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President’s Address 
JOSEPH L. SCHUSTER 

My year as President of the Society convinced me that 
rangelands and range management are much more vital to 
the welfare of the human race than even range people con- 
tend. The continued drought and famine in the Sahelian 
countries of Africa illustrate the results of continued over- 
grazing and misuse of rangelands. Application of range 
management principles before land degradation had taken 
place would have averted much of the human hunger and 
misery in Ethiopiathat we heard about almost daily in 1984. 
Perhaps we, as a Society, should adopt as our purpose the 
promotion of sound ecological management of rangelands 
worldwide and direct our objectives to accomplish this 
purpose. 

A year in the Presidency convinced me that the public’s 
image of range management is too narrow. Indeed, too 
many “range people” relate range management only to live- 
stock use. Livestock grazing is, and will be, the most impor- 
tant use of rangelands for some time. Nonetheless, range 
management is germane to all products and uses of range- 
lands. We have allowed OUT profession to be identified nar- 
rowly as only range grazing when we should be identified as 
total resource managers concerned with all products of 
rangelands. 

In no way, however, should livestock grazing be de- 
emphasized. After all, the ruminant animal is the best way to 
utilize range forage for production of human food, and 
grazing is an important component of the range ecosystem. 
Rangelands are important as a meat and fiber source now 
but will be even more important in the next century as the 
demands for food and fiber increase with population 
growth. Consequently, rangeland should be identified as the 
resource of the future and every effort made to conserve its 
productivity. By the year 2030 the human population will 
exceed 7 billion, almost double the present number, yet the 
earth’s 14 billion acres of rangeland will have shrunk consid- 
erably. The United States alone expects to lose 67 million 
acres of rangeland to other uses during that period. The 
combination of more people to feed and less agricultural 
land in production will make rangelands the primary base 
for livestock production. The demand for the use of range- 
land for wildlife and recreation will also increase until such a 
time that red meat, fiber, and water production preempt 
them in importance. 

Our Society must seek and accept the responsibility of 
stewardship of the rangeland resource. We must be recog- 
nized as the managers of a vital resource. The range profes- 
sion cannot stand back and do nothing while other com- 
modity groups enjoy public support and increased funding. 

We must step forward and take our position as the leaders in 
the management of a critical resource~rangeland. 

The Society for Range Management was founded in 1948 
to give the range profession status and unity. Our first 
meeting took place in this city. The need for unity of effort 
was no greater in 1948 than it is today. The range profession 
must unite and develop a broad, overall purpose. We must 
convince the public and the policy makers that range is a 
major renewable natural resource without which this nation 
and other nations cannot survive. To be successful, we must 
broaden our base and include all rangeland commodities in 
our management schemes, and we must develop interdisci- 
plinary approaches to research, teaching, and land man- 
agement. To survive as a profession and to contribute to 
society, we must broaden our concepts and principles of 
range management. We must become the driving force and 
the leaders in an interdisciplinary effort in multiple-use 
management of rangelands. In doing so, we must also coop- 
erate with other groups dealing with rangeland resources. 
Society can no longer afford several disciplines or commodi- 
ties going separate competitive ways in managing rangeland 
resources. However, the Society for Range Management 
can be the uniting force if we pursue our purpose and 
become active in its accomplishment. 

Two of the most important objectives adopted by the 
Society for 1984 were: (I) to increase public appreciation of 
the economic and social benefits of range to society and (2) 
to increase political activity at the Society and Section lev- 
els. It is imperative that we continue to pursue these objec- 
tives in future years. We must influence our own destiny 
with action both in public education and the political arena 
where policy decisions and rescmrce allocations are made. 
Unless the public perceives the need for range managers, 
there will be no range profession. Unless policy makers 
perceive rangelands as a vital resource and receive inputs on 
proper range management from a credible source, there will 
be no favorable policy on range. 

From my view, progress toward these and other objec- 
tives of the Society was substantial for 1984. Testimony 
which urged support for range management programs was 
presented to the House and Senate Committees on Appro- 
priations. The SRM participated in Secretary of Agriculture 
John Block’s “Conservation Workshops”aimed at integrat- 
ing conservation policy with farm commodity policy. We 
were successful in obtaining funding for the Rangeland 
Research Act and, together with other organizations, influ- 
enced an increase in appropriations for the Renewable 
Resources Extension Act. These actions will influence range 
management research and extension for years to come. 
However, subsequent funding for these and other range 
programs will require a continuing effort at the Society and 
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Section levels. 1 urge the Board of Directors to maintain a 
constant effort by the Society in public policy formulation. 

Credit for accomplishments in 1984 is due to a dedicated 
Denver office staff; a participating Board, good committee 
leadership, and excellent Section activities. The effective- 
ness of the Society lies with the Sections-with their leader- 
ship and with their activities. Membership recruitment and 
retention takes place at the Section level. This is where you, 
the individual members, make your major contribution to 
the Society. The SRM needs leadership as much now as ever 
before. 1 urge all who have not become involved in Society 
affairs to do so now. 

The Society’s future is bright, especially with the addition 
of dedicated new Officers and Board members to an already 
outstanding Board and the outreach provided by our Execu- 
tive Vice President, Pete Jackson. It is bright because of the 

new, young leadership emerging from the ranks of the Sec- 
tions. It is bright also because more and more people realize 
that rangeland is a vital resource with economic and social 
benefits and that conservation of this resource is important 
to each nation’s welfare. As this realization spreads, the 
profession of Range Management will have reached new 
levels. 

My charge to each member is to support your new officers 
fully and to be active in SRM affairs. With well thought-out 
objectives, plans, and unity of effort, SRM can grow and be 
even better. It has been a pleasure to serve as President of the 
Society for Range Management. Thank you for the honor 
you have given me by allowing me to serve as your 
President. 
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Rough Fescue Response to Season and Inten- 
sity of Defoliation 
ALASTAIR MCLEAN AND SANDRA WIKEEM 

Abstract 

Rough fescue (Festuca scubrelh Torr.) was subjected to 10 
clipping regimes which varied in time or intensity of defoliation. 
The experiment was repeated at 2 sites for 3 consecutive years. 
Plant survival and vigor were evaluated the summer following 
defoliation. Clipping treatments involving weekly defoliation to a 
5-cm stubble height from mid May to late June resulted in the 
greatest injury. Reduced injury occurred when clipping ceased in 
May or when 10 or 15 cm of herbage was retained. Season long 
defoliation to 20 cm or clipping only in the fall caused no apparent 
damage. Cutting in the fall plus spring resulted in greater injury 
than spring clipping alone on plants clipped from mid May to late 
June but a fall clipping effect was not observed consistently on 
plants clipped in May plus fall. 

Despite common observances of rapid decline of rough fescue 
(Fesrucu scubrellu Torr.)r on overgrazed ranges, little work has 
examined defoliation response of this productive grass. Root and 
top growth yields were reduced by repeated monthly clipping to 
stubble heights of 4( II/), 7.5(3), or 12.5(5) cm (inches) in a green- 
house study (Johnston 1961). Magnitude of root yield reduction 
from the 12.5cm treatment (comparable to 20% utilization) was 
much greater than reduction in herbage yield. Tiller production 
was depressed with the 2 most severe treatments but apparently 
was unaffected by the 12.5cm stubble height treatment. The 
author advised caution in interpretation of clipping trials since 
20% utilization on an Alberta fescue grassland indicated no 
depression of root or herbage yields. A long-term study (Johnston 
et al. 1971) showed that even light season-long grazing (0.8 
ha/ AUM) reduced rough fescue basal area after 16 years and the 
species was largely eliminated under very heavy grazing (0.2 
ha/ AUM). Long-term consequences of a grazing trial could not be 
determined after 6 years on a central Albertan rough fescue- 
western porcupine grass (St@ spurteu Trin.) rangeland (Bailey et 
al. 1980) but heavy (75%) utilization in either June or fall depressed 
grass production. Light (35%) utilization results were similar to the 
controls. Fescue yields the year following mowing in another 
Alberta study (Sinton and Bailey 1980) were greater than the 
control for the April 8 treatment; but cutting late in spring (April 
27, June 1) or in fall (July 3 1, Oct. 18) resulted in production losses. 
Tiller density increased and leaf length decreased for all mowing 
treatments but the effects were most pronounced for the fall cut- 
tings. Of the spring mowing treatments, leaf lengths were shortest 
and tiller stimulation was slightest for the June 1 mowing. 

In a previous paper, Stout et al. (1981) examined vegetative and 
reproductive growth of rough fescue. In the present study, 
response of rough fescue to a number of clipping regimes incorpo- 
rating different times, frequencies and intensities of defoliation is 
compared. 

Study Areas 

Both the Hamilton and East Mara trials were conducted in 

Authors are range ecologist and ecology technician, Agriculture Canada, Range 
Research Statio?, Kamloops, B.C. 

The authors wsh to thank Larry Haupt for technical help and John Hall, Agricul- 
ture Canada, Research Station, Vancouver, B.C., for statistical assistance. 

Manuscript accepted June 21, 1984. 

‘Nomenclature according to Hitchcock and Cronquist (1973). 

long-standing exclosures which are located in the bluebunch 
wheatgrass-rough fescue (Agropyron-Festucu) zone. The Hamil- 
ton exclosure, fenced in 1931 and located 65 km southeast of 
Kamloops, B.C., supports a stand dominated by rough fescue (52% 
cover in 1968) with moderate amounts of Junegrass (Koeleriu 
cristuta Pers.) and bluebunch wheatgrass (Agropyron spicutum 
(Pursh) Scribn. & Smith) present. The site faces southeast on a 5% 
slope at an elevation of 1,160 m. The East Mara exclosure, fenced 
in 1938 and located 5 km west of Kamloops, has a greater propor- 
tion of rough fescue than the Hamilton site (76%cover in 1968) but 
also supports small amounts of Junegrass and bluebunch wheat- 
grass. The site faces northeast on a 25% slope at 855 m elevation. 
Both sites have a Black Chernozemic soil (Haploboroll) of sandy- 
loam texture. Environmental data collected during the study are 
given in Stout et al. (1981). 

Experimental Procedure 
This experiment was closely patterned after abluebunch wheat- 

grass clipping trial conducted at different sites (McLean and 
Wikeem 1985). Six clipping treatments were selected to simulate 
timing and duration of possible grazing regimes and another 4 
varied only in clipping intensity (stubble height). The experiment 
was repeated from 1971 to 1973 with different plants being used for 
each year of the study. Prior to spring clipping, 10 rough fescue 
plants were randomly selected from a virtually pure stand for each 
clipping treatment and for an unclipped control. Basal area was 
measured, then the plants were labelled and clipped weekly accord- 
ing to the schedule given in Figure 1. Clipping commenced when 
growth reached 10 cm. Clipping height was 5 cm unless otherwise 
indicated. Vegetation surrounding the selected plants was not cut. 

Fig. 1. Schedule of the 10 clipping ireatments. Clipping heights were 5 cm 
unless otherwise noted. 
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Table 1. Average percent kill of rough fescue plants in summer the year following clipping at two southern British Columbia locations. 

Treatment 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
I1 

Avg. 
S.E. 

Pooled means East Mara Hamilton 
(3 yr) 1971’ 1972 1973 1971 1972 1973 

76 P 81 g 79 g 83 e 66f 77 f 76e 
27 de 34d 31 c 20 cd 42e 15C 22 bc 
92 g 97 h 97 h 95 f 89 h 90 g 86 e 
79 f 82g 69 fg 90 ef 78 g 66e 89 e 
71 f 65 f 65 ef 88 e 78 g 63 e 84e 
25 cd 25 c 27 c 26 d 35 de l7c 21 bc 

6a 5a Oa II bc 7a 2a 15ab 
35 e 44e 49d 18cd 28 cd 42c 29 bc 
l7bc 23 c l7b ISC I9 bc 11 bc 17bc 
9ab 13b 9 ab 6ab 9ab 5 ab 9ab 
la II a Oa Oa 2a Oa 2a 

40 44 40 41 41 35 41 
3.3 1.9 3.5 2.5 3.6 2.9 4.6 

‘Year plants were clipped. 
Weans within a column followed by the same letter are not significantly different (FSO.05) according to Duncan’s multiple range test. 

Phenological stage and leaf height of control plants were noted 
weekly throughout the clipping schedule. 

Unlike the bluebunch wheatgrass trial, fescue phenology did not 
differ greatly between locations. As treatments 1, 8, 9 and 10 
simulated season-long grazing, onset and duration of clipping was 
variable. Cutting for most spring clipping treatments began 
approximately 10 days earlier in 1973 than in 1971 and 1972 
because of early spring growth but initial cuttings of treatments 9 
and 10 were delayed while waiting for plants to exceed the pre- 
scribed stubble height. 

The summer following defoliation, mortality (percent kill) was 
visually assessed on each fescue plant, including the controls. Leaf 
heights, tiller numbers, flowering culm numbers and yields were 
collected as measures of plant vigor. Dry matter yields were 
obtained by clipping plants to 5 cm, bulking the herbage for each 
treatment, and then oven drying and weighing the samples. 

Air temperature and precipitation were monitored continuously 
and soil temperatures and moisture contents (gravimetric) were 
collected biweekly from April to September at each site. Stout et al. 
(1981) present and discuss environmental data collected over the 
course of the study. 

to remove regrowth (treatment 3). Although treatment 1 plants, 
which were clipped season long to 5 cm, suffered high mortality, 
their pooled mean mortality as well as that for most of the individ- 
ual site-years, was significantly lower than mortality of treatment 3 
plants. Percent kill was high also on treatments 4 (clipped May and 
June) and 5 (clipped mid May to late June but not in September) 
plants. Treatments 2 (May plus September regrowth), 6 (May 
only), and 8 and 9 (season-long defoliation to 10 and 15 cm 
respectively) resulted in moderate to heavy injury. No significant 
difference existed between the unclipped control and fall only 
defoliation (treatment 7) or season-long clipping to 20 cm (treat- 
ment 10). Percent kill decreased curvilinearly as stubble height 
increased; with each 5-cm increase in clipping height mortality 
decreased by roughly half. 

In the combined analysis, percent kill means for spring plus fall 
clipping treatments compared to spring only defoliation differed 
significantly for treatments 3 and 5 (mid May to late June defolia- 
tion) but not for treatments 2 and 6 (May clipping). Individual 
site-year means generally exhibit this same result. 

Clipping treatment, location, and year effects were analyzed 
statistically using analysis of variance. Basal area was detectably 
related (m.05) to leaf height and tiller number so was used as a 
covariate in analysis of covariance for these 2 variables. Seed head 
numbers were not analyzed because the number of floweringculms 
was too low and inconsistent to provide a meaningful analysis. 

Each variable was analyzed with sites and years combined 
(three-factor analysis) and percent kill, the variable of primary 
interest, was analyzed for each site in each year (one-factor analy- 
sis). Year, a random effect, was considered a replication in the 
combined analysis. The year by treatment (location and clipping) 
interaction term was used to test main effects, as variability attrib- 
uted to the interaction far exceeded experimental error variation. 
The third-order interaction term (year X location X clipping) was 
used as a measure of error for yield as there was only one observa- 
tion per experimental unit. Clipping treatment means were separ- 
ated with Duncan’s multiple range test (m.05). Orthogonal 
polynomials were used in the combined analyses to determine the 
relationship between clipping height and the variable measured. 

Results 

Average mortality over the 3 years of the study did not differ 
significantly between sites nor was there a location by treatment 
interaction. There was a significant year effect; percent kill aver- 
aged 38% following 1972 clipping and 41% following 1971 and 
1973. Year interacted significantly with location plus clipping 
treatment. Possibly the interaction can be attributed to treatments 
2 and 6 as mortality from these treatments was greater after 1972 
than 1973 at the East Mara site but the reverse was true at the 
Hamilton site. 

Leaf Height, Tiller Number, and Yield 
Leaf heights, number of tillers, and forage yield, all indicators of 

plant vigor, were inversely related to percent kill, i.e., plants sub- 
jected to treatments resulting in the lowest mortality had the tallest 
leaves, most tillers, and greatest yields. In general, means of these 
variables were arrayed similarly to percent kill by Duncan’s multi- 
ple range test (Table 2) although there were minor differences. For 
example, mean yield of treatment 10 plants differed significantly 
from the unclipped control while the other variables did not. Also, 
treatment 3 was not separated from treatments 4 and 1 for any of 
the vigor indicator parameters as it was with percent kill. 

Percent Kill 
Plant mortality varied significantly among clipping regimes for 

each site in all years and when sites and years were pooled (Table 
1). Greatest mortality occurred when plants were clipped weekly to 
5 cm from mid May to late June and then once in early September 

Leaf height, tiller number, and yield were all related linearly to 
clipping height and none had a significant location by clipping 
treatment interaction. Average leaf heights were significantly taller 
at East Mara (28 cm) than at Hamilton (25 cm) and were taller 
following 1971 (28 cm) than 1972 or 1973 clippings (25 cm both 
years). A year by location and clipping treatment interaction may 
have resulted from treatments 3 and 5 plant response following the 
Hamilton 1973 clipping. This was the only case where treatment 3 
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Table 2. Leaf height, tiller number and yields the year following clipping 
averaged over the 3 years and two sites in southern British Columbia. 

Treatment 
number 

Leaf height’ 
(cm) 

Tiller number’ 
per plant 

Yield (g) 
per plant 

2 
3 
4 
5 
6 
7 
8 
9 

IO 
II 

S.E. 

20.8 ab* 65.1 ab 
26.2 cd 147.0 cd 
17.6 a 41.3 a 
21.6 ab 56.8 ab 
22.6 bc 78.2 ab 
28.7 de 156.1 cd 
31.8 e 243.5 ef 
26.6 cd 110.4 bc 
28.1 de 197.9 de 
30.6 de 239.0 ef 
32.4 e 284.5 f 
1.4 18.0 

2.2 a 
6.3 bed 
1.1 a 
1.6a 
2.7 ab 
6.7 cd 

12.1 ef 
4.8 abc 
8.6 de 

ll.Oe 
15.2 f 

1.2 

‘Leaf height and tiller number means adjusted for basal area. 
%eans within a column followed by the same letter arc not significantly different 
(PSO.05) according to Duncan’s multiple range test. 

leaf lengths exceed those of treatment 5. Plants from the Hamilton 
site averaged more tillers (adjusted to account for basal area) than 
those from East Mara (159 vs 135). Tiller number varied among 
years with an average of 178,133, and 131 for 1971 through 1973 
clipping years, respectively. The year by treatment and location 
interaction may have resulted from several sources. As mentioned 
above, Hamilton plants averaged the most tillers, but treatments 2, 
$6, and 10 plants had more tillers at East Mara following the 197 1 
clipping. With treatment 10 plants, the fewest tillers were counted 
at East Mara from the 1972 clipping, while at Hamilton, tillers 
were fewest following 1973. 

Yields did not differ between location but did differ among 
years. Yields were notably higher the year following 197 1(9g/plant) 
clipping treatments than yields following 1972 (5 g) or 1973 (6 g) 
defoliations. 

Discussion 
The most vulnerable periods for rough fescue defoliation were 

clearly demonstrated. Any treatments involving clipping to 5 cm 
from mid May to late June (1,3,4,5) resulted in high mortality and 
severely reduced vigor in surviving plants. Clipping for these 
treatments began near the end of the rapid growth phase and 
continued past the end of leaf growth (phenological development is 
discussed in Stout et al. 198 1). When clipping ceased before the end 
of vegetative growth (treatments 2 and 6) or when more photosyn- 
thetic surface was retained (treatments 8,9,10) injury was reduced. 
Sinton and Bailey (1980) also observed reduction in vigor from 
late-spring cuttings. 

The need for opportunity for regrowth has been stressed for 
bluebunch wheatgrass (Stoddart 1946) and appears to be impor- 
tant for rough rescue also. In this study, plants which received their 
last defoliation while growth was still active produced considerably 
more regrowth than plants which did not; treatment 2 plants 
averaged 3.2 g of regrowth, while treatment 3 plants averaged only 
1.3 g. Low injury for treatments 2 and 6 plants following the 1972 
clipping at the Hamilton site (Table 1) further illustrates the impor- 
tance of length of time for regrowth. Leaf growth at Hamilton in 
1972 extended approximately 3 and 4 weeks longer than in 197 1 
and 1973, respectively, but little injury reduction was observed at 
East Mara in 1972 where leaf growth extended only about 1 week 
longer than in the other years. 

Fall clipping alone (treament 7) affected neither survival nor 
vigor adversely. Removal of regrowth in the fall in addition to 
spring defoliation, however, resulted in greater injury to the mid 
May - late June clipping treatment (3). In most cases cutting in 
May plus September (2) caused no significantly greater injury than 

clipping only in May. It is not readily apparent why treatment 3 
plants responded so negatively to the additional fall cutting. While 
rough fescue carbohydrate utilization and accumulation trends are 
unknown, we might surmise that regrowth drew further on already 
depleted stores and that removal of herbage in early September 
would have precluded carbohydrate production in autumn. Since 
regrowth on treatment 3 plants was very slight, with an average of 
1.1 g dry weight per plant at Hamilton and 0.4 g at East Mara, it 
seems unlikely that so little biomass should cause much more 
depletion. The answer may be in high photosynthetic rates of 
regrowing tissues such as was reported by Caldwell et al. (198 1) for 
crested wheatgrass and bluebunch wheatgrass. Perhaps in this 
study, fescue regrowth, although slight, was photosynthetically 
active enough to replenish carbohydrate reserves significantly dur- 
ing the fall providing herbage was not removed. Plants clipped in 
May (treatment 2) which did not exhibit increased injury from fall 
defoliation may have accrued enough carbohydrates during the 
period between defoliation and summer dormancy to be less 
dependent on reserves accumulated through fall photosynthesis. A 
relationship between time of defoliation, subseqdent regrowth and 
autumn carbohydrate levels was observed in a crested wheatgrass 
study (Trlica and Cook 1972). Although initial regrowth following 
an early spring (April) defoliation drew heavily on carbohydrate 
stores, enough photosynthetic tissue was produced to bring car- 
bohydrate concentrations near those of the control by autumn. 
Plants clipped later in early June produced less regrowth and had 
greatly reduced carbohydrate concentrations in the fall. 

Studies designed to assess effects of defoliation on fescue carbo- 
hydrate trends might be able to explain this fall clipping effect. 
Whatever the underlying explanation, the fall clipping response 
probably caused the difference between mortality of treatment 3 
and treatments 1 and 4 plants. Since both treatments 1 and 4 
involved clipping to 5 cm through the rapid growth phase and past 
the end of leaf growth, they would be expected to cause mortality at 
least equal to that of treatment 3. The fall defoliation appears to be 
the only factor separating treatment 3 from the other two. 

There were many similarities between the bluebunch wheatgrass 
and rough fescue trials (McLean and Wikeem 1985). In both trials, 
treatments which extended past the cessation of leaf growth caused 
greatest injury while treatments which either increased stubble 
height or ended earlier were less harmful. There were some differ- 
ences. The fall plus spring clipping response was less clearly defined 
in the bluebunch wheatgrass study and treatment 1 was more 
severe than treatment 3. Possibly rough fescue under stress may be 
more dependent on regrowth for reserve repletion. 

Percent kill of the 2 species cannot be compared statistically as 
the 2 trials were conducted at different locations. Data from the 2 
most similar sites, Minnie Lake (bluebunch wheatgrass) and 
Hamilton (rough fescue), which are located only 2 km apart on 
similar soils, slopes, and aspects, suggest that bluebunch wheat- 
grass is more sensitive to season-long defoliation (99Raverage kill 
for treatment 1 compared to 76% for fescue) or clipping during 
early spring (42% versus 27% for treatment 2). Again an under- 
standing of fescue carbohydrate trends and their relationships to 
defoliation may explain this apparent difference. 
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Western Wheatgrass Responses to Simulated 
Grazing 
D.O. STROUD, R.H. HART, M.J. SAMUEL, AND J.D. RODGERS 

Abstract 

To evaluate responses of range grasses to herbage removal, 
removal patterns should simulate those under grazing. We com- 
pared responses of western wheatgrass (Agropyron smithii Rydb.) 
in mixed-grass range to no clipping, conventional clipping, and 
clipping which simulated continuous grazing. Two years of simu- 
lated grazing did not affect herbage production or tiller numbers, 
but both declined under conventional clipping. Belowground phy- 
tomass decreased as herbage removal increased. Total non- 
structural carbohydrate concentration in rhizomes decreased when 
utilization exceeded about 40930, but that of roots and crowns 
decreased only when utilization exceeded 60-70%. 

Most clipping studies of range grasses make little effort to simu- 
late herbage removal patterns which occur under grazing. Clipping 
studies usually include clipping at uniform heights, not random 
heights as occurs under grazing (Jameson 1963), and more severe 
defoliation than occurs under grazing (Heady 1961). Harris (1976) 
indicated that frequency, intensity, and timing of defoliation all 
influence plant responses. Lack of knowledge of these parameters 
has inhibited design of realistic clipping experiments. 

Hart and Balla (1982) photographed western wheatgrass (Agro- 
pyron smithii Rydb.) tillers at intervals during the grazing season 
and determined frequency, intensity, and timing of herbage remo- 
val. We used this information to design a clipping experiment 
‘which simulated grazing more closely than ever before, and com- 
pared response of western wheatgrass under simulated grazing to 
that under conventional clipping and no clipping. Our objective 
was to provide better guides to grazing management than could be 
provided from responses to conventional clipping. 

thread (Stipa comata Trin. & Rupr.). Soils underlying the study 
plots were a fine-loamy Aridic Argiustoll of the Altvan Series. 
Stevenson et al. (1984) have given a more complete description of 
the range sites and vegetation of the research station. 

Twenty-four plots (25 X 40 cm) were established on an area of 
native range ungrazed since 1978 and containing450-600 tillers/m* 
of western wheatgrass. Each plot was bordered by aluminum lawn 
edging placed into the ground approximately 20 cm to eliminate 
rhizome spread between plots and between the plots and adjacent 
native range. 

Four replications of 6 treatments, in a randomized complete 
block design, were applied to the 24 plots. The 6 treatments 
included an unclipped control, clipping western wheatgrass to 2.5 
cm 4 times during the summer, and 4 clipping treatments simulat- 
ing 4 levels of continuous grazing of western wheatgrass. 

Frequency under simulated continuous grazing was defined as 
the percentage of tillers clipped 0, I, 2,3, or 4 times, while intensity 
was the percentage of clipping events at which I / 3,2/ 3, or all the 
aboveground herbage was removed from a tiller. Two frequencies 
(Table 1) times 2 intensities (Table 2) gave us 4 simulated grazing 
treatments. 

Table 1. Explanation of clipping frequency treatments “Fl” and “F2”. 

