum was a result of the diameter stem 
growth which shifted some trees into the X2.5-cm dbh category. 
Canopy cover differences between the underplant-release and 
shear-windrow-bum treatments disappeared by the 6th year; at 
that time, tree &.5-cm dbh canopies averaged 5,908 m* ha’ (Fig. 
1). By the 10th year, the midstory tree canopies decreased to 477 
m2 ha’. 

Shrubs-Shrub densities (Q.5-cm stem diameter) varied from 

Fig. 1. Woody canopy cover and herbage yields with and without 
art&Sal pine regeneration. 

5,832 stems ha’ during the 1st post-treatment year to 8,403 dur- 
ing the 2nd year, 3,470 the 3rd year, 4,550 the 6th year, and 5,996 
the 10th year. During the 10th year, the principal shrubs were 
American beautyberry, shinning sumac, and Elliott blueberry 
(Vaccinium elliottii Chapm.). Shrub densities were not different 
between soils, between site preparation treatments, or among the 
initial pine spacings during post-treatment. 

Shrub heights differed between site preparation treatments dur- 
ing the first 3 years following treatment; shrub heights averaged 
0.8, 1.2, and 1.6 m during lst, 2nd, and 3rd years of post-treat- 
ment on the underplant-release and 0.4, 0.6, and 0.8 m on the 
shear-windrow-bum treatments, respectively. Shrub heights did 
not differ by the 6th year, when heights averaged 3.1 m. Shrub 
heights differed between soils only during the 2nd post-treatment 
year when heights were 0.7 m on Ruston soils and 1.2 m on 
Sawyer soils. Shrub heights among pine spacing densities dif- 
fered only during the 1st post-treatment year, being highest on the 
2.4 x 3.7 m spacing (0.7 m) and lowest on the unplanted control 
(0.5 m); heights did not differ (0.6 m) for the other spacings. 
Shrub heights between soils, between site treatments, or among 
pine spacings were not different by the 6th year. 

Canopy covers of shrubs with stems (<2.5-cm diameter did not 
differ among pine spacings or soils but did differ between site 
preparation treatments during the 1st and 3rd years post-treat- 
ment, with average canopies of 183 and 109 m* ha’ on the shear- 
windrow-burn treatment and 412 and 245 m* ha-’ on the under- 
plant-release treatments, respectively. Shrub canopies during the 
2nd (594 m* ha’), 6th (2,287 m* ha’), and 10th (633 m* ha-‘) years 
did not differ between site preparation treatments. 

Vines-Woody vine densities within the study areas were 
4,142, 5,790, 5,688, 10,275, and 5,996 stems ha** during the Ist, 
2nd 3rd, 6th, and 10th years post-treatment respectively. During 
the 10th year, vine densities were the lowest for the post-treat- 
ment period, due to the closing canopy; the most prevalent vines 
were greenbriers (Smilox rotundifolia L., S. glauca Walt., S. 
bona-nox L.), muscadine grapes (Vitus rotundijXia Michx.), and 
blackberries (Rubus spp.). Vine density did not differ significant- 
ly between soils, between site preparation treatments, or among 
pine spacing densities for any of the years. 

Herbage-Herbage yields increased signiIicantly the 1st year 
after site and pine regeneration treatments, continued increasing 
through the 2nd year, and leveled during the 3rd year (Fig. 1). By 
the 6th year, herbage yields decreased on all treatments, including 
the unplanted controls. During the 6th year, herbage yields on the 
unplanted controls were 48% higher (924 kg ha’) than on the 
pine regenerated areas (626 kg ha’), regardless of spacing densi- 
ty. Apparently the pine and other woody plant midstory and over- 
story “out-competed” the herbage for light, nutrients, and water. 
By the 10th year, herbage yields were well below pretreatment 
levels as a result of the regenerated pines and other woody plant 
regrowth, even on the unplanted controls. These responses are 
similar to results from other Louisiana and Texas studies where 
yields increased through the 3rd and 4th year but decreased sub- 
stantially by the 5th and 6th year (Tiarks and Haywood 1986, 
Stransky and Halls 1981, Stransky et al. 1986). 

Herbage botanical composition groups responded differently 
through the first 6 years (Table 7). Grasses dominated the sites 
during pretreatment while forbs were less than 20%. By the end 
of the 1st year after treatment, forbs increased to more than 50% 
of the botanical composition, indicating their rapid response to 
site disturbance and competititon removal. By the 6th year, grass- 
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Table 7. Botanical composition of herbage before and after loblolly pine 
plantings. 

Plant Years since ulantinz 

&roups Pretreatment lS 2”d 3 rd 6‘h lOti 
_----- I _ - - - - -  

G-asses 79.1 42.7 
Bluestem 20.2 18.9 
Panicunls 14.0 9.8 
Paspalums 0.6 0.8 
UIliO1Ci.S 33.2 3.3 
OthfXS 11.0 9.9 

Ckasslikes 4.4 3.3 
Rushes 0 0.4 
Sedges 4.4 2.7 

Forbs 16.4 54.1 
Composites 5.1 41.7 
Legumes 4.8 1.5 
Other; 6.5 11.0 

-------%----------------- 
56.6 66.5 79.3 78.3 
27.5 35.0 14.2 1.5 
13.2 13.5 6.3 5.1 

2.2 1.4 0.9 1.8 
9.5 13.9 55.4 62.5 
4.2 2.5 2.7 7.4 

6.8 7.9 8.8 2.3 
5.5 6.2 8.1 1.4 
1.3 1.7 0.7 0.9 

36.6 25.6 11.9 19.4 
23.3 17.6 7.4 3.4 

3.1 3.0 1.1 9.2 
10.2 5.1 3.4 6.9 

es were again dominant, with uniolas being most abundant and 
remaining so through the 10th year. Bluestems, 2nd in abundance 
during pretreatment, became the dominant grass in the 3rd year as 
a result of the overstory removal. By the 6th year, bluestems 
reverted again to 2nd place, similar to the pretreatment. These 
results are similar to studies in Florida where composites 
appeared first after site preparation, followed by perennial grasses 
(Grelen 1962). Thirteen years later, wood plants on the Florida 
site were still sparse while dog-fennel (Eupatorium compositifoli- 
urn Walt.) and broomsedge bluestem (Andropogon virginicus L.) 
were common (Hebb 1971). In Texas studies, herbages increased 
more than woody plants during the early years after site prepara- 
tion (Stransky and Halls 1978) while in Florida, site preparation 
actually reduced herbaceous cover and yield the 1st year but out- 
produced untreated sites by the 2nd and 3rd years (Beckwith 
1964). In other Florida studies, herbage yields peaked in 2 to 4 
years while woody plants peaked later (Umber and Harris 1974). 

No differences in herbage production were found among the 
various pine spacings. Apparently woody plants (trees, shrubs, 
and vines), other than planted pines, obscured any infhrences of 
the initial pine spacings. Only during the 3rd year were any of the 
herbaceous species groups significantly influenced by pine spac- 
ing; paspalum yields were highest on the 1.2 x 1.8 m spacings, 
intermediate on the unplanted clearcuts, 3.7 x 4.9 m and 2.4 x 
3.7 m spacings, and least on the 1.8 x 2.4 m spacing. Uniolas 
yielded more on 1.8 x 2.4 m spacings, were intermediate on 3.7 x 
4.9 m spacings, and were least on unplanted clearcuts, 2.4 x 3.7 
m and 1.2 x 1.8 m spackings. Since uniolas are shade tolerant, 
they were expected to increase under the denser pine spacings; 
however, the other woody plants (trees, shrubs, and vines) 
masked the initial pine spacing influence. 

Conclusions 

Generally, no differences in plant responses occurred because 
of soils. Although trees, shrubs, and herbage yielded more on 
Sawyer soils than Ruston soils before site treatment and pine 
regeneration, they were not different after treatment, except dur- 
ing the 2nd year post-treatment when shrub heights were greater 
on Sawyer soils than Ruston soils. These differences disappeared 
by the 3rd year. 

Although tree densities were originally reduced by the site 
preparation, they were not influenced differently between the 2 
methods, indicating that either technique would be satisfactory. 
Shrub heights during the first 3 years were greater on underplant- 
release treatments than on shear-windrow-bum treatments, but 
these differences disappeared by the 6th year. Vine densities and 
herbage yields were not affected by the 2 site preparation meth- 
ods, which is contrary to other Louisiana studies where mechani- 
cally prepared sites had greater herbage yields than underplant- 
release sites (Haywood et al. 1981). 

Initial pine regeneration spacings had little influence on the 
herbaceous and woody plant responses, at least in the long term. 
Wide spacings had more natural pine regeneration than close 
spacings as a result of the additional open canopy. Planted pine 
heights and dbhs were not different after 10 years as a result of 
the initial pine spacings. Vine density differences were not affect- 
ed by initial pine spacings. 

Understory and midstory trees were consistently present and 
abundant on the sites but generally were not influenced by the 
different soils, different site preparation methods, or different ini- 
tial pine spacings; only sweetgum was significantly affected by 
the initial pine spacings. 

The general treatment was that herbages increased during the 
first 3 years following site preparation and pine regeneration but 
decreased by the 6th year and thereafter. By the 10th year, 
herbage yields were below pretreatment levels as a result of the 
pine and other wood plant growth. 

Woody plants respond slower than herbaceous plants following 
site preparation; in our study, no woody plant cover changes were 
apparent during the first 3 years but increased nearly 10 fold by 
the 6th year, indicating its rapid recovery to site preparation after 
the 3-year delay. Woody plants decreased to pretreatment levels 
by the 10th year as a result of crown closure by the overstory 
trees. 

Management Implications 

Since tree and forage responses were similar among soils, site 
preparation, and pine spacing, silvicultural and livestock manage- 
ment approaches would apply regardless of treatment. Forage 
yields increase after removal of the tree overstory until the subse- 
quent pine regeneration again overtops the understory vegetation 
and forages decrease. The increased forage yields potentially pro- 
vide substantial livestock grazing during the early pine regenera- 
tion years; however, careful management of the livestock in the 
newly established stands is required to prevent livestock damage 
to the young pines. After 4 to 6 years, the tree and shrub midstory 
and overstory appreciably reduces forage yields, thus requiring 
livestock reductions on regeneration areas. Likewise, woody 
plants used as food for wildlife, increase during the early years 
following overstory tree removal and decrease after canopy clo- 
sure at 6 to 8 years of age. Understory vegetation produced dur- 
ing the early successional stages of the pine regeneration process 
provides abundant wildlife habitat, especially for deer but also for 
bids and other ground dwelling animals. 
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Abstract 

Changes in the vegetation and soil surface were assessed along 
a grazing intensity gradient on rangelands of the Punta Nias 
area in southern Argentina. Thirty-two transects were sampled 
in areas with different grazing intensity. Bray-Curtis polar ordi- 
nation and simple correlation were used to display changes in 
commuuity composition and measure association between differ- 
ent community attributes. The first axis expressed the changes in 
species composition along a gradient of grazing intensity. The 
extremes of the gradient were represented by shrub and grass 
steppes. Shrub steppes dominated in heavily grazed areas close to 
permanent water points, while grass steppes dominated in lightly 
grazed areas in the extremes of the paddocks. A significant nega- 
tive relation (r = -0.81, p-zO.05) between grass and shrub cover 
suggested that grasses decreased as shrub increased. Flechilla 
(Mpa tenuis Phil.) and fiechilla negra [Piptochaefirrm napostaense 
@peg.) Hackel ap Stuckert.] were the main decreaser grasses 
while quilembai (Chuquiruga avellanedue Cav.) was the main 
shrub invading the grass steppes. Uneroded soil surface condi- 
tions decreased, and the size and frequency of crusted and desert 
pavement areas and mounds increased with shrub cover. Three 
states or stages of range degradation were identified along the 
gradient of grazing intensity. Grass steppe represented the most 
desirable state in term of livestock production and soil stability, 
while shrub steppe represented the most degraded and least pro- 
ductive state. 

Key Words: range condition, erosion, shrub invasion, 
shrub/grass relationships, soil surface conditions. 

Sheep grazing, one of the main economical activities of 
Patagonia, is based almost entirely on the natural vegetation. In 
most of the Patagonian rangelands, grazing appears to have modi- 
fied the vegetation and accelerated soil degradation processes 
(Soriano et al. 1983, Beeskow et al. 1987, Ares et al. 1990). 
These changes are generally referred to as changes in range con- 
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dition, and are usually assessed from measurements of the quanti- 
ty and composition of the vegetation (Stoddart et al. 1975). 
According to Wilson and Tupper (1982), range condition should 
be based primarily on soil stability as soil degradation is the most 
serious manifestation of a decline in range condition. Vegetation 
changes and soil degradation processes are closely related and 
may be site specific. Bosch and Kelhter (1991) emphasized the 
importance of understanding the process of rangeland degrada- 
tion before assessing the range condition of any area. 

The development of a conceptual model of ecosystem changes 
through statistical procedures may contribute to an understanding 
of species responses to grazing, community changes that could be 
expected during degradation, and the recovery potential of land 
degraded to different degrees. Westoby et al. (1989) proposed 
that rangeland dynamics can be described by a set of discrete 
“states” of vegetation on a site and a set of “transitions” between 
states. They indicated that management criteria should be used in 
selecting and defining the states that occur in a given situation. 
Although the central problem of Patagonian rangelands is the 
advance of desertification due to overgrazing (Tnstituto National 
de Tecnologia Agropecuatia, 1992), few studies have been under- 
taken to assess the deleterious changes in vegetation composition 
and soil degradation processes associated with grazing by domes- 
tic livestock. The objectives of this study were to define the 
extent of change along a gradient of grazing intensity, and to 
identify indicators of community deterioration and the different 
degradation stages in the Punta Ninfas area of Patagonia. 

Materials and Methods 

Study Area 
The Punta Ninfas area (l3eeskow et al. 1991) has an area of 

approximately 250 km2 ( and is located in the north-east of the 
Chubut province in Patagonia, 70 km E of Puerto Madryn 
(43”OO’S, 64”3O’W). It is an undulating plateau dissected by 
coastal valleys and interrupted by numerous depressions with 
playa lakes. Climate is arid and temperate. Mean annual precipi- 
tation from 1955-1992 was 254 mm, and varied from 81 mm to a 
maximum of 519 mm in 1992, when sampling was conducted. 
Monthly and annual amounts are extremely variable. Most of the 
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rainfall occurs during the cold season from April to September. 
Mean annual temperature is 12.5”C. The mean annual wind 
velocity at 10 m above ground level is 4.6 m 8’ (Barros 1983). 

Dominant soils are Xerollic Haplargids with some Xerollic 
Calciorthids and Typic Torriorthents (Soil Survey Staff, 1975). 
Haplargids are shallow with a loamy sand A horizon 5-15 cm 
thick, and a sandy loam B2t horizon 20-30 cm thick. A gravelly 
sand to sandy clay alluvium 50 to 80 cm thick forms the soil sub- 
stratum. This deposit of Holocene age rests either on the 
“Patagonian Gravel” (Rodados Patagonicos) formation of Plio- 
Pleistocene age on the plateaus, or directly on the Tertiary sedi- 
ments in the coastal plains and in the depressions. 

Two main physiognomies characterize the vegetation of the 
Puma Ninfas area, herbaceous and shrub steppes. Perennial, cool- 
season bunch grasses and evergreen shrubs are the dominant bio- 
forms of these communities; dwarf shrubs and ephemerals are 
secondary components. Foliar cover varies from 35% to 65%, but 
may increase substantially in rainy periods when annuals con- 
tribute a high proportion of the total cover. 

lowest similarity value with that site were automatically selected 
as end points of the first axis along which all other samples were 
ordinated. Two sites located near the center of the first axis, but 
with low similarity, were selected as end points to define a sec- 
ond axis of ordination. Regression analyses were used to deter- 
mine the relatinships of shrub cover to grass and mound cover. 

Results and Discussion 

The area is located in the ecotone between the Patagonian and 
Monte phytogeographic provinces. Principal species representing 
the first province are the shrubs quilembai (Chuquiraga avel- 
Zunedue Cav.), colapiche [Nzssuuviufueguiunu (Speg.) Cabrera], 
and neneo [Mulinum spinosum (Cav.) Pers.]. The cool-season 
grasses flechilla (Stipu tenuis Phil.) and flechilla negra 
[Piptochuetium nupostuense (Speg. Hackel ap Stuckert.] are the 
main species of the Monte province. 

Sheep grazing for wool production was introduced in the area 
at the begining of this century. Continuous grazing is practiced 
extensively in paddocks commonly exceeding 2,500 ha in size 
with a single permanent water point common to 3 or 4 paddocks. 
Mean stocking rate is 1 sheep 4 ha’. 

Sample Ordination and Degradation Gradient 
Sample ordinations along the first axis are given in Fig. 1. The 

x-axis expressed the relative position of the samples along a gra- 
dient of community composition between samples 1 and 27. 
Sample 1 was located adjacent to a water point representing 
heavily grazed areas, and sample 27 was located in the extreme 
of a paddock representing lightly grazed areas. This ordination 
fitted the preconceived utilization gradient, represented by a dis- 
tance to permanent water points, which in turn was considered 
the main factor controlling range utilization. However, the fact 
that other temporary water points developed in the paddocks (i.e., 
in the playa lakes) could have altered the development of the pat- 
tern of utilization usually found in large paddocks with 1 water 
point. This, other factors controlling range utilization, and the 
variation in plant community due to environmental heterogeneity, 
could explain the distance of some stands to the x axis. The ordi- 
nation along the y axis separated sites differing mainly in cover 
of pasto hilo (Pou lunuginosu Poiret). The high cover of pasto 
hilo, a rhizomatous cool-season grass that grows on loose sandy 
soils (Rostagno 1989), in samples close to one of the end points 
might indicate that the y-axis was related to the texture and thick- 
ness of the A horizon. 

Sampling Procedure 
Sample sites were selected on aerial photographs of scale 

1:60,000. Distances to permanent water points were taken into 
account in order to select sample sites with different grazing 
intensities. In October and November of 1992, 32 transects were 
located at these sites and sampled using the point quadrat method 
(Goodall 1952). Transects were 50 m long, and 100 points were 
recorded on each. A 1 m-long pin was lowered at 50 cm intervals 
and foliar cover by species and soil surface condition (desert 
pavement, uneroded soil and mound) were recorded. Cover was 
calculated as the percentage of direct hits per transect. 
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Standing crop was determined at 6 of the sampling sites (2 per 
state or physiognomic classification, as described later). 
Herbaceous plants were clipped at a height of 0.5 cm in ten 0.5 m 
x 0.5 m quadrats per site, layed at fixed intervals along the tran- 
sects. Samples were dried for 24 hours at 60°C and weighed. 
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Data Analysis 
Ordination techniques allow major elements in the distribution 

patterns of different locations to be compared and related to inde- 
pendent environmental information (Friedel 1991). This approach 
does not assume a climax, but produces classes and orders of 
locations that define a degradation gradient according to known 
site factors, seasonal conditions, and land management. The polar 
ordination method (Cottam et al. 1973) with Jaccard’s index of 
similarity as modified by Spatz (Mueller-Dombois and Ellenberg 
1974) was used in this study. The sampling site with the lowest 
mean similarity with all other samples, and the sample with the 
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Fig. 1. Bray-Curtis polar ordination of 32 cover transects. The x axis 
represents a grazing intensity gradient. S-l is a heavily grazed 
area located adjacent to a permanent water point and S-27 is a 
lightly-grazed area in the opposite extreme of the paddock. The y 
axis represents a gradient in the depth of the soil A horizon. 
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Areas considered to be relatively unchanged or nondegraded 
were characterized by a grass steppe physiognomy and an homo- 
geneous and stable soil surface condition. Changes in composi- 
tion and abundance of forage species were observed along the 
main gradient, apparently reflecting vegetation response to graz- 
ing (Pig. 2). Under continuous grazing a decrease of palatable 
species and an increase in unpalatable species occurs. The 2 dom- 
inant species in the grass steppe, the cool-season bunchgrasses 
flechilla and flechilla negra, classified as highly palatable and 
palatable, respectively (Elissalde and Miravalle 1983), were con- 
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Fig. 2. Relative abundance of the principal species and soil surface 
types along a grazing intensity gradient. US: uneroded soil; DP: 
desert pavement; M. mounds; Stte: Sfipa tenuis; Chav: 
Chuquirugu avellanedae; Nafu: Nassauviafiegiana; Poli: Poa ligu- 
la&; Pola: P. languginosa. 

sidered decreasers under light to moderate grazing. These species 
accounted for most of the forage production in nondegraded 
areas. Plechilla negra seemed to be either less tolerant to utiliza- 
tion or to changes in soil surface conditions as it decreased 
abruptly in even slightly grazed areas. At distances from water 
representative of moderately grazed areas, the peremdal and high- 
ly palatable grasses coiron poa (Pea ligularis Nees ap. Steudel) 
and flechilla grande (Stipa longiglumis Philippi) were abundant 
and frequently found in the shrub interspaces. Near water, where 
grazing was considered to be severe, these species were only 
found where protected under shrubs. 

As one moved toward water points, from lightly grazed to 
heavily grazed areas, the abundance of shrubs increased (Pig. 2). 
In the shrub-invaded areas, most of the A horizon had been 
translocated and accumulated beneath shrubs. Quilembai and 
colapiche, dominant shrubs in low areas along drainageways and 
around playa lakes with fine textured soils, invaded the adjacent 
grass steppe and became dominant in heavily grazed areas. 
Neneo, a shrub present on sandy soils, also invaded the grass 

steppe. The low palatability of these shrubs has likely been an 
important factor in the dominance in heavily grazed areas. The 
existance of mature plants of quilembai in the grass steppe pro- 
moted the formation of bare patches with desert pavements. This 
change appeared to have a positive effect on quilembai establish- 
ment since small individuals of quilembai were found in the 
degraded patches. 

Palatable annual species, mostly introduced, such as verdin 
[Schismus barbatus (L.) Thell.], wild barleys (Hordeum sp.), and 
the winter annual forb stork’s bill or ahilerillo [G-odium cicutari- 
urn (L.) L’Her.], significantly contributed to the total forage pro- 
duction in moderately degraded areas and were the main forage 
source in heavily degraded areas. Annuals were especially abun- 
dant in years with wet falls and/or winters, as occurred in the year 
of sampling. 

Community Indicators of Ecosystem Change 
The most important change recorded in the Puma Ninfas range- 

lands was the transformation of the grass steppe into a shrub 
steppe. The cover of the perennial grasses, principally the domi- 
nant grass flechilla, decreased while that of shrubs increased. 
Quilembai was the most abundant shrub and the main indicator of 
range degradation. A highly negative relationship (r = -0.81, 
~~0.05) between grass and shrub cover (Pig. 3) substantiated this 
observation. The transformation of former grassland into shrub- 
land has been documented elsewhere (Buffrngton and Herbel 
1965, Tueller and Blackbum 1974, Wickens and Whyte 1979, 
Herbel 1981). 

Modifications of spatial plant distributions were associated 
with changes in botanical composition. As quilembai and other 
shrubs invade the grass steppe, the size of bare patches increases, 
leading to an acceleration of the erosion process and the forma- 
tion of mounds (Pig. 4). However, the invading shrub neneo did 
not appear to promote the pattern of patches of desert pavement 
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Fig. 3. Relationship between grass and shrub foliar cover in the 
Pnuta Niias rangelands of Patagonia. 
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and mounds as did quilembai. The concept of determinant or 
“driver” species, originally used in the context of removing a 
species from an ecosystem (Walker 1992), could well be applied 
to quilembai because its invasion directly affects ecosystem 
processes such as erosion, soil infihrability and nutient cycling. 

Accelerated erosion was followed by the formation of a desert 
pavement in the eroded areas and the formation of mounds 
beneath the shrubs. Thus, soil surface conditions were considered 
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Fig. 4. Relationship between the percentage of soil surface covered 
by mounds and folk cover of the shrub quilembai in the Punta 
Niias rangelands of Patagonia. 

good indicators of soil degradation. These mounds seemed to be 
formed mainly by the accumulation of wind-blown material. In 
contrast, mounds associated with shrub clumps in the Puerto 
Madryn area 70 km west of the Punta Ninfa area were formed 
mainly by water erosion, with the mounds representing a relict of 
an ancient land surface (Rostagno and de1 Valle 1988). Mounds 
of colic origin associated with shrubs, also termed coppice dunes 
(Melton 1940), were reported on soils with texture ranging from 
sand to sandy loam (Wood et al. 1978. Gile et al. 1981, HeMeSSy 
et al. 1986). Hodgkinson (1983) concluded that the presence of 
coppice dunes associated with Cutler Mormon-tea (Ephedra cut- 
Zeri Peebles) on a loamy fine sand soil in northeastern Arizona 
indicated a decline in range condition. Soils of the Punta Ninfas 
area have a loamy sand A horizon that appears to be very suscep- 
tible to wind erosion. As the A horizon was eroded from the 
shrub interspace, a bare and stable surface, characterized by a 
crust and a desert pavement, developed on the top of the sandy 
clay B2t horizon. Plant establishment on this surface appeared to 
be limited by excessive compaction. 

Mounds and shrub interspace areas differ greatly in soil proper- 
ties (Rostagno et al. 1991), with the mound soils representing bet- 
ter conditions in term of fertility and water balance. Schlesinger 
et al. (1990) proposed that the increase in heterogeneity of soil 
properties caused by shrub invasion could be a general measure 

of the changes in ecosystem function underlying various forms of 
desertification. 