Times 
clipped 

0 

Treatment “FI” Treatment “FZ” 
I980 1981 1980-81 

- - % of tillers clipped - - 
10 10 0 

Methods and Materials 

This research was initiated in 1980 on mixed-grass range at the 
USDA High Plains Grasslands Research Station, near Cheyenne, 
Wyo. The major grass species are blue grama (Bouteloua gracilis 
[H.B.K. [Lag. ex Griffiths.), western wheatgrass, and needleand- 

I 15 35 5 
2 35 30 35 
3 30 20 40 
4 10 5 20 

Authors are,, respectively, former graduate assistant, Division of Range Manage- 
Under simulated grazing, all western wheatgrass tillers in each 

ment, University of Wyoming, Laramie; agronomist and botanist, U.S. Department 
plot were individually labeled with small, numbered bird leg bands, 

of Agriculture. Agricultural Research Service, High Plains Grasslands Research and a clipping schedule prepared for each tiller. Frequency of 
Station, 8408 Hildreth Road, Cheyenne, WY 82009;and associate professor, Division 
of Range Management, UW, Laramie. Stroud’s current address is Route I. Yoder, 

clipping, the intensity of herbage removal at each clipping, and the 
WY 82244. dates of clipping were randomly assigned to each tiller, with the 

Manuscript accepted June 25, 1984. limitation that all the herbage could be removed only at the last 
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Fig. 1. Cumulative herbage production of western wheatgrass tillers under 5 clipping treatments (see Tables I and 2 for explanation of “F” and “I” 
treatments; “4-clip” was clipped 4 times during the growing season to a height of2.5 cm). 

clipping of a tiller. It must be emphasized that a separate clipping 
schedule was developed for each tiller, to simulate the random and 
nonuniform herbage removal patterns observed under actual graz- 
ing. A partial sample clipping schedule for one plot is shown in 
Table 3, and clipping dates are shown in Figure 1. 

Table 2. Explanation of clipping intensity treatments “11” and “12”. 

Amounts 
removed 

113 
213 
All 

Treatment “I I ” Treatment “12” 
1980 1981 1980-8 1 

- - % of grazing events - - 
40 60 20 
50 30 60 
10 10 20 

Table 3. !Sample clipping schedule for western wheatgrass tillers on a single 
plot (treatment FlII, 1980; for explanation of treatments, see Tables 1 
and 2). 

Tiller 
number 

I 
2 
3 
4 

:5 

Amount removed: 
2 16 30 14 28 II 25 8 

Jun Jun Jun Jul Jul Aug Aug Sep 
- - 213 - - l/3 - All 

- l/3 - - - l/3 All 
l/3 - - - 2/3 - l/3 All 
- - - 213 - All - - 
. 

- 273 : 273 : 273 1 A;1 

All western wheatgrass tillers were clipped under the 4-clip 
treatment, at 2.5 cm from ground level on clip dates 1,3,5, and 7. 
This represents a severe uniform clipping comparable to that ap- 
plied in many previous clipping trials. 

Western wheatgrass herbage removed from each plot at each of 
the first 7 clipping dates each year was dried and weighed. At the 
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last clipping, when the season’s growth was completed, all remain- 
ing herbage was clipped by species, dried, and weighed. Total 
production was the sum of all 8 clippings; utilization was the sum 
of the first 7 clippings, divided by total production. 

Tillers were counted before the first clipping and at the last 
clipping in 1980 and 1981. Production per tiller was calculated 
from spring tiller counts. Very few new tillers were produced after 
the spring count, but some tillers died. At each clipping date in 
198 1, 18 to 29 tillers of western wheatgrass were harvested outside 
the plots and dissected to determine phenology and apical meri- 
stem height. 

In the fall of 1981, 2 replications of each treatment were exca- 
vated. Entire plots were cut loose and lifted, and these sod blocks 
were trimmed to a 15-cm depth. Sampling at similar sites showed 
73% of belowground phytomass, including all the crowns and 
rhizomes, were found in the top 15 cm (T. Tarassoum, unpublished 
data). Soil was washed from the belowground phytomass and the 
phytomass was separated by species, washed a final time, oven- 
dried and weighed. Western wheatgrass was further separated into 
crowns, rhizomes, and roots. These were then ground in a Wiley 
mill (l-mm mesh screen) and analyzed for total nonstructural 
carbohydrates (TNC) by a modified Weinmann Method and a 
method of Shaffer-Somogyi for determination of reducing power 
(Smith 198 I). 

In the fall of 1982 after a season of rest, the remaining 12 plots 
were clipped by species to ground level, oven-dried, and weighed to 
assess residual effects of the treatments on herbage production of 
western wheatgrass and other species. Tillers of western wheat- 
grass were counted at this time. 

Aboveground and belowground production data were analyzed 
utilizing analysis of covariance procedures, with initial tiller 
numbers as the independent and production as the dependent 
variable, to adjust for initial variation in tillers per plot. A split plot 
design was utilized to analyze total nonstructural carbohydrates, 
and least square means were used to compare means from the 
above analyses. Orthogonal contrasts were used to compare 
aboveground production per tiller for 1980 and 198 1. Total non- 
structural carbohydrates vs. utilization and western wheatgrass 
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Fig. 2. Correlation between herbage production of western wheatgrass (Agsm) and that of all other species. 

production vs. production of other species were analyzed using 
regression techniques. 

Results and Discussion 

Herbage Production 
Under the simulated grazing treatments applied in 1980, only a 

narrow range of utilization was achieved (Table 4). This range was 

Table 4. Utilization of western wheatgrass under each clipping treatment*. 

9% Utilization 

Treatment 1980 1981 Mean 

Fill 71 56 64 
F112 82 66 74 
F2I I 83 75 79 
F212 86 88 87 
4-clip 84 89 86 

‘See Tables I and 2 for explanation of “F” and ‘I” treatments; Welip” was clipped 
four times during the growing season to a height of 2.5 em. 

widened in 198 1 by reducing the frequency of clipping under Fl 
and the intensity of clipping under 11 (Tables 1 and 2). Under the 2 
lighter simulated grazing treatments, the average utilization levels 
of 64 and 74% were nearly the same as the 65 and 75% of western 
wheatgrass which Hart and Balla (1982) observed under light (. 115 
AU/ha) and moderate (.210 AU/ ha) stocking rates, respectively. 
Utilization under the 4-clip treatment was nearly the same as that 
under F212, the heaviest simulated grazing treatments. 

Total western wheatgrass production adjusted for tiller numbers 
was greatest under FlI2, the second heaviest simulated continuous 
grazing treatment, in 1980 (Table 5). This treatment produced 
(P<. JO) more herbage than all other treatments except the 4-clip 
which produced more herbage than the ungrazed or FIII. In 1981 
an almost complete reversal in the amount of production was 
observed with the ungrazed treatment producing a greater amount 
of forage than the heaviest continuous (F212) or 4-clip treatments. 
No significant differences were observed in forage production 
among the ungrazed and 3 lighter simulated continuous grazing 
treatments (FIII, Fl12, F211). 

In 198 1, adjusted yields of western wheatgrass on the ungrazed 
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and FlI 1 treatments were 52 and 44% more, respectively, than in 
1980. Western wheatgrass under the 3 heaviest simulated grazing 
treatments (Fl12, F211, F212) produced similar amounts of forage 
in both years while forage production under the 4-clip treatment 
was 58% less in 198 1. 

Table 5. Herbage production of western wheatgrass (values adjusted for 
tiller numbers by covariance analysis). 

Production, g/m2 
Treatment’ 1980 1981 1982’ 

Ungrazed 40 c* 60a 21 a 
FIII 31 c 54 ab 25 a 
FlI2 53 a 52 ab 30a 
F211 41 bc 47 ab l8a 
F212 41 bc 44b 20 a 
4-clip 51 ab 21 c 3b 
Standard deviation 8 9 7 

‘See Tables I and 2 for explanation of “F” and “I” treatments; “4-&p” was clipped 
four times during the growing season to a height of 2.5 em. 
Weans in the same year followed by the same letter are not different at P= 0.10. 
JTwo replications only; not adjusted. 

When the remaining 2 replications were clipped at the end of the 
growing season in 1982, after complete rest from defoliation during 
the year, no significant differences in forage production were 
observed among the ungrazed or simulated continuous grazing 
treatments (Table 5). The Cclip treatment produced significantly 
less forage than the ungrazed or simulated continuous grazing 
treatments. 

Above-average May-July precipitation in 1981 (Table 6) may 
have been a contributing factor in increased forage production on 
the check treatment. In 1980 precipitation was 146% of average 
during the winter months (January-April) but 80% of average 
during May-July. The reverse was true for 198 1 with precipitation 
69% of average January-April, but 177% of average during 
May-July. 

Cumulative aboveground biomass production per spring tiller 
of western wheatgrass in 1980 and 198 1 is displayed in Figure 1. By 
late August, the 3 heavier simulated continuous grazing treatments 
(F112, F211, F212) had almost equal amounts of forage removed 
and the differences in total herbage production are due to the 
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Table 6. Monthly precipitation at High Plains Grasslands Research Str- 
tion, Cheyenne, WY, 1980-1982. 

Precipitation mm 
1871-1982 

Month 1980 1981 

January 48 6 
February 23 I4 
March 45 25 
April 30 24 
May 72 172 
June 2 20 
July 50 80 
August 20 24 
September 28 30 
October 30 29 
November I4 4 
December 2 I6 
Total 361 444 

1982 Mean 

9 II 
6 IS 
2 26 

I6 48 
96 61 
98 43 
97 50 
44 39 
91 30 
26 23 
I6 I3 
20 12 

520 372 

stubble remaining after the “grazing season” (harvested in Sep- 
tember). Cumulative forage production per tiller from the simu- 
lated continuous treatments increased almost linearly thru August, 
while the 4-clip treatment produced little additional herbage per 
tiller after 30 June 1980 and 21 July 1981. 

A significant negative correlation existed between western 
wheatgrass herbage production and total herbage production of 
other species (Fig. 2). The higher correlation in 198 I and 1982 may 
be attributed to decreased competition of western wheatgrass fol- 
lowing clipping. 

Tiller Density 
No significant changes were observed from May 1980 to Sep- 

tember 1981 in tiller numbers under the simulated continuous 
grazing treatments, but tiller numbers decreased 57% under 4-clip 
and increased 28% on the ungrazed check (Fig. 3). 

On the 2 replications remaining in the fall of 1982, after 1 year 
without defoliation, the check and the 4 simulated grazing treat- 
ments averaged 279 tillers/m* with no difference among treat- 
ments. The 4-clip treatment had fewer tillers, 80/m*, than all other 
treatments. The continued decline of tiller numbers in the 4-clip 
treatment indicated the severity of this treatment. Troughton 
(1957) indicated that reduction in tiller numbers can be expected 
after defoliation, with greater reduction under more severe defoli- 
ation. 

Apical meristems of western wheatgrass plants in this study were 
susceptible to removal by grazing animals as early as June 23 
(Table 7), but increased tiller numbers were observed only in the 
ungrazed treatment. Tiller numbers remained relatively stable 
under the continuous treatment and declined under the 4-clip 
treatment. Removal of the apical meristem in graminoids generally 

Table 7. Apical meristem heights, number of tillers sampled, and phe- 
nology states of western wheatgrass, 1981. 

Date Number 

26 May 18 
9 Jun I8 

23 Jun I8 
7 Jul 23 

21 Jul 22 
4 Aug 29 

18 Aug 23 
I I Sep 21 

Meristem 
height, cm Phenological stage 

0.0 1-2 leaves 
1.4 3 leaves, stem elongation 
2.5 Stem elongation 
5.8 Stem elongation 
5.8 Stem elongation 
7.5 Stem elongation 
7.6 Stem elongation 
7.2 Stem elongation 

600 

-- Fl 12 
- F2I1 

w--- 4-clip 

Spring Fall Spring Fall 

1980 1981 
Fig 3. loller populations of western wheatgrass under six treatments (see 

Tables 1 and 2 for explanation of “F”and “I” treatments; “4-clip” was 
clipped 4 times during the growing season to a height of 2.5 cm). 

results in increased tillering due to the removal of apical domi- 
nance (Hyder 1972). However, an interdependence among the 
connnected tillers of rhizomatous species like western wheatgrass 
may maintain the apical dominance of the remaining meristems. 
The large increase in tiller numbers on the unclipped check in the 
spring of 198 1 may reflect above-average spring precipitation. 

Although the percent of the total herbage removed in the 4clip 
treatment was almost the same as that removed under the F212 
treatment in both years, declines in aboveground productivity and 
tiller numbers were much greater under 4-clip. Other researchers 
who have uniformly clipped all tillers of western wheatgrass plants 
have observed large decreases in aboveground production (Lang 
and Barnes 1962, Everson 1966, Menke 1973, Santos and Trlica 
1978, Holscher 1945, Branson 1956). Uniform clipping treatments 
are not suitable for western wheatgrass and cause much greater 
decreases in herbage production than similar utilization under 
continuous grazing. 

Belowground Production and TNC Content 
The belowground phytomass production differences among 

treatments generally correspond with the aboveground production 
differences (Table 8). Among the treatments, both aboveground 
and belowground production were generally inversely propor- 
tional to the frequency and intensity of defoliation. The rl-clip 
treatment, however, produced 48% of the aboveground produc- 
tion and 60% of the total belowground production of the heaviest 
simulated continuous grazing treatment (F212) in 1981, even 
through the precipitation rates were nearly equal. Everson (1966), 
Santos and Trl&a (1978), and Bokhari and Singh (1974) all 
reported declines in underground productivity of western wheat- 
grass due to clipping. 

Mean total nonstructural carbohydrate (TNC) concentration 
over all treaments was 5.4, 7.0, and 10.8% in roots, crowns, and 
rhizomes, respectively. Each of these values was significantly dif- 
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Table 8. Root, crown, and rhizome biomass of western wheatgrass (values 
adjusted for tiller numbers by covariance analysis). 

Treatment’ Roots Crowns Rhizomes 

__-_-- g/ mZ_---- 

Total 

Ungrazed 
Fill 
F112 
F211 
F212 
4-clip 
Standard 

114a2 
94a 
77 ab 
96 a 
58 ab 

26 b 

47 a 
40a 
43 a 
42 a 
30 a 
23 a 

24 a 
23 a 
19a 
16a 
18a 
13a 

185a 
157 ab 
139 abc 
154 ab 
106 bc 

63 c 

deviation 23 8 5 33 

‘See Tables 1 and 2 for explanation of “F” and “I” treatments; “4-clip” was clipped 
four times during the growing season to a height of 2.5 cm. 
*Values in the same column followed by the same letter are not different at P=,O. 10. 

ferent from the other two (K.05). Everson (1966) noted the 
importance of rhizomes of western wheatgrass as storage organs 
upon finding 47 1% more soluble sugars and 177% more starch per 
gram in the rhizomes over the tops or roots among the unclipped 
plants. 

TNC response to increasing utilization followed the same dis- 
continuous curve as the response of animal gains (Hart 1978) and 
conception rates (Hart et al. 1982) to increasing grazing pressures. 
TNC remained constant until utilization reached a critical point; 
then TNC decreased in a straight line as utilization increased 
beyond the critical point. Herbage removal from western wheat- 
grass plants affected rhizome TNC values before it affected root or 
crown TNC values (Fig. 4, Table 9). Rhizome TNC began to 
decline at approximately 39% utilization, representing the inter- 
cept of the regression line for the clipped treatments with the TNC 
level of the control. Root and crown TNC values were more 
tolerant of herbage removal and did not decline until utilization 

0 

RHIZOMES 

1 . . I I 1 
0 

% Utilization 
100 

Fig. 4. Level of utilization and total nonstructural carbohydrate concen- 
tration in rhizomes, crowns, and roots of western wheatgrass. 

Table 9. Regression of total nonstructural carbohydrates (TNC) concen- 
tmtion in rhizomes, crowns, and roots of western whe8tgmss on percent 
utilization (U). 

Organ 

% TNC 
Critical Below 

point critical 
% utilization point Above critical point rr 

Rhizomes 39 13.7 TNC = 17.2 - 0.09 U 0.72’ 
Crowns 63 8.7 TNC = 17.5 - 0.14 U 0.92** 
Roots 68 6.7 TNC= 16.9-0.15U 0.87** 

reached 68 and 6370, respectively. This suggests that rhizomes play 
a greater role in providing stored reserves needed for regrowth than 
either crowns or roots under light or moderate levels of herbage 
removal, but as removal rates became heavier, stored reserves may 
be mobilized from roots (Bokhari 1977) and crowns also. 

The decline in both belowground phytomass and TNC concen- 
trations under severe clipping produced a large decline in total 
TNC available for regrowth. Total TNC in g/ m* for the check was 
15.0; FlIl, 13.1; FlI2,8.9; F211, 9.3; F212, 5.3; and 4-clip, 3.6. 

Conclusions 

During 2 years, simulated continuous grazing of western wheat- 
grass resulted in no major decrease of aboveground or below- 
ground production below the unclipped check until utilization 
exceeded 80%. Both above- and belowground production declined 
sharply under 4 uniform clips per year, although herbage removal 
was the same as under the most severe simulated grazing treatment. 
As utilization increased, rhizomes appeared to be the first storage 
organ in which TNC concentration was affected; this occurred at 
approximately 40% utilization. Klipple and Costello (1960) and 
Reed and Peterson (1961) reported that forage production of 
western wheatgrass began to decline when grazing use reached 20 
to 40%. 

The use of clipping to estimate proper stocking and utilization of 
plants appears to have become less frequent in recent years, possi- 
bly due to the difficulty of correlating the removal rates by clipping 
to those obtained under actual grazing by herbivores. Clipping 
which more accurately simulates removal rates by herbivores, as in 
this study, can provide a more accurate assessment of the impact of 
those herbivores. 
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Effects of Sulfur Fertilization on Productiv- 
ity and Botanical Composition of California 
Annual Grassland 
RICHARD M. CALDWELL, JOHN W. MENKE, AND DON A. DUNCAN 

Abstract 

Changes in botanical composition and productivity of total 
herbage and 14 categories of annual range plants caused by ele- 
mental sulfur fertilization, range site, and precipitation were stu- 
died. Total herbage production on the wetter and more fertile 
swale sites was not affected by sulfur fertilization, but production 
on adjacent open upland and rocky, brushy upland sites usually 
increased with added S. Herbage production increased 28% or 
1,400 kg/ ha on fertilized open upland sites and 51% or 1,800 kg/ ha 
on fertilized rocky, brushy uphnd sites during the wettest year 
sampled. Over the 3 years sampled, the most desirable grass, soft 
chess, averaged 68,22, and 66% higher production (438,287, and 
388 kg/ha increases, respectively) on fertilized versus control range 
units for swale, open upland, and rocky, brushy upland range sites, 
respectively. Likewise, the less desirable but important early- 
forage species, ripgut brome, increased 164% or 544 kg/ha on 
swales and 205% or 437 kg/ha on rocky, brushy uplands with 
fertilization; only a 16% increase or 98 kg/ha occurred on open 
upland sites. Grass responses were offset by decreased forb produc- 
tion, while the proportion of legumes remained nearly the same. 
Upland sites benefited from sulfur fertilization by exhibiting both 
increased clover and other legume production in the wettest year. 
Filaree was unaffected by sulfur fertilization. 

Sulfur is recognized as an important macro-nutrient on Califor- 
nia’s unimproved and improved annual-type rangeland. Martin 
(1958) noted a sulfur deficiency on sites in 34 of the 58 California 
counties representing 60 soil series. Conrad (1950) found that 
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elemental sulfur significantly increased hay production on 4 widely 
separated sites in California. Yield of dryland pasture species 
increased significantly when sulfur was applied as gypsum at the 
Hopland Field Station (Jones 1964) and substantial increases in 
herbage productivity occurred during the first year on plots sulfur- 
fertilized with gypsum or elemental sulfur (Jones and Ruckman 
1966). In the second year elemental S was more effective than 
gypsum. Winter forage was optimized with 67 kg S/ha yearly with 
elemental S or 25 kg S/ha as gypsum yearly on subterranean clover 
( Trifolium subterruneum L.) seeded rangeland at Hopland (Center 
and Jones 1983). 

Studies of sulfur fertilization with gypsum showed that herbage 
yield and grazing capacity on upland range sites increased (Bentley 
et al. 1958). Conrad et al. (1966) reported only slight increases in 
herbage production on pastures fertilized with gypsum but found 
an increase in grazing capacity on the fertilized pastures, although 
,individual cattle gains were unaffected. Wagnon et al. (1958) 
observed that steers exhibited increased weight gain during the 
summer dry-forage season on pastures fertilized with gypsum and 
Green et al. (1958) showed that summer forage had higher crude 
protein, phosphorous, and calcium levels when fertilized with gyp- 
sum. McKell et al. (1960) also reported higher protein levels in 
forage on range fertilized with gypsum. Increased production and 
improved quality of forage due to legume enhancement may 
extend the amount of time cattle graze without supplementation. 

Plants take up sulfur as sulfate, while elemental sulfur must be 
oxidized by soil bacteria before plants can use it. Plants respond 
more quickly to sulfate forms of sulfur during low-rainfall years 
(McKell and Williams 1960, Williams et al. 1964). With higher 
rainfall sulfate fertilizers are susceptible to leaching and runoff 
during the application year (Williams et al. 1964) and sulfate 
fertilizers have lower residual value than elemental sulfur (Jones et 
al. 1968, Jones et al. 1970, Jones and Ruckman 1966). In high 
rainfall areas elemental sulfur elicits longer lasting results. 
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Table 1. Average total herbage produdion on control and sulfur fertilized range sites. 

Swale Open-upland Rocky, brushy upland 

Control Fertilized Control Fertilized Control Fertilized 
Year Fertilizer effect kg/ha kg/ ha kg/ ha kg/ ha kg/ha kg/ha 

I 1st year 2200 1600 2000 1250* 1400 1500 
2 Carry-over 3500 3700 2400 2200 1200 1200 
4 1st year 3600 4200 3300 3800 2200 2800 
7 1st year 6800 6500 5500 6900 3500 5300 
8 Carry-over 3800 3700 3200 4800 2400 3800* 

Orthogonal L 0.01 L 0.01 L 0.03 L 0.00 L 0.44 L 0.00 
components’ Q 5.2 Q0.12 Q 10.6 Q 3.7 

*Control vs. fertilized significance level a = 0.05. 
‘hear(L) and quadratic (Q) orthogonal component significance level (%). 

Important shifts in botanical composition may occur as an 
initial response to sulfur fertilization. Stimulation of legume 
growth, notably resident annual clovers (Bentley et al. 1958, Ben- 
tley and Green 1954) and seeded subterranean clover (Jones 1964) 
occurs during the first growing season after application. Carry- 
over year responses are, typically, increased production of grasses 
and legumes. Production of legumes has been correlated with the 
amount of residual sulfur remaining in the soil (Jones 1964). Over- 
riding the sulfur response, changes in productivity are most 
dependent on the amount and timing of rainfall during the winter 
and spring months (Duncan and Woodmansee 1975, Murphy 
1970, Pitt and Heady 1978) and inherent characteristics of the site 
such as soil fertility, soil depth, and aspect. 

caryophyllea L.), and little quakinggrass (Briza minor L.), and 
grasslike plants (mainly Juncus spp.). Forbs were separated into 3 
legume categories: (1) clovers (Trifolium spp.); (2) other legumes, 
e.g., fine-leaved deer vetch (Lotus strigosus [Nutt. in T. & G.] 
Greene), bicolor lupine (Lupinus bicolor Lind.), and Bentham’s 
lupine (L. benthamii Heller); and (3) Spanish clover (Lotuspurshi- 
anus [Benth.] Clem. and Clem.). along with filarees (Erodium spp.) 
and other broadleaved plants, e.g., common forbs such as popcorn 
flower (Plagiobothrys nothofulvus Gray), fiddleneck (Amsinckia 
spp.) and bluedicks brodiaea (Brodiaea capitata Benth.). 

30 YEAR I 

This study was conducted at the U.S. Forest Service, Pacific 
Southwest Forest and Range Experiment Station, San Joaquin 
Experimental Range (SJER), from 1961 to 1968 to evaluate pro- 
duction and botanical composition changes due to elemental sulfur 
fertilization on 3 range sites. Total and 14 plant-category herbage 
productions were evaluated to determine benefits of sulfur fertili- 
zation. Cattle responses in this study were highlighted in Duncan 
and Reed (1973). 

20 31.2 cm 0 Monthly 

l 45 Year Average 

Study Area and Methods t YEAR 2 YEAR 4 

The experimental range covers 1,820 ha at 213-5 18 m elevation 
in the central Sierra Nevada foothills 40 km northeast of Fresno, 
Calif. Annual precipitation averaged 48.6 cm between 1934 and 
1979 and fell primarily as rain from September through May (Fig. 
1). Of the 5 years sampled over 8 years, only years 2 and 7 were near 
or above this 45year average. Winters at SJER are generally moist 
and have mild temperatures, whereas summers are hot and dry. 

32.1 cm 

The major range sites on the experimental range were classified 
by Bentley and Talbot (195 1) into swales, open uplands and rocky, 
brushy uplands and their relative area proportions are 6, 11, and 
83%, respectively. Swale sites occupy drainage bottoms and typi- 
cally have highest herbage yields because they are wet for longer 
periods. Soils on these sites are alluvial, coarse, sandy loams (Visa- 
lia Series, coarse-loamy, mixed thermic Pachic Haploxeroll). 
Open uplands are intermediate in productivity with few exposed 
rocks or shrubs and slopes of 5-15%. Rocky, brushy uplands are 
generally low in productivity, contain exposed granitic rock, and 
support varying amounts of brush. Soils on both upland types are 
residual, coarse and rocky, sandy loams (Ahwahnee Series, coarse- 
loamy, mixed thermic Ultic Haploxeralf’). Soil depth generally 
decreases from swales (over 75 cm) to rocky, brushy uplands (less 
than 10 cm). 

30 YEAR 7 

20 
9 
,‘: 70.8cm 29.6 cm 

,:H_ 
Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul 

Fig. 1. Monthly and annualprecipitation at the San Joaquin Experimental 
Range during 5 study years over o period of 8 yeors compared to 4 

45-year average. 

Clipped herbage was separated into 14 categories. Nine grami- Two replications of control and sulfur fertilized pastures were 
noid categories were soft chess (Bromus mollis L.), fescues ( Vulpia fenced in early spring and grazed during a calibration phase for 2 
spp.), ripgut brome (B. diandrus Roth), Mediterranean barley years to allow for adjustments in carrying capacity. During the 
(Hordeum geniculatum All.), Australian chess (B. arenarius study each pasture was grazed yearlong under moderate utilization 
Labill.), slender oat (Avena barbata Pott. ex Link), red brome (B. to nominally leave 350 kg/ ha of dry plant residue on 1 September. 
rubens L.), a miscellaneous category named other grasses, e.g., Elemental sulfur was applied at the rate of 67 kg/ ha by helicopter 
mouse barley (Hordeum leporinum Link), silver hairgrass (Aira during late fall prior to rapid growth of sampling years 1,4 and 7. 
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Table 2. Herbage production (kg/ha) in sulfur fertilization studies in California (C is control, F is fertilized). 