How much of the shrub encroachment and accelerated erosion 
in the Punta Ninfas area can be attributed to overgrazing is debat- 
able. According to Wright and Bailey (1982), fire in combination 
with other factors would have been required to prevent shrub 
invasion in some North American desert grasslands. In those 
ecosystems, grazing would have reduced fine fuel for fires and 
allowed shrubs to invade (Chew and Chew 1965). In the Punta 
Ninfas rangelands, a role of fire is suggested by the observation 
that recent accidental fires on nearby areas have promoted the 
reestablishment of a grass steppe. Without fire, quilembai seems 
to replace perennial grasses, at least under moderate to heavy 
grazing* 

States and Transitions 
Cover data were readily categorized into 3 groups (Table I), 

each representing a plant physiognomy that was easily recog- 
nized in the field. These physiognomic classifications may be 
viewed as the stable states of the state-and transition (boxes and 
arrows) concept of Westoby et al. (1989) (Pig. 5). Transitions 
between states can occur following certain climatic events and 
management practices. In the Punta Ninfas area, no references to 
climatic conditions conducive to a given state (i.e., shrub estab- 
lishment) are available. However, heavy continuous grazing, by 
reducing perennial herbaceous vigor, appears to be a prerequisite 
for shrub establishment in the grass steppe (transition 1). The 2 
extreme states, I and III, showed little internal variation in their 
species composition and structure. They were characterized by a 
grass steppe with little or no shrub cover, or a shrub or dwarf- 
shrub steppe with little grass cover. Soil degradation in state I 
was neglegible although some mounds had developed. On the 
contrary, soil degradation in state III was generalized with maxi- 
mum development of desert pavement and crust. Considerable 
variation in species composition occurs in the intermediate state. 
Grass/shrub steppes were more associated with soils with a thick 
sandy A horizon, with flechilla, pasto hilo, and desert needlegrass 
(Stipa speciosa Trin. and Rupr.) as dominant grasses, while 
shrub/grass steppes were more associated with soils with thin A 
horizons and coiron poa and flechilla grande as dominant grasses. 

Many quilembai seedlings were found in bare areas between 
mature plants in areas assigned to states II and III. In contrast, 
few or no young shrubs were present in adjacent grass-dominated 

Table 1. Mean foliar cover of principal plant species in each of the 3 
states identified in the Punta Ninfas rangelands of Patagonia. 
Coefficients of variation appear ia parentheses (II = 6). Data for States 
I, II, and III represent the left aad right extremes and the center of the 
x axis of Fig. 1, respectively. 

Species State I state II State III 

Stipa tenuis 
- -‘462(35;- - - - - ;gii; - - ---- - - - - - _ 

S. speciosa 3:0 (69) 2:2 (95) 
3.8 (67) 
1.3 (84) 

Poa ligularis 3.2 (76) 5.2 (57) 3.1 (56) 
P. lanuginosa 9.6 (62) 6.2 (76) cl (95) 
Piptochaetium napostaense 3.3 (33) <I (75) cl (130) 
Chuguiraga avellanedae 10.5 (34) 22.1 (16) 33.3 (13) 
Mulinum spinosum cl (124) 2.5 (103) 1.3 (74) 
Nassauvia fueguiana cl (110) 9.1 (87) 
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DOMINANT SPECIES 

Transitions 

Ti: Reduced herbaceousvigor by continuous heavy grazing. 
Climatic conditions favoumble for quilembal seedings 
establishment. 

T2: Fire or other shrub control technique. 

T3: Shrub driven succession. 

T4: Chemical or mechanical treatment for shrub control plus improvement 
in hydrological conditions (piMing) 

T5: The same as in T4 but less probable due to changes in soil surface 
conddlons. 

Fig. 5. State (S) and transition (T) diagram for the Punta Ninfas 
rangelands of Patagonia, including dominant plant species. 

areas. The degradation of the soil surface could explain the alter- 
nating patches of grass steppe and patches of shrub steppe and be 
a principal factor in transition 3. 

Fire or other shmb control practices might be used to encour- 
age transition 2, the change from the grass/shrub state (II) to 
grass steppe (I). However, the transition from shrub or dwarf- 
shrub steppe (state III) to either state D[ (transition 4) or state I 
(transition 5) would be possible only by mechanical shrub control 
and improvement in hydrological conditions, such as pitting of 
the soil surface, because infiltration rates are very low (Rostagno 
1989). 

Availability of forage decreases dramatically from the grass 
steppe, through grass/shrub steppe, to shrub steppe (Fig. 6), most- 
ly due to replacement by shrubs. The most common shrubs, 
quilembai, colapiche, and neneo, have very low forage value. In 
state III most of the herbaceous forage biomass was represented 
by annuals. In the succession model, condition represents the 
position of the vegetation along a continuum from heavily- 
grazed, early successional, poor condition, to ungmzed, climax, 
excellent condition. An important implication of this model for 
management is that range condition can be modified along this 
continuum by adjusting the stocking rate and providing time for 
the vegetation to equilibrate with it (Westoby et al. 1989). 
Although the different states (Fig. 5) might well represent seral 
stages with the grass steppe being the climaxic condition, it is 

I .ooo 

300 

jO0 

State 1 State 2 State 3 

Fig. 6. Standing herbaceous biomass at 3 sampling points in each of 
the 3 defined states in the Punta Ninfas rangelands of Patagonia. 
Vertical bars are the standard error of the mean. 

doubtful that recovery from shrub to grass steppe will occur fol- 
lowing a decrease in the stocking rate or grazing exclusion, as 
similar examples indicate (Hennessy et al. 1983). Manipulations 
such as brush control, reseeding, and other reclamation practices 
seem necessary if rapid return to grass dominance is desired, as 
proposed by West et al. (1984) for a similar ecosystem that had 
not recovered after 13 years of grazing exclusion. 

Conclusions 

In the Punta Ninfas rangelands of Argentina, the main vegeta- 
tion change associated with a gradient of utilization was the 
transformation of a grass steppe into a shrub steppe. The invasion 
of shrubs with low forage value into the grass steppe has 
decreased forage production. The invasion of shrubs, mainly 
quilembai, also affected soil stability by promoting the formation 
of crusts, desert pavement, and mounds. Shrub, desert pavement, 
and mound cover can be used as quantitative indicators of the 
extent of ecosystem degradation. Grass steppe represented the 
most desirable state in terms of forage production and soil stabili- 
ty, while shrub steppe represented the least productive state. The 
change from a shrub-dominated to grass-dominated community 
may be difficult to achieve through grazing management, and 
more drastic manipulations may be required if grass dominance is 
to be restored. 
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Abstract 

This study determined forage production and cover of several 
plant species resulting from the use of water harvesting catcb- 
merits with catcbment: cultivated area ratios of 1:l and 1.251 
and contributing aprons with 7, 10, and 15% slope gradients. 
Plots with 1.251 ratios produced more forage and bad more 
cover than plots with 1:l and 0:l ratios. Plots with 7, 10, and 
15% slope gradients bad similar forage production and cover. 
Tuft planted plots produced more forage and cover than seeded 
plots. Gborka (Elionunrs hirsutzn (Vahl) Mum-o), blue panicum 
(Panicum antidotale Retz.), and buffel (Cenchrus cilia& L.) 
grasses produced similar forage and cover, which was higher 
than kbev grass (S’porobolus helvolus (Tti.) Th. Dur. & Schinz) 
production and cover. 

Key Words: runoff, phytomass, foliar cover. 

Many of the problems faced today by Pakistan, like many other 
developing nations, are related to water resources (e.g. land use, 
nomadic grazing, desertification. brush invasion, and food and 
industrial production). More than 87 million ha of Pakistan (70% 
of the land area) are arid and semiarid rangelands and their use is 
limited to production of livestock forage. 

Pakistan is divided into 4 provinces and each province is divid- 
ed into districts. The North West Frontier Province contains the 
Dera Ismail Khan District, which covers 9,005 square kilometers 
with a human population of 804,000, 82% of whom reside in 
rural areas. Internal migration within the province as well as 
immigration from other provinces and from outside the country, 
especially from Afghanistan, have been going on for at least 
decades, probably centuries and maybe millennia. Migration is 
most common during drought years. People aIong with their live- 
stock migrate on foot to areas where they can get food and fodder 
for subsistence. Livestock grazing constitutes the biggest land use 
and abuse in the country. At present, the livestock population of 
Pakistan is about 93.5 million head, of which the majority rely on 
the arid and semiarid rangelands. 

These seasonal migrations would not be as necessary if a 
dependable forage crop could be raised. The greatest barrier to a 

Manuscript published with approval of the Director, New Mexico State 
University Agriculhml Experiment Station. 
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dependable forage crop is inadequate soil moisture. Labor is very 
inexpensive so topographic reshaping is feasible. The application 
of water harvesting systems to these lands may lead to improved 
forage production. Projects have been initiated in arid climates 
worldwide for several millennia to capture rainfall. Some exam- 
ples were at Ur and other places in the Middle East as early as 
8,500 B.P (Hardan 1975). Researchers have reconstructed water 
harvesting systems used for runoff farming in Israel’s Negev 
Desert 4,000 years ago (Evenari et al. 1968). American Indians 
used similar systems 700 to 900 years ago in the southwestern 
United States (Myer 1975). Most of these projects used trial-and- 
error for design of catchment basin sizes and shapes, and sundry 
soil types. In some parts of the world, rainwater collected from 
the roofs of houses provides a household water supply. Although 
rainfall is infrequent and shallow in arid lands, it represents con- 
siderable amounts of water over large areas; 10 mm of rainfall 
equals 100 cubic meters per hectare. Harvesting this water can 
provide water for regions where other sources are distant or too 
costly, and well construction is impractical because of unfavor- 
able geology. Harvested rainfall may be useful to increase soil 
moisture in selected areas for enhanced plant growth of species 
native to arid climates and growth of introduced species. 

The primary objective of this study was to determine forage 
production and cover of various plant species resulting from the 
use of water harvesting catchments with various establishment 
techniques, apron slope lengths, and apron gradients. 

Study Area 

Location 
The study was conducted at the Arid Zone Research Substation 

adjacent to Dera Ismail Khan, which is a city in an arid zone in 
the extreme south and southwestern side of the North West 
Frontier Province @WFP) of Pakistan. The substation lies near 
32” 40’ N latitude and 7 I* 20’ E longitude. The Dera Ismail Khan 
area is bounded on the north by the lower edge of the Marwat 
Piedmont, and on the west by the foot of the Sulaiman Range, on 
the east by the Indus River flood plains and on the south by a 
similar arid area of Dera Ghazi Khan (D.G. Khan). Although 
rainfall is limiting, 68% of the area still depends largely on rain- 
fall for rainfed (barani) agriculture and forage production for live- 
stock. 
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Climate 
The climate of the study area is arid subtropical continental. 

Because of low humidity, continental location, and scarce vegeta- 
tion, there are great seasonal and daily variations in temperature, 
The mean maximum temperature in June is 42”C, while the maxi- 
mum temperature in the area can reach 45°C. The mean mini- 
mum January temperature is 4.4”C. 

Precipitation is one of the most critical determinants of the type 
of barani agriculture practiced. Crop and forage yields are signifl- 
cantly and positively related to seasonal and total precipitation. 
The mean annual precipitation varies from about 180 mm in the 
south to about 305 mm in the north. Fifty percent of the annual 
precipitation occurs in summer (July-August) with the advent of 
the monsoon season. The summer monsoon rains come as fre- 
quent thunderstorms and the heavy downpours result in consider- 
able surface runoff. The winter rains (December-March) tend to 
occur in gentle showers of long duration. 

Evapotranspiration is high in the summer due to high tempera- 
tures and low relative humidity. The peak rate is reached in the 
hottest months, June and July, when evaporation can be as high 
3s 300 mm per month. The annual evapotranspiration rate for the 
area is 2,000 mm. Such high rates increase water requirements of 
Khaif (summer) agriculture and forage crops and can also reduce 
seed germination and establishment rates due to rapid drying of 
the soil and consequent soil crusting. 

Soils. 
Soils are derived from sloping piedmonts and consist predomi- 

nantly of clayey and silty outwashes derived from the Sulaiman 
Range. Soils are moderately to strongly calcareous and belong to 
the Entisol and Aridisol soil orders. The soil in the study area is 
silty and strongly calcareous with a pH value of 7.2 and low 
organic matter content. 

Land Capability 
Dera Ismail Khan includes lands in the classes: (i) “land suit- 

able for irrigation” (lS%), (ii) “marginal torrent-watered land 
(20%), (iii) “agriculturally unproductive land” and “unproductive 
arable land” (3 1 S), (iv) “poor grazing potential land” (lo%), and 
other classes (21%). Based on climate, the woody vegetation of 
the area is classified as dry tropical thorn forests. Characteristic 
woody species include: jandi (Prosopis spicigeru L.), karir 
(Capparis decidua Edgew.), jal or pilu (Salvadora oleoides 
Decne.), kikar (Acacia niloticu Del.), ber (Ziziphusjujubu Mill.), 
mesquite (Prosopis julifroru Benth.), frash (Tumurix urticulatu 
Vahl), and ak (Culotropis proceru W. Aiton). Common grass 
species include sar-kand (Succhurum munju Roxv.), dib 
(Erugrostis cynosuroides (Rem.) Beauv.), chimber (Eleusinefla- 
geZZijkru Nees), and khabbal (Cynodon ductyZon (L.) Pers.). But 
most of the area is devoid of natural vegetation either due to clear 
cutting for cultivation or fuelwood purposes. 

Methods 

Experimental Design 
The soil at the study site was tilled with a tractor and tiller in 

leveled plots (cultivated areas). Plot size (CA) was 8 m x 30 m. 
Except for plots in the control treatment, each plot had adjacent 
sloping aprons (C). The length of the aprons were 4 m and 5 m 
(each 30 m wide) and were differentially graded at 7%, lo%, and 

15% slope. Hence, the catchment:cuhivated area ratio (CXA) of 
treatments having 4 m and 5 m slope lengths were 1: 1 and 1.25: 1, 
respectively. The 7 catchment treatments were replicated in 3 
blocks (Fig. 1) in a factorial arrangement. 

Apron Lengths and Slopes 

pi 

5 m, 10% 1 

I 5m, 7% I 

5 m, 15% 

4 m, 7% Replication 2 

4 m, 15% 

4 m, 10% 

0 m, 0% 

4 m, 15% 

4 m, 10% . 

4 m, 7% 

5 m, 10% Replication 3 

5 m, 7% 

Fig. 1. Schematic diagram of plot locations in blocks. 

Runoff water produced from the slopes of aprons was collected 
in the cultivated areas. The cultivated areas of each catchment 
was further divided into 7 subplots (S m x 4 m) with 1 m borders 
on each end (Fig. 2). The subplots were randomly assigned 7 veg- 
etation treatments, which included seed sowing the tuft planting 
of buffel grass, seed sowing and tuft planting of go&ha grass, 
mixed seed sowing of buffel and gorkha grass, tuft planting of 
blue panicum and tuft planting of khev grass. A tuft is a grass 
plant with a root system at least 15-20 cm deep and stubble 6-10 
cm above ground. Khev grass is native to the area and its tufts 
were collected from remmant plants under the mesquite in the 
Rakh Miran Range of Dera Ismail Khan. Seed of khev grass 
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Fig. 2. Diagram of a water catchxnent area with water contributing 
aprons. 

could not be procured for sowing because the area was severely 
grazed and seed heads were missing. Buffel grass, go&ha, and 
blue panicurn are native species of adjacent desert rangelands. 
Their seed and tufts were collected from the Rakh Dagar Kotli 
Experimental Range Station, District Bakhar. Planting was con- 
ducted in July 1990. The seed rate used for both species separate- 
ly and in mixtures was 5 kg ha’. Tufts of buffel grass, go&ha 
grass, and blue panicum were planted at a spacing of 50 cm x 30 
cm. Tufts of khev grass were spaced 30 cm apart. 

The phytomass (kg ha’) was estimated for the seeded and tuft 
planted grass species at the end of each growing season by clip- 
ping plants to ground level using 1 m* quadrats. The quadrat in 
each subplot was randomly located and then harvested with a 
sickle. The phytomass material for each quadrat was placed sepa- 
rately in paper bags, air dried, weighed in grams, and converted 
to kilograms per hectare. Foliar cover within each subplot was 
visually estimated using a 1 m* quadrat divided into 4 equal 
square subquadrats. 

Statistical Analysis 
To estimate treatment effects on phytomass and cover, 2 sepa- 

rate statistical analyses were conducted using all plots and only 
successfully established plots. The experimental design was a 
split plot with a randomized complete block design on the whole 
plot with a block equal to location, and treatment contiguration 
equal to vegetation treatment and year and month within year as a 
split factor. Single degree of freedom contrasts were done to 
compare the specified treatment means. The Chi-square test for 
homogeneity was performed to evaluate whether or not slope and 

vegetation species treatments had the same establishment rate in 
2 growing seasons. 

Overall differences among treatments were tested using an 
analysis of variance test by the General Linear Model (GLM) 
procedure (SAS Institute 1985). Tests were evaluated at the 0.05 
significance level of probability. If the analysis of variance F-test 
was significant at the chosen alpha level, Scheffe’s test was used 
for all possible comparisons among treatment means for signifi- 
cant treatment f-values. 

ReSllltS 

Meteorological Data 
Mean maximum monthly temperatures over the duration of the 

study ranged from 21 to 42” C, and mean minimum monthly tem- 
peratures ranged from 4 to 29” C (Table 1). January was the 
coolest month and June was the hottest. Maximum pan evapora- 
tion occurred during June and minimum in December. Periods of 
high precipitation occurred in late summer and late winter-early 
spring. These temperature, evaporation, and precipitation patterns 
are similar to the long-term averages for the area. 

Table 1. Mean monthly meteorological data between June 1990 and May 
1991 at the Arid Zone Research Sub-Station, Dera hail Khan. 

Month and Temaerature PalI Raiufall 
Year Maximum Minimum Evaporation 1990-1991 Longterm 

Jun 1990 
Jul 1990 
Aug 1990 
Sep 1990 
Ott 1990 
Nov 1990 
Dee 1990 
Jan 1991 
Feb 1991 
Mar 1991 
Apr 1991 
Mav 1991 

“C “C (mm) (mm) 
42 2s 330 10.0 10.0 
39 29 310 46.0 35.0 
37 27 248 25.3 31.0 
35 25 210 32.1 3.0 
32 17 155 20.0 6.5 
2s 14 90 0.0 7.4 
22 5 4s 22.5 7.8 
21 4 62 0.0 2.1 
21 8 63 10.0 20.9 
26 12 102 46.0 43.8 
30 17 144 50.0 31.6 
32 21 279 12.0 20.4 

Forage Production 
With all treatments combined, the first half of 1991 had more pro- 

duction (2,059 kg ha’) than in the last half of 1990 (901 kg ha-‘). 
Total precipitation for the 2 periods was similar (Table 1). 
Differences in production are attributed to plants in 1991 being 
better established since the plots were planted in July of 1990. A 
conservative rule of thumb commonly followed is that seeded 
stands on range will not be mature enough for grazing until after 
the second full growing season following seeding (Reynolds and 
Martin 1968, Vallentine et al. 1963). 

In general, plots with aprons had significantly higher mean for- 
age yields (1,684 kg ha’) than the control treatment (256 kg ha-‘). 
Plots with 5 m aprons (C:CA 1.25: 1) produced significantly more 
forage than plots with 4 m aprons (C:CA 1:l) (2,057 and 1,3 11 
kg ha’, respectively). Similar results were found by Schreiber and 
Frasier (1978) with blue panicum (Punicum anti&ale Retz.). In 
their study, production was 250 kg ha’ in a control area receiving 
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less than 250 mm of precipitation while catchments with CCA 
ratios of 2: 1 pmduced 900 kg ha-l. 

Plots with 7, 10, and 15% apron gradients bad similar forage 
production (1,798, 1,697, and 1,557 kg ha-l), respectively. 
Therefore, no advantage was gained by raising the slopes to 10 01 
15% 

Overall, tuft plantings produced significantly more forage than 
seeding (1,780 and 1,338 kg ha-l, respectively). Khev tuft prcduc- 
tion was not included in these calculations because no plots were 
seeded with Khev. Although tuft plantings produced more forage 
than seeding, tuft collection and planting is more laborious than 
seed collection and planting. Vallentine (1989) uses the term arti- 
ficial reve@ation to be synonymo”s with seeding. However, he 
admits that vegetative plantings do offer alternative revegetation 
methods for special situations. He gives the example where plant- 
ing sprigs (rhizome sections) is used for establishing bermuda- 
grass (Cydon docfylon (L.) Pas.) (Rechcnthin ef al. 1965). 

The forage yield was highest from 5 m aprons (7% gradient), 
followed by that from 5 m aprons with 15% gradient, then 5 m 
aprons with 10% gradient (Table 2). However, these differences 
were not significant. Also, there were no significant differences 
*mo”g the treatments with 4 m apmns. 

There were no significant differences between production of 
gborka, panicurn, and buffel grass from tufts, but alI 3 produced 
more than Kbev grass. The tufts of gborka and buffel grass pro- 

duced almost 30% more forage yield than the seed sowing @able 
3). The contrast comparing mixed seed sowing of buffcl + ghorka 
grass and their monocultures showed no significant differences. 

The analysis for production showed a significant @ ~0.05) 
species x planting m&cd x slope X gradient x season interaction 
(Figs. 3 and 4). The most production came from gborka tufts in 
the 5-m long slopes with 7% gradient in 1991. This was followed 
closely by production from buffcl seed buffel tufts, gborka seed 
mixed seed (ghorka + buff&), and panicum tufts. Because of 
greater labor requirements for planting mfts, the best treatments 
are probably seeding these species on 5 m long slopes with a 7% 
gradient. 

Forage Cover 
In general, the slope treatment responses for foliar cover 

(Tables 2 and 3 Figs. 5 and 6) were similar to tbe responses for 
forage production (Table 2 and 3 and Figs. 3 and 4). 

With all treatments combined, the tint half of 1991 had signif- 
cmtly more cover (52.1%) than in the last half of 1990 (27.9%). 
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Forage Production 
Last Half of 1990 

Fig. 3. Forage pmdmtkm OC@m) at the end of 1990 following plant- 
ing in mid-1990. 

Similar to differences in production, higher cover in 1991 is 
attributed to plants in 1991 being the oldest and most pmductivc 
since the plots were planted just prior to the last half of 1990. 

In general, with pooled data, plots with aprons had significantly 
higher cover (45.1%) than the control treatment (9.2%). With 
pooled data, plots with 5 m aprons (CCA 1.25:1) produced sig- 
nificantly more cover plots with 4 m aprons (CCA 1: 1) (54.4 and 
35.8%. respectively). 

Plots with 7, 10, and 15% apron gradients had similar cover 
(48.4, 45.1, and 41.9%, respectively). Therefore, as was tbe case 
for forage production, energy is not needed to raise the slopes to 
10 or 15%. 

Overall, tuft plantings produced a similar cover to seeding 
(42.3 and 35.8%. respectively). Kbev hlft cover was not included 
in these calculations because no plots wcrc Khev seeded. Cover 
was similar from all aprons regardless of gradient (Table 2). 

There were no significant differences among cover of gborka, 
panicum, buffel grass, and khev grass. The tufts of gborka and 
buffel grass produced 36% more cover than the seed sowing 
(Table 3). The contrast comparing mixed seed sowing of buffel + 
gborka grass and their monoculh~res showed no significant differ- 
ence. 
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Forage Production 
First Half of 1991 

Forage Cover 
First Half of 1991 

Fit. 4. Forage prodnctton @Cg!ba) at in mid-1991 following plant@ 
in mid-1990. 

The analysis for cover also showed a significant @ ~0.05) 
species x planting method x slope s gradient x season interaction 
(Figs. 5 and 6). The mwt cover came from buffel tufts in the 5 m 
long slopes with 7% gradient in 1991. This was followed closely 
by production from buffel seed, ghorka seed, ghorka tufts, mixed 
seed (ghorka + buffel), and panicum tufts. As mentioned for for- 
age production, because of greater labor requirements of planting 
tufts, the best treatments are probably seeding these species on 5 
m long slopes with a 7% gradient. 

These production and cover values are very high considering 
the area only receives 215 mm of precipitation each year and 
evaporation rates are so high. Range seeding is generally recom- 
mended where the average annual precipitation is 280 mm 01 
more, with some success expected in the 230 to 250 mm zones 

Forage Cover 
Last Half of 1990 

Fig. 6. Forage cover (S) at in mid-1991 fouowing plantiq in ndd- 
1990. 

(Cook 1966, Martin 1966, Plummer et aL 1955, Reynolds and 
Martin 1968, Shown et al. 1969). Using catchment aprons allows 
revegetation in areas normally considered marginal or too dry for 
dependable plant establishment. 
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Abstract 

Grazing can have a profound impact on soil water through its 
influence on intlltration via treading and on evapotranspiration 
through defoliation. Hydrologic changes in rangelands are most 
often associated with heavy grazing intensities although these 
changes do not increase linearly with grazing intensity. The 
objectives of this study were to quantify the impacts of grazing 
on the soil water regimes of sloped areas of the foothills fescue 
grasslands of Alberta. The study site was located at the 
Agriculture Canada Research Station at Stavely, Alberta. The 
effects of 2 grazing intensities (heavy = 2.4 AUM ham1 and very 
heavy = 4.8 AUM ha-‘) for 2 grazing treatments (short duration = 
1 week in mid-June and continuous grazing = May through 
October) were compared to an ungrazed control. The study was 
initiated in June 1988 and ended in April 1991. Surface soil 
water and soil water with depth were measured throughout each 
growing season using a neutron probe. 

Surface soil water (0 to 7.5 cm) across slope positions was low- 
est in the control and highest in the continuous very heavy treat- 
ments, but the trend in profile soil water (to 50 cm) was the 
opposite. Total profile soil water in the short duration very heavy 
treatment was greater than that in the continuous very heavy 
treatment, while soil water in the short duration heavy treatment 
was similar to that in the continuous heavy treatment. 

Vegetation at the study site was regularly water-stressed, as 
evidenced by soil water that was often below permanent wilting 
point, generally by mid-summer each year. Soil was near or 
below permanent wilting point in the autumn, regardless of its 
status throughout the growing season. Profile soil water was sim- 
ilar across treatments in autumn, indicating vegetation is using 
all available soil water. In contrast, soil water was generally near 
or above field capacity every spring, indicating the importance of 
snowmelt intiltration in these ecosystems. 

Only major (greater than 75 mm) summer rainstorms 
recharged soil water to field capacity. Thus it is concluded that 
maintenance of a vegetative cover that will trap snow for poten- 
tial snowmelt intiltration is critical to soil water recharge of these 
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ecosystems. Any grazing management regime that enhances litter 
accumulation and carryover should facilitate such snowmelt soil 
water recharge. 

Key Words: soil water, grazing effects, hydrology, fescue grass- 
lands, evapotranspiration 

Grazing, through its potential effects on near-surface soil physi- 
cal properties can alter infiltration rates, and thus soil water. 
Liacos (1962), comparing ungrazed, lightly grazed, and heavily 
grazed treatments in California, found that soil water was always 
low under heavy grazing due to low infiltration and percolation 
rates. Calculated net ram interception loss was 10 mm greater in 
uugrazed than heavily grazed treatments and 7.5 mm greater than 
if lightly grazed. Infiltration rates in New Mexico were signifi- 
cantly higher in ungrazed than grazed treatments, but no differ- 
ences were found between heavily and moderately stocked treat- 
ments (Gamougoun et al. 1984). Reduced infiltration rates as 
stocking density increased were also found by Warren et al. 
(1986b) in Texas. 