Present study Bentley & Green Bentley et al. Conrad et al. Conrad et al. Green et al. Jones 
( 1954) (1958) (1948) ( 1966) (1958) ( 1964) 

Location SJER SJER SJER I SJER SJER Hopland 
Sulfur source Elemental 2 Gypsum Elemental Gypsum Gypsum , 
Sulfur rate (kg/ ha) 67 67 67 II2 67 - 45 
Number of years 3,54 4 8 2 3 2 2 
Treatment C F C F C F C F C F C F C F 

Total production 2390 3100 3970 4760 2260 3280 3850 5230 2000 2380 2850 3810 3590 7000 
Total grasses 1740 2500 2620 2970 1310 2010 _ __ II90 1420 I380 1910 1710 2270 
Clover 170 400 360 1020 ~ - - __ 170 320 230 740 1880 4970 
Other legumes 60 140 I40 80 _ ~ _ _ _ - I IO 190 _ _ 
Total legumes 230 540 500 II00 808 3090 - _ - ~ 340 930 I880 4970 
Filarees 750 830 700 500 250 650 - - _ IO50 840 - _ - 
Other broadleaved plants 280 200 I50 180 - - __ 80 130 - - - _ __ 
Total broadleaved plants 1030 1030 850 680 700 620 - - _ - _ - II30 970 

‘Upper Ojai Valley, California; legume principally bur clover (Medicago polymorpha) 
ZAveraged over replications of soil sulfur, gypsum, superphosphate, gypsum-sulfur mix, and superphosphate-sulfur mix. 
Treble suoerohosohate and soil sulfur. 
Three ye&s ior species groups, five years for total production. 

Each pasture was divided into 3 sectors of equal width, and 2 
transects were randomly chosen within each sector. Transects were 
then plotted on a map of the pasture, and the distance each transect 
passed through each site was measured. Plots (0.1 m2) protected by 
l.O-m2 cages were systematically laid out along each transect to 
obtain a sample size of 25 plots for swales, 18 for open uplands, and 
70 for rocky, brushy uplands. Pilot-study sampling showed that for 
the total herbage production on swale and open uplands, there was 
a 90% chance that the sample mean would be within 20% of the true 
population mean and that for rocky, brushy uplands, there was a 
90% chance of being within 15% of the true population mean 
(Reppert et al. 1962). 

Herbage in caged plots was clipped near peak standing crop 
during years 1, 2, 4, 7, and 8, air-diied, and weighed to estimate 
total dry matter production. A sub-sample from each was sorted 
into the 14 categories in years 4,7, and 8. 

A complete factorial design (Steel and Torrie 1960) was used to 
study fertilizer, year and range site effects on herbage production 
and botanical composition. Linear and quadratic trends over years 
4,7, and 8 were analyzed within range sites and fertilization treat- 
ments for the 14 plant categories; trends in total herbage produc- 
tion were analyzed over years 1, 2, 4, 7, and 8. Responses with 
significance levels less than 15% are discussed. 

Results and Discussion 
Total herbage production varied among years @<O.OOl), among 

the 3 range sites (p<O.OOl), and between the control and sulfur- 
fertilized pastures @<0.025, Table 1). Productivity was highest on 
all sites in year 7 when rainfall was highest and 46% above the 
45year average (Fig. 1). Production in the control swales averaged 
6,800 kg/ ha in year 7, whereas fertilized swales averaged 6,500 
kg/ha. Total herbage production on the fertilized swales was 
nearly equal to that of the control pastures in each of the 5 years 
sampled. Fertilized open upland sites in year 7 averaged 6,900 
kg/ ha, which was 1,400 kg/ ha higher than that produced on the 
controls. During this year, the less productive rocky, brushy 
uplands averaged 5,300 and 3,500 kg/ ha, respectively, on the fertil- 
ized and control pastures. This 1,800 kg/ ha difference was a 
greater increase (51%) than that on the open uplands (28%). Sim- 
ilar responses were noted in the following carry-over year. 

Fertilizer versus control responses on the swale sites were not 
significantly different in any of the 5 years sampled (Table 1). 
Swale sites are not as sulfur deficient as the upland sites and this 
might be attributed to sulfate transport in run-on from upland sites 
as Williams et al. (1964) showed sulfate leaching under wet condi- 
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tions with fertilization. 
In years 1 and 2 the fertilized upland sites showed no increase in 

total herbage production and open upland sites actually showed a 
significant depression in production the first year. After the second 
sulfur application, however, both fertilized open uplands and 
rocky, brushy uplands produced approximately 600 kg/ ha more 
herbage than did the control sites in year 4. In year 8, production 
on rocky, brushy uplands was 1,400 kg/ ha and significantly higher 
on fertilized than on control pastures. Fertilized open uplands 
produced over 1,500 kg/ ha more herbage than did the controls in 
the same year. Although these large increases in production were 
observed on the upland sites, only 2 replications were insufficient 
to detect significance in most cases. 

Lack of rainfall during year 1 was responsible for the poor 
response of the upland sites during the first growing season follow- 
ing the initial fertilizer. Little precipitation fell during late winter 
and spring when rainfall is critical to rapid growth. There was no 
carry-over response in year 2, although fertilized range production 
increased nearly 1,000 kg/ ha compared to a 400 kg/ ha increase for 
the control. 

Control and fertilized range units on all sites showed a highly 
significant upward linear trend in production (Table 1). This was 
largely due to the characteristics of the years sampled. Quadratic 
trends were most significant in swales where both control and 
fertilized range units responded similarly to weather and first-year 
or carry-over year fertilization. Large increases in the fertilizer 
response on upland sites in the later years of the study were 
responsible for a stronger linear trend. In both years 7 and 8 sulfur 
fertilization resulted in upland sites comparing favorably to swale 
sites in productivity. 

Table 2 gives a comparison of results among several sulfur 
fertilization experiments in California. Average total herbage pro- 
duction over the 5 years in this study (combining all sites on the 
fertilized pastures) closely agrees with that on pastures studied by 
Bentley and Green (1954) and Conrad et al. (1948). 

Graminoids 
Soft chess production was significantly different among the 3 

sites @<O.OOS) and between fertilized pastures @<0.025, Table 3). 
Open uplands had the highest average production over the 3 years 
sampled, followed by swales and rocky, brushy uplands. Fertilized 
swales averaged 68% higher production of soft chess than the 
controls. Average fertilized range unit production of soft chess was 
66% higher on the rocky, brushy uplands and 22% higher on open 
uplands than on corresponding sites in control pastures. Quadratic 
trends on the fertilized pastures (Table 3) resulted from high soft 
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Table 3. Average graminoid plant production (kg/ha) on control and 
sulfur fertilized range sites during years 4,7 and 8. 

Year 

Rocky, 
Swale Open-upland brushy upland 

Control Fertilized Control Fertilized Control Fertilized 

Soft chess 
4 
7 
8 

O.C.’ 

780 
530 
610 

Fescues 
4 
7 
8 

O.C. 

720 
1740 
1050 

L 4.2 
Q 0.6 

Ripgut brome 
4 610 
7 120 
8 260 

O.C. 

Mediterranean barley 
4 590 
7 290 
8 430 

O.C. L 8.2 
Q 12.6 

Australian chess 
4 27 
7 0 
8 39 

O.C. 

Slender oat 
4 0 
7 0 
8 6 

O.C. 

Red brome 
4 0 
7 37 
8 14 

O.C. 

Other grasses 
4 I4 
7 95 
8 150 

O.C. L 2.8 

Grasslike plants 
4 190 
7 1370 
8 

O.C. Q :: 

1490 1460 1510 
610 960 1060 

1140 1450 2160 
Q 15.0 Q 3.5 

750 280 170 
1400 780 520 
1120 660 600 

L 8.0 L 10.7 L II.0 
Q 14.6 

1330 
340 
960* 

L 7.5 
Q 2.7 

880 790 250 670 
330 490 200 600* 
620 840 200 690 

50 
260 
130 

I 4 
0 7 
0 45** 

49 I50 140 
0 100 I50 
7 90 230 

6 
0 
0 

23 190 
44 320 

32 Q 42: 

33 
37 
26 

55 68 
25 93** 

21 Q 6? 

I 
5 

120 
L 11.2 
Q II.9 

2 I 
II 0 
3 0 

20 
II20 

Q 02: 

2 20 
3 6 
8 0 

460 
550 
760 

900 
570 

1460** 
Q 8.2 

90 
210 
400 

II0 
500 
590 

L 7.6 

0 
0 
0 

0 
I3 
0 

310 
60 
90 

L I.4 

160 
80 
90 

II0 
90 
I5 

190 
130 

IO 

80 90 
50 70 
70 90 

9 
30 

5 

61 
2 
0 

*Control vs. fertilized significance level a = 0. IO. 
** a = 0.05. 
‘Linear(L) and quadratic(Q) orthogonal component (O.C.) significance level (%). 

chess production in the drier years 4 and 8. 
Fescue species showed little response to sulfur fertilizer (Table 

3), but significant differences @<O.OOl) in production were evident 
among the 3 sites and among years @<O.OO I). Fertilized swale sites 
had a combined average production of about 1,100 kg/ ha during 
the 3 years sampled, whereas the 2 fertilized upland sites averaged 
only about 400 kg/ha. Production on swales was significantly 
higher than production on the upland sites. Fertilization of the 
rocky, brushy uplands brought fescue production up to nearly that 
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of open upland sites. 
Ripgut brome showed the most significant fertilizer response 

@<0.004) and no differences due to site. Fertilized swales and 
rocky, brushy uplands increased 164 and 205%, respectively, over 
controls. Swales showed dramatically less ripgut production in the 
wet year (7) with below-average February rainfall. 

Mediterranean barley was largely restricted to swale sites except 
on fertilized open uplands in year 8 (Table 3). Sulfur fertilization 
appeared to reduce Mediterranean barley on swale sites probably 
due to competition from soft chess and ripgut. 

Australian chess was highly variable in productivity among sites 
(Table 3). Swale productivity was lowest with no Australian chess 
production in control and fertilized pastures in year 7. No Austral- 
ian chess fertilizer response was apparent on any site. Likewise, 
slender oat showed little production on swale sites during all 3 
years. It appeared to respond positively to first-year fertilizer 
applications (years 4 and 7) on upland sites but showed no carry- 
over effect. 

Rocky, brushy upland sites produced significantly more @s 
0.01) red brome than swales, while open upland site productivity 
was not different from that for either of the other two sites (Table 
3). There was a slight response to sulfur fertilizer on all sites 
b50.14) with the largest response @lo.OlS) on open uplands in 
year 7 when production increased nearly 70 kg/ ha. 

Other grasses were restricted Q&0.031) primarily to the swale 
sites and were not significantly affected by fertilizer (Table 3). 
Production of these grasses on the upland sites was never greater 
than 35 kg/ ha. Highest productivity on the swale sites occurred in 
year 8, when the control and fertilized pastures produced about I50 
and 120 kg/ ha, respectively. 

Grasslike plants produced significant amounts @%r.OOS) of 
herbage only on the swale sites and primarily @<0.04) during the 
wet, year 7 growing season (Table 3). During this year, production 
on the control swale sites was about 1,400 kg/ ha, compared with 
1,100 kg/ ha on the fertilized swales. Grasslike plant production on 
the 2 upland sites was negligible for all years sampled, most likely 
due to low moisture retention in these shallow soils during the 
warm spring months. During the 2 dry years (4 and 8) fertilization 
almost eliminated grasslike plant production in swales. 

Forbs 
Filaree is the dominant forb on all sites at the San Joaquin 

Experimental Range. Production with and without sulfur fertiliza- 
tion was remarkably similar (Table 4). Open upland site filaree 
production was enhanced most by wet conditions in year 7 when 
I, 100 and 1,200 kg/ ha more herbage was produced on control and 
fertilized pastures, respectively, than in the dry year (4). On both 
upland sites high production in year 7 resulted in quadratic trend 
responses for both fertilized and control range units. 

Although no fertilizer responses for clover were significant, 
productivity of fertilized pastures decreased on swales in each of 
the 3 years sampled while it consistently increased on both upland 
sites except for rocky, brushy uplands in year 8 (Table 4). Fertilized 
open uplands averaged over 400 kg/ ha more clover production 
than control pastures and produced over 1,000 kg/ ha more clover 
than controls in the wet year (7). Consistently more @lo.OOl) 
clover was produced in year 7 with production in the dry years 
being relatively low on all sites. 

Clover is an important forage species on annual-type ranges and, 
in addition to its importance as a nitrogen-fixer, may account for 
20-30% of the diet of cattle in July (Green et al. 1958). Clover 
composition of forage increased 80 and 33%, respectively, on 
fertilized open upland and rocky, brushy uplands in year 7 but 
decreased by 80% on swale sites in that same year. When account- 
ing for the relative areas of the 3 sites on the experimental range, 
average clover production nearly doubled from 167 to 3 15 kg/ ha 
due to fertilization with 67 kg/ ha elemental sulfur. This response 
closely parallels the gypsum (67 kg/ ha) fertilizer response found by 
Conrad et al. (1966) of 170 and 320 kg/ ha, respectively, on control 



Table 4. Average forb production (kg/ha) on control and sulfur fertilized 
range sites during years 4,7 and 8. 

Year 

Rocky, 
Swale Open-upland brushy upland 

Control Fertilized Control Fertilized Control Fertilized 

Filarees 
4 410 540 600 570 880 830 
7 610 780 1670 1780 1050 1200 
8 430 390 440 390 430 

O.C.’ Q 0.22 Q 0.12 Q389(: Q 6.2 

Clovers 
4 80 30 15 130 20 160 
7 1870 950 820 1830 320 620 
8 50 10 30 160 20 10 

O.C. L 10.4 L 9.5 
Q 0.0 Q 0.46 Q 1.3 Q 0.0 Q 6.2 

Other broadleaved plants 
4 2: 5 6 0 120 0 
7 520 220 170 570 290 
8 380 I40 160 210 

O.C. L 10.3 Q 17.: Q 2.7 Q 1:: 

Other legumes 
4 0 0 0 0 0 IO 
7 6 7 145 300 210 460* 
8 0 0 

O.C. Q 2.: QO.0: Q 0.3: 
o** 

L 5.8 
Q 0.0 

Spanish clover 
4 3 IO 2 5 15 25 
7 35 170 75 70 60 270 
8 35 

52: 
120 5 25 

O.C. Q Q 0.2: 

*Control vs. fertilized significance level (I = 0. IO. 
**(I = 0.05. 
‘Linear(L) and quadratic(Q) orthogonal component (0.C) significance level (%). 

and fertilized range units (Table 2). 
Other broadleaved plants showed no consistent response to 

sulfur fertilizer and no differences in production among the 3 sites 
(Table 4). Sulfur fertilization appeared to reduce other broad- 
leaved plant production on rocky, brushy upland sites. Other 
legume plant production was significantly increased @<0.053) by 
fertilization on both upland sites. However, production was only 
significant in year 7 when 105 and 123% increases were observed on 
fertilized open and rocky, brushy uplands, respectively. 

Spanish clover is an important range legume for extending 
green-season forage, and 2 reports indicate that productivity 
increases after fertilization with sulfur (Westfall 1966, Green et al. 
1958). Production in this study was generally low all 3 years, and 
no consistent trends due to fertilization were observed. Maximum 
response occurred in year 7 on fertilized swale and rocky, brushy 
upland sites with increases of 140 and 210 kg/ha, respectively. 
Poor spring rainfall during years 4 and 7 may have contributed to 
low production. High rainfall in year 7 stimulated production of 
more abundant and taller species, which likely shaded-out this 
legume. 

Table 5 shows botanical composition based on weight for total 
grasses, forbs, and legumes on the 3 sites. The most dramatic 
changes in composition due to fertilization occurred on the rocky, 
brushy uplands, where grasses increased at the expense of forbs all 
3 years, and the proportion of legumes increased in the wet year (7). 
On the open uplands there was a decrease in grass composition on 
the fertilized pastures during initial fertilization in years 4 and 7, 
but there was a 5% increase in the following carry-over year. This 
increase was again at the expense of forbs. During year 7, legume 
production increased 12%, mainly because of the large increase in 
clovers (Table 4). 

Table 5. Proportion ($6) by weight of grasses, forbs, and legumes on 3 
range sites on fertilized and control pastures during years 4,7 and 8. 

Grasses Forbs Legumes 

Year Control Fertilized Control Fertilized Control Fertilized 

Swales 

4 82 86 15 I3 3 1 
7 51 52 15 26 34 22 
8 77 87 21 12 2 1 

Open Uplands 

4 82 80 17 16 1 4 
7 43 39 37 29 20 32 
8 80 85 16 12 4 3 

Rocky, Brushy Uplands 

4 56 68 43 26 I 6 
7 35 41 48 31 17 28 
8 74 86 24 I4 2 0 

Grasses in the swales increased by 10% in carry-over year 8, but 
otherwise they remained nearly the same on the control and fertil- 
ized pastures. In year 7, there was a 12%decrease in legumes and a 
11% increase in forbs. In year 8, forbs decreased by 99& nearly the 
same amount that grasses increased. 

Grass composition reported by Green et al. (1958) on the exper- 
imental range for sulfur fertilized ranges was only 28 and 31% in 
1950 and 72 and 64% in 1951, respectively, for fertilized and 
control pastures. Legume composition was 34 and 15% in 1950 and 
14 and 9% in 1951 on the respective pastures, whereas total forb 
composition was 38 and 53% in 1950 and 14 and 26% in 1951. 
However, weather conditions during these 2 years were quite 
unlike the conditions in the 3 years sampled during this study. 
During the 1949-50 growing season, 41 cm of rain fell with an even 
distribution in the spring. In the 195 1 growing season, 54 cm of rain 
fell, but 34 cm fell prior to January 1. 

Conclusions 

The 5 years total herbage production response that was mea- 
sured represented a variety of rainfall patterns and amounts. The 
results suggest that elemental sulfur fertilization on upland sites is 
of value if rainfall is adequate during the year of initial application. 
In years when rainfall during the warm spring months is below 
normal, as in years 1 and 4, the benefits of fertilizing appear to be 
small. 

Upland sites respond favorably to sulfur fertilization because 
these sites have shallower soils and nutrients are more limiting than 
in swales. Rocky, brushy uplands showed the largest positive 
response in total herbage production. These sites, however, vary in 
their accessibility for ground application because of shrub cover 
and rock outcrops, which may make aerial fertilizer application 
necessary. The open uplands are the most accessible areas to 
fertilize by ground rig, and they represent a valuable site for sulfur 
fertilization. 

Sulfur deficiency did not appear to be limiting total herbage 
production on swale sites where no appreciable increases in her- 
bage production were noted, even with above-average rainfall. 
Swale sites comprise only a small part of foothill rangeland but 
cost of fertilizing these sites while the uplands are being fertilized 
would be small. According to observations by Bentley and Green 
(1954) these sites are likely to benefit more from fertilization with 
single superphosphate. 

Overall, changes in botanical composition on the 3 range sites 
due to sulfur fertilization were favorable. Increases in soft chess 
and clover production on fertilized pastures improved both the 
quality and quantity of desirable forage, thus increasing the graz- 
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ing value of the upland sites. Ripgut brome is widely viewed as an 
undesirable forage species; however, its importance early in the 
growing season makes it an important forage for many foothill 
ranches. Increases in ripgut production on the fertilized pasture on 
the experimental range were substantial. No changes in filaree 
production were noted on the fertilized pastures. 

Response of California’s annual-type range to sulfur fertiliza- 
tion is complicated by variable range site responses and variable 
growing seasons, including minimum temperature restrictions and 
limitations due to timing and amount of precipitation. The wide 
range of responses of the 14 plant categories demonstrates this 
complexity. Therefore, conclusions as to the benefits of fertilizing 
these ranges with elemental sulfur must be considered with 
caution. 
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(4) Maintain records on seed and plant inventories and 
make shipments. 

(5) Make special seed harvests. 
(6) Identify plants. 
(7) Assist with tours. 

Note: The position exposes the employee to prolonged, 
high levels of allergens. 

Appointment: To begin March 15,1985 or as soon thereafter 
that a suitable applicant is found. 

Please note this is not a Federal General Services position. 
Salary levels start at $13,400 per year. 

Applications: Send resume, academic transcripts and three 
references. Include specific information on your writing and 
taxonomy skills, knowledgeof horticultural principles, patho- 
gens, insects, seed technology, vegetation analysis, and 
computers. Send to: Mr. Scott Robertson, Upper Colorado 
Environmental Plant Center, P.O. Box 448, Meeker, CO 
81641. 

GRADUATE RESEARCH ASSISTANTSHIP 

An assistantship is now available to study range monitoring 
orgrazing management. Send resumeand three references to: 

Dr. James A. Tiedeman 
Department of Forestry and Range Management 
Washington State University 
Pullman, WA 99164-6412 
Phone: (509) 335-2864 

Washington State University is an equal opportunity-affirm- 
ative action employer. 
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Germination, Forage Yield, and Seed Produc- 
tion of American Sloughgrass (Beckmannia 
syzigachne) 
A. BOE AND R. WYNIA 

Abstract 

Germination, forage yield, nnd seed production characteristics 
were studied in American sloughgrass (Bechunniu syziguche 
(Steud.) Fern.), a valuable wetland forage species in the northwest- 
ern and northcentral states. Germination of field-collected caryopses 
from northeastern Montana, stored at 7°C for 60 days post- 
harvest, was significantly (X0.05) higher under alternating temper- 
atures (7” C for 15 h and 21’ C for 9 h in each 24-h period) than at 
constant 21°C. Germination percentages greater than 60% were 
found for freshly harvested greenhouse-produced spikelets and 
caryopses after 14 days in complete darkness, and no significant 
differences were detected between complete darkness and 15 h 
dark/9 h light treatments under alternating temperatures. Green- 
house-produced caryopses were significantly heavier and exhibited 
significantly higher germination than caryopses from field collec- 
tions. A Montana field collection and a seed increase of that 
collection significantly (KO.05) outyielded a local South Dakota 
collection for both forage and seed at Brookings, South Dakota. 
Overall mean dry matter forage and mature seed yields were 2,700 
and 540 kg/ha, respectively. Forage yields at early-head of the seed 
increase population planted at 15, 18, and 21 kg/ha were not 
significantly different and had an overall mean of 5,090 kg/ha. 
These preliminary data indicate that the potential ofB. syziguche 
as a cultivated forage for cropland depressions in the Northern 
Great Plains does not appear to be limited by complex germination 
requirements, low forage yield, or weak seed production. 

American sloughgrass (Beckmanniu syziguchne (Steud.) Fern.) 
is the North American native of a bispecies genus that is wide- 
spread in the cooler parts of Eurasia and North America. B. 
syziguchne is present in marshes and along ditches throughout the 
northwest and northcentral states and is occasional in the North- 
east (Gould and Shaw 1983). It frequently colonizes denuded 
wetland soils resulting from mud flat exposure, livestock grazing, 
or tillage (Walker and Coupland 1968, Stewart and Kantrud 1971, 
Millar 1973, 1976). As early as 1896, Beal pointed out that B. 
syziguchne was a forage of some prominence west of the Missis- 
sippi River. It is palatable to livestock (Hitchcock 195 1, Stevens 
1963) and is frequently hayed or grazed (Clarke and Tisdale 1945). 
Forage nutritional data (Clarke and Tisdale 1945, National 
Academy of Science 1971) indicate it is high in protein and non- 
structural carbohydrates. Studies in the USSR (Komarov 1963) 
indicated that Beckmunniu eruczjbrmis (L.) Host. was similar to 
timothy in forage quality, gave satisfactory hay yields, good after- 
growth, and was tolerant of salinity. Several authors (Hitchcock 
1951, Moss 1959, and Koyama and Kawano 1964) have pointed 
out strong morphological similarities between B. syziguchne and 
B. erucforrnis, and Hulten (1968) considered them to be synonymous. 

Hoffman et al. (1980) reported low germination percentages for 
B. syziguchne, obtaining a high of 26% from disseminules that had 
overwintered dry and were tested under ambient April light and 
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temperatures at Vermillion, South Dakota. They also indicated 
that darkness inhibited germination. 

In a preliminary study, Boe and Evans (1981) reported intact 
spikelets and caryopses freed from spikelet bracts exhibited poor 
germination at room temperature and disappointing emergence in 
greenhouse plantings. However, they did observe up to 91% ger- 
mination in 15 days under an alternating temperature regime of 
7OC for 15 hours and 21’C for 9 hours. 

Our objectives were: (1) to investigate germination characteris- 
tics of B. syziguchne, and (2) to investigate forage yield and seed 
production potentials of B. syziguchne in field plantings near 
Brookings, S. Dak. 

Materials and Methods 

Germination Studies 
Spikelets were collected along a creek in northeastern Montana, 

near Outlook, in August 1979, 1980, and 1981 and along a pond 
near Brookings, S. Dak., in August 1982. Germination studies 
were conducted on spikelets and caryopses from Montana collec- 
tions and on spikelets and caryopses produced in the greenhouse 
from the 1979 and 1980 collections. A South Dakota Seed Blower 
was used to separate inert matter from spikelets containing 
caryopses. A rubber threshing board was employed to free 
caryopses from spikelet bracts. Spikelets and caryopses were con- 
sidered germinated when coleoptiles were visible. Analyses of var- 
iance were conducted on germination percentages transformed by 
the arcsine transformation (Sokal and Rohlf 1969). 

Experiment I: This experiment was initiated 28 April 1981. 
Spikelets and caryopses produced in the greenhouse in March 198 1 
and not previously exposed to a cold period were placed on blotters 
moistened with deionized water in germination trays. A factorial 
arrangement of treatments within a completely randomized design 
was employed. Half the germination trays were kept in darkness at 
7°C for 15 hours and were subsequently transferred to a laboratory 
bench facing a large north window from 0800 to 1700 hours each 
day. Temperatures in the laboratory were noted at 0800,1200, and 
1700 hours and averaged 2 1 f I’C. Ambient light entered through 
the window and no auxiliary lighting was employed. The remain- 
ing trays were double-wrapped with aluminum foil to occlude 
light, but subjected to the same temperature fluctuation. Two 
replications of 50 caryopses and 50 spikelets were used for each 
treatment. Germination was noted at 14 days. 