In mixed prairie of the Northern Great Plains of South Dakota, 
the spring to fall change in soil water decreased with decreasing 
range condition (over a 122-cm soil profile: 101 mm, 84 mm, and 
65 mm under high, medium, and low range condition, respective- 
ly) which the authors attributed to standing vegetation and mulch 
(Hanson and Lewis 1978). Water use by native grassland in 
southwest Saskatchewan over a Cyear period ranged from 21.5 
to 35.5 cm, averaging 29.4 cm and accounted for approximately 
90% of the annual precipitation (32.6 cm) (de Jong and 
MacDonald 1975). Little change occurred in soil water over time 
at depth intervals of 75 to 105 and 105 to 135 cm. Soil water was 
always higher in ungrazed exclosures compared to short duration 
grazed treatments near Fort Macleod, Alberta (Dormaar et al. 
1989). At Stavely, Alberta on flat, grazed areas, soil water below 
15 cm was highest during dry periods in the control and lowest 
under very heavy grazing; soil water in moderate and heavy treat- 
ments were similar. During a wet period, highest soil water was 
highest in the light and moderate treatments and lowest in heavy 
and very heavy treatments (Naeth et al. 1991a). Lowest surface 
soil water (0 to 7.5 cm) was often in the control which was more 
similar to heavy and very heavy grazing than to light and moder- 
ate grazing; water in very heavily grazed treatments was evapo- 
rated more readily (more bare ground) and that in the control was 
held in the heavy litter layer (Naeth et al. 1991b) or used by the 
dense vegetation. Infiltration rates were also reduced by heavy 
grazing (Naeth et al. 1990). 
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Intensive rotational grazing systems have been proposed as used as winter range from 1944 to 1949 at which time the contin- 
alternatives to season-long grazing to mitigate the deleterious uous grazing treatments were established. The area where the 
effects of grazing on soil properties. Abdel-Magid et al. (1987), short duration treatments were established in 1984 had been 
in evaluating continuous, rotationally deferred, and short duration ungrazed or lightly grazed since 1949. 
rotational grazing systems, found that grazing systems did not 
consistently influence infiltration, and short duration rotational 
grazing had no clear advantage for improving infiltration by sur- Research Design and Methods 
face crust destruction. Gamougoun et al. (1984) found infiltration 
rates under rotational treatments were lower than those in exclo- Site Establishment 
sures or continuous grazing treatments. Infiltration rates declined 
following short-term intense grazing: the detrimental effect was 

m 1988, research sites were established with treatments con- 

significant during periods of drought or winter dormancy, but not 
trasting between the historical grazing regime (continuous 
thr 

during periods of active plant growth (Warren et al. 1986a). 
oughout the growing season) and short duration, high intensity 

Rangelands are considered t0 be water-limited tXOS~Stf%lS. Soil 
grazing. Continuous treatments were grazed from May through 

water may be low due to poor inflhration and/or high evapotran- 
October; short duration treatments were gazed for 1 week in 

sphation. These 2 Pro=sses =e affected by grazing. Few St&h 
mid-June. Heavy and very heavy stocking densities at 2.4 and 4.8 

have compared continuous season-long grazing with short dura- 
AUM &‘, respectively, represent common grazing intensities for 
the area. 

tion grazing and ungrazed controls. The objectives of this study 
were to compare the effects of season-long continuous grazing 

The short duration treatments consisted of two 30 by 120 m 

and short dudon grazing at both heavy and VerY heavy grazing 
grazed strips and a 10 by 120 m ungrazed control each replicated 

intensities on soil water status, recharge (infiltration), and evapo- 
3 times, running down slope in a randomized split block design. 
Th 

transpiration rates. It was hypothesized that soil water status 
e continuous treatments were located approximately 0.5 km 

would be highest under the ungrazed control, intermediate in the 
from the short duration sites and designed in a similar manner 
minus the control. The control treatment for the short duration 

short duration grazing treatments, and lowest in the continuously treatments and exclosures in the continuous treatments were not 
grazed treatments. significantly different (soils, vegetation, etc.) thereby obviating a 

second control series for this study. All treatments faced east. 
Study Site Description 

The study site is located at the Agriculture Canada Stavely 
Range Substation approximately 100 km northwest of 

Meteorologi& conditions 

Lethbridge, Alberta. Approximate latitude is 50° N and longitude 
Daily air temperature and precipitation were measured at the 

is 114O W. Annual precipitation is approximately 550 mm with 
study site, generally fkom mid-April to mid-November, depend- 

40% occurring as snow. May to September precipitation is 230 to 
ing upon the time of snowmelt and freeze-up. Daily values for 
th 

370 mm (Strong and Leggat 1981). Evaporation is low and 
ese 2 parameters were obtained for 1988 to 1991, inclusive, and 

Chinook winds moderate the climate during the winter. Air tem- 
compared to the long-term normal parameters for the nearest 

perature fluctuates widely with a mean annual temperature of 5O 
monitoring station 50 km away (Clareshohn). 

C; the January mean is -loo C and the July mean is lS” C. There 
are approximately 230 growing days and the average frost free 

soil Water 

period is 25 days. Aluminum access tubes were installed in late May 1988 to 

The topography is generally hilly and slopes on the study site depths of 60 to 90 cm: 3 access tubes were installed per grazing 
range fxom 18 to 37%. Average slope is 21,25, and 32% for the treatment in each of upper-slope, mid-slope, and lower-slope 
upper-, mid-, and lower-slope positions, respectively. Soils are positions. Stones prevented all tubes Tom being installed to a 
generally fertile and well drained. Black surface soil averages 8 uniform depth* 
to 10 cm in thickness with 5 cm on the uplands and 15 to 18 cm Soil water with depth was measured monthly throughout the 

in gently rolling flats. Depth to the C horizon is approximately 60 growing season using a Campbell Pacific Nuclear 503 moisture 
cm. Soils are dominated by Orthic Black Chemozems (Typic depthprobe, starting at 15 cm and continued at IO-cm depth inter- 
Cryoboroll) (Walker et al. 1991). Soil texture to 30 cm is general- vals. Surface soil water (0 to 7.5 cm) was measured adjacent to 
ly clay loam, and clay loam-loam below. the access tubes on the same dates with a surface shielded neu- 

Festuca campestris Rydb. (rough fescue) dominates ungrazed tron probe (Chanasyk and Naeth 1988). The tirst post-snowmelt 
and lightly grazed areas; Danthonia panyi Scribn. (Parry’s oat- soil water measurement date is hereafter referred to as ‘spring’ 
grass) dominates heavily grazed areas and exposed sites with thin and the last measurement date of the season, usually in October, 
soils. There are a variety of subdominant grasses, forbs, and is hereafter referred to as ‘autumn’. 
shrubs. Johnston et al. (1971) found lightly and heavily grazed Soil water calculated as a volume percent from field recorded 
fields were dominated by Festuca campestris and Danthonia par- counts was converted to soil water expressed as a depth and then 
ryi, respectively. Under very heavy grazing, Festuca campestris summed to a common depth of 50 cm for treatment comparisons. 
and litter were virtually eliminated. Populus tremuloides Michx. Evapotranspiration QZT) was calculated as the difference between 
(trembling aspen) encroached upon lightly and moderately grazed precipitation (measured on site) and change in soil water for a 
grassland. given period of time, assuming no runoff (runoff was measured 

The area had been moderately stocked with cattle for summer and generally found negligible; Naeth and Chanasyk 1995), per- 
grazing from 1884 to 1908, with horses from 1908 to 1920, then colation below the root zone or lateral flow of water (due to gen- 

again with cattle from 1920 to 1944 (Johnston 1961). It was erally low soil water and thus low hydraulic conductivities). 
heavily grazed during the drought years of the thirties then lightly 
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statistical Analyses 
For each parameter, significant differences of the means were 

detected using Analysis of Variance techniques with design fol- 
lowing the convention outlined in the SPSS-X User Manual 
(SPSS 1988) for split blocks. Significant effects were further 
evaluated using Duncan’s Multiple Range Test at the 10% level 
of significance (Steel and Tonie 1980). 

Results and Discussion 

Meteorological Conditions 
Annual precipitation at Clareshohn was 53% of the long-term 

normal in 1988 and close to it in 1989, 1990, and 1991. Over- 
winter precipitation (November 1 to March 31, inclusive) was 
127,105, and 170 mm for 1988 to 1989,1989 to 1990, and 1990 
to 1991, respectively. Study site precipitation was high in August 
1988; May, July, and August 1990; May and June 1991; and low 
in May and July 1988, September 1990, July and September 1991 
(Table 1). Total May to October precipitation was similar in 1988 
and 1989 (1988 monthly extremes, 1989 more even distribution), 
highest in 1990 and intermediate in 1991. Monthly precipitation 
at Stavely and Clareshohn was similar and often within 5 mm of 
each other. 

Mean annual air temperature at Claresholm (data not shown) 

Table 1. Precipitation (mm) for Stavely Range Research Station. 

Month 1988 1989 1990 1991 
-----------------(mm)----------------- 

May 17.0 28.7 85.9 73.4 
June 58.4 45.7 46.2 124.0 
July 15.2 36.6 99.1 4.1 
August 105.5 54.9 90.4 24.6 
September 20.6 40.1 7.9 16.0 
October 10.2 26.9 15.2 44.7 

May to October 229.9 232.9 344.7 286.8 

was near the long-term normal in 1989 and above it in 1988 (1.7” 
C), 1990 (0.6” C), and 1991 (1.2” C). Mean monthly air tempera- 
ture was often above normal throughout the study period, espe- 
cially during winter months (except February and March 1989 
which were very cold). During the 1988 growing season, average 
air temperature was above normal each month with maximum air 
temperatures reaching 33” C in late June and July. 

Surface Soil Water 
Across slope positions, surface soil water (0 to 7.5 cm) was 

consistently lowest in the ungrazed control, highest in the short 
duration very heavy, continuous heavy, and continuous very 
heavy and intermediate in short duration heavy treatments (Table 
2). These results are likely due to large vegetation and litter bio- 
masses in the control which intercepted precipitation; their 
absence under heavier grazing would increase surface soil water. 
Note that litter covered 65,68, and 88% of the ground; standing 
litter height was 37,49, and 60 cm; fallen litter was 0.2,2.2, and 
13.4 cm: each under very heavy, heavy, and control treatments, 
respectively (Naeth et al. 1991~); water holding capacity of litter 
was 103, 124, and >132% under very heavy, heavy, and control 

Table 2. Date-averaged and depth-averaged surface (0 to 7.5 cm) soil 
water (cm3/cm3 x 100). 

Grazine Treatment 
Slope Short Short Continuous 

duration duration Continuous very 
Position Control heavy very heavy heavy heavy 

- - - - - - - - - - - - - - - _ (Crn3/Crn3 x lo@ - - - - - - - - - - - - - - _ _ 

Upper 15.2 c 18.1 b 20.3 a IS.6 ab 20.6 a 
Mid 16.6 b 17.6 b 20.1 a 18.1 ab 19.8 a 
Lower 16.1 c 18.5 b 20.3 ab 21.2 a 21.5 a 
Numbers in a row followed by similar lowercase letters are not significantly different 
(Pco.1). 

treatments, respectively (Naeth 1988). These surface soil water 
results differ f’rom those of Dormaar et al. (1989), although these 
authors measured soil water only during the spring and autumn of 
2 study years. 

Soil Water With Depth 
Soil water to 50 cm generally decreased as grazing intensity 

increased, although differences were not always statistically sig- 
nificant (Tables 3, 4, 5, 6). Soil water to 50 cm was generally 
highest in the control and lowest in the continuous very heavy 
treatment. Over the 4-year study, soil water to 50 cm at upper- 
slope was higher in the control than under continuous very heavy 
grazing on all but 4 measurement dates (Fig. 1). Soil water was 
highest at mid-slope on 13 of 19 measurement dates. 

Mid-summer was the time of greatest soil water stress (Tables 
3,4,5); annual soil water was lowest in July 1988, August 1989, 
October 1990, and August 1991. It was especially low in July 
1988 with an average value of 57 mm. Permanent wilting point 
(1.5 MPa) for the study site, determined from pressure plate 
apparatus (Naeth 1988) and measured bulk densities, was 95 mm 
for a 50-cm profile. Thus soil water to 50 cm was below perma- 
nent wilting point in approximately 50% of all date-treatment 
combinations for a given slope over the Cyear study (Tables 3,4, 
5). Note that in 1988, soil water was near or below permanent 
wilting point on all dates. Precipitation in August 1988 was high 
(108 mm) but of the 37 mm that occurred just prior to measure- 

Fig. 1. Soil water content to a 50 cm depth in the control and conk- 
uous very heavy grazing 
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Table 3. Soil water (mm) to 50 cm in the upper-slope position. 

Date Precipitation 

(-1 

Short 
duration 

Grazing treatment 
Short 

duration continuous continuous 

m 
June 16 
July 13 
Aug OS 
Ott 12 
Lwi? 
April 11 
June 21 
Aug 02 
Aug 23 
Ott 14 

- 99a S4a 
68 a 70a 
95 ab 96a 
78 a 7Sa 

S2a 
65 ab 

103 a 
70a 

91a 
54b 

104a 
67a 

77a 
59b 
S4b 
66a 

27.9* 
57.2 
69.3 

167a 135 b 
124a 107 b 
63 a 60a 
60b 6Sb 
Sl a S7a 

122 bc 135 b 108 c 7.2 
ssc 95c 72a 3.4 
59a 57 a 54a 2.5 
64b S6a 71 ab 5.9 
S4a 94a 97a 4.3 

0.002 
0.000 
0.210 
0.080 
0.140 

- 
66.8 
52.8 
27.4 
74.9 

m 
hlav 15 
June 06 
June 26 
July 31 
Ott 19 

156 a 129 a 
I64a 167 a 
115a 11Sa 
94b 95b 
87 a S6a 

136 a 135 a ICQb 10.9 
164a 152 b 153 b 3.9 
117a 112a 103 a 4.2 

91 b 116 a 113a 5.1 
S2a 83 a 77 a 2.7 

0.050 
0.050 
0.140 
0.020 
0.120 

- 
loo.3 
26.4 
86.1 

loo.8 
!Bl 
May 14 
June IS 
July 04 
Aug 07 
Ott OS 

108 a 
107 a 
142a 
64a 
90a 

152 a 167b 178 ab 142 c 
107 a 97b 93 bc s7c 
148 a 148 a 154 a 164a 

71 a 70a 62a 4Sa 
87 ab 82 bc sot 65d 

4.9 
3.0 
5.3 
5.7 
2.1 

0.001 
0.004 
0.120 
0.340 
O.OCO 

- 
41.4 

124.7 
4.6 

34.5 
*Prtipitation for the preceding period, in this case June 16 to July 13. 
Numbers within a TOW followed by the same letxers are not statistically significant 6x0.1). 

ment on 18 August, 12 to 18 mm ran off the grazed treatments for a 50-cm profile (Naeth 1988). Soil water exceeded or was 
(Naeth and Chanasyk 1995). close to this value on only 5 measurement dates over the 4-year 

Average field capacity (0.033 MPa) for these soils is 155 mm study: 11 April 1989 (only control upper-slope and continuous 

Table 4. Soil water (mm) to 50 cm in the mid-slope position. 

Graziw treatment 
Short Short 

duration duration Continuous Continuous 
Date Precipitation Control heavy very heavy heavy very heavy Probability 

(mm) _ - __ _ _ - - -- -- - - ------ -----_- -- _ _ --- (-) -- --- _ -- - - - - - _-__ __-” - - _--- - - - - _ 
p&3 
June 16 - S9a 79a 7Sa 75 a 7Sa 5.1 0.520 
July 13 27.9 * 60a 57 a 62a 54a 56a 5.0 0.850 
Aug OS 57.2 98a 79 a 93 a 96a S5a 5.5 0.190 
Ott 12 69.3 69a 53c 61 b 67 ab 66 ab 2.7 0.010 
1989 
April11 - S S S 193 a 152a 7.4 0.040 
June 21 66.8 125a 117a 125 a 117a 91 b 4.2 0.001 
Aug 02 52.8 69 ab 65b 76a 69 ab 56c 2.7 0.005 
Aug 23 27.4 81 b 68 c 94a SOb 66c 4.5 0.008 
Ott 14 74.9 99a S2a 88 a 91 a 95 a 4.2 0.180 
1990 
May 15 - 162a 162a 15Sa 163 a 107 b 4.1 0.000 
June 06 100.3 16Oa 161 a 161 a 158 a 154a 3.1 0.530 
June 26 26.4 127 a 128 a 125 a 135 a 99b 4.6 0.003 
July 31 86.1 126 b 140 a 144a 123 b ICMC 3.7 0.000 
Ott 19 100.8 9Sa 92 ab 101 a S5b 81 b 4.2 0.030 
1991 
hlay 14 - Mb 176 ab 181 a 191 a 14s c 5.5 0.003 
June 18 41.4 114, 114a 115a 99b s9c 2.1 0.000 
July 04 124.7 154 a 158 a 158 a 159 a 155 a 4.0 0.860 
Aug 07 4.6 79b 73b 93a S2b 61 c 4.2 0.004 
Ott OS 34.5 91 a S4a 90a S2a 7Sa 3.5 0.120 
* Frccipitation for the preceding peri&, in &is case June 16 to July 13. 
Numbers within a row followed by the same letters are not statistically sign&ant fpcO.1). 
S = covered in snow. 
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Table 5. Soil water (mm) to 50 cm iu the lower-slope position. 

Grazing treatment 
Short Short 

duration duration Continuous Continuous 
Date Precipitation Control heavy very heavy heavy very heavy Probability 

(-1 -----_----_----------------------- (-) ------------------- S” --Le-------e- 
1988 

junel6 - 82a 82a 71 b 72b 71 b 2.5 0.010 
July 13 27.9 * 52a 55a 50a 44b 51 a 2.2 0.050 
Aug 08 57.2 81 a 95a 93 a 78 a 81 a 6.5 0.310 
Ott 12 69.3 59 ab 64a 54b 54b 57b 2.4 0.080 

1989 

April 11 - s S s 189 a 180a 14.0 0.730 

June 21 66.5 115a 116a 102 b 120 a 98b 3.6 0.005 
Aug 02 52.8 61 bc 65 ab 64 ab 69 a 57c 1.8 0.001 
Aug 23 27.4 62a 67a 70a 66a 61 a 6.6 0.850 
Ott 14 74.9 88a 94a 93 a 92a 91 a 3.7 0.860 

1990 
May 15 - 157 ab 164a 142 bc 142 bc 124 c 7.1 0.020 
June 06 100.3 153 a 158 a 152 a 163 a 159 a 4.4 0.490 
June 26 26.4 129 ab 130 ab 121 b 133 a 1lOc 4.0 0.010 
July 31 86.1 119b 122 ab 114 bc 129 a 107 c 3.4 0.010 
Ott 19 loo.8 91 a 86a 82a 87 a SOa 4.3 0.460 

1991 
May 14 - 163 a 166 a 160 a 177 a 165a 5.2 0.250 
June 18 41.4 1OOb 102b 96b 123 a 114a 4.4 0.001 
July 0-t 124.7 147 c 153 bc 144c 158 ab 163 a 3.9 0.030 
Aug 07 4.6 76a 87 a 76a 85 a 77 a 5.2 0.450 
Ott 08 34.5 89a 88 a 82a 79a 74a 3.9 0.120 

* Prccioitation for the orccediw twiod. in this cake June 16 to Jdv 13. 
Numb&s within arow*fdlod$ the same letters arc not statisti&Uy significant 6x0.1). 
s = &VMCd in mclw. 

heavy and continuous very heavy middle and lower-slope; note 
other treatments covered in snow), 15 May 1990 (control upper- 
slope, all except continuous very heavy middle-slope, control and 
short duration heavy lower-slope), 6 June 1990 (all treatments 
and slope positions), 14 May 1991 (not continuous very heavy 
upper- or middle-slope) and 4 July 1991 {all treatments and slope 
positions close or above) (Tables 3,4,5). 

Snowmelt infiltration usually recharged soil water to field 
capacity, although lowest post-snowmelt soil water levels were 
always in the continuous very heavy treatment. Nineteen ninety 
snowmelt infiltration did not raise soil water to field capacity in 
the upper slope position (except in the control) but subsequent 
precipitation did (Tables 3,4,5). There were 99 mm of precipita- 
tion between 24 May and 6 June 1990, resulting in high soil 
water levels on this latter date. The high soil water on 14 May 
1991 was largely due to snowmelt infiltration (only 37 mm of 
rain between 12 April and 14 May although 31 mm occurred 3 
days prior to measurement). The high soil water on 4 July 1991 
was due to high precipitation during the period 19 to 30 June 
(121 mm; 4s mm occurred on 21 June). Thus large amounts of 
precipitation are required to recharge the 50-cm soil profile to 
field capacity, with greater amounts required the later in the 
growing season the event occurs due to generally lower profile 
soil water. 

Spring soil water (Tables 3,4,5,6) was generally lowest in the 
continuous very heavy treatment, similar in short duration heavy, 
and continuous heavy treatments, but usually higher in the short 
duration very heavy than the continuous very heavy treatments. 
Trends across slope position were evident only for continuous 
very heavy grazing, for which soil water increased moving 
downslope. 
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Autumn soil water was less than 101 mm in a 50-cm profile in 
all treatments for all 4 study years: thus near or at permanent 
wilting point each year (Tables 3,4,5,6). Autumn soil water for 
a given treatment was amazingly consistent across the 4 years for 
all slope positions, regardless of soil water status earlier in the 
growing season (contrast 1988 and 1990). Autumn was not gen- 
erally the time of minimum soil water; that usually occurred in 
July or August (during the growing season). 

Overwinter soil water recharge was most different between the 
control and the continuous very heavy treatment (Tables 3,4,5, 
6), likely due to differences in the amount of standing and fallen 
litter. The critical importance of snowmelt infiltration to soil 
water recharge is evident from the data and clearly emphasizes 
the need for snow management strategies to enhance soil water 
on these rangelands. The higher the amount of standing and fall- 
en Jitter, the higher the amount of snow trapped, and the higher 
the potential for recharge. For example, for the upper slope posi- 
tion on 14 October 1989 (Table 3), profile soil water was 16 mm 
higher for the continuous very heavy treatment than for the con- 
trol but on 15 May 1990 soil water was much higher for the con- 
trol (156 mm) than for continuous very heavy (100 mm). 
Precipitation from mid-April to mid-May was only 30.7 mm, but 
undoubtedly partially recharged soil water. The remaining water 
gained was due to higher snowmelt infiltration, a result of greater 
snow accumulation and infiltration on the control (Naeth and 
Chanasyk 1995). 

In contrast to the large annual increases in soil water due to 
snowmelt infiltration (Table 6: overwinter increases averaged 77 
mm across dates, treatments, and slope positions), on only 2 dates 
during the study was there a notable increase in soil water due to 
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Table 6. Date-averaged soil water (mm) to 50 cm. 

Slope 
Position CoIltrol 

Short Duration 
HeavY 

GrazinP Treatment 
Short Duration 
Very Heavy 

Continuous 
J+=Y 

CCUltiIlUOUS 

Very Heavy 
----------------------------------------- -----_--------------___________________ blld 

Averaee of all Dates 
Upper 
Mid 
Lower 
Autumn 
Upper 
Mid 
Lower 

115 (10) a 
114(9) a 
107 (10) a 

88 (5) a 
91 (14) a 
83(16) a 

ill(9) a 
110 (10) a 
108 (9) a 

87 (3) a 
78(U) a 
84(13) a 

103 (9) a 
113 (9) a 
99 (8) a 

79Q a 
84(17) a 
76(17) a 

104(8) a 
llO(10) a 
lOZ(10) a 

79 (4) a 
81 (8) a 
75(15) a 

87 (8) b 
92 (8) a 
96 (9) a 

67(13) a 
77(13) a 
74(15) a 

182(10) a 
177(g) a 
179(10) a 

167 (14) a 
177 (10) a 
171 (2) a 

148 (13) b 
176(13) a 
153 (11) a 

lSO(l1) b 
lSS(12) a 
163 (19) a 

115(10) c 
132 (20) b 
145 (19) a 

Swing-Autumn 

Upper 
Mid 

92(8) a 
81 (5) a 

79 (14) a 
89 (13) a 

67(13) a 
82(16) a 

70(13) a 
105(U) a 

44(13) b 
55 (20) b 

Lower 87(6) a 
Numbers in bra&& ax standard errws 

84(l) a 74 (8) a 84(20) a 67 (19) a 

Numbers in a row followed by similar lowercase letters are. not significantly different (PC 0.1). 

rainfall (6 June 1990 and 4 July 1991). For example, the average 
recharge on 4 July 1991 was 50 mm across treatments and slope 
positions Fables 3,4,5). 

Welker et al. (1991) found summer showers of cl2 mm on an a 
western wheatgrass dominated grassland were depleted after a 
maximum of 2.4 days while soil water inputs from larger precipi- 
tation events were lost at a lower rate ( 1.56 mm day-‘) than those 
from lighter showers. At Stavely, during the study period, only 
13, 14,23, and 23% of the days with measured precipitation had 
precipitation >12 mm for 1988, 1989, 1990, and 1991, respec- 
tively (data not shown). The actual number of such days was 3,6, 
7, and 8 for the 4 study years, respectively. Hence the majority of 
summer precipitation events at the study site do not recharge soil 
water. Only major precipitation events greater than 75 mm 
noticeably recharge soil water. 