Experiment 2: This experiment was initiated 30 November 
198 1. Caryopses from the 198 1 field harvest, stored at 7OC since 
immediately after harvest, were placed in germination trays in a 
completely randomized design with a factorial arrangement of 4 
light and temperature treatment combinations. Temperature effects 
employed were: (I) the alternating regime of Experiment 1, and (2) 
constant 21°C. Light effects employed were the same regime as 
Experiment I. Unwrapped trays that were kept in the laboratory 
were covered with black plastic from 1700 to 0800 hours, while the 
unwrapped trays subjected to the alternating temperatures regime 
were kept in darkness at 7°C for the same period each day. Three 
replications of 100 caryopses/ treatment combination were used. 
Germination was noted at 14 and 21 days. 
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Experiment 3: This experiment was initiated 10 March 1982. 
Caryopses from 1979, 1980, and 1981 field collections, and 1980 
and 1981 greenhouse increases of 1979 and 1980 field collections, 
all stored at 7OC since immediately after harvest, were subjected to 
the temperature and light regime described in Experiment I (I 5 h 
dark/7’C and 9 h light/21°C ). Three replications of 100 caryop- 
ses/lot were used. Germination was noted at 14 and 21 days. 
Weights were determined for 2 random 50-caryopses samples from 
each lot. 

Forage Yield, Seed Production, and Field Germination Studies 

In November 1981 the initial forage yield trial (Trial 1) was 
planted on a Lamoure silty clay loam, nearly level [fine-silty, mixed 
(Calcareous), frigid Cumulic Haplaquolls] soil approximately 2.0 
km north of Brookings. Three different seeding rates (13, 18, and 
23 kg/ ha) of the 198 1 field-collected lot were planted in a random- 
ized complete block design. Planting was done with a Crow (30-cm 
row-spacing) belt seeder equipped with double-disc openers and 
depth bands. Individual plot size was 1.2 by 6.3 m. On 9 July 1982, 
2 replicates in Trial I were harvested for forage yield. Plants were in 
late-boot to early-flower stages. On 2 August 1982, the third repli- 
cate of Trial 1 was harvested for seed yield. 

In November 1982, 2 additional 3-replicate yield trials were 
planted near Brookings. Trial 2 was planted adjacent to Trail 1, 
and was comprised of 3 seed lots as follows: (I) 198 1 Montana field 
collection (MT81); (2) 1982 field collection from a pond near 
Brookings (BP82); and (3) 1982 seed increase at Brookings from 
the 1981 Montana field collection (SD82). Seeding rate was 18 
kg/ ha. Trial 3 was planted on a Vienna loam, nearly level [fine- 
loamy, mixed Udic Haploborolls] on the Agronomy Farm near the 
SDSU campus, and incorporated 3 different seeding rates (15, 18, 
and 21 kg/ ha) of the 1982 seed increase material (SD82). Planting 
method and plot size for Trials 2 and 3 were as described for Trial I. 
Trials 2 and 3 were hand-weeded once during June 1983. On I1 
July 1983, Trial 3 was harvested for forage yield. Plants were in 
late-boot to early head stages. Trial 2 was harvested on 3 August 
1983 for forage and mature seed yields. Forage moisture samples 
were taken from each plot at harvest time for later calculation of 
dry matter yields. Panicles were disarticulated by hand and fertile 
spikelets were separated from inert material with a South Dakota 
Seed Blower. Seed yields were determined based on total weight of 
fertile spikelets from each plot. 

In October 1983, six 6Ocm2 plots were randomly selected within 
the 2 middle border rows of Trial 3. The border rows had not been 
harvested for seed, and mature spikelets produced in those rows 
had disarticulated from the rachis in August. Within each of these 
plots, which were excavated to a depth of 2.0 cm, numbers of 
fall-germinated seedlings and nongerminated spikelets were deter- 
mined after the soil had been carefully removed in the laboratory 
by rinsing on a fine-mesh screen. 

Results and Discussion 

Germination Studies 
Experiment 1: Greenhouse-produced spikelets and caryopses 

previously stored at room temperature for 45 days post-harvest, 
when subjected to alternating temperatures and complete dark- 
ness, exhibited mean germination percentages comparable to those 
in uncovered trays (Table I), indicating darkness did not severely 
inhibit germination. 

Experiment 2: Caryopses subjected to the alternating tempera- 
ture regime achieved significantly higher (KO.05) germination 
percentages than those maintained at 21°C (Table I). Within each 
of the 2 temperature treatments, no difference was detected 
between trays kept in the dark and those exposed to ambient April 
light from 0800 to 1700 hours each day. Alternating temperatures 
have been shown to enhance germination of numerous range 
grasses (Toole 1940). However, McElgunn (1974) reported that 10 

Table 1. Effects of temperature, spikelet bract removal, and seed source on 
laboratory germination of American sloughgrass.* 

Treatment 
Days 

14 21 

Experiment I I 
Caryopses; 15 h dark/9 h light 
Caryopses; dark 
Intact spikelets; 15 h dark/9 h light 
Intact spikelets; dark 

Experiment 2 
Alternating temperature’; dark 
Alternating temperature; I5 h dark/9 h 

light 
Constant 2l’C; dark 
Constant 21°C; 15 h dark/9 h light 

Experiment 3* 
1980 greenhouse 
198 I greenhouse 
1979 field 
1980 field 
1981 field 

% 

61 a 
48 a 
42a 
65 a 

47 a - 

35 a 43 a 
Ib lb 
2h 3h 

96a 
91 a 
57 b 
60b 
70 b 

96a 
92 a 
60b 
62 b 
71 b 

*Mean in same column followed by a different letter are significantly different at the 
the 5% level. - indicates missing data. 
‘Temperatures employed were 7OC for 15 hand 21°C for 9 h in each 24 h period. 
‘Temperature and light treatments employed were 7’C in dark for IS h and 21°C in 
light for 9 h in each 24 h period. 

grass species averaged higher germination at constant 21°C than at 
7°C for 12 hours and 18’C for 12 hours. 

Experiment 3: The highest germination percentages were found 
for the greenhouse-produced lots (Table I). After 14days, the 1980 
and 198 I greenhouse-produced lots exhibited mean germination 
percentages of 96 and 91%, respectively. Greenhouse-produced 
caryopses were significantly (X0.05) heavier than caryopses from 
field collections. Mean 50caryopses weights were 16.8 and 13.2 mg 
for greenhouse-produced and field-collected lots, respectively. 
Higher germination percentages and faster germination rates for 
large compared to small seed have been reported for numerous 
range (Green and Hansen 1969) and pasture (Kneebone 1972) 
grasses. 

Forage Yield, Seed Production, and Field Germination Studies 
No significant differences in forage yield in 1982 were detected 

among the 3 planting rates in the 198 1 trial. The overall dry matter 
forage yield mean was 2,800 kg/ ha. The overall seed yield mean 
was 650 kg/ ha. 

Forage and seed yield data obtained in 1983 from the 2 1982 
yield trials are presented in Table 2. In Trial 2, significant differen- 

Table 2. Mean dry matter forage and seed yields in 1983 for two American 
sloughgrass yield trials planted at Brookings, SD in November 1982.’ 

Trial 2 Trial 3 

Seed source Forage yield Seed yield Seeding rate Forage yield 

-kg/ha- 
SD 82 3250 a 620 a 15 4330 a 
MT 81 2850 a 560a 18 5380 a 
BP 82 1990 b 440 b 21 5300 a 

*Means in rhe same column followed by different letter are significantly different at 
the 5% level. 

ces were found among seed sources for both forage and seed yields. 
Seed sources of Montana origin significantly (KO.05) outyielded 
the local field collection for both forage and seed. Mean forage 
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yields ranged from 3,250 to 1,990 kg/ ha for the 1982 seed increase 
of material collected in Montana in 1981 and the local collection, 
respectively. In Trial 3, no significant differences were detected 
among the 3 planting rates. Although initial emergence appeared 
to be positively associated with planting rate in Trial 3, failure to 
detect differences in forage yield among planting rates may be due 
to this species’ high tillering capacity. Overall dry matter yield 
means were 3,240 (forage plus seed) and 5,000 kg/ ha for Trials 2 
and 3, respectively. Differences in harvest time may partially 
explain these yield differences, since Trial 3 was harvested at 
early-head while Trial 2 was harvested at seed maturity when 
general vegetative deterioration was quite evident. Also, the high- 
est yielder in Trial 2 (SD 82) was the seed source for the planting 
rate study (Trial 3). 

Numbers of seedlings and nongerminated spikelets obtained in 
October 1983 from 6 sample plots within the border rows of the 
1982Trial3averaged 54,399.8 f6,248.0,and 65,985.4f 17,668.8/m*, 
respectively. Percent germination of spikelets (calculated as total 
number of seedlings/(total number of seedlings + total number of 
nongerminated spikelets obtained from the 6 plots)) was 45%. This 
percentage was determined from spikelet numbers and was not 
adjusted to represent only those spikelets that contained caryopses. 
Since 100% caryopses set in field-grown spikelets seems unlikely, 
field germination percentage calculated for caryopses may be 
expected to be somewhat higher. However, Boe and Evans (198 I) 
reported 100% self-fertility and caryopses set in inflorescences of 
greenhouse-grown plants. 

Conclusions 

The potential forage values of many native species are unreal- 
ized. However, several factors that may limit the number of natives 
that can be profitably incorporated into cultivated forage systems 
are: (1) complex germination requirements that inhibit rapid and 
uniform germination, (2) low forage yield potential, and (3) poor 
seed production. This preliminary research was aimed at determin- 
ing if any of these factors were characteristic of B. syziguchne, a 
native species recognized as a valuable component of wetland 
forage. 

We observed 45% germination in the field in October for spi- 
kelets that had matured and disarticulated in the summer, and up 
to 96% germination for freshly harvested caryopses under alternat- 
ing temperatures in the laboratory. These data indicated a lack of 
complex seed dormancy characteristics in the germplasm studied. 
Nonrestrictive germination requirements and prolific seed produc- 
tion capabilities may be important characteristics associated with 
this species’ ability to rapidly colonize exposed mudflats and dis- 
turbed wetlands. Dix and Smeins (1967) reported that B. syzi- 
guchne was commonly found in cropland depressions in eastern 
North Dakota. The seed unit that disarticulates from the rachis at 
maturity is a firm, glabrous, free-flowing spikelet that presents no 
difficulties for conventional planting equipment. 

Forage and seed yields under dryland conditions at 2 locations 
were similar to long-term averages for smooth bromegrass (Bro- 
MUS inermis Leyss) in the same area (Ross and Krueger 1976). This 
indicated that high yielding stands of B. syziguchne could be suc- 
cessfully established from dormant plantings made after freeze- 
UP. 

In the Northern Great Plains, there is a need for more efficient 
utilization of seasonal wetlands where cropping with cereal or row 
crops is unpredictable due to high spring-time moisture levels, and 
where dense sod-forming perennial grasses, such as reed canary- 
grass (Phaluris urundinuceu L.) and creeping foxtail (Alopecurus 
urundinuceus Poir.), are not desired. These data indicate that B. 
syziguchne S potential for utilization as a pasture or hay crop does 
not appear to be limited by complex germination requirements, 
low forage yield potential, or poor seed production. At this point, 
more extensive ecotype collection and evaluation for forage yield 
and quality and adaptability to short-term forage production in 
seasonal wetlands seems warranted. 
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Germination Response of Greasewood (Sar- 
cobatus vermiculatus) to Temperature, Water 
Potential and Specific T ions 
JAMES T. ROM0 AND LEE E. EDDLEMAN 

Abstract 

Seeds of greasewood (Surcobotus vermiculatus (Hook.) Torr.) 
were germinated at 50 to 400 C in 5-degree increments to determine 
temperature response. Seeds were also germinated in solutions of 
polyethylene glycol 6,000 (PEG), NaCI, and NarSO4, each at 
osmotic potentials of 0 to -4.2 MPa in -0.3 MPa decrements at 10, 
20 and 30” C to determine moisture stress, specific ion, and 
temperature interaction. Germination was high at all tempera- 
tures, 5’ C through 25” C being optimal. A direct linear relation- 
ship existed between total germination and osmotic potential of 
each solution at each temperature. Mean germhration at 30” C was 
significantly different for each osmotica with NaCl highest and 
PEG lowest. Mean germination at 10” C and 20” was not different 
within osmotica; however, total germination was significantly 
lower in PEG than in NaCl and NaeS04, indicating the difference 
between macromolecular PEG and ions (Na’, Cl- and Sod=). Sig- 
nificant difference was observed in the coefficient of rate of germi- 
nation between ions of Cl- and SOa=, with SO4 = being more 
stressful. 

Greasewood (Sarcobatus vermiculatus (Hook.) Torr.), a halo- 
phytic shrub, is widely distributed on medium to heavy textured 
saline or saline-alkali soils in the western United States. Grease- 
wood is perhaps best known for its toxicity to livestock, and 
communities in which it dominates have been viewed as having low 
economic value and being difficult to reclaim (Rollins et al. 1968). 
As a forage plant, however, it can be fairly palatable and nonpoi- 
sonous in mixtures with other forage plants. We observed a high 
percentage of individual plants grazed by cattle in native communi- 
ties in southeastern Montana. 

Greasewood is classified as a phreatophyte, rooting nearly 13 
meters deep (Harr and Price 1972); and as an osmophyte, possibly 
utilizing ions concentrated in leaves (as much as 9.5% sodium by 
dry weight) for osmoregulation (Rickard 1982). Adult plants are 
known to concentrate certain ions, particularly sodium salts, 
beneath the canopy. Rickard (1965) found exchangeable sodium as 
high as 7.3 meq/ 100 gin surface soils under greasewood plants. We 
observed many greasewood seedlings beneath adult plants. Ger- 
mination apparently took place in what may have been a very 
stressful environment. Although mature plants tolerate considera- 
ble soil salt, germinating seeds are likely much less tolerant. Seeds 
germinating in salt-affected soils may be responding to dissolved 
salt concentration, as well as to particular salts or ions involved. 
Additionally, temperature may interact with salinity, producing a 
significant but highly variable environmental sieve. 

The mechanism by which seeds of greasewood compensate and 
are thereby able to germinate in salt-affected soils is unknown. The 
mechanism may be external to the seed, such as a dilution effect by 
rainfall or flooding; it may be internal osmoregulation as postu- 
lated for adult plants; or it may be a combination of the two plus 
other environmental factors. We examined germination response 
to temperature, as well as salt concentrations and moisture stress in 

combinations with three temperatures to ascertain the overall 
effect of salt concentration, specific ions, and their temperature 
interaction. 

Materials and Methods 

Seeds of greasewood (utricles) were collected approximately 18 
km west of Hardin, Mont., in November 1978. The collection area 
is a dense-clay-clayey-saline upland range site at an elevation of 
1,100 m in a 30 to 36-cm annual precipitation zone. Dominant 
species on the site are greasewood, Wyoming big sagebrush (Arte- 
misia tridentata wyomingensis), and western wheatgrass (Agro- 
pyron smithii). Seeds were transported to the laboratory, dried at 
room temperature, cleaned, and stored. A seedblower was used to 
remove empty seeds and provide uniform seed weight. 

Germination trials were conducted using dewinged utricles in 
early 1980. Prior to incubation, utricles were dusted with N- 
[(trichloromethyl)-thio]+cyclohexene-I ,2dicarboximide to con- 
trol fungi. In all experiments incubation was at constant tempera- 
tures without light. Germination was recorded at 2day intervals 
through 12 days and at 6-day intervals thereafter through 30 days. 
Seeds were considered germinated when embryos were completely 
uncoiled and cotyledons reflexed. 

Germination response to temperature was evaluated at 5degree 
increments from 5 through 40’ C. Seeds were placed in covered 
petri dishes on a S-cm square of germination paper and 30 ml of 
distilled water added, which saturated the paper. During incuba- 
tion distilled water was added to maintain the germination paper 
near saturation. Experimental design was a randomized block with 
4 replicates of 25 seeds each. 

The combined effect of temperature and osmotic potential on 
germination was evaluated at constant temneratures of 10.20. and 
50’ C using solutions of polyethylene glycol6,OOO (PEG),‘sodium 
chloride (NaCl) and sodium sulfate fNa&Odl. Osmotic notentials 
of PEG and NaCl were prepared as describedby Michel and Kauf- 
man (1973) and Lang (1967) respectively. Concentration-osmotic 
potential relationships of NaaS04 were determined with a sample 
chamber psychrometer. Osmoticas were prepared for each tempera- 
ture in -0.3 MPa decrements to -4.2 MPa. Distilled water was used 
as control. Petri dishes were prepared as described above and 30 ml 
of osmotic solution was added. Covered petri dishes were placed 
on trays on a water-saturated layer of germination paper, and the 
trays were further enclosed and sealed in plastic sacks. Treatments 
were factorially applied to 5 replicates of 25 seeds each arranged in 
a randomized block design. 

Seed viability was ascertained by imbibing seeds 48 hours at loo 
C, puncturing the pericarp, applying a 0.1% tetrazolium solution, 
and evaluating at 8 and 12 hours. Data reported herein is corrected 
for seed viability as determined by this procedure. 

Germination rate (CRG) (Maguire 1962) and germination per- 
centage were evaluated with analysis of variance. All percentage 
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values were subjected to arcsin ( fi ) transformation prior to 
statistical analysis. Untransformed data are reported herein. Mean 
responses to temperature were segregated with Tukey’s W-procedure, 
and regression analysis was used to characterize germination 
response in osmotic solutions (Steele and Torrie 1980). All tests 
were made at the 0.05 probability level. 

Results 
Viability 

Although greasewood utricles with apparently normally deve- 
loped embryos were used in germination trials, maximum germi- 
nation attained was 62%. Subsequent tetrazolium tests indicated 
64% (s.e. 1.9) embryo viability. We also imbibed seeds with dis- 
tilled water and examined embryos for evidence of viability. Rapid 
and accurate determination of greasewood seed viability was 
attained by examining radicle tips of imbibed embryos. The radicle 
tip, l-l.5 mm, of nonviable embryos were consistently brown, 
whereas they were light colored in viable embryos. 

Temperature 
Total germination was highest between 5 and 25” C (Table 1) 

and seeds germinated most rapidly (CRC) in the mid-range 
temperatures of 15,20, and 25” C. Over the 5 to 40° C temperature 
range, 50% of final germination was at day two and germination 
was 93% complete by the tenth day. 

Even though seeds germinated well at all temperatures, seedling 
vigor was poor at warm temperatures. Temperatures above 25“ C 
resulted in imperceptible hypocotyl and radicle growth and seed- 
lings were limp and decomposing 1 to 2 days after germinating. At 
cooler temperatures (10-25” C), hypocotyl and radicle elongation 
was substantial, root hairs were abundant, and seedlings were 
turgid and erect. Although seedling elongation appeared limited at 
5O C, seedlings were turgid and root hairs were well developed. 

Osmotic Potential and Temperature 
Total germination percentage was directly related to osmotic 

potential of each osmotica at all temperatures (Fig. l-3). When 
incubated at NaCl solutions at 10 and 20” C, seeds actually germi- 
nated to -3.6 MPa osmotic potential, while at 30” C seeds germi- 
nated to -3.0 MPa. Germination in NazS04 solutions occurred 
when the osmotic potential was -2.4 MPa or greater. 

Seeds germinated in PEG solutions with osmotic potentials 
higher than -2.7 MPa at all temperatures. Total germination in 
PEG solutions was not significantly different at 10” and 20’ C, 
while germination was lower at 30’ C (Fig. 3). As temperature 
increased, regression slope coefficients decreased. Increasing temper- 
ature may thus function as a finer sieve and eliminate low-vigor 
seeds or secondary dormancy may be induced in a portion of the 
seed population by osmotic or temperature stress. However, in our 
work seeds that did not germinate at 30’ C were rapidly infected 
and destroyed by fungi. 

Germination was significantly higher over a wider range of 
osmotic potentials in NaCl and Na2S04 than PEG. Within temper- 
atures, relationships between total germination and osmotic 
potential were not dissimilar between NaCl and Na2SO4 (Figures 1 
and 2). Although regression slope coefficients at lo,20 and 30” C 
did not change, maximum germination (y intercept) was lower at 
3o” c. 

100. 
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: .- + 
0 

-i 50, 

f 
+ 
: 
2 
d 25 

10°C y=96.5 t 23x r2 = 76 
a a 

20% y=q.I + 2;” r2 * .69 

30-z y=59.8 + 19x r2 = .63 
a 

Osmotic Potential (MPa) 

Fig. 1. Greasewoodgermination response to osmotic potential of sodium 
chloride solutions at IO, 20 and 30” C. Similar letters below coefficients 
indicate nonsignificant differences. P q  .05. 

IOT y-93.4 t 22x r2= .78 
a a 

2D*C y=87.2 + 2,2x r2 = .78 
a 

3OT y=56.0 t 22x r2=72 
a 

I I I I I I I 

-.6 -1.2 -1.8 
I I I,, , , 

-2.4 -3.0 -3.6 -4.2 

Osmotic Potential IMPa) 

Fig. 2. Greasewoodgermination response to osmoticpotential of sodium 
sulfate solutions at 10, 20, and 300 C. Similar letters below coefficients 
indicate nonsignificant differences. P = .05. 

Table 1. The effect of temperature on total germination percent and coefficient of rate of germination (CRG) of viable greasewood seeds. 

Temaerature c 
Parameter 5 10 I5 20 25 30 35 40 

Germination % 80. lab 97.7a 91.3a 76.9abc 93.Oa 60.9bcd 64.Ibcd 53.Od’ 
CRG 3.ld 4.2bcd 5.4ab 5.2abc 6.5a 3.4d 4.4bcd 3.5d 

‘Means followed by the same letter within each parameter are not significantly different at the .05 probability level. 
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Fig. 3. Greasewoodgermination response to osmoticpotentialofpolyeth- greasewood in various osmoticas at 2W’ C. 

ylene glycol6.000 solutions at IO, 20 and 30” C. Similar letters below 
coefjicients indicate nonsignificant differences. P = .05. 

at 30” C. Mean days to 50% of final germination across all osmot- 
ica and osmotic potentials were 3.5 davs at 30” C, 5.8 days at 20° C 

Coefficient of rate of germination (CRG) has a positive linear and 7.1 days at iO” C. By the twelfth day germination was essen- 
relationship to osmotic potential of each osmotica (Figures 4-6). tially complete in all osmoticas and temperatures. Mean percent of 
Seeds germinated most rapidly when incubated in NaCiand slovv- 
est in PEG. Differences were significant at 10” and 20” C, but not 

r6 

Fig. 4. Coefficient of rate of germination (CRG) response surface of Fig. 6. Coefficient of rate of germination (CRG) response surface 
greasewood in various osmoticas at lt_F C. greasewood in various osmoticas at 30” C. 
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total germination completed by day 12 at 10, 20, and 30’ C were 
85%, 86%, and 96%, respectively. Thus, although CRG was 
reduced by declining osmotic potential and temperature, grease- 
wood seeds that germinated did so quite rapidly. 

Discussion 
Seed germination in greasewood from southeastern Montana 

appears to be opportunistic since most seeds germinate over a 
broad range of temperature and osmotic potentials. Optimal 
temperatures for germination appear to be in the 10 to 20’ C range 
when total germination, germination rate, stress response, and 
seedling vigor are considered. This is consistent with findings of 
Eddleman (1979) and Sabo et al. (1979). 

This southeastern Montana source germinated over a broader 
range of temperatures than the New Mexico source of Sabo and 
coworkers (1979). Their seeds did not germinate at constant 
temperatures above 29” C, while we found 53% germination at 40’ 
C. Conversely, they obtained higher germination at lower water 
potentials-80% at -1.6 MPa using PEG 4,000, while germination 
had dropped below 80% at -0.9 MPa for our source using PEG 
6,000. 

Optimal temperatures tend to reduce adverse effects of moisture 
or salt stress on germination (Springfield 1968 and Tadmor et al. 
1969). In this experiment 10 and 20” C markedly influenced total 
germination and seedling vigor as compared to 30” C. Therefore, 
optimal temperatures appear to partially compensate for salt and 
moisture stress. 

Promotion of germination by NaCl and Na$SOa over PEG 6,000 
at equal water potentials occurred consistently at lower water 
potentials. Presence of these salts in solution also resulted in ger- 
mination at much lower water potentials. This phenomenon has 
been reported for steppe species (Ghoudhuri 1968) and for several 
wild safflower (Curfhamnus oxycunthu) ecotypes (Bassiri et al. 
1977). 

Greasewood plants are known accumulators of high concentra- 
tions of sodium (Rickard 1965, Wallace et al. 1973) which is 
presumably used for osmoregulation. Germinating embryos may 
function similarly by utilizing sodium sequestered in tissues or by 
concentrating sodium through uptake from solution to establish a 
water potential gradient favorable for germination. Actual deter- 
mination of water and osmotic potential in seeds germinated under 
experimental conditions would resolve which mechanism is oper- 
ating. In future research, this point should be clarified. 

A short after-ripening period is necessary before greasewood 
seeds exhibit significant germination at temperatures of 4 to loo C 
(Eddleman 1979); however, by spring of the year following seed 
production, these same cool temperatures are optimal forgermina- 
tion. This adaptation likely coincides with flushes of fresh water 
which would dilute salts concentrated in surface soil. We postulate 
that adaptations for germination at cool to cold temperatures and 
in high salt concentrations act in concert with a dilution effect of 
spring rainfall to produce successful regeneration of greasewood. 
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Discing and Seeding Effects on Sod Bound 
Mixed Prairie 
M. HART, S.S. WALLER, S.R. LOWRY, AND R.N. GATES 

Abstract 

A silty range site (720 mm average annual precipitation) in the 
Mixed Prairie of south-central Nebraska dominated by Kentucky 
bluegrass (Pm pratensis L.), blue grama [Bouteloua gracilis 
(H.B.K.) Lag.], western wheatgrass (Agropyron smit/di Rydb.), 
and buffalograss [Buchole dactyloides (Nutt.) Englem.] was pro- 
tected from grazing, disced, seeded and/or treated with glyphosate 
to increase tall and midgrasses. Discing did not stimulate western 
wheatgrass yield or cover. After 2 growing seasons, yields and 
cover were simihtr on untreated and disced areas. However, species 
composition data indicated a treatment X year interaction between 
the second and third growing season for proportion of warm- 
season shortgrass sod to dominant cool-season vegetation. Warm- 
season shortgrasses increased on the disced area and decreased on 
the control during that period. Lo-till sod-seeding using glyphosate 
[N-(phosphonomethyl glycine)] as a sod suppressant provided 
rapid establishment of desirable warm-season grasses: big blue- 
stem (A ndropogon gerardii Vitman), indiangrass [Sorghastrum 
nutans (L.) Nash], switchgrass (Panicum vh-gatum L.) and sideoats 
grama [Bouteloua curt&endula (Michx.) Torr.]. 