Soil water was highest over the Cyear study on 14 May 1991 
and near its lowest on 7 August 1991 (Fig. 1). Soil water distribu- 
tion with depth (excluding the near-surface 0 to 7.5 cm depth 
interval) was compared among upper-slope treatments on these 2 
dates (Fig. 2). On 14 May, soil water distributions were similar 
for all treatments except continuous very heavy which was lowest 
(Fig. 2a). Treatment differences in profile soil water became less 
evident by 7 August (Fig. 2b), when soil water in all treatments 
except continuous very heavy (lowest) were similar at all depths 
to, and including, 45 cm. Note soil water in the continuous very 
heavy treatment at 55 cm remained constant between May and 
August (compare Figures 2a and 2b), indicating a lack of water 
withdrawal by roots, likely due to only shallow rooted plants in 
this treatment (Naeth 1988). This is in sharp contrast to the other 
treatments which showed soil water withdrawal to the greatest 
depth of measurement. Again the effects of high intensity grazing 
on soil water are evident. 

most applicable for the control: Naeth and Chanasyk 1995) con- 
sidering the fist and last measurement dates in a given year. 
Upper-slope control evapotranspiration was 308, 383, and 295 
mm, for 1989, 1990, and 1991, respectively (Table 3), corre- 
sponding to average evapotmnspimtion rates of 1.7,2.5, and 2.0 
mm day“. For example for 1989, total precipitation for the period 
11 April to 14 October was 222 mm while the decrease in soil 
water for the period was 86 mm; therefore for this period ET = 
222 mm + 86 mm = 308 mm. The period covered 187 days; 
therefore, the daily evapotranspiration rate was 308 mm087 day. 
Values for 1988 were not calculated because of the late date of 
first measurement (‘project initiation). These evapotranspiration 
magnitudes are similar to those reported by de Jong and 
MacDonald (1975), but are likely liberal as some runoff, 
although small, did occur (Naeth and Chanasyk 1995). Slope 
position had relatively little effect on these average evapotranspi- 
ration values (data not shown). 

Evapotranspiration 
Evapotranspiration was calculated from the equation ET = pre- 

cipitation--change in soil water, (assumption of negligible runoff 

Evapotranspiration over the growing season was lowest in the 
continuous very heavy treatment in 10 of 12 year-slope combina- 
tions (data not shown; calculated using the data in Tables 3,4,5). 
evapotranspiration was lower under short duration very heavy 
compared to short duration heavy, although treatment differences 
were small. A smaller change in soil water indicates reduced 
evapotranspiration, likely a result of lower soil water and/or less 
plant biomass evapotranspiring. In contrast, with only one excep- 
tion, the change in soil water over the growing season was lower 
in continuous very heavy compared to continuous heavy, with the 
average difference between treatments being 22 mm (data not 
shown). 

From Figure 1, three periods of major soil water decline are 
evident: 11 April to 2 August, 1989; 14 May to 18 June, 1991, 
and 4 July to 07 August, 1991. Daily evapotranspiration for the 
control in the upper-slope position (using data for these 3 periods 
from Table 3) averaged 2.0, 3.2, and 2.3 mm day” for each of 
these periods, respectively. Interestingly, even though soil water 
was near or above field capacity for all treatments on 4 July 
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(b) August 1991 Volumetric Soil Water lcm3Icm3 x 100) 
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Fig. 2. Volumetric soil water with depth in (a) May 1991 and (b) 
August 1991. 

1991, it was consistently below permanent wilting point by 7 
August 1991, only 34 days later. The average evapotranspiration 
rate for this period for the upper slope position was 2.3 mm day-’ 
for the control, short duration heavy and short duration very 
heavy treatments; 2.7 mm day-’ for the continuous heavy treat- 
ment and 3.4 mm day-’ for the continuous very heavy treatment. 
Precipitation was only 4.6 mm during the period. 

Summary and Conclusions 

Surface soil water (0 to 7.5 cm) across slope positions was low- 
est in the control and highest in the continuous very heavy treat- 
ments, but the trend in profile soil water (to 50 cm) was the oppo- 
site. Total profile soil water in the short duration very heavy 
treatment was greater than that in the continuous very heavy 
treatment, while soil water in the short duration heavy treatment 
was similar to that in the continuous heavy treatment. 

Vegetation at the study site was regularly water-stressed, as 
evidenced by soil water that was often below permanent wilting 
point, generally by mid-summer each year. Soil was near or 
below permanent wilting point in the autumn, regardless of its 
status throughout the growing season. Profile soil water was sim- 
ilar across treatments in autumn, indicating vegetation is using all 
available soil water. In contrast, soil water was generally near or 

above field capacity every spring, indicating the importance of 
snowmelt infiltration in these ecosystems. 

Only major (greater than 75 mm) summer rainstorms recharged 
soil water to field capacity. Thus it is concluded that maintenance 
of a vegetative cover that will trap snow for potential snowmelt 
infiltration is critical to soil water recharge of these ecosystems. 
Any grazing management regime that enhances litter accumula- 
tion and carryover will likely facilitate such snowmelt soil water 
recharge. 
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Abstract 

The USDA-Water Erosion Prediction Project (WEPP) is a new 
technology based on the fundamentals of hydrology, soil physics, 
plant science, hydraulics, and erosion mechanics. WEPP hydrol- 
ogy includes simulation of excess rainfall using the Green and 
Ampt infiltration equation, surface runoff routing, evapotranspi- 
ration, percolation, and surface drainage. Hydrometeorological, 
soil, topography, and vegetation data from a range in Texas were 
used to test the WEPP raugeland hydrology model. Measured 
surface runoff and root zone soil water content from the site 
were compared with the simulated results of the WEPP model. 
The results indicate that the WEPP model (version 93.0) is capa- 
ble of simulating soil water content and storm runoff. The Nash 
and Sutcliffe coefficient, NSR, between measured and simulated 
root zone soil water content and storm runoff was $8 and .84, 
respectively, for the bare ground plots. However, for the plots 
with herbaceous vegetation the discrepancy between model simu- 
lated storm runoff and soil water content was more than expect- 
ed ( NSR = .46 and NSR = S3, respectively). 

Key Words: infiltration, runoff, modeling, simulation, soil water 

The USDA-Water Erosion Prediction Project (XEPP) model 
was initiated in 1985. The WEPP model represents a new erosion 
prediction technology based on fundamentals of infiltration theo- 
ry, soil physics, plant science, hydraulics, and erosion mechanics 
(Lane and Nearing 1989). The model provides several major 
advantages over existing erosion models; It reflects the effects of 
land-use changes due to agricultural, range, and forestry practices 
and it models spatial and temporal variability of the factors 
affecting the hillslope hydrologic and erosion regime. For 
instance, as vegetal cover, soil water content and soil bulk density 
changes during the simulation period, the key parameters for cal- 
culating storm runoff and erosion changes within the model. 

The authors express sincere thanks to the personnel of Range Science 
Department, particularly hlr. Joe Dale Franklin, Texas A&M University and the 
USDA- Nahual Resources Conservation Service for providing the hydrologic data 
for model validation. 

Manuscript accepted 8 Apr. 1995. 

The WEEP model uses the Green and Ampt infiltration equa- 
tion, which is physically based, to calculate infiltration and 
excess storm rainfall for unsteady rainfall (Chu 1978). Excess 
rainfall is routed downslope to estimate the overland flow hydro- 
graph using the kinematic wave method (Woolhiser and Liggett 
1967, Eagleson 1970, Stone et al. 1992). Storm runoff is used in 
calculating rill erosion and flow transport capacity (Lane and 
Nearing 1989). 

There have been several modeling approaches to simulate 
evapotranspiration and soil water content on a watershed (Ritchie 
1972, Saxton et al. 1974, Wight and Neff 1983, and Shuttleworth 
and Wallace 1985). These models are varied in their complexity 
and accordingly incorporate various physical processes. 
However, each allows for the integration of physical and biologi- 
cal factors to simulate evapotranspiration and root zone soil water 
content over a variety of surface conditions. In the WEPP model, 
Ritchie’s approach (Ritchie 1972) is selected because it uses 
readily available climate and vegetation data and has been tested 
over a range of conditions (Savabi et al. 1989, Arnold and 
Williams 1985, Pochop et al. 1985). 

The objectives of this paper are to present the WEPP hydrology 
component for rangeland conditions and to evaluate the model 
using hydrological data from small rangeland plots with and 
without vegetation near Throckmorton, Texas. 

Model Description 

Only a brief description of the methodologies employed by the 
WEPP model to compute runoff, percolation, surface drainage, 
flow to drainage tiles or ditches, and fluctuation of the water table 
is provided in this article (Lane and Nearing 1989). 

The WEPP hydrology (Fig. 1) maintains a continuous daily 
hillslope water balance by linking infiltration, evapotranspiration, 
percolation, and subsurface drainage flow using the water balance 
equation: 

e(d) = e(d-l) + P(d) - [RO(d)+ D(d) + Q(d) + ET(d)] (1) 

where 
8 = root zone water content, cm 
d = day of simulation 
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ii0 
= daily precipitation, cm 
= daily surface runoff, cm 

D = daily deep seepage, cm 
Q = daily subsurface drainage, cm 
ET = daily evapotranspiration, cm 

Actual plant transpiration and soil evaporation are calculated 
by the Ritchie’s method ( Ritchie 1972) as illustrated in Figure 1. 

The plant growth model in WEPP uses EPIC (Williams et al. 
1983) concepts of phenological crop development based on daily 
accumulated heat units, and a harvest index for partitioning grain 
yield. The Monteith approach (Monteith 1977) is used to deter- 
mine potential biomass and water and temperature stress adjust- 
ments. 

pOTENTlAL EVAP$RANSPIRATION @ 

f 

2 
1.0 

’ 0.5 
E 

Y L 
0 246 

L I 

MAX. ROOT DEPTH 
8 

I DEEP PEfVXLATiON 

Fig. 1. Schematic computational sequence of the WEPP hydrology 
component., Eu is potential evaporation, Esp is potential soil evap- 
oration, Esb is potential bare soil evaporation, L is leaf area index, 
Ep is potential plant transpiration, Es is potential soil evaporation 
for area covered by plant residue. 

Infiltration 
Excess rainfall is calculated as the difference behveen rainfall 

and infiltration. The infiltration equation used in the WEPP 
model is a solution of the single layer Green and Ampt equation 
(1911) for unsteady rainfall as presented by Chu (1978): 

where 

i 
= infiltration rate, cm hour’ 
= effective hydraulic conductivity, cm hour -’ 

t = time, hour 
Ns = effective mattic potential, cm 
F = cumulative inftltration depth, cm 

The effective matric potential, Ns, is given by: 

Ns = (q, -8) Y (3) 

where 
% = effective porosity of O-20 cm of soil, cm3 cma3 
8 = initial volumetric soil water content of O-20 cm of 

soil, cm3 cme3 
Y = the average wetting front capillary potential, cm 

Rainfall excess is produced when the rainfall intensity exceeds 
the infiltration rate, ft. 

Management Effect 
Saturated hydraulic conductivity @s) is an important parameter 

in determining storm excess rainfall and, therefore, runoff rate by 
the WEPP model. The effect of changes in vegetation cover on 
infiltration prediction is simulated in the WEPP model (version 
93.0) by using the partial area contribution method. Equation 2 is 
solved separately for bare area, area with ground cover and for 
area under canopy. The saturated hydraulic conductivity for the 
soil matrix may be provided by the user or estimated within the 
model using soil information. The saturated hydraulic conductivi- 
ty of the top soil layer is adjusted for each area to reflect the 
effect of soil surface conditions on the infiltration process. Since 
bare area on rangeland is exposed to raindrop impact, it is 
assumed to be crusted (Rawls et al. 1989). The saturated 
hydraulic conductivity is adjusted to simulate the effect of soil 
surface crust on infiltration. Crusted saturated hydraulic conduc- 
tivity (Ksc) is calculated by the following equations: 

Ksc = KS *Cr (4) 
cr = DW 

Dw-Ct Q 
cs + cq 

where 
Cr = crust reduction factor, cm cm’ 
Dw = average wetting front depth, cm 
Ct = crust thickness, cm, assumed 0.5 cm 
Cs = correction factor for partial saturation of the sub- 

crust soil = 0.736+0.19 Sa 
Cq = crust factor = 0.0099 + 7.21Ct + 0.068 Sa’ + 21.2 

Sa2 Ct + 315.1Sa Ct? 
(Brakensiek and Rawls (1983) 

Sa = fraction of sand in surface soil layer 

Infiltration processes in the area under herbaceous vegetation 
and plant residue cover is assumed to be dominated by macropore 
flow (Rawls et al, 1989), therefore, KS is adjusted for macrop- 
orosity effect by: 

Ksm= Ks*qm 

qm= e 6.10-10.3 Sa - 3.7 Cl 
j& 

f(t) = &(l+F ) 
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where The amount of runoff leaving the hillslope, while depressional 
Ksm = saturated hydraulic conductivity for area with storage is filling, is determined using the equation: 

macropores, cm hour’ 
llrn = macroporosity factor, cm ad 
Cl = fraction of clay content in surface soil layer 

The bare area under plant canopy is assumed crust free, and, 
therefore, a calculated and/or a user provided K, will be used for 
this area without adjustments. Excess rainfall (V) is determined 
for each area separately by subtracting infiltration rate (ft) from 
rainfall rate. The excess rainfall rate from the entire hillslope (Er) 
is determined by calculating the weighted average of excess rain- 
fall from each area by this equation: 

(9) 

Q(t) = =(tj FLZDS 

where 
Q = runoff rate leaving the profile, cm h-’ 
FL = accumulated amount of excess rainfall filling the 

depression storage, cm, 
and = C. (Qo - Er ct$ 

The volume of water filling the depressional storage for each 
rainfall event can be obtained by subtracting Q from the appropri- 
ate excess rainfall rates. Excess rainfall filling the depression 
storage cannot exceed total depression storage, DS. 

In WEPP soil water redistribution within the root zone is simu- 
lated using a storage routing technique (Savabi et al. 1989). Soil 
water in each layer and in excess of -33 Kpa is subjected to per- 
colation to subsequent layer and lateral movement. The water that 
percolates below the root zone is called deep seepage and it is 
considered lost from the WEPP water balance. Soil water within 
the root zone is subjected to transpiration by plants and percola- 
tion. Soil water in the upper soil layer is subjected to evaporation 
(Savabi et al. 1989). 

B(t) = VI+,) @I+ VG(t) W+VC(t) (~1 (6) 

where 
VB = excess rainfall rate from bare area, cm hour’ 
b = fraction of area without plant canopy or ground 

cover 
VG = excess rainfall rate from herbaceous plant and 

residue covered area, cm hour’ 
C = fraction of area with herbaceous plant and residue 

cover 
vc = excess rainfall rate from bare area under shrub and 

tree canopy, cm hour’ 
P = fraction of area without ground cover under canopy 

of shrubs and trees 
Note that the total area contributing to excess storm runoff is 
assumed 100% (b + c + p = 1). 

Surface Runoff 
Calculated rainfall excess (Er) is then routed downslope to esti- 

mate the overland flow hydrograph using the kinematic wave 
method The kinematic wave equations for one-dimensional over- 
land flow are derived by assuming that the land slope is equal to 
the friction slope (Stone et al. 1992). The Chezy equation is used 
in the WEPP model to describe flow characteristics. The Chezy 
friction coefficient, C, is calculated for rill and interrill areas 
based on soil surface roughness and surface cover (Gilley et al. 
1989). 

Surface Drainage 
In the WEPP model, surface drainage is characterized by the 

depressional storage. Depressional storage is directly related to 
the soil surface micro-relief feature and is generally enhanced by 
various soil mechanical practices, such as tillage. The method 
developed by Onstad (1984) is used in WEPP. Maximum depth 
of depressional storage (cm) is calculated using the following 
equation: 

DS = 0.112 RR + 0.031 RR’ - 0.012 RR*S (7) 

where 
RR = random roughness, cm 
s = slope steepness, percent 

Moore and Larson (1979), and Onstad (1984) reported that 
runoff from a hillslope begins before maximum storage, DS, is 
attained. The rainfall excess is required to completely satisfy the 
hillslope depressional storage, PR and, therefore, the entire hill- 
slope contribution to runoff is calculated using the equation: 

PR = 0.329 RR + 0.073 RR* - 0.018 RR*S (8) 

Model Validation 

Hydrometeorological records along with soil, vegetation and 
topographic data from a rangeland site in Texas were used to 
evaluate the WEPP hydrology component. 

Site Description 
Field research was conducted by the Texas A&M University 

Range Science Department on the Wagon Creek Spade 
Watershed Research area located in Throckmorton County, 
Texas. Climate is semi-arid continental with annual precipitation 
of about 646 mm. The soil is fine, silty, mixed, thermic typic cal- 
ciustolls (Nuvalde silty clay loam) that is deep, well-drained and 
slowly permeable (USSCS 1988). The vegetation of the site con- 
sists of grasses; sideoats grama (Bouteloua curtipendula (Michx.) 
Torr, Texas wintergrass (Stipa leucotricha Trin. and Rupr.), 
meadow dropseed (Sporobolos asper (Michx.) Kunth.) and 
Japanese brome (Bromus Japanicus Thumb.), Dominant forbs; 
heath aster (Aster ericoides and shrubs; honey mesquite (Prospis 
glandubsa Tom var. glandulosa). Woody species on the site pro- 
vide about 30% canopy cover. 

Treatments 
Nine mature mesquite trees of similar size were selected as 

sites for placement of nine small catchments in July 1985. 
Trenches about 1 m beyond the canopy drip-line were cut around 
each tree to a depth of 2.5 m with plastic sheet to prevent subsur- 
face lateral water movement. Fiberglass partitions were used as 
plot borders to prevent surface flow to or from the plots. The area 
of each plot ranged from 15 to 27 m*. A trough was attached to 
the downslope side of each plot to measure storm runoff and soil 
loss. Three vegetation treatments, bare ground, herbaceous vege- 
tation, and mesquite with herbaceous vegetation were monitored. 
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On the bare ground plots, all vegetation was removed, however, 
on the herbaceous plots only the mesquite tree was cut about 15 
cm above the soil surface and the debries removed. Each treat- 
ment was replicated 3 times. Only the data from bare plots (bare) 
and herbaceous vegetation plots (natural) for the 1986 growing 
season were available and used in this study. 

Data Collection 
A Micrologger weather station was installed to monitor maxi- 

mum, minimum and average air temperature, relative humidity, 
total solar radiation, total precipitation, storm duration and inten- 
sity. Detail soil profile descriptions were made on the site. 
Integrated soil samples were taken close to each plots and were 
analyzed for soil texture and soil organic matter content. In addi- 
tion, soil bulk density was measured using the core method 

Table 1. Soil surface characteristics of Wagon Creek Spade 
Watershed Research area located in Throckmorton County, 
Texas. 

Depth BD’ Clay Sand Rock OM2 KS3 -33 Kpa4 ‘1500 Kpa’ 
cm g/cm3 8 so 0 10 % cm/b % % 

tion period Therefore, missing climate data were generated using 
the CLIGEN model (Nicks and Lane 1989). Based on storm char- 
acteristics (storm amount, duration, time to peak/total duration, 
and maximum intensity/average intensity of the given storm), the 
model assumes a triangle shape hyetograph. A dissagragation 
routine is used to calculate time-rainfall intensity from daily rain- 
fall amounts (Lane and Nearing 1989). Saturated hydraulic con- 
ductivity of the soil was not avaliable for the site. Therefore, an 
equation developed by Rawls et al (1989) was used to estimate 
KS, 

KS = (y$y)( ypyloo2c 
Where 

Qe = effective porosity, cm3 cme3 
a = residual water content, cm’ cme3 
P = soil bulk density, kg rns3 
The prameter C is predicted from: 

c =-0.17+ lS.lC~-69S&iZ-41.OSa2Si2 

+ 1.lS.S~ (y&d’ + 6.9Cl’ (j$’ + 49.OSa’Cl 

-SS.OSiCl* (11) 

0-2s 1.35 38 25 0.0 2.0 .61 28 17 
’ BD = soil bulk density, ‘OM= percent organic matter, ks = saturated 

Where, Sa, Cl, and Si are fractions of sand, silt, and clay in the 
jhydraulic Fonductivity forssoil, the value was obtained from eqaution 10, soil. 
water retamed at -33 Kpa, water retained at -1500 Kpa. 

(Table 1). Storm runoff and sediment leaving each plot were 25 
measured for each storm during the 1986 growing season. Runoff 
in depth unit (mm) was determined by dividing the total storm 
runoff (volume) by the area of each plot. Average storm runoff 

z 

from each set of plots were used in this study because the varia- 
g M 

tion in the factors influencing infiltration and soil water redistrib- 
t 

ution were not significantly different between the replication 
g 

plots (Franklin 1987). Weekly volumetric soil water content of 
3 15 

root zone (O-2.4m) was monitored using 5 neutron moisture B 
gauge access tubes installed in each plot. 3 

B I0 
WEPP Input Data Files k 

A brief description of WEPP input parameters is given here; 
the readers may refer to Lane and Nearing (1989) for more 

g 
w 5 

details. Climate input files include daily precipitation amount, 3 
duration of storm, maximum intensity of storm, time to maximum 
storm intensity, maximum and minimum temperatures, solar radi- 
ation, wind speed and direction, and dew point temperature. Soil 
input files include such soil parameters as soil albedo, initial soil 
water content, soil textures, bulk density, saturated hydraulic con- 
ductivity, water retained at -33 Kpa and -1500 Kpa, percent 
rocks, percent organic matter, and soil cation exchange capacity 
(CEC). Table 1 includes some soil surface characteristics of the 
site. The slope file includes physical features such as slope 
length, slope steepness and aspect. The management file requires 
land use to be identified by users. For rangeland application, 
information about range type, grazing intensity, grazing period 
and forage consumption is needed. The model simulates the 
effect of various management practices while simulating hydro- 
logical and erosion processes on the site. 

The WEPP input files were made based on field observations. 
Rainfall, temperature, radiation, wind speed and direction, and 
dew point temperature were not available for the entire simula- 

Bare Plot 
Jan.- Sept 1986 
Y= 0.64 + 0.72 X 
R*= 0.91 
Se=l.9mm 

5 IO 

Measured Runo~ (mm) 
20 25 

Fig. 2. Comparison of average measured and WEPP simulated storm 
runoff for bare plots. Measured runoff values are the average of 
the 3 replications (plots). 

Results and Discussions 

Storm Runof 
Comparison of mean measured and WEPP simulated storm 

runoff from the bare plots for January to September of 1986 is 
shown in Figure 2. The surface of bare plots was assumed crusted 
and, therefore, the saturated hydraulic conductivity used by the 
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WEPP model to predict infiltration was adjusted using the crust 
reduction factor (Eq. 4). Regression analysis, coefficient of deter- 
mination (R’), standard error (Se), and the Nash-SutclBe coeffi- 
cient, NSR (Nash and Sutcliffe 1970) were used to compare the 
observed and model simulated storm runoff and soil water con- 
tent. Standard error of residuals is given by the following: 

where 
M= measured value 
P = predicted value 
n = number of events 
i = index of event number 

A smaller Se indicates a better fit between observed and model 
simulated hydrologic values. The Se has the same units as the 
value which is being compared. The Nash-Sutcliffe coefficient is 
a dimensionless coefficient and has been recommended by the 
American Society for Civil Engineering task committee as a cri- 
teria to be used for comparison between observed and model sim- 
ulated hydrologic variables (AXE 1991): 

NSR = 1 - :(b$ - Pi)’ 
i=l 
n (13) 
C (hIi-%) 2 
i=l 

. I 

where 
M= average of measured values 

The value of NSR approaches unity as the fit between observed 
and predicted values progressively improves. An NSR of 1.0 
indicates a perfect fit between measured and predicted values. 

The NSR of .S4, R2 of .91, and standard error of 1.94 mm indi- 
cates a good agreement between average measured and WEPP 
simulated storm runoff of bare plots. However, the model consis- 
tently under-predicts the storm runoff of greater than 10 mm (Fig. 
2). The reason for this discrepancy may be due to several factors 
including over-predicting the KS and/or the adjustment for the 
effect of crust. The mean measured storm runoff of natural plots 
was compared with WEPP simulated storm runoff (Fig 3). The 
NSR of .53 and R2 of .69 indicates that the discrepancy between 
average measured storm runoff and WEPP simulated storm 
runoff of natural plots is more than that of bare plots. The Se 
between average measured and predicted storm runoff is .63 mm. 
The reason for the smaller Se for natural plots than for bare plots 
(.63 vs. 1.94 mm) is that the observed and simulated values are 
less than those in bare plots. For the natural plots, KS may be 
adjusted for the effect of crusting and/or macroporosity depend- 
ing on the surface area condition (Eq. 4-5). The reason for the 
discrepancy between average measured and WFPP simulated 
storm runoff on natural plots may be due to the KS value for the 
soil matrix and/or adjustments of Ks for macroporosity and crust- 
ing effects. Work is underway to evaluate the KS prediction and 
adjustments for various soil surface conditions on rangelands. 
However, comparison of our results with the earlier Green and 
Ampt infiltration application on rangeland by DeVaurs and 
Gifford (1986), Hutton and Gifford (1988) indicates that the 
adjustments of Ks for macroporosity and crust effects on infiltra- 
tion had improved the applicability of the Green and Ampt intil- 

Natural Plot 
Jan. - Sept. 1966 
Ys 0.04+ 0.5xX 
R =0.69 
Se=0.63 mm 
NSR = 0.53 

0 

kasured Rinoff (mm; 

4 

Fig. 3. Comparison of average measured and WEPP simulated storm 
runoff for natural plots. Measured runoff values are the average 
of the 3 replications (plots). 

tration equation to rangelands. The same findings were reported 
by Savabi et al. (1990). 

Root Zone Soil Water Content 
It is important that the hydrologic models accurately simulate 

storm runoff and root zone soil water content. The latter is impor- 
tant in plant growth modeling and antecedent soil moisture for 
infiltration calculations. Figures 4 and 5 show the averages 
observed and WEPP model simulated soil water contents 
(0-2.4m) of bare and natural plots for the 1986 growing season. 
As was the case for storm runoff, WEPP simulated the soil water 
content of bare plots better than it simulated the soil water con- 
tent of natural plots (Fig. 4-5). Better prediction of soil water 
content for bare plots (Fig. 4) should be the result of closer agree- 

_-- 
875 

-z 850 
5 825 
5 800 
5 775 
j3 750 
i? 725 
$j 700 
g 675 
fi 650 
3 625 

600 

Bare Plot 
Root ZoneDqLh=ZAm 
Se=13.8mm 
NSR = 0.88 

20 40 60 SO 100 120 140 160 180 200 220 240 260 280 

Julian Day, 1986 

Fig. 4. Comparison of measured and WEPP simulated root zone soil 
water content for bare plots. Measured runoff values are the aver- 
age of the 3 replications (plots). 
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Fig. 5. Comparison of measured and WEPP simulated root zone soil 
water content for natural plots. Measured runoff values are the 
average of the 3 replications (plots). 

ment between the bare plots measured and predicted storm 
runoff. Hence, the model links the infiltration calculation with 
evapotranspiration and soil water redistribution to maintain daily 
soil water balance. 

American Society of Civil Engineering. 1991. Evaluation Criteria for 
Watershed Models, ASCE Task Committee, Proc. of AXE-Watershed 
Manage. Symposium. July 1991, Durango, Colo. 

Arnold, J. G., and J. R. Williams. 1985. Evapotranspiration in a basin 
scale hydrologic model. In: Advances in Evapotrauspiration, proceed- 
ings of the national conference on advances in Evapotranspiration, 
ASAE, St. Joseph, MO. 49085, pp. 405-413. 

Brakensiek, D. L., and W.J. Rawls. 1983. Agricultural Management 
effects on soil water processes. Part II. Green and Ampt Parameters for 
crusting soils. Trans. ASAE 26: 1753-1757. 

Chu, S. T. 1978, Infiltration during unsteady rain. Water Resour. Res. 
14: 461466. 

Summary and Conclusions 

DeVaurs, M. and G. F. Gllord. 1986. Applicability of the Green and 
Ampt infiltration equation to rangelands, Water Resour. Bull. 
2219-28. 

Eagleson, P. S. 1970. Dynamic Hydrology, McGraw-Hill Book Co. New 
York, N.Y., 462 pp. 

The product of the USDA-Water Erosion Prediction Project 
(WEPP) is a computer model to predict water-induced soil ero- 
sion, storm runoff, root zone soil water, evapotranspiration, plant 
growth and snow melt on cropland, rangeland and forestland 
watersheds (Lane and Nearing 1989). The WEPP model provides 
several major advantages over existing hydrologic models; name- 
ly, it reflects the effects of land-use changes due to agricultural, 
range and forestry practices, and it models spatial and temporal 
variability of the factors affecting the surface and subsurface 
water quality and quantity along a single hillslope or over a small 
watershed. The major application of the WEPP model is to assess 
the hydrological condition and the erosion potential of the exist- 
ing land practice and/or for a proposed set of alternative land 
management practices. Different watershed management prac- 
tices may be evaluated by using the model to predict the effect of 
a given practice on surface runoff and sediment yield from fields 
to prevent excessive degradation of off-site water quality and 
inland reservoirs. 

The hydrology component of WEPP utilizes the Penman- 
Montieth equation to predict daily evapotranspiration losses. The 
model links the Green and Ampt infiltration equation with the 
soil water balance routine in order to simulate daily root zone soil 
water content. Range management practices which affect vegeta- 
tion cover will affect the infiltration prediction by the WEPP 
model. The infiltration equation predicts the water intake rate of 
bare area, ground covered area and bare area under canopy sepa- 
rately. The excess rainfall on a hillslope is calculated by obtain- 
ing the weighted average of excess rainfall from the three areas. 
Calculated rainfall excess is then routed downslope to estimate 
the overland flow hydrograph using the kinematics wave method. 
The WEPP hydrology model (version 93.0) was tested on bare 
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and vegetative plots in Texas. Considering the limitation of avail- 
able hydrometerological and soil-water data, the results indicate 
that the WEPP hydrology model can be used to simulate the 
effect of temporal and spatial vegetative cover on storm runoff 
under the given conditions. However, further evaluation of the 
WEPP hydrology model on different range types with different 
soils, climate and vegetation that are subject to various manage- 
ment practices are needed before WEPP rangeland implementa- 
tion takes place. Work is under way to provide guidelines for 
using infiltration parameters for major range types under different 
range management practices. 
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Abstract 

Thirty& weaniing steer calves (avg wt = 174 + 14 kg) were 
grazed on either wheat, irrigated improved, or native rangeland 
pastures from December 1989 to December 1990. Irrigated 
improved pastures consisted of 2 cool-season [tall wheatgrass 
[Agropyron elongahtm (Host.) Beauv.], tall fescue (Fesfuca arund- 
inacea Schreb.) 2 warm-season [bermudagrass (Cynodon akcfy- 
Zen (I.) Pers.], hluestem (Bofhr-iochloa ischaemum Keng.), and 
annual wheat. Wheat pastures were grazed from 13 December to 
11 April. Warm-season pastures were grazed from 30 May 
(bermudagrass) or 27 June (bluestem) until 3 October. Cool-sea- 
son pastures were grazed at other days during spring and fail 
seasons. Rumen evacuation procedures were used to evaluate 
forage quality and estimate forage intake during each grazing 
season. Winter rangeland pastures were lower in nutritional 
quality (based on protein and fiber contents) and in vitro organic 
matter digestibility (53 vs 85%, P<O.O5) compared to wheat pas- 
ture. During spring, rangelaud pastures were stiii lower in pro- 
tein and higher in fiber hut in vitro organic matter digestibility 
(72,73,72%; respectively, for wheatgrass, fescue and rangehmd) 
was similar (P = 0.70) for aii forages. Rangehmd and warm-sea- 
son pastures were shniiar in quality during summer but range- 
land pastures were higher (P< 0.10) in in vitro organic matter 
digestibility (65, 69, and 73%; respectively, for bermudagrass, 
bluestem, and rangeland). Rangeland pastures were again lower 
in quality and digestibility than cool-season grasses during the 
faii. There were no difference (P > 0.10) in organic matter intake 
(% of body weight) during winter, summer, and faii season hut 
during spring organic matter intake was greater (P c 0.10) for 
steers on rangeland pasture than for those on cool-season grass- 
es. 

Key Words: irrigated pastures, rangeland pasture, quality, 
intake 
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High temperatures seem to be the dominant factor limiting 
growth and quality of cool-season grasses in the summer. Fales 
(1986) found high temperatures caused a reduction of cell-wall 
digestibility by increasing amount of indigestible cell wall with- 
out affecting rate of digestion of the more labile fraction. Ford et 
al. (1979) reported increased temperatures have been associated 
with variations in concentrations of cellulose, hemicellulose, and 
lignin. 

Because of arid conditions in the Southwest, many producers 
use irrigated pastures to increase their production potential 
(Wallace and Williams, 1979). Kirksey et al. (1991) reported ani- 
mals grazing sainfoin had the highest season-long average daily 
gain, but lowest carrying capacity. Switchgrass had one of high- 
est carrying capacities and early-season average daily gain, but 
late-season average daily gain was poor. The sainfoin-wheatgrass 
pasture was among the most productive pastures in terms of gain 
per ha and carrying capacity. On a season-long basis, tall wheat- 
grass had one of the poorest average daily gain, but had among 
the highest carrying capacities. Wallace and Williams (1979) 
reported beef production and average daily gain per ha favored 
fescue over wheatgrass and orchardgrass. Digestibility of dry 
matter, organic matter, fiber and crude protein were not different 
among species. Fisher et al. (1991) reported bermudagrass had 
the lowest in vitro dry matter digestibility when compared to tall 
fescue, flaccidgrass, and switchgrass. Bermudagrass and switch- 
grass had the highest proportion of stem in their canopy. Burns et 
al. (1991) found steers grazing bermudagrass had the lowest aver- 
age daily gain when compared to flaccidgrass and switchgrass, 
and average daily gain was associated with an increased in vitro 
dry matter digestibility. These authors suggested quality of the 
bermudagrass canopy was inferior to tall fescue, flaccidgrass and 
switchgrass which have canopy structures conducive to high 
average daily gain. Thus, proper management of these forages 
shifts animal performance limitations to the animal. Conversely, 
the bermudagrass canopy is not conducive to high average daily 
gain (Burns et al. 1991, Fisher et al. 1991). A study was conduct- 
ed to evaluate different animal management systems to provide 
high quality forage on a year-round basis, using rangeland, winter 
wheat, and irrigated pastures consisting of cool- and warm-season 
perennial grasses. Diet quality, forage intake, digestibility, and 
animal performance were measured to characterize nutritive traits 
of the forages in different seasons of the year. 
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Experimental Procedures 
The irrigated pastures used in this trial were composed of 2 

cool-season perennial grasses; Jose tall wheatgrass [Agropyron 
elongutum (Host) Beauv.)] and Johnstone tall fescue (Festuca 
arundinacea Schreb.), and 2 warm-season perennial grasses, 
Hardie bermudagrass [Cynodon dactylon (L.) Pers.] and 
Ironmaster old world bluestem (Bothriochloa ischaemum Keng.). 
All pastures were located at the New Mexico State University 
(NMSU) Agricultnral Science Center at Tucumari, N.M. Cool- 
season pastures measured 1.6 ha and warm-season pastures were 
1.2 ha. Furrow irrigation was used in all pastures with row spac- 
ing of 102 cm. All pastures were replicated (8 total) and located 
adjacent to one another. The 2 rangeland pastures used in this 
trial measured 6.5 ha. Dominant grasses found in these pastures 
included; blue grama [Bouteloua gracilis (H.B.K.) Lag. ex 
Steud.], sideoats grama [Boutelouu curtipendula (Michx.) Torr.], 
and sand dropseed [Sporobous cryptundrus porr.) A. Grey]. 
Sub-dominant grasses consisted of yellow bluestem, threeawns 
(Aristidu spp.), lovegrass (Erugrostis spp.), vine mesquite 
(Panicurn obtusum H.B.K.), and silver bluestem [Bothriochloa 
succharoides (SW. Rydb.]. The rangeland pastures were in good 
condition containing some introduced grasses intermixed with 
native species. Overall, the rangeland pastures were composed of 
good quality warm-season grasses. The rangeland pastures were 
not subjected to any cultural practices. Two 2.8 ha pastures of 
winter wheat (Triticum aestivum L.) were utilized in this trial. 
Wheat pastures were planted at a seeding rate of 78 kg/ha in early 
September 1989 and received a single fall irrigation. The wheat 
pastures were not fertilized and no cultural practices were applied 
during the grazing trial. 

The site consisted mainly of a fine-loamy (fine-silty), mixed, 
thermic soil. Mean maximum temperature ranged from 10” C in 
December to 37” C in June and averaged 23” C for the year. 
Mean minimum temperatures were -7” C and 19” C for 
December and June and averaged 7” C for the year. Total rainfall 
for the year was 394 mm with 60% falling during July, August, 
and September. Cool-season pastures received 3 irrigations in the 
spring for a total of 2,837 cubic meters (2.3 ac ft) of water while 
warm-season pasture received 3 applications for a total of 3,207 
cubic meters (2.6 ac I?) of water. Nitrogen was applied at 187 
kg/ha in 2 applications to cool-season grasses and 306 kg/ha in 3 
applications to warm-season grasses. 

Three animal management strategies were used to examine for- 
age composition, intake, and in vitro organic matter digestibility 
of weanling steers on a seasonal and year-long basis. Group 1 (12 
steers) grazed annual wheat in winter, wheatgrass in spring, 
bluestem in summer, and wheatgrass in the fall. Group 2 (12 
steers) grazed annual wheat in the winter, tall fescue in spring, 
bermudagrass in summer, and tall fescue in the fall. Group 3 (12 
steers) grazed rangeland pastures the entire year. Stocking rates 
(steers/ha) were held constant on all pastures during each grazing 
season (2.1 for wheat, 3.75 for cool-season, 5 for warm-season, 
and 0.9 for rangeland). All animals had tiee access to water, salt, 
and mineral blocks’ during the study period. Fourteen steers fitted 
with indwelling ruminal cannulas were used to collect forage 
samples and characterize diet quality and intake of steers on the 
different pastures. 

‘Purina Mineral Block 12~12 VAK, No. 3786, Purina Mills, Inc., St Louis, MO., 
63166. 
2Captec Pty. Ltd., 103 Pipe Road, Lavcrton. Victoria, AUSE. 

To minimize labor and handling stress, a continuous release 
chromic oxide capsule (Captec Chrome*) was administered as an 
external marker at a known rate, in order to estimate fecal output 
(Laby et al. 1985; Barlow et al. 1988; Kattnig, 1991). Two intact 
steers, as well as 2 cannulated steers from each pasture were 
dosed with chromic oxide capsules. Capsules were administered 
into the reticula- rumen of intact steers using a commercial stain- 
less steel spring balling gun3 and directly through the cannula in 
the rnminally fistulated animals. 

Fecal sampling began 9 days post-dosing (Kattnig 1991). Fecal 
samples were also collected from steers that were not dosed with 
chromnic oxide treated in a similar fashion to other samples, and 
used to correct for background interference when analyzed for Cr 
content. 

Steers were held in pens overnight the evening before sampling 
without access to feed, but with free access to water. Fecal grab 
sampling began at sunrise each day, and continued for 4 consecu- 
tive days. Fecal samples were placed in labeled plastic bags and 
immediately frozen at -20” C. After sampling, steers were placed 
back on assigned pastures and allowed to graze until sundown 
when they were again gathered and penned. 

Fecal samples were maintained frozen until laboratory analysis 
were conducted. Samples were placed in a forced-air oven and 
dried (50” C) for 48 hours. Dried samples were ground in a Wiley 
mill to pass a 2-mm screen. Dried fecal samples were subsampled 
cornposited by steer over the Cday collection period and stored 
in air-tight containers until analysis for Cr content could be con- 
ducted. 

Fecal dry matter and ash were determined by standard proce- 
dures (AOAC, 1984). Chromium concentration was determined 
according to procedures outlined by Williams et al. (1962) by 
atomic absorption spectroscopy using a nitrous oxide-acetylene 
flame (Galyean, 1988). All samples were analyzed in duplicate 
with a maximum acceptable coefficient of variation of 15%. 
Fecal output was estimated by: 

Fecal output, g/day = Indicator consumed, g/daV 
Indicator cont. in feces (g/g dry matter) 

Only cannulated steers from each pasture were used for diet 
sampling. Diet sampling procedures began after fecal collections 
were made on the third and fourth sampling days. Cannulated 
steers were placed in a squeeze chute, and the reticula-rumen of 
each steer was completely evacuated. Upon removal of rnminal 
contents, the rumen wall was wiped with a damp sponge to 
remove any debris clinging to the inner rumen wall. Ruminal 
contents were placed in a large rubber container and sealed. Once 
evacuation was completed, steers were placed on assigned pas- 
tures and allowed to graze undisturbed for approximately 45 min. 
Steers were then gathered from pastures and penned. Freshly 
ingested forage was collected via fistula, and original ruminal 
contents were replaced in the animal. Diet samples were frozen 
immediately at -20” C. After sample collections, all animals were 
allowed to graze their respective pastures undisturbed until they 
were gathered again in the evening. 

Diet samples were transported to the main campus in the same 
manner as fecal samples. To prevent compositional changes from 
conventional oven-drying procedures (Kam, 19X6; Burritt et al., 
1988; Kloppenburg et al., 1990), ingesta samples were freeze- 

3German Hauptner Balling Gun, Quad Five, Ryegate Mont 59074. 
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dried as outlined by Kloppenburg et al. (1990). Dried samples 
were ground in a Wiley mill to pass a 2-mm screen and composit- 
ed by steer over sampling days. 

In vitro digestion analyses were conducted on ruminal compos- 
ite digesta samples. Ruminal inoculum was taken from 2 steers 
fed an alfalfa diet. The Tilley and Terry (1963) 2-stage technique 
(48 hour ruminal inoculum + 48 hour acid pepsin) was used to 
estimate extent of in vitro organic matter disappearance (in vitro 
organic matter digestibility). Forage indigestibility was calculated 
by: 100 - in vitro organic matter digestibility. Once indigestibili- 
ty was known, organic matter intake (OMI) per day was calculat- 
ed by the following: 

OMl, g/day = FO. gldav 
So OM indigestibility 

Forage dry matter and ash were determined by procedures of 
the AOAC (1984). Neutral detergent fiber, acid detergent fiber, 
and acid detergent lignin analyses were conducted according to 
procedures of Goering and Van Soest (1970). Insoluble unavail- 
able N is reported as acid detergent insoluble nitrogen, or the 
nitrogen present in residues following acid detergent fiber analy- 
sis. Kjeldahl procedures were used for all nitrogen analysis 
including crude protein and acid detergent insoluble nitrogen 
(AOAC, 1984). 

On 13 December, crossbred weanling steers (avg. body weight 
174 f 14 kg) were sorted randomly into uniform groups and 
placed on either winter wheat or range pastures. Two replications 
of each pasture type were used. Additional steers were main- 
tained on separate wheat pastures for use in later grazing periods, 
when more pastures were added to the study. Four intact and 2 
cannulated steers were assigned randomly to each replication of 
each pasture. Cannulated steers were used to sample available 
forage for diet quality and digestibility. Steers remained on win- 
ter pastures from 13 December 1989, through 11 April 1990 and 
were weighed periodically; however, only total season gains was 
analyzed. Steers grazing rangeland pastures were supplemented 
with 20% crude protein cubes’ at the rate of 0.45 kg*hd**d’ from 
9 February until 18 March. From 19 March to 27 April range 
steers were supplemented at the rate of 0.68 kg*hd-‘*d-l. During 
periods of snow cover (5 days in January) steers on wheat 
received grass hay (5 kg/head daily) of medium to low quality. 
Steers on rangeland received 5 kg/head for 2 days during that 
time. On 5 March 1990, 4 steers (2 cannulated and 2 intact) in 
each pasture (2 range and 2 wheat) were dosed with continuous 
release chromic oxide capsules. On 14 March fecal grab sampling 
began, and continued daily through 17 March. Diet sampling pro- 
cedures occurred on 16 and 17 March as outlined previously. 

On 11 April 1990, 24 steers, which were previously grazing 
wheat pastures, were rotated to cool-season pastures (tall fescue 
or wheatgrass). As in the winter period, 6 animals were allotted 
randomly to each cool-season pasture (4 intact, 2 cammlated). 
Steers that grazed rangeland pastures during the winter remained 
on the same pastures. In order to assess diet quality, digestibility 
and intake of all steers, fecal and ruminal samples were collected 
as in the winter period. Chromium dosing occurred on 21 May, 
and fecal sampling was accomplished between 21 May and 24 
May. Diet sampling occurred on 23 and 24 May. Forage sam- 

hrina Forage Balances Cub 3N, No. 3422, Purina Mills, Inc., St. Louis, MO. 
63166. 

pling took place as previously explained. Animals were weighed 
on 11 April, 2 May, 30 May, and 27 June; however gains were 
compared only when steers were grazing seasonal pasture simul- 
taneously. 

On 30 May, steers grazing tall fescue were moved to bermuda- 
grass pastures. Steers grazing wheatgrass were rotated to 
bluestem pastures on 27 June. Steers remained on warm-season 
pastures until 3 October. Forage sampling also occurred as in 
spring. Chromium dosing was accomplished on 21 July, and fecal 
grab samples were taken 30 July-2 August. Diet samples were 
taken on 1 and 2 August. Steer gains were compared for total sea- 
son only. 

On 3 October, steers on bluestem were moved back to original 
wheatgrass pastures. Steers grazing bermudagrass were placed on 
tall fescue pastures. Test steers remained on cool-season pastures 
until 12 December, which ended the year’s experiment. Fecal 
grab samples were obtained l-4 November, and diet samples 
were collected 3 and 4 November. As in previous seasons, steer 
gains were compared for total season only. 

Forage production data were collected during the spring , sum- 
mer, and fall to assess seasonal forage dry matter yield (DMY). 
Three exclosures (4.5 m’) were randomly erected in the upper, 
middle, and lower one-third of each pasture. Pastures were sam- 
pled immediately prior to grazing, at each animal weigh day, an 
when grazing was terminated each season. On each sampling day, 
the aerial portion of the grass was hand clipped from 2 plots (30.5 
x 102 cm) in the caged areas. The freshly clipped samples were 
weighed and placed in a forced-air oven (50” C) for 48-hour. 
Once dried samples were reweighed and weights recorded. Dry 
matter yield (DMY) was calculated using these samples: 

DMY = End dry weight - Start dry weight. 

End dry weight is defined as samples collected from inside 
exclosures at the end of the grazing period; and start dry weight is 
defined as samples collected from inside exclosures at the start of 
the period. 

Data were analyzed as a completely randomized design by 
methods described by Steele and Torrie (1980) with analysis of 
variance conducted using GLM procedures of SAS (1985). 
Variables were examined by season, and all treatment means 
were compared by Least Significant Difference when the overall 
treatment F was significant (PcO.10). In all cases the experimen- 
tal unit was the pasture. The n values given in tables are number 
of observations used for determining standard errors. 

Results and Discussion 

Winter 
Wheat pastures were higher (P-eO.05) in crude protein and 

available crude protein, and lower in acid detergent insoluble 
nitrogen than range pastures (Table 1). Neutral detergent fiber 
and acid detergent fiber were similar (P = 0.10 and 0.13, respec- 
tively) between pasture types, but wheat pastures tended to have 
lower values. Acid detergent lignin was higher (PcO.05) in 
rangeland pastures compared to wheat. Winter wheat had greater 
(P<O.O5) in vitro organic matter digestibility when compared to 
rangeland pastures (85 vs 53 %; Table 1). Since the rangeland 
pastures were primarily made up of warm-season grasses, forage 
available to steers consisted predominantly of dormant grass 
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Table 1. Chemical composition (organic matter basis), in vitro organic 
matter disappearance (JYOMD) of ingesta and intake of steers grazing 
either winter wheat or rangeland pastures during the winter grazing 
period of 1990. 

Item 

CP (ro) 
Available CP (%) 
ADIN(%ofN) 
NDF (%) 
ADF (%) 
ADL (8) 

Drv matter basis 

Pasture 

wheat Range 

26 11 
24 8 

6 31 
52 92 
36 69 

4 11 

SEa OSLb 

1.5 0.02 
1.4 0.01 
3.6 0.04 
9.9 0.10 
9.3 0.13 
0.5 0.01 

Intake (kg) 
Intake (5% BW) 

Organic matter basis 

6.3 4.8 1.6 0.57 
2.8 2.7 0.7 0.97 

Intake (kg) 4.0 
Intake (76 BW) 1.8 

IVOMD (55) 85.3 

%tandard error (II = 4). 
bobscwcd significance level. 

3.7 0.8 0.83 
2.2 0.5 0.52 

53.1 0.3 CO.01 

species. Therefore, it is not surprising that analysis of chemical 
components of the ingesta revealed winter wheat was of much 
higher quality. 

No differences (P >O. 10) were observed in intake when 
expressed as percentage of body weight or total intake (kg) on 
either an organic matter basis or dry matter basis (Table 1). 
Values obtained for organic matter intake as percent body weight 
are similar to results fkom Rosiere (1978), who reported intake 
levels equal to 1.5% body weight for heifers grazing wheatgrass 
and 1.2% body weight for heifers grazing tall fescue pastures in 
mid-June. McCollum et al. (1985) indicated a decrease in forage 
intake is normally associated with decreased forage quality. 
However, intake was not different between steers grazing winter 
wheat and rangeland pastures. This suggests gut-fill of steers on 
rangeland pastures may have increased, thereby allowing a 
greater intake than normally would be possible. Funk et al. 
(1987) suggested when available forage is not limiting poor qual- 
ity forage intake may not decrease because gastrointestinal fill 
may increase to compensate for decreased digestibility or passage 
rate. Stocking rate (0.9 steers/ha) on rangeland was light enough 
to insure adequate forage available. Further, Hutton (1963) 

observed a decrease in consumption for cows grazing forage with 
digestibility greater than 70%. 

SP*g 
Differences in chemical composition of ingesta were evident 

among tall fescue, wheatgrass, and rangeland pastures flable 2). 
Tall fescue pastures were highest (P<O.lO) in crude protein and 
available crude protein, followed by wheatgrass and rangeland. 
Acid detergent insoluble nitrogen was similar among all pastures 
(P>O.lO). Fiber components were also similar between wheat- 
grass and tall fescue. Rangeland pastures, however, contained 
more neutral detergent fiber (PcO.05) and acid detergent fiber (P 
~0.10) than either wheatgrass or tall fescue. All three pasture 
types were similar in acid detergent lignin (P>O.lO). These data 
suggest that although differences were present among all pastures 
in crude protein and available crude protein, each pasture type 
supplied crude protein in amounts great enough to allow accept- 
able gains. Steers grazing wheatg-rass, tall fescue, and rangeland 
had similar organic matter intake (PcO.10) when expressed as 
kg/d (Table 3). However, when organic matter intake was 
expressed on a percent body weight basis, steers on rangeland 
consumed more (P CO. 10) than steers grazing tall fescue Fable 
3). Reduced ability of the animals grazing tall fescue to graze 
selectively, may explain the lower voluntary intakes of these ani- 
mals since tall fescue pastures were the most highly utilized. 
Forbs and Hodgson (1985) indicated rate of intake is related to 
sward characteristics. Animals grazing pastures with sufficient 
available forage are subject to minor sward changes compared 
with animals grazing areas of limited forage availability. No dif- 
ferences were observed in in vitro organic matter digestibility 
among the pasture types (P>O.lO; Table 3). 

Summer 
Protein components (crude protein, acid detergent insoluble 

nitrogen, available crude protein) were not different (P <O.lO) 
among the summer pastures (Table 2). Fiber components (neutral 
detergent fiber, acid detergent fiber, and acid detergent lignin) 
were similar (P >O. 10) between bermudagrass and bluestem. 
However, rangeland pastures were higher in neutral detergent 
fiber and acid detergent fiber (P<O.lO) than bermudagrass and 
bluestem pastures. Acid detergent lignin was similar among all 
pastures (P>O.lO; Table 2). When intake was expressed on an 
organic matter basis, no differences were observed (P >O. 10). 
However, when consumption was expressed on a dry matter basis 
as percent of body weight, steers grazing rangeland pastures con- 

PTable 2. Chemical composition (organic matter basis) of ingesta from steers grazing irrigated grass or rangeland pastures during 1990. 

Item 
Swine Pasture Summer Pasture Fall Pasture 

Wheatgtass Fescue Range SEa OSLb Bermuda-Blue- Range SEa OSLb Wheat- Fescue Range SEa OSLb 
grass stem - grass 

CP (Q) 17d 24c 12c 1.5 0.02 17 16 17 0.4 0.18 15c 15c Sd 0.9 0.02 

Available CP (%) 16 d 22c 9c 

ADIN (% of N) 9 10 21 
NLIF (%) 72d 6Sd S7c 

ADF (%) 45d 43d 65c 

ADL (sb) 7 7 S 
aStandxd error (n = 4). 
bbsemd significance levcL 
Cd%w vahes with diffcmu superscripts differ. 