Seeding with a rangeland drill into a disced area or an area 
disced and then sprayed with glyphosate resulted in slower stand 
establishment compared to sod seeding. All seeding treatments had 
similar stand frequency during the third growing season and sim- 
ilar yield at the end of the fourth growing season. All seeding 
methods provided adequate stands. 

The Loess Hills of south-central Nebraska are dominated by a 
warm-season shortgrass community consisting of blue grama 
[Boureloua grucilis (H.B.K.) Lag.] and buffalograss [Buchloe due- 
tyloides (Nutt.) Engelm.]. Cool-season codominants include Ken- 
tucky bluegrass (Poapratensis L.) and western wheatgrass (Agro- 
pyron smithii Rydb.). This shortgrass community is generally 
considered a disclimax caused by long-term, excessive grazing 
pressure; the climax vegetation is Mixed Prairie dominated by big 
bluestem (Andropogon gerardii Vitman) (Nicholson and Hulett 
1969). 

Remnants of desirable vegetation gain vigor and increase when 
competition from short grasses is reduced or removed. Disc plow- 
ing in eastern Wyoming increased production 100% where rem- 
nant midgrasses existed (Thatcher 1966). When disced areas were 
protected, from grazing, midgrasses became dominant. Similar 
areas, protected from grazing but not disced, produced no change 
in relative species composition after 5 years. Western wheatgrass 
increased on areas either disced or disced and spring tooth har- 
rowed in an ungrazed Montana Mixed Prairie (Heady 1952). 
However, listing a shortgrass range in Texas removed or covered 
approximately 90% of the existing sod and production did not 
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increase during a 5-year period (Dudley and Hudspeth 1964). 
Natural revegetation following mechanical disturbance occurs 

quickly on grassland that has well-distributed rhizomatous or 
stoloniferous species. Western wheatgrass was usually the first 
midgrass to respond (Barnes 1950; Barnes et al. 1958; Ryerson et 
al. 1970, Rauzi 1974,1975; Houston 1971; Heady 1952; Rauziet al. 
1962). Nichols (1969) reported that rhizomes of western wheatgrass 
plants spread several meters in I favorable growing season, and 
recolonized bare areas. Changes in species composition are rela- 
tively slow but stimulation of vegetation vigor is much faster. 
Annuals are common the first and second year after soil distur- 
bance but are quickly replaced by perennial grasses (Rauzi 1974, 
1975; Barnes et al. 1958; Dudley and Hudspeth 1964; Brown and 
Everson 1952). Vegetation responses have been attributed to an 
increase in available soil moisture (Rauzi et al. 1962, Rauzi and 
Lang 1956, Barnes 1950, Barnes et al. 1958). However, the increase 
of available nutrients resulting from the disturbance of the soil and 
sod is also important in explaining vegetation response (Ryerson et 
al. 1970, Rauzi 1975). 

Remnants of desirable climax species may be very sparse or 
absent from the plant community. Seeding can be an effective way 
of revegetating depleted rangelands with desirable plants. Power- 
tillage seeders seed into established vegetation with minimal dis- 
turbance. Plant competition can be reduced with herbicides (Sam- 
son and Moser 1982). The use of selective herbicides maintains 
adequate species diversity of the existing vegetation without des- 
troying the existing ground cover. 

The objectives of this study were to determine the inherent 
capacity of deteriorated Mixed Prairie to increase the relative 
abundance of (I) existing desirable, native species following a 
grazing rest and/ or mechanical disturbance and () seeded desira- 
ble, native species with grazing rest and mechanical and chemical 
treatments. 

Study Area 

The study area was in Nuckolls County, located in south central 
Nebraska on the Loess Plains (Pollock and Davis 1978). Native 
range in this area is restricted to scattered pastures of several 
hundred hectares or less. The climate of the area is typically contin- 
ental with temperatures ranging from 38” C in the summer to -18O 
C in winter. The average growing season is 145 to 165 frost-free 
days per year or about May 1 to October 8. Normally, more than 
75% of the average annual precipitation (720 mm) falls during the 
growing season. 

The May-September growing season precipitation of 1979 (373 
mm) was 80% of normal (471 mm) as measured at Nelson, Neb., 
approximately I6 km from the study area. May precipitation (47 
mm) was 50% of normal. The October l979-May 1980 cool- 
season precipitation (445 mm) for the 1980 vegetative year was 40% 
higher than normal while the summer 1980 (June-September) was 
48% lower. Cool-season precipitation was I8 and 68% higher than 
normal in 1981 (374 mm) and 1982 (530 mm), respectively, while 
summer precipitation was slightly lower than normal both years 
(344 mm and 332 mm, respectively). 

Topographic features are dominated by nearly level to steeply 
rolling upland plains, with smooth broad valleys (Pollock and 
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Davis 1978). The study area soil is classified as Hastings silt loam 
(fine to montmorillonitic, mesic, Udic Argiustoll) with 1 to 3% 
slope and is well drained with moderate permeability and good 
water holding capacity. The range site is classified as silty. 

The vegetation type is Mixed Prairie (Bose 1977); however, the 
study area was typical of an overgrazed pasture in southern 
Nebraska. Western wheatgrass and Kentucky bluegrass were the 
common cool-season grasses. Blue grama and buffalograss were 
the most abundant warm-season grasses. Less abundant grasses 
were smooth brome (Bromus inermis Leyss.), sand dropseed [S’o- 
robolus cryptandrus (Torr.) Gray], tall dropseed [Sporobolus 
asper (Michx.) Kunth], downy brome (Bromus tectorum L.), Wil- 
cox’s dichanthelium [Dichanthelium oligosanthes (Schult.) Gould 
var. wilcoxianum (Vasey) Gould and Clark], Scribner’s dichanthe- 
lium [Dichanthelium oligosanthes (Schult.) Gould var. Scribneri- 
unum (Nash) Gould.] Various species of sedges (Carex sp.) were 
observed throughout. Common forbs were upright prairie cone- 
flower [Ratibida columnifera (Nutt.) Woot. and Standl.], snow- 
on-the-mountain (Euphorbia marginanata) Pursh), purple poppy- 
mallow [Callirhoe involucrata (Torr. and Gray) Gray], verbena 
(Verbena sp.) and western ragweed (Ambrosiapsilostachya DC.). 

Materials and Methods 

Plots were arranged in a randomized complete block with 4 
replications. Slope was the blocking criterion. Each plot was 23 X 
11 m and was separated from adjoining plots by a 3-m untreated 
strip. The area was fenced to exclude grazing. 

Discing 
One plot in each block was disced 1 May 1979, using a 6-m disc. 

Plots were disced once at a depth of 8- 10 cm. The estimated ground 
cover disturbance was 30%. 

Cover was determined in late May of 1979,1980, and 1981 using 
an inclined IO-point frame. Only green plant bases in contact with a 
point were considered vegetation hits. All other hits were classified 
as ground cover (litter) or bare ground. 

Plots were hand-clipped at ground level in May, July, and 
October, 1979 and 1980 to determine total standing biomass. Four 
quadrats, 30 X 60 cm, were clipped within each plot. Material was 
separated into green biomass by species, standing dead or litter. 
Forage was oven-dried at 70° C for 48 hours and weighed. Total 
herbage yield was the sum of all above-ground, green vegetation. 

Results for each year were subjected to analysis of variance. A 
multivariate analysis of variance using Wilks’ A was used to deter- 
mine treatment X time interactions for cover (Stroup and Stub- 
bendieck 1983). 

Seeding 
Discing and Rangeland Drill 

Plots were disced once on 1 May 1979 with a 6-m tandem disc to 
a depth of 8 to 10 cm. Plots were seeded the same day using a John 
Deere Rangeland Drill’. The seed mixture (30 PLS/O.I m) con- 

‘Mention of product names in this paper does not constitute a recommendation by the 
Nebraska Agricultural Experiment Station. 

sisted of ‘Kaw’big bluestem (25%), ‘Aldous’little bluestem [Schiz- 
achrium scoparium (Michx.) Nash] (300/o), ‘Osage indiangrass 
[Sorghastrum nutans (L.) Nash] (IO%), ‘Blackwell’ switchgrass 
(Panicum virgatum L.) (lo%), and ‘El Reno’ sideoats grama 
[Bouleloua curtipendula (Michx.) Torr.] (25%). 

Discing, Glyphosate, and Rangeland Drill 
Plots were disced on 1 May 1979 and sprayed with glyphosate 

(iV-phosphonomethyl glycine) (1.1 kg a.i./ha) 7 May 1979. The 
herbicide was applied at the volume of 374 l/ha. The reduction of 
standing green biomass was about 90% 10 days following spraying. 
These plots were seeded 12 May 1979 with a John Deere Range- 
land Drill using the seeding mixture previously described. 

Herbicide and Lo- Till Sod Seeding 
Glyphosate (1.1 kg a.i./ ha) was applied to undisturbed plots on 7 

May 1979. Leaf length of the dominant cool-season grasses was 10 
to 15 cm whereas that of warm-season grasses was less than 2 cm. 
Plant growth suppression was estimated to be 60 to 70%. A modi- 
fied John Deere Powr-till Seeder was used 12 May 1979 to sod seed 
the plots. The power driven (PTO) cutter wheels in front of each 
seed boot opened l-cm wide trenches, l-2 cm deep. A soil flap was 
attached behind the cutter wheels to increase the amount of soil 
that fell back onto the seed. Spring-loaded press wheels firmed the 
soil around the seed insuring uniform seed placement and good 
seed-to-soil contact, Disturbance of the soil was minimal. Rows 
were on 18cm centers. The seed mixture (30 PLS/O.l m*), con- 
sisted of ‘Kaw’ big bluestem (35%), ‘Nebraska 54’ indiangrass 
(15%), ‘Blackwell’switchgrass (15%), and ‘El Reno’sideoats grama 
(35%). Big bluestem and indiangrass had to be hand rubbed to 
remove seed pubescence in order for the seed to be properly fed 
through the seeding tubes of the Power-till seeder. 

Frequency of occurrence (%) was used to evaluate seedling 
establishment. Frequency was determined using 160 frames (30 X 
30 cm) located randomly within each plot during August 1980 and 
July 1981. Total above-ground standing crop (kg/ ha) was also 
determined in September 1982 to document the success of stand 
establishment. Yield was determined from 5 randomly located 
quadrats (0.2 m*) within each seeded and untreated plot. Pre- 
planned, orthogonal contrasts were used to delineate treatment 
responses for both yield and seedling frequency (Steel and Torrie 
1960). 

All plots were shredded in March 1980. Fall grazing was permit- 
ted in 1980 and in 1981. Utilization of the standing dead material 
was about 70% each fall. 

Results and Discussion 

Discing 
Cover 

Vegetation cover of the control in 1979 was dominated by Ken- 
tucky bluegrass and blue grama (Table 1). Discing reduced total 
vegetation and ground cover over 50% while bare ground increased. 

By May 1980 (1 year following treatment), cool-, warm-season, 

Table 1. Cover ( j; f SD, I) characterized by vegetation, ground cover and bare ground for unixeated and disced areas determined in late May. Vegetation 
cover was partitioned into selected cool-season (western wheatgrass and Kentucky bluegrass) and warm-season grasses (blue grama and buffalograss). 

Species/ Category 

Vegetation 
Western wheatgrass 
Kentucky bluegrass 
Buffalograss 
Blue grama 

Ground cover (litter) 
Bare ground 

I979 1980 1981 
Control Disced Control Disced Control Disced 

26.4 f 0.8 12.0 f 0.6 31.2 f 4.5 17.4 f 1.7 14.8 f 3.6 Il.1 f 3.3 
2.5 f 1.3 1.4 f 0.9 3.8 f 1.1 1.7 f 0.9 2.0 f 0.7 0.4 f 0.4 
6.8 f 2.0 5.4 f 1.1 10.0 f I.9 6.6f3.1 5.6 f 0.9 4.3 f 0.3 
1.2 f I.0 0.6 f 0.8 3.2 f 2.4 0.7 f 0.4 0.4 f 0.3 0.9 f 0.3 
7.2 f 4.6 2.2 f 0.9 10.3 f 6.5 3.2 f 1.5 3.2 f 2.0 2.2 f I.7 

64.4 f 2.1 33.0 f 1.3 63.1 f 4.3 45.3 f 2.7 81.3 f 3.5 71.2 f 2.8 
9.2 f 2.5 55.0 f 1.3 5.6 f 1.2 37.4 f 2.1 3.9 f 0.5 17.6 f 4.9 
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and total vegetation cover tended to increase on untreated areas 
while bare ground was reduced (Table I). Similar trends occurred 
in the disced area between 1979 and 1980; however, increases in 
litter reduced bare ground rather than large changes in vegetation. 
Generally, untreated areas had more vegetation cover than disced 
areas. There was no significant treatment X year interaction 
between 1979 and 1980 for the proportion of western wheatgrass to 
Kentucky bluegrass, (P = .28) buffalograss to blue grama (P= .50) 
or warm- to cool-season components (P q .3 1). 

Cool-, warm-season, and total vegetation cover declined from 
1980 to 1981 on the untreated area (Table I). This same trend 
occurred on the disced areas indicating response to climatic varia- 
bles as well as build up in litter on both areas. Bare ground 
decreased on both areas from 1980 to 1981. Both untreated and 
disced were similar in vegetation cover while litter was higher on 
control and bare ground greater on disced areas. There was no 
treatment X year interaction on the proportion of western wheat- 
grass to Kentucky bluegrass (p.27) or buffalograss to blue grama 
(p.28); however, there was a treatment X year interaction for the 
proportion of warm- to cool-season vegetation (P<.Ol). 

During the period between treatment (1979)and May I98 1 there 
was no treatment X year interaction for the proportion of western 
wheatgrass to Kentucky bluegrass (P q .51) buffalograss to blue 
grama (P= .33) or the relationship of all 4 species (P= .48). There 
was a treatment X year interaction for the relationship of warm to 
cool-season vegetation (P = .08) resulting from an increase in the 
proportion of warm-season vegetation cover on disced areas and a 
decrease on untreated areas between 1980 to 198 1. 

During the first growing season, forb increases were conspicu- 
ous on the disced plots. Annual sunflowers (Helianthus annus L.), 
snow-on-the-mountain, and western ragweed were the major spe- 
cies. Although weed control would be desirable, it was not applied 
during the growing season. The standing dead was shredded the 
following spring. Perennial forbs remained prevalent during the 
second growing season. 

Forage Yield 
Discing reduced forage yield of warm-season, cool-season, and 

total vegetation compared to untreated areas 3 weeks after discing 
(Fig. I). Decreases in western wheatgrass and blue grama account- 
ed for the major losses in forage yield. Total forage yield on disced 
areas was only 35% of the untreated areas. 

Cool- and warm-season grass yields remained lower on the 
disced areas in July than on the untreated areas (Fig. I). However, 
total vegetation was not different on untreated and disced areas at 
this time, primarily due to increased production of annual forbs 
(660 kg/ ha) on the disced plots. 

By the end of September there was no difference in production of 
dominant cool-season species or total vegetation in untreated and 

1979 

i es0 

MAY JULY SEPT. 

Fig. 1. Effect of discing (0) on the green biomass yield of selected species 
and total vegetation at 3 harvest dates the year of treatment (1979) and 
the year following compared to untreated areas (U). Treatments are 
compared using an F test (P>F). 

disced areas (Fig. I). There was a trend, although nonsignificant, of 
reduced yield of the dominant warm-season species. Cool-season 
species were more resistant to discing than warm-season and/or 

Table 2. Effect of seeding treatment on seeded species and stand frequency (%). Treatment comparisons are made using orthogonal contrasts. 

Species/category 

1980 1981 

Treatment Means Contrast (P>F) Treatment Means Contrast (P>F) 
Disc-drill Disc-drill Sod-seed Disc-drill Disc-drill Disc-drill Disc-drill Sod-seed Disc-drill Disc-drill 

wlo w/herbicide w/o VS. w/o w/herbicide W/O herbicides vs. 
herbicide herbicide Sod-seed herbicide vs. Sod-seed 

Disc-drill Disc-drill 
w/herbicide wi herbicide 

Big bluestem 
Indiangrass 
Little bluestem 
Switchgrass 
Sideoats grama 
Stand2 

‘Not included in seeding mixture 
*Any seeded species. 

9 18 30 .03 .Ol 11 16 28 .03 <.Ol 
8 11 27 .34 .01 8 18 34 .03 <.Ol 

14 14 _I .85 23 24 .89 
17 2 25 .05 .02 20 7 24 .07 .08 
11 16 14 .06 .90 12 20 15 .06 .I3 
42 43 59 .I2 .Ol 53 60 66 .25 .I1 
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Fig. 2. Effect of seeding lreatmenls on the standing yield of sod, seeded species, and total vegetation harvested in September 1982 (4 years following 
seedinn). Orthoaonal contrasts were used to comoare the disc-drill treatments. average of disc-drill response to sod seeding, and average seeding 
response to an &reared area (P>F). 

made a faster recovery. 
Yield of Kentucky bluegrass was 68% greater on untreated areas 

in May 1980 than May 1979 while yields of western wheatgrass 
were 37% lower (Fig. 1). This indicated the magnitude of response 
of Kentucky bluegrass during periods with greater than average 
cool-season precipitation. In May 1980 western wheatgrass was the 
only major species to produce less above-ground biomass on 
disced than on untreated areas. This does not support the findings 
of Barnes (1950), Barnes et al. (1958), Lang (1958), Rauzi and Lang 
(1956), Rauzi (1974), Houston (1971), and Heady (1952) which 
indicated improvement in western wheatgrass stands. Kentucky 
bluegrass apparently was very opportunistic and successfully com- 
peted with western wheatgrass for cool-season precipitation. With 
favorable cool-season precipitation and normal warm-season pre- 
cipitation, Kentucky bluegrass could provide a cool-season com- 
ponent of the dominant shortgrass sod which was unlike condi- 
tions reported in other studies. Thus, competitive balance between 
Kentucky bluegrass and western wheatgrass could have been influ- 
enced more by precipitation patterns than by the discing treatment. 

In July, 1980, western wheatgrass yields remained lower on 
disced plots than control; and yields on the control were about 50% 
of the previous year (Fig. 1). Kentucky bluegrass yield was about 
60% less on the control in 1980 compared to 1979. This data 
indicated the unfavorable summer precipitation of 1980 compared 
to 1979. Blue grama yielded less on the disced plots, while buffalo- 
grass yield was not altered. This would be expected since a species 
that tillers (blue grama) should not perform as well as stoloniferous 
species (buffalograss) following a disturbance. However, there was 
no apparent stimulation of any grass species with vegetative repro- 
duction, as might be expected. In September, 1980, two growing 
seasons after discing there was no difference between untreated 
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and disced plots for cool-, warm-season, and total vegetation. 

Seeding 
Range seeding is necessary when grazing management or 

mechanical treatment does not renovate shortgrass sod. Methods 
other than complete seedbed preparation are desirable alternatives 
to minimize erosion and maximize species diversity of the reno- 
vated range. Lo-till sod seeding had a higher average frequency of 
occurrence for seeded species (59%) at the end of the first growing 
season than treatments using a rangeland drill (Table 2). The disc, 
chemical and rangeland drill treatment and the discand rangeland 
drill treatment were not different (43% and 42%, respectfully). 

The highest frequency of establishment of big bluestem, indian- 
grass, and switchgrass was on the lo-till sod seeded treatments 
(Table 2). This was different than treatments using the rangeland 
drill. The rough soil surface resulting from discing often resulted in 
poor seed-to-soil contact. Big bluestem establishment in areas 
seeded with the rangeland drill, using discing and chemical treat- 
ment for sod suppression, was higher than discing alone. However, 
discing without herbicide application provided a greater switch- 
grass establishment while there was no difference between range- 
land drill seedbed preparation for indiangrass. 

Sideoats grama had the highest frequency for establishment 
using discing and glyphosate prior to the rangeland drill (Table 2). 
However, there was no difference between the lo-till sod seeding 
and treatments using the rangeland drill. Little bluestem was 
seeded only in treatments using the rangeland drill. Establishment 
was not different between areas disced for sod suppression and 
those disced and sprayed for sod suppression. 

Disc-drill treatments had improved distribution in 1981 com- 
pared to 1980 (Table 2). There was a significant year effect for total 
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seeded species between 1980 and 198 1. However, the difference in 
stand distribution was reduced between disc-drill and sod seeding 
treatment (P= . 11) while the disc-drill with herbicide treatment was 
numerically greater than the disc-drill without herbicide treatment 
(P q  .25). 

Increases in seeded plant frequency were documented in 198 1 for 
little bluestem on both disc-drilled treatments. lndiangrass also 
improved on the disc-drill with herbicide treatment. The increased 
distribution of these species and the resultant impact on total stand 
distribution on the disc-drill treatments probably reflected new 
shoots from vegetative reproduction rather than dormant seed or 
seed produced the seeding year. However, sod seeding remained 
higher in frequency of occurrence for indiangrass. This implied 
that the initial lower seeding year establishment for the disc-drill 
treatment was improved by second year spread of seeded species 
into the disturbed areas. Data indicated that spread on the sod 
seeded areas was much more restricted. 

Yields collected in 1982 indicated that areas seeded with a con- 
ventional drill following discing and glyphosate application had a 
lower sod yield than areas disced and drilled without any further 
sod suppression resulting from herbicide application (Fig. 2). Due 
to the higher sod yield from plots that were seeded following 
discing without herbicide compared to those that received the 
herbicide, there was not a difference in sod yield between plots that 
were sod seeded and those that were disced and drilled. However, 
there was a greater sod yield for untreated areas compared to the 
average sod yield of seeded plots. The effect of glyphosate was still 
apparent 4 years following application. However, there was no 
difference in the yield of seeded species between areas seeded 
following discing and those seeded following discing and glypho- 
sate application. In addition, areas that were sod seeded did not 
have higher yields of seeded species than the average of those 
seeded with the conventional drill. 

Total vegetation yields were higher on the seeded areas com- 
pared to the untreated areas (Fig. 2). There was no difference 
between areas following discing and those seeded following discing 
and glyphosate application. Total yield averaged over disc-drill 
treatments was not different than that of sod seeded areas. Com- 
parisons to the untreated area must be interpreted with regard to 
the influence of 4 grazing seasons of deferment. This grazing 
management has also enhanced the spread of seeded species on the 
areas that were seeded with the conventional drill. It is apparent 
that the advantage in sod seeding compared to the discdrill treat- 
ments is associated with the rate of development. 

Conclusions 

At the end of the second growing season there was little differ- 
ence in cover or yield of the dominant shortgrass species due to 
discing. Discing did not stimulate western wheatgrass. Changes in 

production were a reflection of above-average cool-season precipi- 
tation rather than a response to discing. Under environmental 
conditions which promote vigorous Kentucky bluegrass sod, dis- 
cing is not an alternative to reseeding on this site. 

All seeding treatments resulted in adequate stands. Sod-seeding 
provided the most rapid stand establishment. Disc-drill seedings 
were slower to establish but were comparable in yield after 4 
growing seasons. 

Literature Cited 

Barnes, O.K. 1950. Mechanical treatments on Wyoming rangeland. J. 
Range Manage. 3: 198-203. 

Barnes, O.K., D. Anderson, and A. Heerwagen. 1958. Pitting for range 
improvement in the Great Plains and the southwest desert regions. 
USDA Production Res. Rep. 23. 

Bose, D.R. 1977. Rangeland resource of Nebraska. Sot. Range Manage. 
Old West Regional Range Program. Denver, Colo. 

Brown, A.L., and A.C. Everson. 1952. Longevity of ripped furrows in 
southern Arizona desert grassland. J. Range Manage. 5:415419. 

Dudley, R.F., and E.B. Hudspeth. 1964. Pitting and listing treatments on 
native shortgrass range. Texas Agr. Exp. Sta. Pro. Rep. 23 13. 

Heady, H.F. 1952. Reseeding fertilizing and renovating is an ungrazed 
mixed prairie. J. Range Manage. 5144-149. 

Houston, W.R. 1971. Range improvement methods and environmental 
influences in the Northern Great Plains. USDA Production Res. Rep. 
130. 

Lang, R.L. 1958. Range pitting trials in the Big Horn Mountains of 
Wyoming. Wyoming Agr. Exp. Sta. Bull. 357. 

Nichols, J.?. 1669. R&g, impiovement pastures on deteriorated dense 
clay wheatgrass range in western South Dakota. Agr. Exp. Sta. Bull. 552. 

Nicholson, R.A., and G.K. Huiett. 1969. Remnant grassland vegetation in 
the central Great Plains of North America. J. Ecol. 57:599-612. 

Pollock, R.S., and L.L. Davis. 1978. Soil survey of Nuckolls County, 
Nebraska. USDA Soil Conserv. Serv. Series 1978. 

Rauzi, F. 1974. Mechanical and chemical range renovation in southeastern 
Wyoming. J. Range Manage. 27:48-52. 

Rauzi, F. 1975. Severe mechanical and chemical range renovations in 
northeastern Wyoming. J. Range Manage. 28:319-326. 

Rauzi, R., R.L. Lang, and C.F. Becker. 1962. Mechanical treatments on 
shortgrass rangeland. Wyoming Agr. Exp. Sta. Bull. 396. 

Rauzi, F., and R.L. Lang. 1956. Improving shortgrass range by pitting. 
Wyoming Agr. Exp. Sta. Bull. 344. 

Ryerson, D.E., J.E. Taylor, L.D. Baker, H.A.R. Houlton, and D.W. 
Stroud. 1970. Clubmoss on Montana rangelands-Distribution. control. 
range relationships. Montana Exp. Sta. gull. 645. 

Samson, J.F., and L.E. Moser. 1982. Sod-seeding perennial grasses into 
eastern Nebraska pastures. Agron. J. 74:1055-1060. 

Steel, R.G.D., and J.H. Torrie. 1960. Principles and procedures of statis- 
tics. McGraw-Hill Book Co., New York, N.Y. 

Stroup, W.W., and J. Stubhendieck. 1983. Multivariate statistical methods 
to determine changes in botanical composition. J. Range Manage. 
36:208-212. 

Thatcher, A.P. 1966. Range production improved by renovation and pro- 
tection. J. Range Manage. 19:382-383. 