1.4 0.02 16 14 15 0.4 0.19 14c 14c gd 0.9 0.01 

3.0 0.12 9 10 8 0.7 0.35 gd 7d 24c 1.0 co.01 
1.s 0.01 7sd 75d ssc 1.1 0.01 6Sd 67d Sic 1.S 0.02 

4.8 0.08 41d d 61c 0.8 co.01 46d 42d 70c 5.2 0.05 

0.4 0.19 S 8 6 0.6 0.23 sd 7d 12c 0.5 0.02 
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Table 3. Intake and in vitro organic matter disappearance (I’VOMD) of steers grazing irrigated grass or rangeland pastures during 1990. 

Surine Pasture 

Item Wheatgrass Fescue Range SEa 

Drv matter basis 
Intake (kg) 5.7 5.3 6.6 0.7 
Intake (Z BW) 2.1 2.0 3.2 0.3 

Organic matter ba+ 
Intake (kg) 4.6 3.7 4.8 0.4 
Intake (75 BW) 1.7b.c 1.3c 2.3b 0.2 

IVOMD (5%) 72.1 73.5 71.5 1.6 

Summer Pasture Fall Pasture 

Bermudagrass Bluestem Range SEa Wheatgrass Fescue Range SEa 

7.1 7.8 8.4 0.4 6.5 5.3 7.2 0.9 
2.3c 2.6c 3.Sb 0.2 1.9 1.4 2.6 0.3 

5.8 6.6 5.9 0.4 5.0 4.2 5.3 0.7 
1.s 2.2 2.7 0.2 1.5 1.1 1.9 0.2 

65.2d 69.3c 73.4b 1.0 66.4b 64.5b 52.1c 1.0 
?Standard error (n = 4). 
bcdRaw values with diffant superscripts differ. 

sumed more (PcO.05) than steers on either bermudagrass or 
bluestem pastures (Table 3). This is a reflection of a higher ash 
content on the rangeland pastures. When corrected for ash 
(expressed on organic matter basis) no differences were observed. 
Differences (PcO.05) were detected between all pastures for in 
vitro organic matter digestibility (Table 3) with rangeland pas- 
tures having the highest in vitro organic matter digestibility 
(73%), followed by bluestem (69%) and bermudagrass (65%). 
The observation that steers on rangeland pastures had the highest 
in vitro organic matter digestibility may relate to the animals abil- 
ity to selectively graze different plant species. With a variety of 
warm-season grasses the steers may have been better able to 
select a quality diet. Ease of which a forage is prehended is an 
important factor affecting voluntary intake (McLeod and Smith, 
1989). Burns et al. (1991) reported bermudagrass has an inferior 
canopy structure that limits the animals ability to select a diet of 
high in vitro organic matter digestibility, and this led to a reduced 
dry matter intake. Results reported herein tend to agree with that 
hypothesis. Although not different, steers grazing bermudagrass 
pastures had a tendency of decreased intake and lower in vitro 
organic matter digestibility. 

pared when steers were grazing cool-season pastures simultane- 
ously (i.e., 10 April-30 May), even though steers grazing wheat- 
grass pastures remained on these pastures for an additional 28- 
days. Animal performance was not different among steers grazing 
tall fescue, wheatgrass, or rangeland pastures during the spring 
grazing period (P>O.O5; Table 4). Forage dry matter yield how- 
ever, was considerable greater (PcO.05) for wheatgrass than tall 
fescue (4,993, 1,637 kg dry matter/ha; Table 4). Steers grazing 
tall fescue pastures were moved to warm-season (bermudagrass) 
pastures 28-days earlier than steers grazing wheatgrass since tall 
fescue pastures were low yielding and could not support grazing 
with acceptable gains for the additional 28-days. At the same 
time, bermudagrass pastures were rapidly growing and could sus- 
tain grazing and wheatgrass pastures still had abundant available 
forage for steers to graze these pastures longer. 

Fall 
No differences were detected (P>O.O5) behveen wheatgrass 

and tall fescue for any chemical components measured in the 
ingesta samples. Differences were observed, however, between 
the cool-season pastures and rangeland pastures (PcO.05; Table 
2). Rangeland pastures were lower in crude protein and available 
crude protein, and higher in acid detergent insoluble nitrogen and 
all fiber components (Table 2). Voluntary intake was similar 
among all pastures (P>O.O5; Table 3). Rangeland pastures did, 
however, have the lowest in vitro organic matter digestibility (PC 
0.05), but tall fescue and wheatgrass were similar (-0.05; Table 
3). 

Steer performance during the summer was again compared 
only when steers were grazing warm-season pastures simultane- 
ously. Performance of steers grazing bermudagrass, bluestem, 
and rangeland pastures were similar (P>O.O5), although steers 
grazing bluestem tended to gain less (59 kg) than steers grazing 
bermudagrass (72 kg) and rangeland (72 kg; Table 4). 
Bermudagrass pastures produced almost twice as much forage as 
bluestem (PcO.05; Table 4). It should be remembered this was 
the first grazing year for the bluestem pastures, as these pastures 
were established one year later than the bermudagrass pastures. 
Grazing pressure was intentionally reduced to insure stand estab- 
lishment. Therefore, these data may not reflect the true yielding 
potential of the bluestem pastures. As mentioned earlier, range- 
land pastures were primarily made up of warm-season grasses. 
With a variety of warm-season grasses the steers may have been 
better able to select a quality diet. This is reflected in the steers 
gain. 

Animal Performance 
Steers grazing winter wheat had greater (PcO.05) gain than 

steers grazing rangeland pastures (Table 4). Since the rangeland 
pastures were primarily made up of warm-season grasses, forage 
available to steers consisted predominantly of dormant grass 
species. Therefore, it is not surprising that steers grazing winter 
wheat had much higher gains than steers grazing rangeland pas- 
tures. In fact, steers on rangeland pastures were only able to 
maintain their initial weight, which further suggests a low quality 
diet, even though limited protein supplementation did occur. 

Animal performance data during the spring were only com- 

Steers grazing tall fescue in the fall had the highest gain fol- 
lowed by those on wheatgrass, and rangeland pastures (45,33,22 
kg, respectively; Table 4). These findings agree with Wallace and 
Williams (1979) who reported animal performance favored tall 
fescue over wheatgrass. Also, since rangeland pastures were pri- 
marily comprised of warm-season grasses, a decline in animal 
performance would be expected. Forage dry matter yield was 
similar (P>O.lO) between tall fescue and wheatgrass, although 
strong tendencies were observed for greater forage production 
from the wheatgrass pastures. 

Over Seasons 
The quality of the rangeland pastures was higher during the 

spring and summer as indicated by increased crude protein and in 
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Table 4. Steer gains (kg) and forage dry matter yields (kg/ha) by season 
and forage type for 1990. 

SIXSOU 
and hem Pastare SEa 
Water 

Gain 0s) 
Spring 
Gain 0 
Yield (kg/ha) 

Summer 
Gain (kg) 
Yield @g&a) 

Fall 
Gain (kg) 
Yield (kg/ha) 

Raw 
gc 

34 
- 

72 
- 

22b 
- 

wheat 
9ob 

Fescue 
36 

1637c 
Bermuda 

72 
8451d 

Fescue 
45f 

651 

Wheatgrass 
38 

4993b 
Bluestem 

59 
4837e 

Wheatgrass 
338 

1036 

4.7 

2.6 
554 

4.8 
563 

3.9 
382 

%mlard error, n = 8 (gain) or 12 Cjield). 
bcRaw values differ (P < 0.05). 
‘hw values differ (P < 0.01). 
ffbRow value differ (P < 0.10). 

vitro organic matter digestibility, and decreased acid detergent 
lignin. During the fall and winter, these pastures were higher in 
fiber components and lower in in vitro organic matter digestibili- 
ty and crude protein. Fiber components (neutral detergent fiber 
and acid detergent lignin) did not differ (P>O.O5) between the 
spring and fall for the tall fescue pastures; however, crude protein 
and in vitro organic matter digestibility were greater (PcO.05) 
during spring vs the fall, indicating higher quality during the 
spring growing season. Similar results were found for wheatgrass 
pastures. In vitro organic matter disappearance was greater (PC 
0.10) in the spring compared to the fall. Crude protein was not 
different between seasons, but did tend to be greater during the 
spring season. Fiber components did not differ over the spring 
and fall (P9.10). Steers in the rotation groups fescue-bemmda- 
grass-fescue gained more (PcO.10) year-long than other groups. 
Forage dry matter also was greater for this rotational groups 
which would allow for more beef production per ha. 

Conclusions and Management Implications 

The cool-season grasses; Jose tall wheatgrass and Johnstone 
tall fescue, appeared to be similar in terms of quality, although 
fescue was higher in crude protein in the spring months. Jose tall 
wheatgrass pastures must be stocked at levels great enough to 
prevent growth from becoming stemmy and rank which may 
diminsh the forage quality while fescue must be stocked lighter to 
insure production. Both warm-season grasses, Hardie bermuda- 
grass and Ironmaster old world bluestem, yielded forage of equal 
quality in terms of protein and fiber content, but bluestem did 
have a higher digestibility. This is most likely due to the canopy 
structure of bluestem. Bluestem has a higher canopy in which the 
top portion is primarily made up of leaf. This allows the animals 
greater access to the more digestible canopy fractions. The 
canopy structure of bermudagrass is low to the ground and con- 
tains a high proportion of stem, and less digestible plant fiag- 
ments throughout the canopy. Therefore, the structure is not con- 
ducive to high digestibility. Imposed management practices 
should provide enough animals to maintain grasses in an actively 
growing, vegetative stage in order to maintain maximum forage 
quality. 

Rangeland and tame pastures proved to be of comparable quali- 
ty in the spring and summer. However, stocking rates on range- 
land must be light to prohibit selective grazing pressure on limit- 
ed quantities of preferred cool-season species. Livestock numbers 
capable of grazing native rangeland in summer, fall, and winter 
frequently put excessive pressure on the pastures during the 
spring growth. Development of grazing strategies to reduce the 
pressure are limited. Use of tame pasture can alleviate the diffi- 
culty in management. Results show tame pasture grasses to be a 
viable alternative, especially with cow/calf production by provid- 
ing opportunities for rangeland deferment in the spring and also 
during the growing season. 

Further study will more fully define forage quality and quantity 
of tame pasture species needed to optimize different animal/pas- 
ture management strategies. 
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Abstract 

Fecal microhistology and chemistry were used to evaluate 
botanical composition and quality of diets selected by Brangus 
cattle grazing Chihuahuan desert range in 3 seasons; fall: 
October, 1991; winter: January, 1992; and summer: July, 1992. 
Fecal samples were collected from 100 head in fall (58 2-S year 
cows and 42 calves), 53 head (2-8 year-old cows) in winter, and 
44 head (2-8 year-old cows) in summer. Paternal half sib analy- 
ses were used to estimate genetic and phenotypic variances and 
heritability estimates. Heritability is the proportion of total @he- 
notypic) variation which is due to additive genetic effects. The 
effect of sire within age was observed for percentage of A&i&z 
spp. (P” O.Ol), Sporobolus spp. (P’ 0.09), total grasses (P’ 0.02), 
Croton p&vii (Klotzsch) Muell.-Arg. (P= 0.03), and total forbs (P 
= 0.02) in fall diets. The number of grass species in diets was also 
affected by sire (P= 0.03). Heritability estimates were 0.87,0.51, 
0.78, 0.76, and 0.79 for percentages of Aristi spp., S’orobolus 
spp., total grasses, Croton pottsi& and total forbs, respectively. 
Heritability estimates for number of grass and forb species in fall 
diets were 0.68 and 0.26, respectively. Heritability estimates for 
winter samples were 0.40,0.00,0.37, and 0.27 for percentages of 
Sporobolus spp., total grasses, Yuccn elata Engelm., and total 
shrubs, respectively. Heritability estimates for the number of 
grass and total species observed in winter diets were 1.11 and 
0.47, respectively. Heritability estimates for percentages of 
Bouteloua spp., total grasses, Croton pottsii, Dalea spp., and total 
forbs in summer samples were 0.20, 0.55, 0.58, and 0.46, respec- 
tively. Heritability estimates for the number of grass and total 
species in summer diets were 0.49 and 0.79, respectively. These 
data suggest that genetic composition of beef cattle may affect 
diet selection under Chihuahuan desert conditions. 

Key Words: range, diets, cattle, heritabiity 

Diet selection on western ranges is a very complex system. 
Components of this system include the range ecosystem, seasonal 
effects, animal to animal training, managerial impacts, and the 
genetic composition of the herd. Past research has largely focused 
on learned behavior (Provenza and Balph 1987), seasonal effects 
(Rosiere et al. 1975a, Rosiere et al. 1975b), grazing systems 
(Walker and Heitschmidt 1989, Taylor et al. 1980, Pinchak et al. 
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1990), forage availability (Scamecchia et al. 1985), range 
improvement practices (Beck 1974, Lopes and Stuth 1984), and 
range composition and soil type (Senft et al. 1985). Little 
research has focused on differences in genetic predisposition for 
diet selection within species or breed. Some differences have 
been noted between small ruminant breeds for diet selection 
(Warren et al. 1984). However, data on free grazing cattle are 
somewhat contradictory. Under fairly uniform range conditions 
in eastern Colorado, Walker et al. (1981) concluded that no dif- 
ferences existed in diets selected by Hereford, Angus x Hereford 
and Charolais x Hereford cows. However, under the more diverse 
conditions in the Chihuahuan desert, Herbel and Nelson (1966a, 
1966b) observed some differences in diet selection and grazing 
activities between Hereford and Santa Gertrudis cows. Similarly 
Winder et al. (unpublished data) observed numerous differences 
in diets selected by Hereford, Angus, and Brangus cows and 
calves. 

The objectives of this study were 1) to investigate the effect of 
sire on diet composition and 2) to estimate the heritability of diet 
selection behaviors of free grazing Brangus cattle in the 
Chihuahuan desert. Our hypothesis is that genetic composition of 
cattle affects diets selected under free-grazing conditions. 

Materials and Methods 

Study Area 
This study was conducted during October, 1991; January, 

1992; and July, 1992 at the New Mexico State University College 
Ranch about 40 km north of Las Cruces, N.M. A single 1,400-ha 
pasture was utilized for this experiment. The location is a typical 
Chihuahuan desert site with mean annual precipitation of 234 
mm. The average mean precipitation during the 2 years of this 
study was 427 mm of which 209 mm fell during the months of 
July, August, and September. Annual mean temperature was 
16°C. June was the hottest month with a mean temperature of 
36.8”C, while January was the coldest month with a mean tem- 
perature of 13°C. Principle forage species in the study area were 
mesa dropseed (Sporobolus flexuosus [Thurb.] Rydb.), black 
grama (Bouteloua eripoda [Tom] Tom), tobosa (HiZaria mutica 
[Buckl.]Benth.), and leatherweed croton (Croton pottsii 
&lotzsch] Muell.-Arg.). Other common plant species in the study 
area were broom snakeweed (Gutien-ezja sarothrae [Pursh] Britt. 
and Rusby), honey mesquite (Prosopis glandulosa Tom), and 
soap tree yucca (Yucca elata Engehn.). 

549 



Standing crop was estimated for grasses and forbs within 5 
days of animal sampling. Four clippings were taken at each of 13 
reference points in the study pasture. Reference points were 500 
m apart in east-west direction and 1,000 m apart in north-south 
direction. At each reference point, a random direction and a ran- 
dom number of steps between sampling frames was determined. 
Plants were clipped at ground level within a 0.6 x 0.3 m frame at 
each sampling point (4 per reference point). Samples were sepa- 
rated by species and placed in paper bags labeled by species and 
sample number. Samples were dried in a forced ah oven a 50°C 
for 96 hours. Standing crop was calculated by weighing each 
sample and summing across species. 

Experimental Animals 
Cattle utilized in this experiment were purebred 2-8 year-old 

Brangus cows and their suckling calves (Table 1). All cows were 

Table 1. Numbers of cows and calves by age and season and number of 
sires of cows and calves sampled during fall, 1991 and spring and sum- 
mer, 1992. 

Fall Winter Summer 
Age’ hlales’ Females3 Sires4 Females3 Sires4 Females3 Sires4 

Yeim ---------------------(h’umbers)---------------- 
1 IS 24 4 
2 15 3 17 4 14 4 
3 6 2 8 3 7 2 
4 14 4 S 4 6 2 
5 11 2 S 2 7 2 
7 6 2 6 2 5 2 
S 6 2 6 2 5 2 

Total 18 52 12a 53 13a 44 13a 

fAge of individuaL Calves born in 1991 arc listed as 1 year of age in fall period. 
‘hldc sucl;ling calves. 
3Lactating cow (fall and summer), Dry pregnant cows (winter) or suckliug heifer calves 
po. 

Stres of cows (fall, winter, and summer) and suckling calves (fall). 
Suuher of sires with offspring evaluatrd 

reared on the ranch through weaning. Postweaning management 
of heifers differed by year of birth. Cows which were born in 
1984-1986 (6-8 yeat-olds) were developed on the ranch, whereas 
cows born from 1987 through 1990 (2-7 year-olds) were 
removed from the ranch at weaning and placed on irrigated pas- 
ture for approximately 6 months. Cows born in 1988-1990 were 
removed from the ranch before their initial calving at 2 years of 
age for approximately 90 days. During this time, they were either 
maintained on alfalfa hay or on irrigated pasture. Calf data uti- 
lized in this study were collected only in October of 1991. Calves 
were born between 1 January and 24 April 1991 and were 
weaned on 15 October 1991. The cows and calves were placed 
into a common pasture 2 weeks before initiation of sampling. The 
cows received no supplemental feed before or during the sam- 
pling period. On S October 1991, 7 January 1992, and 15 July 
1992 all cattle were gathered by 0900 hours. Weights, heights, 
body condition scores, and fecal grab samples were taken from 
each cow in each period. Fecal grab samples (approximately .5-l 
kg) were taken from calves only in the October period. 

Laboratory Methods 
Fecal samples were dried in a forced air oven at 50°C for 7 

days then ground in a Wiley mill to pass a l-mm screen. 
Percentage of fecal organic matter composed of nitrogen was 
determined by the Kjeldahl method and percentage of fecal 
organic matter composed of phosphorus was determined by spec- 
trophotometric calorimetric method (AOAC 1984). Botanical 
composition of feces was determined by microhistology (Sparks 
and Malechek 1968, Holechek 1982, Holechek and Gross 1982, 
Dabo et al. 1986). Dried ground samples were sent to AAFAB 
Composition Laboratory Inc., Fort Collins, Colo. Samples were 
then soaked in hot water and household bleach and rinsed 
through a 200-mesh Tyler standard screen to remove solubles and 
extremely small nondiagnostic particles (Holechek 1982). 
Samples were then transferred to 2 microscope slides. Equal 
amounts of sample were allocated to each slide by use of a tem- 
plate with a small hole. Hoyer’s solution (Baker and Warten 
1952) was then applied to the slide and thoroughly mixed with 
the sample. Cover slides were then mounted. Twenty fields per 
slide of composite sample were examined at 100x magnification. 
Frequency addition procedures described by Holechek and Gross 
(1982) were used to calculate the percentage composition of 
undigested dietary components in the feces. Plant composition 
was categorized by species when possible. However, in the case 
of some species, only the genera were used in analyses. 

Statistical Analyses 
In all analyses, the dependent variables were percentages of a 

specific plant genera or species or the total number of species or 
general observed in fecal samples. When the incidence of a par- 
ticular genus or species was quite low (less than 3%), the most 
common occurrence tended to be zero. This resulted in skewed or 
bimodal distributions. For this reason, species which occurred at 
very low frequencies in fecal samples were omitted from statisti- 
cal analyses of percentages of genera or species only. 

All analyses were conducted using the General Linear Models 
(GLM) procedures of SAS (1988). Data were analyzed within 
period. The statistical model differed slightly by period. The sta- 
tistical model for analysis of fall data included age, sex, and sire 
within age. Winter and summer data were analyzed by a model 
which included age and sire within age. The model for the sum- 
mer data was similar to the winter model but included calf birth 
date (day of year) as a covariate. In all 3 analyses, sire within age 
was considered a random effect. Dependent variables included 
the percentages of various botanical components observed in 
fecal samples, the number of grass and total species observed in 
fecal samples and the percentage of fecal organic matter made up 
by nitrogen and phosphorus. 

Variance components, heritability estimates and standard errors 
were estimated by paternal half sib analyses as described by 
Becker (1985). The genetic relationship between paternal half 
sibs was assumed to be 25%. Heritability estimates indicate the 
proportion of total (phenotypic) variation (variance) which is 
additively genetic or due to transmittable genetic causes (Legates 
and Warwick 1990). These estimates are expected to range from 
0 to 1.0. However, in small populations estimates may exceed 1.0 
due to sampling. 
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Table 2. Raw means and percentages of total standing crop composed of by each plant species in study pasture in fall, 1991 and winter and summer, 
1992p. 

Plant component Fall Winter Summer 

Aristiaa aa3censionis L. 
Aristhia divaricata Wiid. 
Aristida longiseta (Steud.) Vasey 
Bouteloua barbata Lag. 
Bouteloua eriopoda (TOIT.) Torr. 
Erioneuron pulchellum (H.B.K.) Tateoka 
Enneapogon desvauxii Beauv. 
Muhlenbergia porteri Scribn. 
Panicum spp. 
Scleropogon brevifolius Phil. 
Sporobolusfkxuosus (Thurb.) Rydb. 
Sporobolus contractus AS. Hit&c. 

Total grasses 
Allionia incantata L. 
Astragulus spp. 
Bailqa multiradiata Ham. & Gray 
Cassia bauhinioides Gray 
Crotonpottsii (Klotzsch) Muell. Arg. 
Euphorbia spp. 
Gutierrezia sarothrae (Pursh) Britt & Rushy 
Hojjkutseggia jamesii Tom. & Gray 
Lesquerella fendleri (Gray) Wats. 
Pectispapposa Harv. & Gray 
Perezia MM Gray 
Solarium elaeagnifolium Cav. 
Sphaeralcea coccinea (Pursh) Rydb. 

Total forbs 

Total grass and forbs 

%Aan.s of 52.0.6 x 0.3 m frames. 

- 

Mean WW % Mean Qgma) % Ma &@a> 
43.5 5.6 39.9 7.2 0.0 

0.0 0.0 0.0 0.0 50.2 
35.1 4.5 7.1 1.3 22.5 

2.0 0.2 15.9 2.9 0.0 
329.3 42.1 272.3 49.3 239.8 

19.9 2.5 10.3 1.9 7.0 
2.6 0.3 0.0 0.0 0.0 
0.0 0.0 17.1 3.1 0.0 
0.9 0.1 0.0 0.0 0.0 
6.5 0.9 2.8 0.5 0.0 

134.5 17.2 158.9 28.9 119.6 
22.8 2.9 0.0 0.0 0.0 

597.4 76.3 524.3 95.0 439.1 
0.0 0.0 2.8 0.5 0.0 
4.7 0.6 0.0 0.0 6.8 
3.7 0.5 0.0 0.0 16.2 
2.4 0.3 0.0 0.0 0.0 

40.6 5.2 4.6 1.0 68.5 
8.9 1.1 0.0 0.0 6.8 

74.8 9.6 13.9 2.5 132.3 
24.2 3.1 0.4 0.1 34.2 

0.0 0.0 3.1 0.6 0.0 
9.1 1.2 0.0 0.0 0.0 
5.4 0.7 2.6 0.5 0.0 
3.7 0.5 0.0 0.0 0.0 
7.7 1.0 0.0 0.0 0.0 

185.4 23.8 27.4 5.0 264.8 

782.8 100 551.7 100 703.9 

ReSldtS 

Standing crop estimates for the study pasture in each sampling 
period are indicated in Table 2. Grasses accounted for a larger 
percentage of standing crop in all seasons than forbs. Shrub 
species were present but were not included in standing crop esti- 
mates due to difficulty of estimation. 

Fall Diet Composition 
Sire was an important source of variation in percentage of 

Arisrifh spp. (P = O.Ol), Sporobolus spp. (P = 0.09), total grass 
(P = 0.02), Croton pottsii (P = 0.03), and total forbs (P = 0.02) 
during the fall sampling (Table 3). Since the sire contributes only 
genetic material to his offspring, any sire effects are assumed to 
be genetic. Heritability estimates were 0.87, 0.51, and 0.78 for 
percentages of Aristida spp., Sporobolus spp., and total grasses, 
respectively. Similarly, heritability estimates for percentages of 
Croton pottsii and total forbs were 0.76 and 0.79, respectively. 
These estimates indicate that diet selection during this time peri- 
od was greatly influenced by genetic variation within breed. The 
magnitude of the heritability estimates suggests that it may be 
possible to modify grazing behavior in this season through animal 
selection. The mean number of grass and total plant species 
detected in fecal samples were 4 and 7 species, respectively. The 
heritability estimates for these measurements were 0.68 and 0.26, 
respectively indicating that it may be possible to manipulate the 

% 

0.0 
7.1 
3.2 
0.0 

34.1 
1.0 
0.0 
0.0 
0.0 
0.0 

17.0 
.O 

62.4 
0.0 
1.0 
2.3 
0.0 
9.7 
1.0 

18.8 
4.8 
0.0 
0.0 
0.0 
0.0 
0.0 

37.6 

100 

number of plants selected by cattle genetically during the fall sea- 
son. Fecal phosphorus and nitrogen percentages are used to indi- 
cate nutritional status of grazing cattle. Sire did not affect 
(P > 0.80) either of these measurements and heritability estimates 
were incalculable due to negative variance components. 

Winter Diet Composition 
No significant sire effects were noted for species composition 

of diets selected by dry, pregnant cows in January 1992. 
Heritability estimates were 0.40,0.00,0.37, and 0.27 for percent- 
ages of Sprobolus spp., total grasses, Yucca, and total shrubs, 
respectively (Table 4). On average, the genus Boureloua spp. 
accounted for the largest proportion of diets (64.84%). However, 
there was no sire effect observed for this dietary component (P= 
0.83), resulting in a negative estimate of genetic variance and an 
incalculable heritability estimate. As in fall, sire of cow affected 
(P=O.O6) the total number of grasses in diets. The effect of sire 
on total number of species in diets was somewhat less (P= 0.24). 
Heritability estimates were 1.11 and 0.47 for number of grass and 
total species, respectively. As in fall, sire of cow was not an 
important source of variation in fecal phosphorus or nitrogen. 
The total number of observations was less in winter than in fall, 
this resulted in larger standard errors of heritability estimates. 
Heritability estimates for percentages of Sporobolus spp., Yucca, 
and total shrubs strongly suggest that preference for these species 
may be under partial genetic control. Once again, diet diversity 
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Table 3. Sire effects, genetic and phenotypic variances and heritabiity Table 5. Sire effects, genetic and phenotypic variances and heritability 
estimates for composition of diets selected by Brangus cattle in fall, estimates for composition of diets selected by Brangas cattle in sum- 
1991. mer, 1992. 

Trait’ 
Overall 

mean 
Sire Genetic Phenotypic 

OSL2 variance vmiance Herit SE4 Trait’ 
Overall Sire Genetic Phenotypic 

mean OSL2 variance variance Herit Sl? 
Percentages by Genera or Species 
Aristida spp. 3.20 0.01 14.2 
SporobollLs spp. 31.11 0.09 160.9 

Total 
Grasses 39.07 0.02 336.4 

Croton pottsii 56.72 0.03 353.8 
Total 
Forbs 60.76 0.02 339.0 

Number of Species Detected 
Grasses 4.14 0.03 1.7 
Total 6.97 0.21 1.0 

Diet Quality Indicator? 
FeiXl 

Phosphorus 0.32 0.95 
Fecal Nitrogen 2.16 0.84 

16.4 0.87 
313.7 0.51 

430.4 0.78 
464.6 0.76 

428.8 0.79 

2.6 0.68 
3.7 0.26 

0.52 
0.49 

0.53 
0.53 

0.53 

0.51 
0.43 

‘N= 100. 
*Observed significance level of sire witbin age. 
3Namw sense hehbility estimate from paternal haIf sib analysis. 
‘kandard error of heritability estimate. 
&able to calculate genetic variance and heritabiity due to negative variance compo- 

(measured as the number of grass and total plant species detect- 
ed) appears to be influenced by genetics. The magnitude of genet- 
ic effects appears to be somewhat less than observed in the fall 
sample. This may be due to lessened opportunity to express dif- 
ferences in preference due to limited availability of certain plants 
(Table 2). 

Summer Diet Composition 
Means, sire effects, variances, and heritability estimates for the 

Table 4. Sire effects, genetic and phenotypic variances and heritability 
estimates for composition of diets selected by Brangus cattle in winter, 
1992. 

Overall Sire Genetic Phenotypic 
Trait’ mean OSL* variance variance Herit S& 

Percentages hy Genera or Species 
Bouteloud 64.84 0.83 
Sporobolus 7.70 0.25 26.0 64.7 0.40 0.68 
Total 

Grasses 86.01 0.46 0.1 70.4 0.00 0.63 
Yucca 9.25 0.26 19.0 50.7 0.37 0.68 
Total 

Shrubs 10.92 0.31 15.4 56.9 0.27 0.69 

Number of Species Detected 
Grasses 3.91 0.06 0.9 0.8 1.11 0.82 
Total 6.47 0.24 0.8 1.6 0.47 0.81 

Diet Quality Imiicato& 
FeCd 

Phosphorus 0.15 0.81 
Fecal Nitrogen 0.94 0.61 

‘N = 53. 
*Obsewcd significance level of sire witbin age. 
‘Narrow sense h&ability estimate from paternal Mf sib analysis. 
kandard error of hcritabiity estimate. 
‘Unable to calculxe genetic variance and hemability due to negative variance compo- 
nents. 

Percentages by Genera or Species 
Bouieloua 7.96 0.35 
Sporobolu? 53.88 0.48 
Total 

Grasses 71.56 0.28 
Croton pot& 15.71 0.89 
Dalea 8.59 0.26 
Total 

Forhs 27.42 0.31 

Number of Species Detected 
Grasses 4.52 0.23 
Total 7.57 0.14 

Diet Quality Indicators 
Fecal 

Phosphorus 0.71 0.11 
Fecal Nitrogen 2.27 0.20 

6.6 32.0 0.20 1.03 

72.2 130.7 0.55 0.92 

30.8 52.9 0.58 1.04 

61.4 131.9 0.46 1.02 

2.7 5.5 0.49 0.81 
11.8 14.9 0.79 0.82 

0.09 0.10 0.89 1.10 
0.09 0.06 1.47 0.98 

‘N=44. 
*Observed signikance level of sire witbin age. 
3Narrow sense heritability estimate from paternal half sib analysis. 
‘kandard error of heritability estimate. 
‘Unable to calculate genetic variance and heritabiity due to negative variance coqo- 
nents. 

July sampling period are indicated in Table 5. Sire was not a sig- 
nificant source of variation for diet composition, diversity and 
quality indicators. Heritability estimates for dietary composition 
components ranged from 0.20 for Bouteloua spp. to 0.58 for 
Dalea spp. once again suggesting that diet selection was influ- 
enced by the genetic composition of the animal. The diversity of 
the diet as indicated by the number of species detected also 
appears to be influenced by genetics. Heritability estimates for 
number of grass and total species detected were 0.49 and 0.79, 
respectively. In general, dietary components again appear to be 
moderately to highly heritable, however, the minimal effect of 
sire on Sporobohs spp. percentage in the diet resulted in negative 
variance components and an incalculable heritability estimate. 
Heritability estimates for the number of grass species and total 
species in diets were 0.49 and 0.79, respectively. Heritability esti- 
mates for fecal nitrogen and phosphorus were 0.89 and 1.47, 
respectively. This indicates that nutrient status may also vary 
with genetic composition of the herd. Though standard errors are 
large, these data strongly suggest that summer diet selection, diet 
diversity and diet quality may be affected by the genetic compo- 
sition of cattle. 

Discussion 

Large standard errors associated with heritability estimates are 
the result of a fairly small experimental population. True heri- 
tability, therefore, may reside within a fairly large interval around 
these estimates. Our heritability estimates were consistently high, 
indicating that additive genetic variation is a major component of 
the total variation in these traits. Furthermore, our data support 
the hypothesis that the species composition of diets and quality of 
diets selected are in part a function of the genetic composition of 
the animal. 

Dietary behavior has generally been described as an acquired 
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response to environmental stimuli such as seasonal changes, man- 
agerial inputs or active training. Genetic predisposition may be 
another important element in this complex system. In the 
Chihuahuan desert, utilization of the rangeland may be affected 
by differences in diet selection (He&l and Nelson 1966a, 1966b, 
Winder et. al, unpublished data,). Diet selection may be affected 
by the genetic composition within breeds. If diet selection is 
related to animal performance (growth, milk production, repro- 
ductive efficiency, etc.) then improvement of these traits may 
result in changes in dietary habits. Other recent work at our sta- 
tion indicates that this may occur (Winder et. al, unpublished 
data,). Thus, livestock producers would benefit by selecting 
breeding stock from environments similar to those in which they 
will be expected to perform. 
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Abstract 

Environmental conditions in the seedbed are much more vari- 
able than have historically been simulated in laboratory germi- 
nation experiments. This paper describes a laboratory control 
system for real-time simulation of seedbed temperature regimes. 
The system is composed of a set of small refrigerators that have 
been enhanced with incandescent and fluorescent lights, fans and 
electrical-resistance heaters. The germination chambers are reg- 
ulated by an electronic data acquisition/control system that 
allows each chamber to vary internal temperature on a continu- 
ous basis. Field temperatures can be transmitted to the laborato- 
ry and the germination chambers programmed in near-real-time 
for simultaneous laboratory germination/tield emergence studies. 

Key Words: field variability, environmental control, seed 
response 

Rangelaud ecosystems are characterized by a high degree of 
spatial and temporal variability in seedbed microclimate (Pierson 
and Wight 1991). Most information regarding environmental 
control of seed germination, however, comes from laboratory 
experiments using constant and alternating-constant temperature 
regimes that do not necessarily reflect natural seedbed conditions 
(Wester 1991). Field studies to evaluate variable-temperature 
response are confounded by complex combinations of microcli- 
matic variables that make it difficult to separate temperature 
effects and to replicate temperature treatments (Hurlbert 1984). 
Our ability to predict and understand field germination would be 
enhanced if we could better simulate variable environmental sce- 
narios under controlled and replicable conditions in the laborato- 
ry. The purpose of this paper is to describe the development and 
evaluation of a programmable control system for simulating vari- 
able-temperature regimes for seed germination studies. The spe- 
cific objective was to develop a system that would allow for labo- 

Research was funded in part by the Bureau of Land Management, Intermountain 
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ratory simulation of near-real-tune field conditions for concurrent 
laboratory germination/field emergence studies. 

Materials and Methods 

System Design and Control Features 
Individual control chambers consisted of a standard 0.17-m3 

refrigerator that had been stripped of internal shelving. Molded 
shelving was also removed from the door aud replaced with a flat 
plastic sheet that fit flush with the plane of the door. The com- 
pressor cooling coil of these refrigerators was contained within a 
thin panel that covered the entire back wall of the chamber. The 
interior of the chamber was fitted with 4 sets of aluminum sup- 
port rods to create equally spaced shelves that each held up to 4 
trays of germination vials. Each tray was designed to hold 7 ger- 
mination vials of the type described by Hardegree and Enunerich 
(1992) for water potential control in seed germination studies. 
Eight incandescent light strips, each with a 7 Watt power output, 
were affixed to the sides of the chamber, 1 each on the right and 
left sides of the 4 shelves. A single 15 Watt fluorescent light strip 
was affixed to the center of the back wall and spanned all shelf 
levels. The lighting circuit contained a manual switch to control 
the lights to be either all on, incandescent only, or fluorescent 
only. The incandescent lights were also switch selectable to either 
full or half power. Two small wire-wound resistance heaters were 
affixed to the upper comers of the rear wall to provide heating of 
the unit when the lights were off. These provided approximately 
50 Watts of heat when connected to a 110 volt AC power source. 
Five small fans were installed to circulate air and minimize tem- 
perature gradients within the chamber. Three of the fans were 
attached to the bottom panel of the chamber and 1 was placed 
immediately next to each heating unit. 

A Campbell Scientific CR10 datalogger was used to monitor 
temperature and to control photoperiod, heating, and cooling. 
Because of programming limitations, 1 CR10 was capable of 
monitoring and controlling a maximum of 5 chambers if target 
temperatures were required to change as often as every hour. The 
CR10 communicated with a relay driver that controlled mechani- 
cal relays which provided 110 volts AC to the individual heaters, 
lights, and compressors for each chamber (Fig. 1). 

Figure 2 provides a schematic of the control logic for the cham- 
bers. The CR10 datalogger was programmed to scan memory 



Fig. 1. System schematic outllnlng temperature monitoring and con- 
trol features. 

storage locations that contained user-defied target temperatures 
for every hour in a given day. A temperature deviation of more 
than 0.5” C from the target temperature stimulated an appropriate 
heating or cooling response within a given chamber. 

Chamber temperatures were measured with centrally located, 
type T thermocouples every 10 seconds. The time, date and 15- 
min average temperature was recorded by a solid-state storage 
module. Every 10 seconds, the datalogger insured that the system 
did not exceed predetermined temperature safety limits. 
Individual chambers would have shut down automatically if 
chamber temperature rose above 46’ C or dropped below -1” C. 
Chamber shutdown consisted of deactivation of the lights, heaters 
and compressor until the user reset the program specific to the 
disabled chamber. The datalogger also checked the battery every 
10 seconds and if the voltage fell below 11.0 volts, all 5 cham- 
bers would automatically shut down. An additional safety feature 
for over-temperature protection was the utilization of a 63” C 
thermal breaker in the light and heater circuit for each chamber. 

The datalogger was programmed to evaluate the status of 
chamber components every 3 min. The compressor would auto- 
matically activate when the chamber temperature exceeded the 
upper-temperature threshold for a given time period. The com- 
pressor would turn off and the heaters activate when the tempera- 
ture dropped below the lower-temperature threshold for a given 
time period. The heaters were prevented from activating during 
periods when the lights were on. The heat output of the lights and 
fan motors was generally sufficient to keep up with any required 
temperature rise when the compressor was deactivated. 
Prevention of simultaneous lighting and heating reduced the 
chance of a control failure that would cause the chamber to over- 
heat. This redundant safety feature could be bypassed if a faster 
temperature response was required. 

Laboratory Simulation of Field Temperature 
The field temperature regime presented in this paper was mea- 

sured at the Bureau of Land Management Orchard Field Test Site 
in southeastern Ada County, Ida. Eight thermocouples were dis- 
tributed in the soil at l-cm depth among seedling emergence plots 
at the experimental site. The experimental plots were burned in 

Fig. 2. Flow chart showing prog ramming logic for temperature con- 
trol system. 

the preceding fall and were free of vegetation during the mea- 
surement period. Soil temperatures were monitored continuously 
and the data recorded every hour by a CR10 datalogger. Daily 
data from the field site were transmitted by radio to a computer- 
activated transceiver in the laboratory every morning at 4:OO am. 
These data were automatically stored in a computer database. A 
computer program was written to extract hourly-mean tempera- 
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Fig. 3. Conformance between monitored chamber temperature (solid 
line) and measured field temperature at 1 cm depth (broken line) 
for a 3 week period in May, 1993. 
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Fig. 4. Chamber temperatures measured every 15 min for constant 
&I), alternating (0) and sine-wave (A) temperature patterns for 3 
chambers with a mean temperature of approximately 15” C. 

ture data from the database. This program created a batch file to 
run communications software between the computer and the data- 
logger control system. Implementation of the batch file automati- 
cally reset the chamber temperature regime for the following 24 
hour period. The programming procedure needed to be done dur- 
ing the same l-hour period, every day of the temperature simula- 
tion. Chambers simulating field-temperature regimes were pro- 
grammed with a 3-day lag time so that laboratory germination 
and field emergence plots could be monitored on alternate days, 
and to account for occasional disruption of the radio telemetry on 
any given day. The computer system could be bypassed, and the 
chambers programmed manually, through a CR10 keyboard 
attached directly to the datalogger. Manual programming was rel- 
atively efficient only for programming long-term constant-tem- 
perature regimes. 

Results and Discussion 

Young and Evans (1982) compiled the germination profiles of 
a large number of cool-season range grasses for constant and 
alternating-constant temperature response. Alternating-constant 
day and night temperatures do not adequately simulate diurnal 
temperature patterns or short- and long-term changes in mean 
daily temperature. Figure 3 shows the degree of conformance 
between field and laboratory temperature regimes that was 
achieved during a 3-week period in the spring of 1993. The field 
temperature simulations were very accurate for temperatures 
below laboratory ambient. At higher-than-ambient temperatures, 
the germinator chambers lagged slightly behind rising field tem- 
peratures during the warmest part of the day. Some germinator 
chambers could not maintain temperatures as low as 5” C during 
the day with a full incandescent light load. The experiment that 
generated the data in Fig. 3 was conducted at full fluorescent and 
half-incandescent lighting to achieve adequate temperature con- 
trol early in the spring when night temperatures routinely dipped 

below 5” C. Switching to a full incandescent light period during 
the middle of May would have reduced the discrepancy between 
laboratory and field temperatures later in the spring. 

Constant, alternating-constant, and sine-wave temperature pat- 
terns were also generated at our laboratory during the course of 
several germination studies using this system. Figure 4 demon- 
strates the relative precision of temperature control for 3 laborato- 
ry scenarios that all have a mean temperature of approximately 
15” C, about the same as the mean temperature for the 3 week 
period shown in Fig. 3. 

The germination control system described here allows for near- 
real-time simulation of field temperature patterns, consistency 
among treatment environments and a practical management sys- 
tem for simultaneous evaluation of several replicated temperature 
regimes. Future research utilizing variable temperature control 
will allow us to develop a stronger linkage between laboratory 
germination and field emergence patterns. 
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Abstract 

One identified potential source of error in nutritional evalua- 
tions using the iu vitro technique is the drying method used on 
test substrates. This study was conducted to determine what 
effect, if any, different drying methods have on the dry matter 
disappearance of 4 browse species in moose (Alces alces L.) 
inoculum. Browse species were Scats pine (Pitzus syZvestnk L.), 
birch (Betala pendula Roth, Beth pubescens Ehrh.), willow 
(Salk spp.), and sweetgale (Myrica gale L.). In addition, we 
determined the effects of drying method on neutral detergent 
fiber (NDF), acid detergent fiber (ADF), and acid detergent 
lignht (ADL) concentration of the browse species. Each species 
was either freeze-dried (-40°C) or oven-dried at 39, 60” and 
105” C, respectively. High drying temperatures significantly 
depressed (P ~0.0001) in vitro dry matter disappearance 
(WDMD) in all browse species tested except of Scats pine. High 
temperatures also reduced NDF (P<O.O5) in all the species, while 
ADF and ADL were elevated (PqO.05) in all specks except Scats 
pine. We conclude that freeze-drying is the most preferable 
method to be used on forage and browse samples being evaluated 
for nutritional quality. 

Key Words: drying temperatures, Akes alces L., forage quality, 
dietary fiber 

The in vitro technique is widely used for evaluating the nuti- 
tional quality of forage and browse for both domestic and wild 
ruminants. It is an especially important technique in wildlife 
research due to the difficulty involved in performing digestion 
studies in vivo. However, it is important to know potential 
sources of error involved when using the in vitro techniques. 
Previous research has shown that air- (OO, 25” C) or oven-drying 
(55”, 65”, 100” C) depressed in vitro disappearance estimates for 
oak browse diets in goats (Capra hircus L.) (Nastis and Malechek 
1988). Other research (Acosta and Kothmann 1978, Engels et al. 
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1981, Burritt et al. 1988) found air- or oven-drying depressed in 
vitro disappearance of esophageal extrusa. This depression is 
linked to changes in the fiber fraction (neutral detergent fiber 
(NDF), acid detergent fiber (ADF), and acid detergent lignin 
(ADL) concentration) resulting in nonenzymatic browning reac- 
tions (Hedge 1953) which produces artifact lignin (Van Soest 
1965) and reduces Dry Matter Disappearance (IVDMD). This 
suggests that drying methods other than freeze-drying may com- 
promise the value of IVDMD to estimate nutritional quality of 
forage species. 

At the Grimso Wildlife Research Station (GWRS), use of the in 
vitro technique is an important tool in the evaluation of browse 
quality for moose (Alces alces L.). This is due to the absence of 
captive moose needed for in vivo studies. Our objective was to 
determine if substrate drying methods alter in vitro disappearance 
of moose browse. In addition, we wished to determine if different 
drying methods affect the fiber fractions (NDF, ADF, and ADL) 
of the browse species being investigated. 

Materials and Methods 

There are a variety of modifications of the original Tilley and 
Terry (1963) in vitro method, e.g. the amount of substrate used, 
the ratio between buffer solution and inoculum, and length of 
digestion period. Our method was originally developed at the 
Swedish University of Agricultural Sciences for energy determi- 
nations of grass hay by den Braver and Eriksson (1967), and is 
described completely by Pehrson and Faber (1994). Briefly, it 
involves incubation of 0.5 g test substrate with 1 ml of rumen 
fluid and 50 ml of buffer solution for 72 hours. The procedure has 
been adopted at GWRS for browse digestibility studies in moose 
and roe deer (Capreoh capreolus L.) (Cederhmd and Nystrijm 
1981, Pehrson and Faber 1994). 

A total of 6 in vitro trials were conducted, with 5 trials being 
conducted between November 1989 and May 1990, and the 
remaining trial in November 1993. These trials used ruminal 
inoculum of 6 moose harvested within the Grimsii Wildlife 
Research Area (GWR4) which is located in southcentral Sweden. 
The 6 moose used were 5 calves (<I year, 3 male & 2 female) 
and 1 adult cow (>2 years old) all determined to be of normal 
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condition. Animal diets were not determined since we were not 
interested in the degree of ruminal adaptation to the plant species 
being tested nor on the effects of inoculum source (see Pehrson 
and Faber 1994). In each trial, rumen material was brought 
immediately to the laboratory in warmed thermos flasks, and the 
whole procedure from moose harvest until beginning the first 
phase of the in vitro digestion never exceeded 1 hour, a time 
interval which probably did not influence the digestion process 
(Schwartz and Nagy 1972). The buffer solution (den Braver and 
Eriksson 1967), was saturated for 1 hour in advance with CO, 
and warmed to 38” C. 

The plant species tested included current-year growth of Scats 
pine (Pinus sylvestris L.) birch (Be&la pendula Roth, Betula 
pubescens Ehrh.), willow (Salix spp.), and sweetgale (Myrica 
gale L.). Scats pine was selected because it is the most important 
winter browse species, both qualitatively and quantitatively, for 
moose in the GWRA (Cederlund et al. 1980). Birch was tested 
because it is extensively utilized by moose, and is quantitatively 
the most important component of the diet during the summer 
months (Cederlund et al. 1980). Willow was included because 
this genus is highly preferred by moose while sweetgale is not 
preferred (Cederlund et al. 1980). One kg (wet wt.) of each 
browse species was collected on 10 March 1989, and divided into 
4 subsamples of 250 g. Subsamples were either freeze-dried 
(Edwards High Vacuum International, Modulyo 4K) at -40” C or 
conventionally oven-dried (Termaks Model T1119V) at 35”, 60” 
or 105” C for 48 hours, respectively. These temperatures were 
randomly selected so as to cover a wide range of drying tempera- 
tures. After drying, all samples were ground to pass a 0.5~mm 
sieve. 

In each trial, 2 plant species were randomly paired for testing 
and all drying temperatures for those 2 species were subsequently 
tested in the particular trial. In total, Scats pine was tested in 4 of 
the trials, birch in 3, and willow and sweetgale in 2 each (Iable 
1). Within each trial, each subsample being tested was replicated 
5 times (e.g. 5 tubes). Neutral detergent fiber, Acid Fiber (ADF), 
and Acid Lignin, (ADL) of the browse samples were determined 

Table 1. Effect of freeze-drying (-40” C) and oven-drying (35”, 60”, 105” 
C) on the in vitro dry matter disappearance (% of dry matter) of 4 
browse species tested using moose inocohun. 

Species Trial no. Freeze 
Drying Method’ 

35” c 60” C 10.5” c 

- - - (% of total dry matter disappearance) - - - 
Scats pine2 1 47.5 48.5 50.3 50.8 
Scats pine 2 30.7 36.6 32.1 30.6 
Scats pine 3 39.6 38.5 40.5 39.2 
Scot-s pine 4 27.1 24.5 25.8 28.8 
Birch3 1 34.3 31.3 32.6 30.1 
Birch 2 29.0 29.3 26.6 24.3 
Birch 4 24.0 21.8 16.9 16.9 

Willow” 5 35.5 34.7 32.7 28.5 
\viI10w 6 27.5 28.6 23.2 15.0 

Sweetgale 5 21.4 21.6 21.2 15.9 
Sweetgale 6 ls.s 22.8 19.2 16.5 

IAll column figltrcs rqmsent means of tt=5 
%h-factor ANOVA analysis of Scats pine, atI trials combined, dtying method not sig- 
nificantly different (P =0.28, dk3) 
‘Twefactor ANOVA mmlysis of birch, willow. and sweetgale, all trials combined for 
each species respectively, drying method significantly different (P cO.0001, df=3) 

Table 2. Effect of freeze-drying (-40” C) and oven-drying (3S’, 609 105” 
C) on the neutral detergent fiber (h’DF), acid detergent fiber (ADF), 
and acid detergent l&in (ADL) concentration (% of dry matter) of 4 
browse species. 

Species 

Scats pine NDF 
ADF 
ADL 

Birch NDF 
ADF 
ADL 

Willow NDF 
ADF 
ADL 

Sweetgale NDF 
ADF 
ADL 

Drying Method 
FEZ 35” c 60°C 105” c 

-----_--- (C/oOftO~&yma~er) -------- 

54.30’a 50.33b 51.86b 4S.58c 
33.61a 36.64a 34.97a 36.15a 
11.41 13.34 13.09 13.73 
45.2Sa 44.7Sa 40.73b 34.33, 
39.96a 41.69ab 44.35bd 46.98cd 
22.04 22.38 24.90 27.36 
46.49a 46.02a 35.88a 35.88a 
41.95a 42.57a 45.15ab 48.92b 
18.68 18.12 20.60 22.63 
43.85a 43.92a 43.35a 36.54b 
42.62a 44.08a 43.10a 48.941, 
26.38 27.64 25.43 30.69 

‘Row rn- with different letters differ (PcO.05). 

using the sequential techniques described by Van Soest (1963) 
and Van Soest and Wine (1967). 

The effects of drying methods on Dry Matter Disappearance 
(IVDMD) estimation of the 4 browse species were tested using a 
2-factor ANOVA (StatView 1992). Differences in Neutral Fiber 
(NDF) and ADF within each browse species were tested using a 
one-factor ANOVA (StatView 1992). 

Results and Discussion 

Significant differences in IVDMD were found among drying 
temperatures for birch, willow and sweetgale (P<O.OOOl, Table 
1). In vitro dry matter disappearance of all 3 species were affect- 
ed in a similar manner. Although freeze-drying and oven-drying 
at 35” C did not greatly impact IVDMD, oven-drying above 35” 
C depressed IVDMD by 12-48% in the 3 browses. Scats pine 
was the exception, as there were no significant differences in the 
lVDMD due to different drying method (P=O.28, Table 1). 

Furthermore, analyses of NDF, ADF, and ADL of the browse 
species showed that different drying methods significantly affect 
concentrations of fiber fractions (Table 2). Neutral detergent fiber 
was significantly (PcO.05) reduced at drying temperatures 
greater than 35°C for all species tested; conversely, ADF was sig- 
nificantly (P~0.05) elevated at drying temperatures greater than 
35°C for all species except of Scats pine. The trend in ADL was 
similar to ADF, with all species showing elevated ADL at drying 
temperatures greater than 35”C, including Scats pine. 

Our results suggest that in the browse samples we tested, 
IVDMD was depressed in those that were oven-dried above 
35°C. This is in accordance with earlier research (Acosta and 
Kothmann 1978, Engels et al. 1981, Burritt et al. 1988) which 
indicated how different drying methods can affect fiber fractions 
of samples being nutritionally evaluated. Drying temperatures 
above 25°C often result in nonenzymatic browning reactions 
(Hedge 1953). This results in a substance Van Soest (1965) terms 
artifact lignin, which depresses IVDMD. 