JOURNAL OF RANGE mANAGEblENT 3B(2), March 1985 125 



Emergence and Establishment of Basin Wild- 
rye and Tall Wheatgrass in Relation to Mois- 
ture and Salinity - 

BRUCE A. ROUNDY 

Abstract 

Many saline, arid rangelands in the Great Basin once dominated 
by basin wildrye (Elymus cinereus Scribn. & Merr.) could again be 
highly productive following brush control and seeding of adapted 
species. The effects of spring precipitation and soil salinity on 
emergence and establishment of Jose tall wheatgrass [Agropyron 
elongafum (Host) Beauv. ‘Jose’l and Magnar, a selected cultivar of 
basin wildrye, were compared in central Nevada. Both species were 
seeded in circular plots on a nonsaline and a moderately saline soil 
(electrical conductivity of the saturation extract, ECe, of 7.0 ds 
*m-l) and irrigated to simulate a gradient in spring precipitation. 
Magnar basin wildrye required higher and more frequent irriga- 
tion and precipitation in April through June to produce an accep- 
table stand of seedlings (at least 2 seedlings per meter of row) on the 
moderately saline soil than on the nonsaline soil. Jose tall wheat- 
grass produced acceptable seedling stands without irrigation and 
excellent stands (6 seedlings per meter of row) with irrigation on 
both soils following a wet winter and during a dry spring. Although 
mature basin wildrye is well adapted to many saline, arid soils, it 
definitely will require supplemental irrigation to establish from 
seed. Tall wheatgrass is more salt tolerant and less sensitive to plant 
water stress at the seedling stage than basin wildrye, so it is more 
likely to establish on saline, arid soils without irrigation. However, 
mature tall wheatgrass may not persist in areas that receive less 
than 30 cm annual precipitation. Until more drought and salt- 
tolerant plant materials are available, saline, arid soils should not 
be seeded without supplemental irrigation. 

Valley bottoms and flood plains of the Great Basin historically 
were important grazing lands for the livestock of early ranchers 
(Lesperance et al. 1978). In the late 19th century, many of the cattle 
grazing sagebrush (Artemisia)/grasslands were wintered on the 
extensive basin wildrye (Elymus cinereus Scribn. & Merr.) stands 
dominating many of these lowlands (Hazelton et al. 1961, Lesper- 
ante et al. 1978, Young and Evans 1981). Because basin wildrye is 
sensitive to spring clipping and frequent herbage removal during 
the growing season (Krall et al. 1971; Perry and Chapman 1974, 
1975, 1976), many stands were decimated by excessive grazing 
(Young et al. 1975). Recovering the forage production of these 
lowland ranges is desirable because the ranges are extensive and in 
close proximity to many ranch base properties. Many areas have 
the potential for high forage production due to the subsurface and 
overland drainage water they receive and the high water-holding 
capacity of the associated fine-textured soils. Extensive lowlands 
now dominated by greasewood [Surcobarus vermiculatus (Hook.) 
Torr.] and salt rabbitbrush [Chrysothamnus nauseosus ssp. con- 
similis (Greene) Hall and Clem] and lacking an understory of basin 
wildrye could be productive after chemical brush control (Cluff et 
al. 1983) and the establishment of forage species adapted to sa- 
line/alkaline and arid soils (Roundy et al. 1983). 

Seedling establishment on these soils may be limited by low 
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water potential due to infrequent precipitation, low soil matric 
potentials and high soil salinity. Salts lower the osmotic potential 
of the soil solution and specific ions may be toxic to germinating 
seeds and seedlings. Precipitation in the Great Basin occurs mainly 
in fall, winter, and spring. As storms that provide effective precipi- 
tation become less frequent from March through June, soil water 
content decreases so that soil matric and osmotic potentials are 
decreased and soil water may be unavailable for seed germination 
or seedling growth (Roundy et al. 1984). Successful seeding estab- 
lishment is dependent on frequency and amount of winter and 
spring precipitation and the ability of the seeded species to germi- 
nate and grow as soil matric and osmotic potentials decrease. 
Forage species most recommended for seeding saline, dry soils 
include Russian wildrye (Elymus junceus Fisch.), tall wheatgrass 
[Agropyron elongutum (Host) Beauv.], and basin wildrye (Plummer 
et al. 1955, 1968). Russian wildrye is difficult to establish because 
of poor seedling vigor (Hafenrichter et al. 1968, Vallentine 1961). 
Tall wheatgrass is well known for its salt and sodium tolerance 
(Carter and Peterson 1962, Dewey 1960, Moxley et al. 1978, Shan- 
non 1978, Rauser and Crowle 1963) and has established well on wet 
saline soils, but may not persist on dry saline soils (Forsberg 1953, 
Ludwig and McGinnies 1978, McGinnies and Ludwig 1978, 
McPhie 1973). Rollins et al. (1968) and Eckert et al. (1973) 
reported difficulty in establishing tall wheatgrass and basin wildrye 
on a greasewood/rabbitbrush [Chrysothamnus nauseosus (Pall.) 
Britt.] site in central Nevada due to high salinity, sodicity, and high 
boron concentrations. Young and Evans (1981) suggested that 
many of the sites where basin wildrye occurred naturally are too 
dry for tall wheatgrass and too saline for crested wheatgrass 
[Agropyron desertorum (Fisch. ex Link) Schult]. Although basin 
wildrye has had a reputation for low seed germination and poor 
seedling vigor (Young and Evans 1981), a selected cultivar, Mag- 
nar, has been released which has high and viable seed production 
and high germination (Evans and Young 1983). 

The purpose of this study was to determine the establishment of 
Magnar basin wildrye and to compare it with that of Jose tall 
wheatgrass in relation to soil salinity and spring precipitation as 
simulated by irrigation in central Nevada. Simulation of spring 
precipitation by irrigation was intended to avoid the possibility of 
total seeding failure and to estimate the minimum precipitation 
necessary to establish these grass species on saline soils. 

Methods 

Two sites were chosen for their differences in soil salinity and 
their similarities in soil morphology and texture and their potential 
to support mature basin wildrye plants. The nonsaline and saline 
sites are both in Grass Valley, Eureka, and Lander counties, Nev- 
ada, at the University of Nevada’s Gund Research and Demonstra- 
tion ranch on the east side of the dry lake bed of pluvial Lake 
Gilbert (Young and Evans 1980). The soil of the nonsaline site is of 
the fine, montmorillonitic, mesic family of Typic Camborthids in a 
lagoon of Lake Gilbert. The soil of the saline site is a Gund 
silt-loam series of the fine-silty over clayey, mixed (calcareous), 
mesic family of Aquic Durorthidic Torriorthents on the lake plain 
(Peterson 1981) of Lake Gilbert. The physical and chemical prop- 
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erties of these fine-textured soils are representative of many other 
flood plains and valley bottoms in the Great Basin (Roundy 1984 
and Roundy et al. 1984). The soil of the saline site is saline/ alkaline 
having an average sodium adsorption ratio (SAR) of 44 and an 
average electrical conductivity of the saturation extract (ECe) of 
8.4 dS*m-’ in the upper 30 cm with the predominant salts being 
sodium chloride (NaCI) and sodium sulfate (NazS04). The nonsa- 
line soil has an average ECe of less than 0.5 dSam_‘. Both sites 
supported a shrub community of greasewood, salt rabbitbrush, 
and big sagebrush (Artemisia tridentata Nutt. ssp. tridentata) and 
a herbaceous understory of basin wildrye. 

gence and establishment results must be interpreted by taking into 
account the natural precipitation in relation to irrigation each year. 
In 1980-1981 low winter precipitation was followed by high precip- 
itation in March, April, and May, and low precipitation in June 

Brush on both sites was eliminated by applying 3.4 kg* ha-’ of 
2,4-D [(2,4dichlorophenoxy)acetic acid] in the spring and roto- 
beating later in the summer of 1980. The sites were fenced to 
exclude rabbits and livestock. In the fall of 1980 a moderately 
saline plot (ECe = 7 dSem_‘) and a saline plot (ECe = 9.7 dSam_‘) on 
the saline site were seeded to Magnar basin wildrye. In the fall of 
1981, a moderately saline plot (ECe = 7 dSam_‘) and a nonsaline 
plot (ECe < 0.5 dSam_‘) were seeded to both Jose tall wheatgrass 
and Magnar basin wildrye. Grasses were seeded to 1 to 2 cm deep 
with a vegetable seeder calibrated for a rate of 1 seed per centimeter 
into circular concentric furrows, 35 cm apart and constructed by 
hand with a hoe to be similar to furrows made by a standard 
rangeland drill. The circular plots were 32 m in diameter and in 
1980 were divided into 3 pie-shaped blocks seeded to Magnar basin 
wildrye and in 1981 were divided into 6 pie-shaped blocks seeded 
alternately to Jose tall wheatgrass and Magnar basin wildrye. 

J 
Fig. 1. Monthly precipitation and irrigation for 1980 to 1982 and d-year 

precipitarion means at the Gund research and demonstration ranch, 
Grass Valley, Nevada. 

In the spring of each year after fall seeding, water was applied 
using a single sprinkler with a 4.8-mm range by 2.4-mm spreader 
nozzle operated at 0.2 MPa on a 60-cm riser in the center of each 
circular plot to create an irrigation gradient (Hanks et al. 1976). 
Water applied decreased almost linearly with distance from the 
sprinkler head. Amount of irrigation was measured in cans 14.5 cm 
diameter by 17.5 cm deep placed along 3 transects at 2.5,6.5, 10.5, 
and 16 m from the center of each plot. Each irrigation was approx- 
imately 6 hr and added an average of 2 cm of water to the soil at 2.5 
m from the plot center and no water at 16 m from the plot center. 
There were 5 irrigations in the spring of 1981 and 4 in 1982 with the 
plots being irrigated approximately every 2 weeks from May 
through June. The irrigation water was hauled to the plots from a 
nearby mountain stream and had an electrical conductivity of less 
than 0.5 dS*m-‘. Irrigations were done at night when wind was 
minimal. 

(Fig. I). In 1981-1982 winter and March precipitation was high 
followed by low precipitation in April, May, and June. Generally, 
1980-1981 could be characterized as a dry winter followed by a 
normal spring, whereas 1981- 1982 could be considered a wet win- 
ter followed by a dry spring. Seedlings generally followed a pattern 
of initial emergence when temperatures became warm enough for 
germination in April and May, followed by mortality of some 
seedlings with the absence of rain. This was followed by additional 
seedling emergence associated with spring rains and irrigation 
followed by gradual mortality through the summer (Fig. 2). 

Emergence 

Seedling counts were made as early as seedlings emerged and 
thereafter every 2 weeks through July and again the following 
spring. Seedlings in a 1 m long sample of row were recorded in the 
concentric rows of 2.5,6.5,10.5, and 16 m from the plot center and 
in the inside and outside row bordering these rows. Six observa- 
tions per block were recorded for each species at each distance 
from the plot center at each sampling date. 

Irrigation greatly increased Magnar basin wildrye seedling 
emergence in the spring of I98 1, but had little effect on emergence 
of Magnar basin wildrye or Jose tall wheatgrass in the spring of 
1982 (Fig. 2 and Table I). 

Table 1. Analysis of variance of irrigation treatments (highest irrigation 
versus no irrigation) and eeilnity (moderately saline versus saline soil in 
1981; moderately saline versus nonsaline soil in 1982) for maximum 
emerged and established seedling densities of Mapu basin wiidrye in 
1981 and Magnar basin wiidrye end Jose tail wheatgrass in 1982. 

Soil samples of 1 old shrub mound and 1 interspace were col- 
lected at 3 sampling points in 198 1 and at 2 sampling points in 1982, 
at distances of 2.5, 6.5, 10.5, and 16 m from each plot center. 
Samples were collected starting in April and thereafter in 2-to 
4-week intervals. Samples were generally collected 2 weeks after 
each irrigation on the day preceding the next irrigation. Samples 
were taken for depth intervals of 0- 1, l-5,5- 10, 10-I 5, and 25-30, 
and were analyzed for ECe, volumetric water content, and total, 
matric, and osmotic soil water potential as described by Roundy 
(1984) and reported by Roundy et al. (1984). Other chemical and 
physical characteristics of these soils are reported by Roundy 
(1984) and Roundy et al. (1984). 

F-value 

Predawn leaf water potentials of seedlings receiving the highest 
irrigation at 2.5 m from the plot center and those receiving no 
irrigation at I6 m from the plot center were measured periodically 
using a pressure bomb (Scholander et al. 1965). 

Results and Discussion 

Source 
of 

variation 

irrigation (1) 
Salinity (Sa) 
1 X Sa 

irrigation (I) 
Salinity (Sa) 
Species (Sp) 
I X Sa 
I x sp 
Sa X Sp 
I X Sa X Sp 

Degrees Maximum 
of emerged Established 

freedom seedlings seedlings 

1981 Experiment 
1 24.3*+ 46.6** 
I 3.0 NS’ 3.3 NS 
I 2.9 NS 2.5 NS 

1982 Experiment 
1 3.4 NS 58.5** 
1 1.3 NS 13.1** 
1 33.9** 96.0** 
1 I.1 NS 0.2 NS 
1 I.6 NS i1.9** 
I 0.1 NS 2.1 NS 
I 0.1 NS 3.0 NS 

Because natural precipitation was not controlled, seedling emer- 
**Significant at the 0.01 level. 
‘Not significant at the 0.05 level. 
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On the moderately saline plot, emergence of Magnar basin 
wildrye under the highest irrigation was much higher in 198 1 than 
in 1982, but emergence of the nonirrigated rows was less in 198 I 
than in 1982 (Fig. 2). These trends can be explained by the different 
patterns of winter and spring precipitation and irrigation in 198 1 
and 1982 and the associated differences in the water potential of the 
surface soil. Due to lack of winter soil water recharge (Fig. I), the 
surface soil in 1981 was initially drier than in 1982. On 8 April, total 
soil water potential in the upper I to 5 cm of the moderately saline 
plot averaged -820 and -300 J*kg-‘, respectively, in 198 1 and 1982. 
Because of the initially dry seedbed in 1981, emergence did not 
begin until after irrigation and natural storms in mid to late April. 
Maximum emergence occurred in June after substantial April and 
May irrigations and storms (Fig. 2). In contrast, maximum emer- 
gence of Magnar basin wildrye on the moderately saline plot in 
1982 occurred in April before any irrigations when temperatures 
were warm enough for germination and the soil was still wet from 
high winter precipitation. In 1981, irrigations combined with 
storms resulted in moisture events about 8 days apart for the 
irrigated rows compared with natural storms about 20 days apart 
for the nonirrigated rows. This resulted in about 4 times the seed- 
ling emergence on the highest irrigated rows compared with the 
nonirrigated rows (Fig 2). In the absence of frequent rains, the 
surface soil rapidly dried out resulting in extremely low soil water 
potentials (Roundy et al. 1984a). The higher frequency of irriga- 
tion and storms on an initially dry seedbed in April and May in 
1981 than in 1982 may have resulted in greater germination of 
Magnar basin wildrye seeds, resulting in greater maximum emer- 
gence on the irrigated rows in 1981 than 1982. Due to an initially 
wet seedbed in 1982, maximum emergence occurred before irriga- 
tion, and nonirrigated rows had higher emergence than in 1981 
when the seedbed was initially much drier. These data illustrate the 
importance of frequent spring storms to seedling emergence fol- 
lowing a dry winter and also show that the highest seedling emer- 
gence will be produced by frequent spring storms when tempera; 
tures are warm enough for germination. 

There was no significant difference (PSO.05) in maximum emer- 
gence in relation to soil salinity for Magnar basin wildrye or Jose 
tall wheatgrass seedlings (Table 1). 

In I982 Jose tall wheatgrass had higher seedling emergence than 
Magnar basin wildrye on both the highest irrigated and on nonirri- 
gated rows and on both the nonsaline and moderately saline plots 
(Table 1 and Fig. 2). Jose tall wheatgrass has greater radicle growth 
at low osmotic potentials, has higher total germination and more 
rapid emergence at low osmotic and matric potentials than Mag- 
nar basin wildrye. Jose tall wheatgrass also germinates at lower 
osmotic and matric potentials than Magnar basin wildrye (Roundy 
et al. 1985b). Magnar basin wildrye apparently requires more 
frequent storms or irrigation as occurred in 1981 to equal the 
emergence produced by Jose tall wheatgrass following a wet winter 
and relatively dry spring as in 1982. 

Although the saline soil in this study had boron concentrations 
ranging up to 100 ppm in the saturation extract, boron probably 
had little effect on seed germination. Both species had high germi- 
nation in boron concentrations up to 450 ppm in laboratory tests 
(Roundy 1985a). However, boron may have reduced emergence 
and survival of some seedlings. Radicle growth greater than 5 mm 
of both species is inhibited at boron concentrations above 100 ppm 
and root yield of both species is reduced by half at saturation 
extract concentrations above 30 ppm (Roundy 1985a). 
Establishment 

As soil water potential decreased through the summer, seedling 
density decreased (Fig. 2). The highest irrigation significantly 
increased (P 5 0.05) the number of seedlings of both species 
established on both the nonsaline and saline soils (Table 1 and Fig. 
2). Seedling establishment generally increased with irrigation (Fig. 
3). 

An acceptable stand of Magnar basin wildrye seedlings (at least 
2 seedlings per meter of row) on the moderately saline plot was 
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Fig. 3. Established seedling density of Magnar basin wildrye and Jose tall 
wheargrass on nonsaline and moderately saline plots in relation to 
cumulative precipitaiion plus irrigation from April through June at 
Grass Valley, Nevada. Each point is the mean of 18 observations and the 
maximum calculated standard error of the mean was 0.8 seedings per m 
of row. 

produced only in 198 1 and required at least 16 cm of irrigation plus 
precipitation from April through June (Fig. 3). Basin wildrye failed 
to produce an acceptable stand of seedlings in 1982 on the moder- 
ately saline plot, even at the highest irrigation (Fig. 3). The lower 
established density of basin wildrye in 1982 than in 1981 on the 
moderately saline plot was due mainly to lower emergence and 
somewhat to lower survival (Fig. 2). In 198 1, peak seedling emer- 
gence was preceded by a series of storms in May (Fig. 1 and 2). 
Irrigation before and after these storms not only resulted in greater 
seedling emergence, but also resulted in somewhat higher survival 
of emerged seedlings. 

In 198 1, seedlings receiving the highest irrigation received 8.9 cm 
of water from 2 irrigations and a series of storms in May of 198 1 
resulted in higher total water potentials in early June in 198 I than 
in 1982. For example, total soil water potential of the l- to 5-cm 
interval in the highest irrigated rows of the moderately saline plot 
averaged -560 and - 1500 J*kg-‘, respectively, on June I, 198 1 and 
1982. Frequent precipitation on saline soils maintains high total 
water potentials by increasing soil water content and by leaching 
salts (Roundy et al. 1984). Even though Magnar basin wildrye 
seedlings received 8.5 cm of water from irrigations and storms in 
June of 1982, they still failed to establish on the moderately saline 
plot. These differences in establishment in 1981 and 1982 suggest 
that high and frequent precipitation in May when evaporative 
demands are low is more effective than precipitation in June for 
emergence and establishment of Magnar basin wildrye on moder- 
ately saline soils. 

More Magnar basin wildrye seedlings established on the nonsa- 
line plot than on the moderately saline plot in 1982 (Table 1, Fig. 
3). Precipitation plus irrigation of 14 cm in April through June 
produced an acceptable stand of Magnar basin wildrye seedlings 
on the nonsaline plot, whereas 16 cm of precipitation plus irriga- 
tion failed to produce an acceptable stand on the moderately saline 
plot in 1982. Greater plant water stress was associated with higher 
soil salinity. For example, predawn water stress of nonirrigated 
seedlings ranged from 290 to 2870 Jekg-’ higher on the nonsaline 
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than on the moderately saline soil in July 1982. The lower total 
water potential of the moderately saline than the nonsaline soil 
could generally be attributed to its osmotic potential where the 
matric potential of the two soils were similar (Roundy et al. 1984). 

Jose tall wheatgrass produced an acceptable stand of seedlings 
with no irrigation, but produced excellent seedling stands (6 seed- 
lings per meter of row) with irrigation on both the nonsaline and 
moderately saline plots (Fig. 3). 

Greater establishment of tall wheatgrass than basin wildrye was 
due not only to higher emergence, but also generally to greater 
seedling survival. Although predawn leaf water stress of tall 
wheatgrass seedlings was an average of 830 J@kg-’ greater on the 
moderately saline than the nonsaline plot in June and July, salinity 
did not reduce survival of tall wheatgrass seedlings as much as it 
reduced survival of basin wildrye seedlings. 

Magnar basin wildrye seedling survival associated with decreas- 
ing soil water potential was significantly (P 9 0.05) lower on the 
moderately saline plot than the nonsaline plot, whereas that of Jose 
tall wheatgrass was similar for both plots and similar to Magnar 
basin wildrye on the nonsaline plot (Table 2). This difference 
suggests that Jose tall wheatgrass salinity tolerance is greater than 
that of Magnar basin wildrye. Jose tall wheatgrass has greater 
absolute growth of roots and shoots under decreasing osmotic 
potentials than Magnar basin wildrye (Roundy 1983). Because 
Jose tall wheatgrass has more rapid root and shoot elongation than 
Magnar basin wildrye in nonsaline and saline soils (Roundy 
1984b), it would be expected to be more competitive and have 
higher establishment on nonsaline and saline soils than Magner 
basin wildrye. 

Table 2. Statistics for the linear regressions of seedling percentage survival 
on total soil water potential (J l kg-l) at the l-15 cm depth interval for 
Jose tall wheatgrass and Magnar basin wildrye seedlings in 1982 on 
nonsaline and moderately saline soils in central Nevada. 

Species Soil Intercept Slope* r’ 

Tall wheatgrass Nonsaline 99.1 0.00977 b 0.86 
Moderately 

saline 104.6 0.01055 b. 0.90 
Basin wildrye Nonsaline 104.1 0.01126 b 0.83 

Moderately 
saline 100.8 0.01697 a 0.88 

*Values followed by the same letter are not significantly different at the 0.05 level as 
determined,by the slope test method of Snedecor and Cochran (1971). 
All regressions are significant at the 0.01 level. 

Although basin wildrye is definitely adapted to drier, saline soils, 
such as those seeded in this study, high and frequent spring precipi- 
tation or irrigation is necessary to establish it from seed on these 
soils. This suggests that high establishment of natural basin wildrye 
seedlings occurs only during years of unusually high precipitation, 
as may be the case for other speciesgrowing in harsh environments 
(Noy-Meir 1973, Went 1955). 
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Recovery of Sagebrush-Grass Vegetation 
Followifig Wildfire 
NEIL E. WEST AND M.A. HASSAN 

Abstract 

Most studies of the impacts of fire in sagebrush-grass vegetation 
in the Great basin have involved recovery on sites seriously 
depleted of native perennial bunchgrasses. The usual recommen- 
dation is to promptly seed such areas artificially. This is costly, not 
alwayssuccessful, and if unnecessary, could produce no more than 
a natural recovery. The natural recovery of a good condition 
sagebrush-grass site in central Utah was monitored for 2 years after 
a mid-summer wildfire. Total plant cover 1 year after the fire was 
similar to that before the fire and on unburned controls. Annual 
herbaceous growth 1 year later was almost twice that before the 
fire. Most of the plant growth the first year was due to cheatgrass 
(Bromus tectorum). By the second year after fire, however, the 
perennial bunchgrasses had cover and production levels near those 
recorded prior to the burn. Two years after the Bre, total grazable 
forage was 2.5 times that before the fire. Total precipitation, how- 
ever, had been higher than average both years. Sagebrush-grass 
sites in good condition may be improved for cattle production with 
a few years of livestock exclusion following wildfire. Prescribed or 
controlled burns would probably be appropriate on similar high 
condition rangelands if cattle grazing is the dominant use and 
conflicts with wildfire are minor. 

The relative amount of big sagebrush (Artemisia tridentata)’ 
and perennial grasses in sagebrush-grasslands prior to the coming 
of European man is thought to have been at least partially related 
to fire frequency (West 1983). Big sagebrush does not resprout 
after fire (Young and Evans 1977). Wright and Bailey (1982) con- 
clude that the probable return frequency of fire in such vegetation 
is between 50- 100 years for a given piece of ground. Heavy live- 
stock use since European settlement has reduced the proportion of 
palatable herbaceous species, thereby diminishing competition 
from the herbs and lessening the amounts of fine fuel. This and 
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conscious fire control efforts have resulted in accentuated sage- 
brush dominance on many hectares of Intermountain rangeland. 

In the past, managers often resorted to chemical and mechanical 
means of killing the brush, usually followed by seeding of intro- 
duced perennial grasses (Blaisdell et al. 1982). Due to increased 
costs and legal or administrative restrictions associated with 
mechanical and chemical brush control, many range managers are 
giving thought to the alternatives of prescribed or controlled burn- 
ing. If fire destroys a large fraction of the undesirable brush and is 
relatively undamaging to the desired herbaceous species, then a 
landscape that is better for livestock production and watershed 
may be created. 

The above assumes either that there is a set of desirable native 
species that can regenerate themselves or that seeding will be done 
after the fire. The latter greatly increases project costs. If seeding is 
unnecessary, then much time and expense may be saved by allow- 
ing natural recovery. Artificial seeding is mandatory if cheatgrass 
(Bromus tectorum) is a major component of the pre-burn com- 
munity (Young et al. 1976). Whether sagebrush-dominated com- 
munities with a substantial remnant of native perennial grasses 
along with some cheatgrass can readily return to perennial grass 
dominance following fire remains a question. As Young and Evans 
(1977) point out, most of the native perennial grass stands that 
have remained after more than a century of livestock grazing are 
not sufficiently dense to utilize the environmental potential 
released by burning of the dominant sagebrush. Their studies 
however, did not involve dense stands of native grasses. We pro- 
vide a case study of secondary succession following wildfire on a 
good condition sagebrush-grass site in central Utah. Thus, there 
was a high density of native perennial bunchgrasses present before 
the fire. 

Study Area 

Materials and Methods 

A lightning-caused wildfire swept over about 11,000 ha (26,000 
acres) on the northeast flank of the Oak Creek Mountains on 24-26 
July 198 1. Ten days earlier, for another intended study (Hassan 
and West 1984), we completed collection of vegetation data on plots 



near the northeastern edge of the burn. The plots were located on a 4 main macroplots. Some small areas closely adjacent (50 to 150 m) 
l-2%east sloping pediment remnant at 1,617-1,622 m (5,305-5,320 to the south, however, escaped the fire. To continue the originally 
ft) elevation near the center of Section 30, R2W, T15S, Salt Lake planned study (Hassan and West 1984), we located 3 replicates of 
Meridian, Juab Co., Utah. these unburned patches, and adjacent areas of similar size and 

We had used color infrared photography (1:8,000 scale) from the shape that had been burned, and sampled the vegetation cover and 
1 July I975 Apollo space mission to locate an area large enough to soils on them similarly to the 4 main macroplots. Vegetation cover 
accommodate four 20 X 50-m macroplots on visually uniform was sampled there on 5 August 198 1, 28 July 1982, and 27 July 
topography and vegetation. This was part of a large tract of pri- 1983. These later plots were too small, however, to feasibly allow 
vately owned rangeland that was at least 8 km from a source of clipping for herbage weights over successive years. We saw the 
permanent livestock water. The vegetation there was thus thought opportunity to use these plots for unburned “controls”, so that 
to be in late seral condition. fluctuations could be separated from successional trends in cover. 