In agreement with previous research (Burr& et al. 1988, Nastis 
and Malechek 1988), the changes in IVDMD and fiber fractions 
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due to drying method were large enough in this study to indicate 
that this is a potentially serious source of error which needs to be 
considered when performing nutritional studies using M&ID. 
Our results suggest that freeze-drying is a preferable drying 
method, and should be used to increase accuracy of IVDMD esti- 
mates. 
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Abstract 

Leaf and mast material was collected from mesquite (Proso@ 
glandulosa Tot-r.), huisache (Acacia smallii Isely), granjeno 
(CeZtis pallida Torr.), and hog plum (Colabrina texana (T.& G.) 
Gray) on both root-plowed and untreated sites in south Texas. 
Forages were analyzed for nitrogen (N), neutral detergent fiber 
(NDF), and in vitro dry matter digestibility (IVDMD). Forages 
differed among species for N, NDF, and IVDMD. Leaf IVDMD 
of huisache and hog plum was higher on untreated sites. 
Huisache mast was higher in N and NDF concentrations, but not 
IVDMD, on untreated sites. Browsers on root-plowed sites may 
be forced to use forages of fewer digestible nutrients than on 
untreated sites. The cause of changes in browse quality following 
brush manipulation should be examined. 

Key Words: Acacia smallii, Celtis pallida, Colubrina texensis, 
digestibility, fiber, Prosopis glandulosa, nitrogen, white-tailed 
deer. 

Root plowing is a common brush management method used to 
remove woody species that have invaded south Texas rangelands 
over the last 100-200 years. Following brush management, brush 
densities can rebound to levels similar to untreated brush sites in 
20-25 years in the eastern Rio Grande Plains (Ruthven et al. 
1993); however, reductions in brush diversity following root 
plowing remain (Fulbright and Beasom 1987, Ruthven et al. 
1993). Effects of decreased woody plant diversity and increased 
herbaceous cover (Ruthven et al. 1993) on nutrient content and 
digestibility of major browse species found on root-plowed sites 
are unknown. Short-term effects of shredding (Eve&t 1983) and 
roller-chopping (Reynolds et al. 1992) on nutritional quality of 
browses have been variable. Browse is an important dietary con- 
stituent for wildlife species, especially during summer and fall 
(Arnold and Drawe 1979, Ruthven et al. 1994). Therefore, it is 
important that the effects listed above be determined, so that land 
managers can better estimate effects of changes in browse com- 
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permission to conduct tbe study. Financial support was provided by the Caesar 
Kleberg Foundation for Wildlife Conservation. 
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position on nutritional status of herbivores. Our objective was to 
compare percent total nitrogen (N), neutral detergent fiber 
(NDF), and in vitro dry matter digestibility (M%ID) of 4 domi- 
nant browse species (mesquite [Prosopis glandulusa Torr.], 
huisache [Acacia smallii Isely], granjeno [Celtis pallida Tom], 
and hog plum [Colubrina texana T.& G.] Gray) on untreated and 
root-plowed (treated) sites. 

Materials and Methods 

The study was conducted on the Ring Ranch, Santa Gertrudis 
Division, which covers 85,202 ha in western Kleberg and south- 
eastern Jim Wells counties, within the eastern Rio Grande Plains 
of south Texas. Four study sites, 2 root plowed and 2 untreated, 
were chosen to evaluate effects of root plowing on key white- 
tailed deer (Odocoileus virginianus) forages. Treated areas were 
root plowed in 1973-1974 (Personal communication, R. H. 
Thompson), Treated pastures included the Lower Little (1,282 
ha) and Upper Little (870 ha), and untreated pastures included the 
Patricia (1,140 ha) and La Planta (679 ha). All study sites were 
within a circle of radius 5.8 km (Ruthven et al. 1993). Previous 
work indicated that woody species richness had been reduced, 
from 19 species on the untreated area to 7 species on the treated 
area (Ruthven et al. 1993). Of the herbaceous component, forb 
cover was greater on treated areas (Ruthven et al. 1994). Soils, 
vegetation, climate, and grazing history of this semi-arid, sub- 
tropical thorn forest were described by Ruthven et al. (1993). 

Forage samples were collected during August and September 
1991. Huisache mast was collected during early August. 
Mesquite mast and leaf material from mesquite, huisache, 
granjeno, and hog plum were collected during mid-September. 
Leaf material and mast were collected from 3 randomly selected 
groups of 5-6 associated trees or shrubs in each pasture for a total 
of 6 replicates/treatment (each motte of trees and shrubs was con- 
sidered an independent site). Each site was sampled on only 1 
day and all sampling was completed in <4 days. This scheme was 
chosen because during this period, seasonal browse use by deer 
was highest (Ruthven et al. 1994) and nutritive content of browse 
is lowest (Vamer et al. 1977, Everitt and Gonzales 1981, Meyer 
et al. 1984). Because of the lack of mesquite mast, samples were 
taken from only 1 site in each treatment. Leaves and mast were 
hand-stripped from branches and twigs were discarded. Samples 
were air-dried at 40-45” C to a constant weight, then ground 



through a l-mm mesh screen in a Wiley Mill for laboratory 
analysis. 

Nitrogen content of forages was determined by the micro- 
Kjeldahl method (AOAC 1970). Neutral detergent fiber was esti- 
mated by methods described by Van Soest and Wine (1967). In 
vitro dry matter digestibility was determined by the methods of 
Moore and Mott (1974, 1976), using rumen fluid from an adult 
male white-tailed deer that was fed alfalfa hay and commercial 
deer pellets for 1 week before rumen fluid collection. 
Concentrated rumen fluid was collected by placing a tube into the 
rumen via the esophagus and massaging the rumen. Filtered, con- 
centrated rumen fluid (550 ml) was diluted to 750 ml with dis- 
tilled water for addition to a McDougal saliva solution before 
inoculation. 

Leaf data were analyzed by 2-way analysis of variance (SAS 
1987), with treatment and species as the main effects. Tukey’s 
student?& range test was used to separate (P c 0.05) differences 
for multiple comparison among species. Mast was analyzed by a 
l-way analysis of variance with treatment as the main effect. 

ReSUltS 

Leaf material from untreated sites had higher digestibility 
(IVDMD) than that from root-plowed sites (PcO.001). A species- 
treatment interaction (P = 0.013) indicated that treatment differ- 
ences were greatest for h&ache and hog plum Fable 1). Neutral 
detergent fiber and N content did not vary by treatment). 

Species effects were noted for N, fiber (NDF), and digestibili- 
ty (IVDMD) (PcO.0001). Granjeno had higher N content and 
IVDMD than the other 3 species. Huisache was also higher in N 
than mesquite, and hog plum had higher IVDMD than huisache. 
Mesquite and huisache had higher NDF values than granjeno and 
hog plum, and hog plum was also higher in NDF than granjeno. 

Huisache mast had greater N (I’ = 0.003) and fiber (NDF) (!? = 
0.002) concentrations on untreated than on treated sites. Total N 
was 17% greater (2.96 + 0.09 vs 2.47 + 0.09%) and NDF was 
22% greater (29.6 + 1.0 vs 23.1 + 1.0 %) on untreated areas than 
on treated sites. Huisache mast digestibility @VDMD) was simi- 
lar (P>O.O5) between treatments (77.0 + 1.0 untreated vs 79.6 + 
2.0 % treated). Mesquite mast had similar N ( = 1.74%), NDF ( = 
34.9%), and IVDMD ( = 70.7%) on untreated and treated sites. 

Table 1. Percent nitrogen (N), neutral detergent fiber (NDF), and in vitro 
dry matter digestibility (IVDMD) of leaves of hnisache, mesquite, 
granjeno, and hog plum for untreated cv) and root-plowed (RP) sites 
at the Santa Gertrndis Division of the King Ranch, Kleberg and Jim 
Wells Cotmties, Texas, 1991. 

N h9F TMMD 
Mean Meall 

Species UgLRP SE U&RP SE U Rp SE 
Huisache 4.28 b1 0.11 37.4 a 0.6 67.2~ 59.3 d 1.6 
Mesquite 3.82 c 0.08 38.2a 0.6 66.1 c 64.6~ 0.7 
Granjeno 5.00 a 0.09 26.7 c 0.3 89.1 a 88.0 a 0.6 
Hog Plum 3.96 bc 0.0s 29.0 b 0.4 71.8 b 63.8~ 1.7 
‘Alecins in a coluttm followed by tbr same letter are similar (P>O.OS). Mean separation 
by species is by T&y’s stu&ntid range test 

Discussion 

Our estimates of N concentration and digestibility (IVDMD) 
were consistently higher than those previously recorded (Everitt 
and Gonzales 1981; Meyer et al. 1984, Varner and Blankenship 
1987). Several factors could be responsible for the higher concen- 
tration relative to those previously reported. First, all study sites 
received an average of approximately 9.8 cm of precipitation dur- 
ing a 45-day period before sample collection (Unpublished data, 
P. S. Lieck). All forages, especially hog plum, showed lush, 
spring-like regrowth and resprouting. Vamer and Blankenship 
(1987) reported April concentrations of 5% N for granjeno and 
May concentrations of 3.9% N for hog plum, which were similar 
to our September values. Second, our samples contained only leaf 
material, whereas earlier researchers included twigs (Vamer et al. 
1977, Ever& and Gonzales 1981), which are lower in N concen- 
tration and digestibility than leaves. Third, samples were inocu- 
lated with rumen fluid collected from a live animal within 30-60 
minutes. Samples of Everitt and Gonzales (1981) and Vamer et 
al. (1977) were not inoculated until l-2 hours after collection, 
which may have resulted in increased microbial mortality leading 
to lower digestion. 

Treatment differences in leaf digestibility (IVDMD) were not 
consistent across species, although IVDMD of leaf material of all 
4 major woody species from root-plowed sites was lower than 
from untreated areas. These data suggest that browsers on root- 
plowed sites would be forced to utilize browse of fewer digestible 
nutrients during periods when browse is a major constituent of 
their diet. However, greater dietary reliance on more abundant 
forbs on root-plowed sites (Ruthven et al. 1994), lack of treat- 
ment effects for IVDMD of h&ache mast (which comprised as 
much as 50% of white-tailed deer diets during the fall on root- 
plowed sites) (Ruthven et al. 1994), diet selection by deer, or sta- 
tistical differences that were not of biological significance may 
reduce the impacts of differences of browse quality. 

Future research is warranted to examine differences in nutrient 
quality in browse following brush management. Questions to be 
asked include, can the differences that we observed be replicated? 
Also, what causes differences in browse quality following brush 
manipulation? Lastly, if differences occur, are they of a magni- 
tude large enough to affect reproduction or survival of browsing 
herbivores? 
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We concur with Wagner et al (1995), that ungulate browsing 
has an import effect on growth form, productivity, and survival of 
willows in northern Yellowstone National Park (hereafter YNP). 
We concur with Wagner et al. (1995) that elevation, precipitation, 
willow height, aboveground biomass production, and concentra- 
tions of secondary compounds covary in willow shoots on 
Yellowstone’s northern ungulate winter range. We do not imply 
cause and effect between the climate change in northern YNP this 
century and the willow decline, nor do we reject the overabun- 
dant elk hypothesis (Singer et al. 1994). We present the case for a 
more complex, multi-causal situation, where interactions between 
elk abundance, climate change, fire, mammalian predators, and 
beaver abundance, might all influence the status and recruitment 
of willows. Singer et al. (1994) was intended as a paper to sug- 
gest a set of hypotheses that might explain the willow decline in 
YNP. We use cautionary phrases like w. likelv, proposed, 
anoarentlv. sneculate, and circumstantial 27 times in Singer et al. 
(1995). 

We disagree with Wagner et al. (1995) that elk densities in the 
area are inversely correlated with elevation (Coughenour and 
Singer 1995) and elk consume mostly a grass-sedge diet (86% of 
the elk diet) and few willows (~0.1% of diet, Singer and Norland 
1994). 

Furthermore, ungulate browsing intensity is not inversely cor- 
related with either elevation or precipitation. Biomass removed 
by ungulates during winter from tall willow stands, mostly by 
moose, exceeds that removed from suppressed willow stands 9- 
fold, and that removed from intermediate stands by nearly 7 fold- 
during the winter. Ungulate browsing consumption (kg/ha 
removed), is far greater in tall versus suppressed willows, the 
reverse of that contended by Wagner et al. (1995). Mean percent 
of current annual growth (CAG) removed 1988-93, averaged 
only slightly greater (3 1%) in suppressed stands, compared to tall 
willows (22%), and intermediate willows (26%). These data indi- 
cate that suppressed willows at low elevations are at a serious dis- 
advantage, in terms of growth potential, to cope with ungulate 
herbivory. 

Wagner et al. (1995) state that woody plant species on the 
northern winter range have declined due to elk herbivory, and elk 
in northern YNP have been reduced to eating the least palatable 
forages, for example spruce (PI’cea engelmannii) and other 
conifers. The field evidence does not support their statement. No 
forages differed in elk diets compared between 1967-70 and 

1986-88, a period when all northern range ungulates approxi- 
mately tripled following cessation of artificial controls, and when 
the elk increase was 2.6 fold (Singer and Norland 1994). In fact, 
elk used aspen and conifer types significantly less during the 
recent period, and there was a tendency for less conifers in the elk 
diet during the recent period. Many upland woody shrubs have 
mostly increased, not decreased, over the past 5 decades (Singer 
and Renkin 1995). During this past century, until the large fires 
of 1988, there was a pattern of widespread conifer encroachment 
onto grasslands (Houston 1982), not a decline (Wagner et al. 
1995). This appears to be largely due to fire suppression 
(Houston 1973, 1982). 

It is grass forage that regulates elk, not willows and aspen 
(Houston 1982, Coughenour and Singer 1995). An already mar- 
ginally-distributed shrub type--suppressed willows--has become 
highly palatable to elk whose numbers are regulated by some- 
thing else. Wagner et al. (1995) disregard the fact that the grass- 
lands of northern YNP, which are very important to elk regula- 
tion, are in good to excellent condition (Coughenour 1991; Frank 
and McNaughton 1992, 1993; Wallace and Macko 1993; Merrill 
et al. 1994; Coughenour et al. 1995; Reardon 1995; Lane and 
Montagne 1995; Singer 1995; Singer and Harter 1995), and 
aboveground production of grasses was stimulated by ungulate 
herbivory (Frank and McNaughton 1992, 1993), suggesting elk 
have not depleted their preferred food resources. 

Wagner et al. (1995) question the significance of the climate 
change in YNP this century, and in doing so, they ignore a sub- 
stantial volume of recent research and published literature. A cli- 
mate change to increasing aridity in northern YNP this past cen- 
tury is well documented, summer temperatures increased 0.87”C, 
and January-June precipitation decreased 61 mm (Balling et al. 
1992a, 1992b). Fewer large floods have occurred during the last 
century, with the last large flood in 1918, and the last period of 
frequent floods in the 1870’s (Meyer et al. 1992; Bingham and 
Meyer 1994) also due, in part, to a drier climate. Aging of aspen 
in northern YNP also verified a wetter period from 1870-90. All 
large canopy aspen stems sampled were generated during the 
wetter period of 1870-90 (Romme et al. 1995). 

Considerable field evidence suggests drier conditions on sites 
occupied by suppressed willows. Willows are now co-dominant 
with dryland shrubs such as mountain big sagebrush (A. tridenta- 
ta vuseyuna) on many sites across the low and mid-elevations of 
the winter range. Almost no recruitment of willows is observed at 
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the lower and mid-elevations of the winter range, including inside 
of exclosures, where the number of adult willows has declined 
25% since 1958 (Singer 1995b). However, considerable numbers 
of willow seedlings and recruits occur at higher, wetter eleva- 
tions. Elsewhere, birches and willows either sustain or increase 
their yield when removals of current annual growth are equiva- 
lent or greater than consumption rates on willows in YNF (Basset 
1951; Lay 1965; Willard and McKell 1978; Wolff et al. 1983; 
Fox andBryant 1984; Danell et al. 1985; Risenhover 1985). 

We do not agree with the rare elk hypothesis for historic times 
in YNP (Kay and Wagner 1995; Wagner et al. 1995). Elk were 
greatly reduced by over harvesting for markets by 1871-77 
(Schullery and Whittlesey 1992), and this period is not the stan- 
dard by which to compare all future elk abundance. Elk increases 
were to be expected following this period. The overharvested elk 
were protected in the park starting about 1886 by the U.S. Army, 
wolves and other predators were controlled to protect ungulates, 
and elk were artificially fed during the winters (Skinner 1928; 
Wright and Thompson 1935; Houston 1982; Romme et al. 1995). 
The first aerial census of the herd was conducted in 1952, and 
any information prior to that must be regarded as conjectural and 
anecdotal. Neither a horseback count conducted over weeks, nor 
sporadic observations by early explorers constitutes scientific evi- 
dence of either absolute or relative elk densities. Houston (1982) 
and Schullery and Whittlesy (1992) concluded elk were abundant 
in the area historically, but Kay (1990, 1994), using some of the 
same historical, anecdotal, and uncontrolled observation data, 
concluded that elk were rare in the area in preColumbian times. 
We counter that pre-Columbian densities of elk will never be 
known accurately (computer models suggest only S-20% fewer 
elk with wolves present) Garton et al. 1990; Boyce 1993; Mack 
and Singer 1993). Wagner et al. (1995) assume, but do not prove, 
that elk have increased unnaturally. 

Wagner et al. (1995) aSsume a more-or-less-equilibrium condi- 
tion prior to establishment of YNP, and they make sweeping 
statements about elk numbers, and aspen and willow abundance 
prior to 1872. The earlier park photos about 1870 set the stage for 
interpretations of all later changes (Houston 1973, 1982; Chase 
1986; Kay 1990, Kay and Wagner 1995). But the period from 
1870-90 was apparently an unusual time that followed an exten- 
sive fire sometime in the 1860’s, precipitation was relatively 
high, floods were larger and more frequent, wolves and beaver 
were still abundant, and ungulate numbers were relatively low 
(Houston 1973; Balling et al. 1992a, 1992b; Meyer et al. 1992; 
Romme et al. 1995). The early 20th century was also an unusual 
period without any large fires, with relatively dry climatic condi- 
tions, large beaver declines, extirpation of wolves, and higher 
densities of protected elk. Given this setting, one would expect 
some willow and aspen declines regardless of the number of elk 
and regardless of the Park policy on elk. Wagner et al. (1995) 
imply northern YNP should obtain a state of constant willow, 
constant beaver, and constant elk densities. 

We disagree with Wagner et al. (1995) that there is no evidence 
suggesting lower secondary metabolites in suppressed willows 
increases their palatability to ungulates. We documented tannin 
declines of 15-17% in suppressed YNP willows which are near 
the threshold value of 5% above which African ungulates avoid 
browse (Cooper and Owne-Smith 1985). Even if tannin concen- 

1985), phenolics are 64% less in suppressed S. geyeriuna and 
41% less in suppressed S. woljii; the declines in both compounds 
are unprecedented. 

Wagner et al. (1995) assume a negative position and make 19 
critical assertions of our work and YNP management of ungulates 
yet provide no new hypotheses or new suggestions for research. 
They do not suggest a density of elk or other management actions 
that would recover willow and aspen populations. Their underly- 
ing assumptions are that almost no wintering elk are appropriate 
for the system, yet the historical and paleontological literature 
indicates elk were common in the area historically (Houston 
1982, Schullery and Whittlesey 1992; Bamosky 1995). 

What to do about the “elk problem” in YNP? Wagner et al. 
(1995) offer no management options for dealing with the declines 
in willow-save perhaps to elimate elk altogether from YNP. 
There is good evidence that willow and aspen would be declining 
during the present period even with low browsing pressure, as 
born out by continued high herbivory of suppressed willows dur- 
ing the elk reductions of the 1960’s. The only possibilities to stop 
declines in willows at low- and mid-elevations on the winter 
range seem to be: (1) elimination of the YNP elk, (2) extensive 
fence-building to create protective exclosures around all low ele- 
vation willow stands, and (3) reintroduction of wolves to reduce 
elk densities. YNP is in the process of doing the third option, 
while the first 2 options would have undesirable results. What 
other options are there? We appeal to Wagner et al. (1995) to pro- 
vide more than just criticisms, and to also provide positive sug- 
gestions. 
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Book Reviews a . . .._ ,,‘/ 
The Borana Plateau of Southern Ethiopia. Synthesis of 

Pastoral Research, Development and Change. By D. Layne 
Coppock. 1994. International Livestock Centre for Africa 
(ILCA), Addis Ababa, Ethiopia. 299 p. plus appendices. 
US$SO.OO paper. ISBN 92-9053-283-l. 
The profound penetration of systems thinking into international 

development projects involving range livestock shows clearly in 
The Borana Plateau of Southern Ethiopia, a summary of range- 
land work in that region between 1980 and 1991. As described by 
the author, the objectives of this interdisciplinary project were to 
describe the evolving production system of the Borana pastoral- 
ists, and to describe possible interventions and policies that might 
promote growth in the livestock sector, alleviate poverty among 
pastoralist producers, and encourage ecologically sustainable 
resource use. 

A section of executive highlights in an active question and 
answer format introduces the report and serves as an effective 
abstract for those interested in reviewing the major points of the 
report. Subsequently, the book is organized into 8 chapters, each 
with several levels of subchapters and arranged in a decimalized 
format (e.g., Section 4.3.4.2, Buyers, within Section 4.34, 
Livestock Marketing, within Section 4.3, Results, within Chapter 
4, Borana Household Economy). This disciplined format is con- 
sistent with, and indicative of, the rigorously organized character 
of the text. 

The content of the individual chapters covers the full spectrum 
of topics characteristic of a comprehensive systems study. 
Chapter 1 reviews rangelands and rangeland development in 
Ethiopia, after which Chapter 2 focuses on the natural resources 
and pastoral society of the Borana Plateau region, including the 
matter of human population growth. Vegetation dynamics and 
resource use are covered in considerable detail in Chapter 3, 
while the Borana household economy and all its linkages with the 
larger economy and society are the subjects addressed in Chapter 
4. The management of livestock, and the productivity and effi- 
ciencies of livestock production systems are analyzed in Chapter 
5. In Chapter 6, the effects of drought are considered, including 
direct effects on land and animals, and consequent effects on 
human health, human wealth and international trade. Also, tactics 
for mitigation of drought are analyzed. Development-intervention 
concepts are the topics of Chapter 7. The bases for these interven- 
tions are developed in the first 2 sections of the chapter covering 
long-term trends and short-term cycles in numerous variables 
related to land, animals, wealth and society. Chapter 8, Synthesis 
and Conclusions, analyzes perspectives and strategies related to 
past and future development, and to possible future interventions. 
Seven appendices, some lengthy, offer numerous tables and fig- 
ures on all aspects of the Borana Plateau system. Two appendices 
specifically address, in considerable detail, the agroecology of the 
region. A small, fold-out color map of the ecology and land use 
of the region is attached inside the back cover. The book has no 
general index, but has a detailed table of contents, detailed lists of 
tables and figures, and an extensive list of literature cited. 

The Borana Plateau of Southern Ethiopia is impressively orga- 
nized, well written, and, as the collected report of a number of 

technical contributors and research collaborators, is well edited. 
Considerable cross-referencing is present within a text which 
effectively presents and interprets many specific project research 
results while seldom losing its broader systems perspective. The 
syntax of the text tends toward the wordy in the manner of writ- 
ings on international development, but any such tendency is prob- 
ably more to the benefit of precise analysis than to the detriment 
of readability. In the detail of its data, and in the technical depth 
and systems breadth of its analyses, The Borana Plateau of 
Southern Ethiopia is, by most standards, an impressive piece of 
writing. 

As a document upon which to plan policy, the book offers well 
reasoned alternatives for possible system intervention without a 
strong political flavor. The author makes good use of political 
euphemisms; systems-sounding phrases such as banking livestock 
capital and managing human emigration take the edge off of 
some of the more important and politically troublesome interven- 
tions, some of which have been around with other names for 
some time. 

The systems character of the book, and the author’s skillful pre- 
sentation of it show how far international range livestock devel- 
opment has itself developed in the past few decades. The chal- 
lenges of tackling complex systems problems has fueled this 
development to the extent that international range livestock 
development, long viewed as trailing domestic range science in 
technical development, is now clearly leading the science in sys- 
tems development. So domestic scientists, as well as those 
involved in international development, can likely benefit from 
this impressively detailed, skillfully organized book.-David L. 
Scamecchia, Washington State University, Pullman, Washington. 

Fundamentals of Ecological Modelling. Second edition. By 
SE. Jorgensen. 1994. Elsevier Science B.V., Amsterdam, 
Netherlands. 628 p. US$234.25 cloth, US$l37.27 paper. 
ISBN O-444-8 1572-4 hardbound, ISBN O-444-8 1578-3 
paper. 
A diversity of content ensures that the second edition of 

Fundamentals of Ecological Modelling will be of interest to a 
variety of ecological scientists. Surprisingly readable, the book 
effectively updates established concepts and recent applications 
in modeling natural systems. 

Fundamentals of Ecological Modelling is organized into 13 
chapters. Of them, the first 5, (comprising over a third of the 
book) are largely conceptual. Addressed are basic modeling con- 
cepts and related terminology, including topics such as modelling 
elements, the modelling procedure, kinds of models, holism, veri- 
fication, sensitivity analysis, parameter identification and estima- 
tion, validation, and conceptual diagrams. These chapters present 
real examples utilizing the concepts described. The examples 
generally aid understanding, usually without becoming overly 
specialized, although some of the examples will probably still 
seem too specialized for many readers. 

Chapters 6 through 12 are more technical, more specialized 
chapters showing examples of a variety of ecological models 
including population models, and biogeochemical models of 
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aquatic systems, atmospheric pollution, ecotoxicological systems, 
and other systems. Some of these models involve higher level 
mathematics such as partial differential equations more suited to 
the specialist. Chapter 13, Recent Developments in Ecological 
and Environmental Modelling includes a section on ecosystem 
characteristics, and discussions of applications of chaos theory, 
catastrophe theory, and new approaches and modelling tech- 
niques. Four appendices follow, including one reviewing basic 
mathematical tools used in the text. The list of literature cited is 
extensive; the general index is adequate. An MS-DOS diskette of 
STEPS-A Lake Modelling Tool, included with the book, is 
attached to the inside of the back cover. 

JOURNAL OF RANGE MANAGEMENT 48(6), November 1996 

Either for its general concepts or its specialized applications, 
many scientists will find use for Fundamentals of Ecological 
Modelling. In fact, the early chapters would be worthwhile read- 
ing for all students, researchers and educators in ecology, envi- 
ronmental science and range management science. The conceptu- 
al discussions there clarify and apply much of the systems jargon 
that is frequently, if imprecisely, used wherever system scientists 
and managers, including range scientists and managers, congre- 
gate.-David L. Scarnecchia, Washington State University, 
Pullman, Washington. 
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