Methods 
Precipitation data were taken in a recording raingauge from July 

198 1 to December 1982 and from a storage gauge read quarterly 
Homogeneity of vegetation cover was assessed on 10 July 198 1 thereafter. 

with a sight tube device (Winkworth and Goodall 1962). A metric 
tape was strung down the center E-W long dimension of each Results 
macroplot. Another tape was strung out perpendicularly along the 
western boundary of each macroplot. Four randomly numbered 
(to nearest decimeter) starting points were chosen off the western 
boundary. The gimbaled tube was suspended by wire from an iron 
staff at about waist height. A transect was started at I of the 
random points and the observer started pacing across the macro- 
plot to the east, trying to stay parallel to the center tape. The staff 
was driven into the ground in front of the observer on every second 
pace. After the gimbaled tube came to rest, the observer sighted 
through the tube and lined up the 2 sets of cross-wires. The object 
intersected in the line of sight was recorded as a living vascular 
plant species, standing dead, lichen, moss, litter, gravel, or bare 
ground. Two recordings per point were possible if plant canopy 
was intersected. Living plant canopy was first recorded and then 
the canopy moved aside to reveal what was on the ground surface 
underneath. In other words, a second reading was taken of ground 
cover at the locations where live plant cover was intersected. This 
process was continued until a total of 100 ground level points had 
been sampled on 4 lines per macroplot. This process was repeated 
on 28 July 1982 and 27 July 1983. All plots were fenced in the fall of 
198 I to prevent livestock access. 

Soil profiles (pedons) were exposed in the center of each plot. 
Detailed descriptions were made according to standards of the Soil 
Survey Staff (1975), with soils being classified at the phase of soil 
series level. 

Use of Soil Conservation Service (SCS) range condition and 
trend guides requires herbage weight estimates. Accordingly, we 
first sampled herbage weight on 14 July 198 1 after nearly all spring 
and summer plant growth had occurred. This procedure involved 
selection of 10 random locations per macro-plot. A 9.6-ft2 circular 
quadrat was centered on these locations and all living higher plant 
material from the current growing season was harvested to l-cm 
stubble height. Separate randomized locations were selected for 
the subsequent samples taken on 27 July 1982 and 28 July 1983. 
That is, the same locations were not clipped more than once. These 
standing crops were separated by species. The samples were placed 
in paper bags and air-dried for 5 days in the laboratory. The 
samples were then weighed to the nearest 0.1 g. The subsamples 
were then added together to get total standing crop. By dividing the 
total air-dry weight of forage by amounts per species, percent 
composition by weight was determined. This was compared to the 
percent composition by weight in climax condition for the “upland 
shallow hardpan” (Juniper Savannah) range site (SCS 1978). 

Similarity of the vegetation and ground surface at the initiation 
of the study was calculated 2 ways. The first used a percentage 
cover (based on sight tube points) weighting a calculation of Sor- 
enson’s K (West 1966). The second approach used a standing crop 
weighted index of similarity (Sorenson’s K). 

Fire had probably not occurred at this site for at least the last 100 
years as judged by the size and form of the sagebrush and widely 
scattered Utah juniper (Juniperus osteosperma). 

The fire consumed nearly all the above-ground vegetation on the 

Vegetation and ground cover were highly similar between the 
plots inventoried shortly before the fire and those that escaped the 
burn. (Table 1). The cover weighted indices of similarity between 
individual plots were all above 82%. Since remeasurement of the 
same stands often produces up to 15-20% variability in these 
indices (Mueller-Dombois and Ellenberg 1974), these plots can be 
considered essentially identical for our purposes. 

All plots had soil profiles that were classified as Spager gravelly 
loam (loamy-skeletal, carbonatic, mesic, shallow Xerollic Paleor- 
thid). Since the soils under burned and unburned vegetation were 
similar, we assumed that the set of plots could be considered 
homogeneous and data within a given year were averaged between 
plots. Fire is thus regarded as a randomly applied treatment unre- 
lated to site differences. The vagaries of wind movement rather 
than lower fuel loads probably allowed a few patches to escape 
damage. 

The differences in vegetation between years on the unburned 
plots, if successional stability is assumed, is due to a combination 
of fluctuation driven mainly by climate plus some sampling error. 
The changes in the vegetation on the burned plots over time are 
considered secondary succession. Since exactly the same points 
could not be resampled, sampling error also influences these 
results. The time series nature of the results precludes statistical 
tests of significance. 

Immediately after the burn, aboveground vegetation on the 
burned plots was entirely removed (Table 1). The fraction of bare 
ground drastically increased immediately after the fire. Litter and 
microrophyte cover were lower on the burned plots compared to 
the controls. 

One year after the burn, the total plant cover had increased to 
almost the same levels observed pre-fire and that on the unburned 
controls the same year. Fewer species, however, contributed to this 
cover. Small amounts of Douglas rabbitbrush (Chrysothamnus 
viscidzj7orus) and much Nevada Mormon tea (Ephedra nevaden- 
sis)cover (from resprouting) re-appeared. No sagebrush cover was 
detected on the burned plots 1 year later. The perennial grasses 
(Agropyron, Stipa, Poa, Sitanion and Oryzopsis) had regained 
only a small portion of their pre-burn cover by mid-July 1982. 
Perennial forbs (Erigeron, Eriogonum, Phlox, and Antennaria) 
had recovered most of their cover ratings 1 year after the fire. The 
expansion of cheatgrass was, however, the major reason for the 
rapid 1 year recovery in total vascular plant cover. Cheatgrass 
provided about 5 times as much cover in mid-July of 1982 com- 
pared to mid-July 198 I. 

Bare ground decreased as vegetation recovered in the post-fire 
years. Cover of standing dead increased from 0% before the fire to 
2.6% 1 year later. Most of this component was skeletons of the 
burned shrubs. Litter decreased from I5 to 17% pre-fire to about 
8% post-fire. Microphytic crusts, mostly mosses, showed little 
recovery 1 year after the fire. 

End of growing season total standing crops (Table 2) were nearly 
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Table 1. Summary of mean percent cover (one standard error of mean within parentheses) recorded on plots near Mills, Utah in 1981,1982, and 1983. 

Measured Pre-burn(4plots) Control(unburned)(3 plots) Burned (3 plots) 
Growth form/species 1981 1982 1983 1981 1982 1983 1981 1982 1983 

Treesand Shrubs 
Arremisia tridenrato wyomingensis 
Chrysothamnus viscidiflorus 
Ephedra nevadensis 
Juniperus osteosperma 
Artemisia nova 

Grasses 
Agropyron spicatum 
A. smithii 
Slipa comato 
Poa secunh 
Sitanion hysrrix 
Oryzopsis hymenoides 
Bromus tectorum 
Elymus multisetus 

Forbs 
Erigeron engelmannii 
Eriogonum cernuum 
Phlox longifoiia 
Leptodactylon pungens 
Antennaria rose0 
Descurania pinnara 
Sisymbrium ahissimum 

Total Plant Cover 
Standingdead 
Surface litter 
Rock 
Gravel 
Bare ground 
Moss 

6.5(1.3) 0 0 2.3 (0.6) 3.7 (1.2) 5.7 (4.0) 
7.3 (2.8) 0.3(0.5) 0 8.0 (3.0) 6.3 (2.5) 3.0 (1.0) 
2.5 (1.3) 2.5 (1.0) 2.3 (0.5) I.0 (1.0) 4.3 (0.6) 2.0 (1.0) 

0 0 0 0 0 0.7 (0.6) 
0.3 (0.5) 0 0 0 0 0.7 (1.2) 

12.9 (5.0) 6.5 (1.7) 12.3 (4.9) 13.3 (0.5) 16.0(1.0) 13.3 (5.9) 0 
3.3 (1.0) 0.3 (0.5) 1.7 (1.5) 0 
3.7 (2.3) 0 

0.l91.0) I.5 (1.8) 0 
4.9 (1.7) 2.0 (1.0) 1.3 (2.3) 0 

3.0 (1.6) l.O(l.4) I.3 (1.0) 5.6(1.9) 4.0 (1.0) I.0 (1.0) 0 
3.3 (1.9) O.S(l.0) 0.6 0.4 (0.6) 1.3 (2.3) 0.3 (0.6) 0 
10.1 (2.4) 4.0(2.9) 3.8(2.1) 11.6(3.5) 6.3 (4.5) 2.3 (1.5) 0 
6.6(1.5) 34.8 (12.1) 56.8 (5.4) 6.8 (1.1) ll.O(3.6) 24.0(8.2) 0 

0 0 0.3 (0) 0 0 0 0 

0.3 (0.6) 
0.6 (0.7) 
1.5il.8j 
0.3 (0.6) 
1.8 (0.7) 

0 
0 

64.5 (2.7) 
0.9 (0.6) 
16.8 (2.2) 

0 

0.5 (0.6) 0 
0 0 

I.O(l.4) 0 
O(l.0) 0 
l.8(1.0) 0 
I.8 (0.9) 0.3 (0.5) 

0 0.3 (0.5) 

53.4(9.52) 77.5 (5.5) 
0.3 (0.5) I.0 (0.8) 
7.8(3.1) 69.5 (7.0) 
0.3 (0.5) 0 

I.5 (0.6) 1.3 (1.5) 0 0 
0 l.O(l.0) 0 0 
0 3.0 (7.7) 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

56.9 (6.1) 62.7 (11.9) 54.3(7.4) 
0 1.3 (1.5) 2.3 (2.1) 

15.4 (2.8) 18.3 (6.7) 50.0 (0.8) 
0 0.3 (0.6) 0 

0 
2.7 (0.6) 
9.3 (5.9) 

0 
13.3 (3.1) 
77.3 (6.7) 

0 

12.1 (1.2) 8.5 (3.5) 4.0(3.5) II.3 (1.2) 12.3 (4.2) 2.0 (1.0) 
13.1 (2.3) 46.3(9.2) 25.0(6.1) 14.7(3.1) 14.7(5.0) 19.3 (11.8) 
11.2(1.4) 0 2.0 (3.4) 12.8 (0.6) 9.3 (0.6) 2.7 (0.6) 

0 
0 

0 
0 

0 0 
1.3qO.6) 0 

l.O(O.9) 
0 0 
0 0 

5.3 (1.5) 9.3 (4.7) 
0 

l.O(l.7) 0.3;0.6) 
l.O(l.0) 0 
O.l(l.2) 0 
8.0(2.7) 5.3 (1.2) 
35.7(1.6) SO.O(l.8) 

0 0 

O.l(l.2) 0 
0.3(0.6) 0 
0.3(0.6) 0 

0 0 

I.oqo.0) 0 0 
0 0 

55.0(4.0) 67.0(5.0) 
0 0 

10.3 (1.2) 49.0(3.6) 
0 0 

8.3 (4.2) 2.0 (1.0) 
27.3 (5.5) 31.0(4.4) 

0 0 
Lichen 0.9(l.l) 0 0.5 (0.6) 0 1.7 (1.2) O.l(l.2) 0 0 0 

twice as much 1 year post-fire as shortly before the fire. Eighty- 
eight percent of this increase was due to cheatgrass. This compares 
to only a 3% contribution of cheatgrass to current annual growth 
before the fire. None of the other species had more current phyto- 
mass than before the fire. Cheatgrass had 55 times as much phyto- 
mass 1 year after the fire as immediately before. 

Herbage standing crop estimates obtained immediately prior to 
the fire are given in the left most column of Table 2. Use of the SCS 
range condition guides indicates that this range was in “good” 
condition prior to the burn. Burning stimulated increased herbage 
production the first year after the fire. 

bunchgrasses made up 67% of the annual forage standing crop 
before the fire, they contributed only 25% of the annual production 
in 1983. Both absolute and relative contributions of cheatgrass 
production declined in 1983 over 1982. The relative contribution of 
cheatgrass was 66% in 1983. Whether these trends will continue 
requires further monitoring. The mix of perennial and annual 
grasses is, however, more desirable for cattle grazing than was the 
mix of sagebrush and perennial grass that had occurred before the 
fire. 

Conclusions 
The recovery of total vegetal cover continued into 1983, the 

second year post-fire. In fact, the total vegetal cover on the burned 
plots was greater than that observed prior to the fire and on the 
unburned controls (Table I). No further increase in shrubs were 
noted during the second year post-fire, but the perennial bunch- 
grasses all had increased cover ratings, nearly double those in the 
previous year. Their relative contribution to cover remained at 
23%, however, primarily because cheatgrass cover increased 
further in 1983. Perennial forb cover virtually disappeared on both 
the unburned controls and burned plots (Table 2). This is puzzling 
since 1983 was the second year in a row with above average 
precipitation (Table 3). 

Ground protection from litter had greatly increased by 1983. 
Even the microphytes showed some small recovery on 1 of the sets 
of plots. 

Even though cheatgrass may be a minor component of good 
condition sagebrush-grass range, it can quickly assume dominance 
after a midsummer wildfire. Total cover of living plants wasalmost 
as great 1 year after the fire as before, mainly due to cheatgrass. 
Under no livestock grazing and favorable precipitation conditions, 
perennial bunchgrasses are returned to nearly their pre-burn cover 
ratings and forage production within 2 years. Since most of the 
recovery of the perennial grass production was during the second 
year, the importance of excluding of livestock for at least that long 
is reaffirmed (Wright and Bailey 1982). Wyoming big sagebrush, 
black sagebrush, and Douglas rabbitbrush were taken out of these 
sites for the first 2 years after the wildfire. Nevada Mormon tea 
readily resprouted after fire. Mosses and lichens were slow to 
recover. 

The amount of new plant growth in 1983 (Table 2) exceeded 
both the pre-burn and 1982 levels. This trend is probably influ- 
enced by the 2 years of more than average precipitation (Table 3). 
The total weight of growth of the perennial bunchgrasses in 1983 
was nearly as much as in the pre-burn sample. Whereas perennial 

From a cattle grazing standpoint, the vegetation is now more 
desirable than before the burn. The production of palatable species 
was higher after than before the fire and it was accomplished 
without artificial seeding. Thus, where cattle production is a prin- 
cipal land use, land owners and managers should consider the 
possibilities of prescribed burns or letting unintentional fires burn 
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Table 2. Means (kg/ha) and one standard error of mean (within paren- 
theses) of herbage standing crops on the four macroplots sampled before 
and after the wildfire. 

Growth form/ species 198 1 1982 1983 
Trees and Shrubs 
Artemisia tridentara 

wyomingensis 
Chrysorhomnus 

viscidiflorus 
Ephedra nevadensis 
Artemisia nova 

Half Shrubs 
Leprodactylon 

pungens 
Gutierrezia 

sarothrae 

Grasses 
Agropyron spicatum 
Stipa comata 
Poa secunda 
Siranion hystrix 
Oryzopsis 

hymenoides 
Bromus rectorurn 

Forbs 
Erigeron engel- 

mannii 
Eriogonum cernuum 
Phlox longifolia 
Antennario rosea 
Descuiranio pinnota 
Sisymbrium attis- 

sumum 
Opuntio polycantha 
Vicio americana 
Collinsia parviflora 
Calochortus nuttallir 
Banunculus 

tesliculalus 

44.75 (I 14.39) - 

38.38 (80.40) - 
23.98 (88.82) 10.18 (35.88) 

9.33 (58.98) - 

8.08 (23. IO) 0.78 (2.62) 3.32 (8.92) 

- 

244.09 (271.68) 71.66 (124.00) 
3.03 (6.11) - 

1 I .48 (8.65) 3.60 (9.16) 
- - 

50.03 (94.7 I) 14.59 (22.78) 
14.42 (1’1.70) 786.22 (460.82) 

1.3 (5.83) 0.5 (2.48) 
1.93 (11.85) 0.2 (1.26) 
0.50 (2.25) - 
0.6 (3.79) 
0.05 (0.32) 3.7;(20.13) 

1.16 (6.19) 
0.45 (2.85) - 
8.68 (31.36) - 

- - 

- 

95.01 (273.19) 

0.28 (1.74) 

237.2 (376.09) 
- 

4.52 (8.62) 
0.24 (1.50) 

48.96 (84.47) 
761.19 (286.24) 

- 
0.38 (1.84) 
0.05 (0.32) 

2.58 (8.09) 

3.7 (23.40) 

- 
0.018 (0.08) 
0.21 (0.64) 

0.9 (5.7) 

Total 460.91 (115.28)892.6 (67.82) I 158.57 (140.34) 

Table 3. Summary of crop-year (1 Sept.-30 June) (Sneva and Britton 
1983) precipitation recorded at the study site compared to short and 
long-term precipitation at the closest comparable permanent station 
(Levan). 

Period 

1 Sept. 81-30 June 82 
I Sept. 82-30 June 83 
Long-term (50 year average) 

Short term Long term 
Total precipitation (mm) 

Study site Levan Levan 

319 330 
590 499 

301 

through such vegetation in mid-summer. There should, however, 
be considerable perennial grasses present to recover since few seed 
(Hassan and West 1984) or seedlings of the perennial grasses were 
observed. Nearly all of their recovery was via vegetative growth. 
Burning of areas with a largely cheatgrass understory is likely to 
promote only more cheatgrass and its notoriously variable produc- 
tion (West 1983). Cheatgrass dominance also leads to more harm- 
ful earlier (seasonally and serally) reburns; thus, seeding of peren- 
nial grasses is recommended after burns on similar rangelands in 
lower condition (Young et al. 1976). 
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Effects of Regulated Water Flows on Regen- 
eration of Fremont Cottonwood 
PATTIE FENNER, WARD W. BRADY, AND DAVID R. PATTON 

Abstract 

The reduction in extent of riparian forests in the southwestern 
United States has been a topic of recent concern. The effect of dams 
on downstream river flow and the consequent modification of the 
riparian habitat was studied along the lower Salt River in central 
Arizona. Dams were found to change the magnitude of river flows 
and change the seasonal timing of flows in such a way that the 
habitat appeared less adapted for regeneration ofPopulusfremon- 
tii. Modification of river flow patterns, therefore, appears likely to 
have been a significant factor causing change in vegetation along 
the Salt River. 

Riparian forests in the southwestern United States have been 
reduced in extent in recent history (Johnson and Jones 1977). 
These habitats provide food and cover for many wildlife species 
and shade and forage for livestock because of the relatively wet 
conditions in an otherwise arid to semiarid environment. 

This study investigated the effects of releasing water from dams 
on the establishment of riparian vegetation. The hypothesis exam- 
ined was that dams modify local conditions to the extent that some 
plant species find the riparian zone less favorable or even unfavor- 
able as habitat. 

Of particular interest was the effect of dams on patterns of 
seasonal flooding and how this influences seedling establishment. 
Seasonal flooding is an important factor in Fremont cottonwood 
(Populus fremontii) regeneration because of the tree’s short seed 
viability.’ Research on the effects of dams on riverbed morphology 
also has been conducted (Priest and Shindala 1969a, 1969b, and 
1969~; Black 1973; Blench 1972); however, few studies related 
changes in riverbed morphology to subsequent vegetative changes 
(Warren and Turner 1975, Turner and Karpiscak 1980). 

Study Area 
The lower Salt River in central Arizona is a 80-km-long dam and 

reservoir system designed to provide water and hydroelectric 
power to the greater Phoenix metropolitan area. Dams along the 
river and the dates of their completion are: Roosevelt (1911) 
(furthest upstream); Mormon Flat (1925); Horse Mesa (1927); and 
Stewart Mountain (1930) (furthest downstream). Granite Reef 
Diversion Dam is a low irrigation diversion structure constructed 
in 1903 and is approximately 15 km downstream from Stewart 
Mountain Dam. This structure is not considered a dam in the 
context of this study, because it does not create a reservoir. The 
Verde River flows into the Salt River immediately above the 
Granite Reef structure. 

The area selected for this study was the Blue Point Cotton- 
woods, a proposed Forest Service Scientific/ Education Natural 
Area located between Stewart Mountain Dam and Granite Reef 

Authors are range conservationist, USDA Forest Service, Tonto National Forest, 
102 South 28th Street Phoenix, Ariz. 85038; and associate professor, Division of 
Agriculture. Arizona State University, Tempe 85287; and principal wildlife biologist, 
USDA Forest Service, Rocky Mountain Forest and Range Experiment Station, 
Tempe. Ariz. 85287. 
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Dam.2 The Blue Point Cottonwoods are on a secondary channel 
which is a relic of the main river channel. The existing Populus 
fiemontii(Fremont cottonwood) gallery forest is decadent and has 
a distinctly bimodal age class distribution. Only large, decadent 
trees and very young individuals were found-indicating that seed- 
ling survival has been low to nonexistent for extended periods. 

Historical Records of Vegetation on the Salt River 
Based upon the available historical records (Bandelier 1892, 

Marion 1965, Thwaites 1905) and the current decadent state of the 
vegetation, it appears that the Blue Point Cottonwood area, and in 
general, the entire riparian ecosystem of the lower Salt River has 
substantially changed in the past 100 to 150 years. 

Changes in the Salt River system have been attributed primarily 
to these 3 activities: 

Grazing.-Many cattle were brought into Arizona in the late 
18005 to early 1900’s (Bryan 1928, Hastings and Turner 1972). 
Livestock may affect the riparian habitat either by eating and 
trampling seedling riparian species or by denuding the upstream 
watershed, leading to changes in the surface hydrology. 

Groundwater humping.-Drawdown of groundwater, especially 
at critical growth periods for cottonwoods, may have stunted and 
killed mature trees3 (Johnson et al. 1976). Declines in the water 
table, for example, have been observed along the Verde River 
Infiltration Gallery and Well Facility during periods of low river 
flow.3 As a result, mature cottonwood trees growing away from the 
main channel may not be able to reach the lower levels of ground- 
water. Seedlings also could be affected if the new groundwater 
levels are deep enough to prevent roots of the young plants from 
reaching a permanent water supply before the summer draught. 

Dam and Reservoir Systems.-Hey (1975), Priest and Shindala 
(1969a, 1969b, and 1969c), and Patten discussed the effects of 
large dams on downstream riverbed morphology. These effects can 
be briefly summarized as erosion of the streambed resulting in 
channelization and an increase in the average size of the bed 
sediment. Also, silt bar formation is reduced relative to that 
observed in free-flowing rivers. The result of these changes in 
morphology is the production of a less favorable substrate for the 
establishment of cottonwoods. 

River Flow with Dams and Expected Flow without Dams 
Actual flows from Stewart Mountain Dam were obtained for the 

period October 1934 to September 1979. Estimates were made of 
expected flows along the same portion of the river which would 
have occurred had no dams been in place on the Salt River system. 
These expected flows were calculated using data from gauges 
upstream from the system of dams (i.e., upstream from Roosevelt 
Dam). Data collected by U.S. Geological Survey from gauges on 

2Nickles. Harry R. 1978. Environmental assessment report: Blue Point cottonwood 
rip&an restoration enclosure. Mesa Ranger District. Tonto Nat. Forest, Reg. 3, 
Mesa, Ariz. 
‘Anderson, Arthur W. 1980. Draft report on water needs of riparian vegetation along 
Fort McDowell Reach of the Verde River. U.S. Dep. Interior, Fish and Wildlife Serv. 
Albuquerque, N.M. 
4Patten, D.T. 1972. Present vegetation~nvironmental conditionsat the Orme. Buttes. 
Charleston and Hooker Dam locations. Bureau of Relcamation, Region 3. Boulder 
City, Nev. 
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the Salt River and its main tributary, Tonto Creek, exists for 45 
years and is continuous, except for 3 periods of flooding (7-20 
February and 14-20 March 1937; and I October-20 December 
1940) when gauges were not read on Tonto Creek (U.S. Depart- 
ment of Interior 19341979). During periods of nonflood river 
flow, Tonto Creek is the only measurable tributary to the Salt 
River (above the study area). Thus, the flow of Tonto Creek plus 
the flow of the Salt River before it is joined by Tonto Creek 
constitutes the major part of the flow that will reach the area where 
Stewart Mountain Dam is situated (U.S. Department of Interior 
1934-1979). It must be noted that during times of large runoff from 
the watershed significant amounts of water enter the Salt River 
from ungauged sources; however, for this study it was assumed 
that knowledge of gauged water flow was adequate. 

Table 1. Regression equations for the three runoff seasons, with maximum 
daily flow as the dependent variable and average daily flow m the 
independent variable. 

Season Month 
Snowmelt Mar.-Apr 
Summer May-Sept. 
Winter Ott-Feb. 

Regression R SE 
Y = -108.99 + 0.054X .9814 68.75 
Y q  88.49 + 0.038X S964 114.22 
Y = -53.44 + 0.053x .8468 289.93 

flows were too low to calculate a maximum, maximum flow was 
set equal to the average daily flow. 

Maximum daily flows observed below Stewart Mountain Dam 
and those predicted for the same area under the hypothesis of no 
dams on the Salt River were summarized in frequency tables 
having the following categories: (1) flows less than 5.67 cubic 
meters/second (c.m.s.)-probably too low to sustain a mature 
riparian community (McNatt et al. 1980); (2) 5.67-28.32 c.m.s.- 
low flows; (3) 28.35-141.58 c.m.s.-moderate flows which fill the 
channel; (4) 141.61-283.17 c.m.s.-flows which begin to overflow 
the channel; (5) 283.20-424.75 c.m.s.-high flows which inundate 
some flood plain (including the Blue Point Cottonwoods); and (6) 
flows greater than 424.75 c.m.s.-flows which inundate large areas 
of flood plain. Estimates of flows necessary to overflow the channel 
and begin inundation of the flood plain were made using Man- 
ning’s formula (Hudson 1971). These values are approximations 
because of the high variability in channel characteristics; however, 
they are consistent with observations on the study area during 
actual flooding. 

Dates of Seed Dispersal 

Data collected by the U.S. Geological Survey represents average 
daily flows. The maximum flow for each day is not recorded; 
however, it can be estimated from regression equations. For each 
water year, 2 or more daily maximum flows are recorded, one of 
which is the day with the maximum flow for that year. These daily 
maximum flows can then be expressed as a function of average 
daily flow using a regression equation. This equation then can be 
used to find a maximum flow corresponding with each daily aver- 
age flow. 

Fremont cottonwood seeds are extremely small (approximately 
1 mm in length) and fragile, and are blown through the air with the 
aid of a tuft of trichomes that are outgrowths of the funiculus and 
placenta (Fann and Werker 1972). This dispersal occurs in the 
spring. Weekly counts of seeds collected in seed traps was made in 
an attempt to provide some quantification as to the duration and 
timing of seed fall. The seed trap consisted of a 7.6 liter bucket, 20 
cm in diameter, containing water to a depth of approximately 10 
cm (Warren and Turner 1975). This level of water was held con- 
stant by a canteen of water which was suspended nearby and 
connected by plastic tubing. Large objects and animals were kept 
out by a cover of poultry netting. Traps were checked, cleaned, and 
refilled with water weekly. Because viable seed normally germinate 
within 24 to 48 hours,’ seed counts were obtained by counting only 
seeds that had germinated in the trap. Three of these traps were 
each placed within 90 m of a mature Fremont cottonwood in the 
study area. 

Results and Discussion 

A problem with this approach for predicting daily maximum 
flow is that, in central Arizona, the character of storms varies from 
season to season. Summer storms are usually sudden, produce 
intense precipitation, and are quickly over. They are also localized, 
perhaps producing torrential rains in one area and little or no rain 
in another area that may be only 1 km away. Average river flow 
data collected from gauges during these storms would be expected 
to show little correlation between maximum flows and average 
flows. In other words, predictability of maximum flow of a 
summer storm from average flow during the storm is low. 

The pattern of river flow observed on the dammed Salt River 
system shows highest flows during the summer, when water is used 
for irrigation on farms in the Phoenix area (Table 2). Winter water 
release IS low, unless winter storms cause a buildup in the reser- 
voirs, in which case water is released and flows in the Salt River bed 
through Phoenix. Snowmelt in March signals the main season of 
water release, building up to an average summertime flow of 36.8 1 
c.m.s., which generally lasts until the river water release ceases in 
September or October. Flows above 141.58 c.m.s. level occur 
infrequently, consistent with the irrigation management objectives 
of the dams on the Salt River. 

Winter storms, in contrast, are widespread, gentle rains, often 
lasting for days. Maximum flows are expected to be predictable 
and not greatly different from average flows. During the months of 
snowmelt, input to the river system is even steadier than during 
winter storms. Maximum flows should be easily predicted from 
averages. Thus, there are three basic “river-flow seasons”-winter, 
with storms usually occurring in October through February; 
snowmelt in March and April; and summer inflow from May to 
September. Regression equations were calculated for each of these 
seasons (Table 1). A total of 47 data pairs were available for the 
winter regression, 39 for the snowmelt regression, and 44 for the 
summer regression. 

The pattern of river flow expected were no dams present on the 
Salt River is substantially different than that observed with dams 
(Table 3). Peak water flows begin in March both with and without 
dams. Peak flows without dams occur during the late winter-early 
spring period (March-May). Dams, therefore, reduce the intensity 
of flow during this time and shift the period of highest weekly 
average flow to late spring and early summer. A comparison of 
patterns of flow in Tables 2 and 3 shows that dams have substan- 
tially altered timing of water flow downstream from Stewart 
Mountain Dam. A comparison of mean weekly flow observed 
below Stewart Mountain Dam with the mean weekly flow pre- 
dicted had no dams been present also illustrates the effect of dams 
on timing of river flow (Fig. 1). In addition, dams reduce the 
magnitude of high flows and equalize the flow over the year (Tables 
2 and 3). The effect of dams, therefore, is to reduce the incidence 
and magnitude of floods which would inundate the floodplain. 

Using the 3 equations, it was possible to compute maximum 
daily flow for any day of the year, as long as the average daily flow 
was at least as large as the base for the gauge on the Salt River 
(113.27 c.m.s.) or, in the case of summer flows (which seldom 
reached 113.27 c.m.s.), large enough so that extrapolation from the 
regression equation did not occur. For cases in which average daily 

For example, flows exceeding approximately 280 c.m.s. are 
sufficient to begin inundation of the Blue Point Cottonwood area 
while flows exceeding approximately 425 c.m.s. cause extensive 
inundation. Flow below Stewart Mountain dam fell in the 283.20 
to 424.75 c.m.s. class a total of 21 times over the period 1934- 1979. 
Flows exceeded 424.75 c.m.s. 20 times in this same period. How- 
ever, had dams not been present, it was predicted that flows would 
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Fig. 1. Mean weekly riverflow observed below Stewart Mountain Dam 
(-) and mean riverflows predicted had no dams been present. Data 
represent the period 1934 to 1979. The approximate seedfallperiodfor 
Populus fremonti (Fremont cottonwood) is also shown (--...--...) 

have been in the 283.20 to 424.75 c.m.s. category 120 times and the 
greater than 424.75 c.m.s. category 138 times. 

Relationships Between River Flow in the Absence of Dams 
and Seed Dispersal 

Flows, in the absence of dams, large enough to cause flooding 
occur during winter and spring. Beginning about the middle of 
May, water levels decline through the summer, except for brief 
rises caused by summer storms. Seed dispersal occurs in the spring 
during the period of high flows, and by the time flows begin to 
recede, most Fremont cottonwood seeds have been dispersed. 

For example, seed dispersal in 1980 began in mid-April, peaked 
in mid-May, and was complete by mid-June (Fig. 1). The close 
correspondence of timing of seed ripening with high river flow 
illustrates the adaptation of Fremont cottonwood to the environ- 
ment found along the Salt River. Receding high flows leave a 
moist, freshly deposited alluvial substrate, which provides a favor- 
able habitat for regeneration of Fremont cottonwood.5 Further- 

‘Brady, Ward W., and Jay Paxon. 1980. Temporal and spatial relationships in the 
development of southwestern rip&an gallery forests. Prog. Rep. submitted to Rocky 
Mt. Forest and Range Exp. St&, Tempe. Ariz. 

more, cottonwood seeds germinate rapidly given a moist soil and 
lose viability after approximately 3 weeks.1 Therefore, it is impor- 
tant that an appropriate environment be available at the time of or 
soon after seed dispersal. 

Conclusions 

The presence of dams on the Salt River has substantially 
changed the habitat in ways unfavorable to Fremont cottonwood 
regeneration. In particular, the timing and volume of water flow 
through the riparian community changed. The flows expected in 
the absence of dams would be of higher volume, reduced duration, 
and earlier in the season than would flows observed with dams in 
place. This results in less floodplain inundation. Furthermore, 
instead of decreasing river flow through the spring and summer, 
releases are maintained at a fairly regular 33.98 to 42.48 c.f.s. until 
fall, when Fremont cottonwoods enter dormancy. Thus, under the 
regulated flow regime, a large winter/ spring flood does not nor- 
mally occur. No alluvial seedbeds are created, partly because of 
lack of suspended sediment flowing down the channel, and partly 
because of the much smaller magnitude of river flow, which is 
usually confined to the channel. In addition, water levels do not 
gradually recede to leave a moist substrate for seed germination. 
Waters may recede periodically only to repeatedly inundate germi- 
nating seeds. 

Modification of river flow patterns, therefore, appears likely to 
have significantly changed vegetation along the Salt River. The 
importance of this factor relative to other factors, such as grazing 
and pumping of groundwater, is unknown. 
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Performance and Phosphorus Status of Range 
Cows with and without Phosphorus Supplemen- 
tation 

M.B. JUDKINS, J.D. WALLACE, E.E. PARKER, AND J.D. WRIGHT 

Abstract 

Performance and phosphorus(P) status were studied in 2 groups 
of range cows, one of which had free access to salt alone (control) 
and the other to a mineral mix (P-supplemented). The mineral mix 
contained 50% dicalcium phosphate, 45% salt, and 5% cottonseed 
meal. Performance traits (birth date, calving interval, weaning 
weight, suckling gain, and percent calf crop) were compared over 5 
years (1979-83), one of which was considered a drought year 
(1980). Cows involved in the study received no supplemental pro- 
tein or energy during the experiment. Lack of P supplementation 
had a detrimental effect on cow performance only when coupled 
with the effects of drought. This apparent combined effect delayed 
postpartum estrus in control cows during the 1980 drought, thus 
causing them to calve later (7 April vs. 11 February; IY.05) and 
wean lighter (226 vs. 253 kg; IY.05) calves in 1981 as compared to 
P-supplemented cows. Percent calf crop did not differ (IQ.05) 
between the 2 groups during any year of the study, although in both 
groups, this trait was considerably lower in 1981 than in other years 
because of the 1980 drought. These results suggest that rainfall or P 
supplementation before and during the breeding season may be 
critical in maintaining early calving dates and heavier weaning 
weights but, even with P supplementation, lower conception rates 
may occur under drought conditions. Phosphorus status of cows 
was estimated from fecal, saliva, and rib bone biopsy samples 
collected at 6 intervals from April 1981 to January 1982. Fecal P 
varied (IY.05) among sampling dates and was higher (K.05) for 
P supplemented cows than for control cows when averaged over 
sampling dates. Levels of fecal P were higher (E.05) during the 
period of active forage growth than during dormancy. Salivary P 
peaked concurrently with fecal P; however, across sampling dates, 
response to supplemental P was inconsistent as evidenced by a 
treatment X date interaction (K.05). During lactation, bone P 
levels were higher (P<.lO) in P supplemented cows than in control 
cows. After lactation, bone P did not differ (p>.lO) between 
groups and was higher (P<.OOl) than during lactation, which 
indicates bone P levels can be replenished following lactation 
without P supplementation. 

Most phosphorus (P) nutrition research with grazing animals 
was conducted 30 to 50 years ago in the United States (Ross et al. 
1948, Black et al. 1949, Knox et al. 1951) and in Africa (Theiler et 
al. 1928). These early studies reported aphosphorosis in cattle 
resulting from seasonal declines in plant P. Recent research in the 
United States and Australia has shown no difference in reproduc- 
tive performance of beef females fed 65 or 100% of the National 
Research Council’s (NRC 1980) requirement for P (Call et al. 1978, 
Little 1980), suggesting clinical aphosphorosis may not result from 
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low P diets. 
Measuring the mineral status of confined animals is a formida- 

ble task which is further complicated with grazing animals. 
Underwood (1966) suggested that phosphorus status of grazing 
animals is best determined by blood inorganic P level. In contrast, 
Gartner et al. (1965) Little and McMeniman (1973), and Cohen 
(1973) reported that plasma P levels do not adequately reflect P 
status. As a result, Little (1972) proposed a rib bone biopsy tech- 
nique to measure P status of sheep and cattle. In addition, Cohen 
(1973) proposed measurement of dietary P level from blood, bone, 
saliva, and fecal P. The purpose of this study was to evaluate bone, 
saliva, and fecal P trends, and reproductive performance of range 
cows with and without P supplementation. 

Experimental Procedure 

Data for this study were collected at New Mexico State Universi- 
ty’s Fort Stanton Experimental Ranch, Lincoln County, New 
Mexico, on a site typical of the blue grama foothill-mountain 
rangeland of the Southwest. Vegetation in the study area is domi- 
nated by blue grama (Bouteloua grucilis {H.B.K.] Lag.). Other 
grasses include sideoats grama (B. curtipenduh [Michx.] Torr.), 
galleta (Hihriujumesii[Torr.] Benth.), sand dropseed (Sporobolus 
cryptundrus[Torr.] Gray), mat muhly (Muhlenbergiu richardsonis 
[Trin.] Rydb.) and ring muhly (M. Torreyi [Kunth] Hitch.). 
Important forbs include carruth sagewort (Artemisiu currurhii 
Wood), scarlet globemallow (Sphuerulceu coccineu[Pursh.] Rydb.) 
and Dakota verbena (Verbena bipinnerifida Nutt.). Open grass- 
land vegetation exists on the mesas and canyon bottoms while 
slopes support sparse to dense stands of pinyon-juniper (Pinus 
edulis Engelm., Juniperus spp.) and wavyleaf oak (Quercus undu- 
lutu Torr.) (Grace and Pieper 1967). Climate in the area is mild 
with warm summer days (mean maximum 28.9’ C) and cool 
winters (mean minimum -6.7’ C). The 94-year average precipita- 
tion is 348 mm with 228 mm (66%) occurring during the growing 
season of June through September (Parker et al. 1974). Precipita- 
tion during the growing season was 265 mm for 1979,295 mm for 
1980, 333 mm for 1981, and 370 mm for 1982. However, low 
precipitation during June and July of 1980 (June = 15 mm, July = 
40.5 mm; 94-year average: June = 32.0 mm, July = 79 mm) created 
drought conditions. Above-average rainfall late in August (96 mm) 
and September (143 mm) was too late to stimulate forage growth 
during the breeding season. 

Materials and Methods 

In the spring of 1979,78 Angus X Hereford cows were sorted by 
previous treatment and randomly allotted to 2 treatment groups 
(39 cows per group). One group (control) received only free choice 
salt, while the other group had free access to a salt:mineral mixture 
(50% dicalcium phosphate, 45% salt, and 5% cottonseed meal). 
Average monthly consumption of the salt and mineral mix is 
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Table 1. Average supplemental consumption of salt and phosphorus by range cows with free access to either salt only or a mineral mix for 1980,1981, and 
1982.’ 

Treatment JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV NOV x 

SALT ONLY 
NaCl(g) 1041 1377 1368 1436 918 900 968 868 1454 759 654 768 1043 

MINERAL 
M lx2 (8) 1550 2250 2250 1160 1430 910 1500 1670 1840 520 1030 1210 1450 
P(g) 146 212 212 109 I34 86 I41 I57 173 49 97 II4 136 
NaClk) 698 1012 1012 522 644 410 675 752 828 234 464 544 652 

‘Grams(g) per cow/month. 
IMineral mix contained 50% dicalcium phosphate, 45’% salt, and 5% cottonseed meal. 

shown in Table 1. No other supplements were fed. Each group was 
maintained on separate but similar pastures. Herds were rotated 
between pastures at periodic intervals when it appeared that erratic 
precipitation patterns might cause variation in forage availability 
or diet composition. Stocking rate varied from year to year but 
averaged 16 ha/ cow annually. 

Cow-calf performance records were maintained for each cow. 
Calving usually began in February of each year. Birth date and 
mid-October weaning weights were recorded for each calf. Heifer 
calf weaning weights were adjusted to a steer equivalent (weight X 
1.05; USDA 1965). Cows were exposed to bulls on the range for 3 
months beginning about 60 days post calving. All cows were preg- 
nancy tested each fall at weaning time and open cows, along with 
those appearing unsound (e.g., cancer eye) and those over 11 years 
of age, were culled. This culling procedure was followed because it 
is typical of management practiced in commercial beef herds 
throughout the West. 

An equal number (12) of cows from each treatment group was 
selected in the Spring of 198 1 for bone, saliva, and fecal sampling. 
All sampling was carried out concurrently at various stages of cow 
production and plant growth during the period of April 1981 to 
January 1982. Because of approximately 1 month difference 
between the start of calving in the P-supplemented and control 
herds and a desire to sample cows in both herds at a similar stage of 
lactation, it was necessary to begin sampling on 24 April (P- 
supplemented herd) and 28 May (control herd). Range forage was 
in late dormancy following a drought year when initial samples 
were taken. 

Other sampling dates and corresponding forage and animal 
stages were: 15 July, growing stage/mid-lactation; 16 August, 
maturity/ late lactation; 16 October, early dormancy/ weaning; 8 
January, mid-dormancy/ late pregnancy. 

Fecal samples were collected to determine the relative intake of 
P between herds, as suggested by Cohen (1974). All samples were 
dried at 50°C for 48 hours and ground through a 1 mm-screen. 

Phosphorus was determined by the molybdovanadate calorimetric 
procedure on the nonsiliceous fraction of the solubilized ash 
(AOAC 1980). Saliva was obtained by wrapping commercially 
available cellulose sponges on a wood dowel and allowing cows to 
chew the sponge. This procedure was intended to produce saliva 
typical of actual mastication. After 5 minutes, saliva (approxi- 
mately 6 to 10 cc/cow) was squeezed from the sponge into glass 
containers. At times, contamination resulted from food particles 
and soil. These inpurities were removed by centrifugation (100 X g, 
5 min). Saliva samples were wet-ashed and analyzed for P by the 
same method used for fecal samples. 

Rib bone samples were obtained to assess bone P reserves of the 
cows. Rib samples were obtained using a surgical technique out- 
lined by Little (1972). This procedure involved clipping and steriliz- 
ing an area over the medial section of the 12th rib. A local anes- 
thetic was administered and an incision (7.5 cm to 10 cm long) was 
made through the skin, fascia, and muscle to expose the rib bone. A 
trephine (1.2 cm in diameter) was used to cut the bone down to the 
medullary cavity which provided 700 to 900 mg samples. Fresh 
weights, dry fat-free weights, and specific gravity (fresh bone) were 
determined on each bone biopsy. Phosphorus content was deter- 
mined using the molybdovanadate calorimetric procedure (AOAC, 
1980). Bone P was then expressed as percentage of fresh bone and 
dry fat-free bone, as well as on a weight to volume basis (mg/cc 
bone). 

Statistically, saliva and fecal P levels for all periods as well as 
bone for periods 1 to 5 (lactation period) were analyzed using 
analysis of variance techiques for split plot designs (Steele and 
Torrie 1980) with treatment tested against error A (cow/treat- 
ment). Period and the interaction (treatment X period) were tested 
against residual error. A paired t-test between lactating and non- 
lactating cows was used to evaluate observed differences in bone P. 
Performance traits (except percent calf crop) were analyzed using a 
completely random analysis of variance. The least significant dif- 
ference procedure was used to compare least square means follow- 

Table 2. Yearly performance traits of range cows with free access to either salt only (C) or a mineral mix (S) over a five-year period. 

Year/Treatment 

1979 
1980 
1981 
I982 
1983 
Mean 

Number 
(per trmt.) 

C S 

39 39 
33 37 
23 24 
I9 21 
I3 I3 
25 27 

Performance traits 
Calving date’ Calving interval* Weaning weight3 Suckling gain4 Calf crops 
(day of year) (days) (kg) (kg/d) (%) 
C S C S C S C S C S 

69” 718 - 229’ 230” .91” .92” 92” 92’ 
59” 59” 355” 353” 237” 227” .908 .86” 92” 100” 
978 42b 403” 348b 226” 253b I .03’ .9lb 72” 67” 
53” 33b 321” 356b 240” 248” .89” .85’ 82” 88” 
54” 458 355” 377” 236’ 245” 1.11’ 1.11* 100” 100” 
66 50 361 359 234 241 .97 .93 88 89 

- 
‘Calving dates are expressed as numerical day of the year (January I = day I). 
Talving intervals are number of days between calving dates (from preceding to present year). 
‘Weaning weights are in kilograms (adjusted only for sex effect, heifer weights X 1.05, USDA 1965). 
%uckling gains are in kilograms per day from birth to weaning. 
Talf crops were calculated as the number of cows weaning calves in a given year plus any pregnant cows culled the previous year expressed as a percent of the cows exposed to 

breeding the previous year. 
B-bRo~ means within trait with different superscripts differ (K.05). 
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Table 3. Fecal and salivary phosphorus levels at various sampling dates during 1981-82 for range cows with free access to either salt only or a mineral mix. 

Sampling date 

Treatment April 24 May 28 July 15 August I6 October 16 January 8 Mean 

Salt only 
Mineral mix 
Mean 

Salt only 
Mineral mix 
Mean 

.I8 

.20 
.I9 f .03* 

3.33A” 
I I .06Ab 

7.13 k 1.32 

Fecal Phosphorus (% of DM)I 
.21 .31 .3l .II .24 f .Ol” 
.21 .36 .42 .20 .29 f .Olb 

.27 f .03* .34 f .03Bc .36 f .03’ .I5 * .03* 

---Salivary Phosphorus (mg P/ 100 m1)2 
2.5 

3.17 \Zh 
4.85AB” 6&lB” 2.30*” 

2.93 2.29:n. 
3.62 f 51 

I .96& 5.55Bc” I .44*” 4.35 f .61 
2.82 f 1.80 3.35 f 1.00 6.00 f I.31 I85 f I.15 2.61 f 1.43 

‘Fecal P values for the October sampling date were not included due to inadequate sample size from several cows for laboratory analysis. No treatment X sampling date 
interaction was detected for fecal P levels (m.05). 

IA significant (K.05) treatment X sampling date interaction occurred in salivary P levels. 
?reatment means not followed by the same letter differ significantly (F’C.05). 

ing preliminary F tests (Cochran and Cox 1968). Calf crop data 
were analyzed by the method of Grizzle et al. (1969). Since the 
number of cows per treatment group varied among years, produc- 
tion data for each year were analyzed separately. 

Results and Discussion 

Cow-calf Performance 
Performance data collected over a 5-year period are presented in 

Table 2. The number of cows per treatment decreased from 38 at 
the beginning of the study to 13 during the final year. Number of 
cows culled from the experiment due to unsoundness or failure to 
conceive did not appear to be treatment related during any single 
year. A substantial decline in number of cows per treatment 
occurred after the fourth year (1982) when a total of 12 cows were 
culled due to age (11 years old). Calving dates and calving intervals 
in 1979, 1980, and 1983 did not differ between (m.05) treatments. 
However, in 1981, control cows had a longer (X.05) calving 
interval (403 d) than supplemented cows (348 d), which suggests 
that breeding during the drought year (1980), coupled with a lack 
of P supplementation, delayed conception in control cows. The 
mechanism by which P influences reproduction has been attrib- 
uted to energy metabolism (Cohen 1975). Control cows calved 
later (X.05) in 1982 than supplemented cows (22 February vs. 2 
February). This effect was not attributed to treatment, but rather 
to a carryover from the previous drought year, because control 
cows had a shorter (K.05) calving interval (321 d) than supple- 
mented cows (356 d). Data in this study suggest that fertility of 
range cows was not affected by P supplementation in near normal 
rainfall years. Cohen (1975) and Call et al. ( 1978) concluded that P 
supplementation of range cows had no effect on fertility. Contrary 
results were reported by Morrow (1969) and Playne (1972), who 
noted delayed conception and low fertility without P supplementa- 
tion in pen-feeding studies. 

Sex-adjusted weaning weights and suckling gain for calves are 
shown in Table 2. Age of calf adjustment for weaning weights was 
not made because of the large variation in number of days between 
birth and weaning in each herd. Mean weaning weight and suckling 
gain differed only slightly among treatments in 1979, 1980, and 
1983. However, in 198 1, following rebreeding during the drought 
year (1980), control calves (226 kg) were lighter (X.05) at weaning 
than supplemented calves (253 kg). This difference in weaning 
weight was largely due to delayed calving of control cows in 198 1 
because suckling gain by calves was higher (K.05) in the control 
herd than for those in the supplemented herd. Although control 
cows calved later than supplemented cows in 1982, no effect 
(K.05) was noted on weaning weights (control q  240 kg, P- 
supplemented q  248 kg) or suckling gains (control = .89 kg/d, 
P-supplemented = .85 kg/d). Marked year differences were noted 
in percent calf crop from 1979 through 1983 (Table 2), but no 
treatment differences (PK.05) within year were evident. The per- 
cent calf crop of cows averaged over both treatments for the 4 years 
following normal precipitation was 93.2%, compared to an average 
of 69.5 for the I year following a drought. The decrease of 23.7% in 
percent calf crop caused by drought was slightly higher than that 
reported by Bellido et al. (198 1) from an earlier 5-year study in 
which I year was a drought year. Four years of data with 1 drought 
year are not sufficient to determine cause and effect relationships; 
however, there is an indication that P supplementation alone had 
no effect on reproductive performance or milk production of cows, 
or on daily gain of their calves. 

Fecal Phosphorus 
Least square means for fecal P by sampling date and treatment 

are shown in Table 3. Fecal values for the fifth sampling date were 
not considered in the statistical analysis because of an inability to 
obtain a sufficient quantity of feces from all animals for laboratory 
analysis, preventing meaningful analysis of data. Fecal P was 

Table 4. Bone phosphorus levels (mg P/cc bone) at various sampling dates and by lactation status during 1981-82 for range cows with free access to either 
salt only or a mineral mix.1 

Treatment 

Salt only 
Mineral mix 
Mean 

Sampling date 

April 24 May 28 July I5 August I6 October I6 Lactation mean* January 83 Mean 

144.3 162.0 154.3 142.8 149.8 150.7 f 4.2” 231.4 165.1 f 4.1 
169.0 172.3 160.5 167.3 149.6 164.0 f 4.9b 233.0 175.3 * 4.1 

156.6 f 10.3 167.1 f 14.2 157.4 f 8.8 155.0 f I I.0 149.7 f 8.3 155.8 f 27.4* 235.1 + lI.IB 

‘Least square means f standard errors. 
*Lactation means represent mean of all values obtained from April through October sampling dates (the entire lactation period). 
‘January 8 means represent non-lactating levels. 

a_?reatment means over the lactation period differ significantly (K. IO). 
*-‘Lactation vs. non-lactating means differ significantly (K.001). 
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affected by sampling date (X.05) and treatment (K.05). Sup- 
plemented cows had higher fecal P levels (K.05) than control 
cows, which probably reflected the additional P consumed by 
supplemented cows from the free choice mineral mix. Mean fecal P 
(across treatments) were similar (m.05) between the following 
sampling dates: April and January, May and July, and July and 
August (Table 3). Fecal P means indicate that this method may be 
sensitive to dietary changes. The steady rise in fecal P from 24 April 
to 16 August follows the increase in plant P noted by Pieper et al. 
(1978) as forage phenology progressed from dormancy to active 
growth. The decline in fecal P from 16 August to 8 January 
illustrates a similar decline in plant P with dormancy also noted by 
Pieper et al. (1978). These observations should support those of 
Cohen (1974) who found that fecal P was linearly related to 
dietary P levels. 

Salivary Phosphorus 
Salivary P least square means and standard errors for treatment 

with sampling date are shown in Table 3. A treatment by sampling 
date interaction occurred (K.05); however, only on April 24 did 
mean saliva P content of control cows differ (K.5) from that of 
supplemented cows. Salivary P levels peaked in August for both 
herds. This peak coincided with the rise in fecal P, which (as stated 
earlier) indicates a higher dietary P intake (Cohen 1974). Both 
herds showed declines in salivary P from April to Mayjust prior to 
onset of lactation. Bailey and Balch (1961) reported similar results 
for P concentration of saliva when cows were fed diets of differing 
P content. Since P is cleared from blood primarily by the salivary 
glands in ruminants, salivary concentration should be indicative of 
relative blood levels and recycling. However, the P content of 
saliva is also a direct function of salivary secretion rates. Since rate 
of secretion could not be controlled, it is possible that the relatively 
high standard error reflects differences in secretion rate. 

Bone Phosphorus 
Bone P levels by sampling date, treatment, and lactation status 

are shown in Table 4. Only bone P expressed on a weight to volume 
basis (mg P/cc bone) was sensitive to treatment differences (p<). 
Overall, no treatment effects were noted. However, when treat- 
ments were evaluated with lactation status considered (periods 1 to 
5 = lactating, period 6 = nonlactating) 2 responses were evident. 
First, lactating supplemented cows exhibited higher (IV. 10) bone 
P than control cows. However, after lactation (8 January), control 
cows had higher (p>. 10) bone P levels than supplemented cows. 
The lower bone P of lactating control cows compared with lactat- 
ing supplemented cows may be a result of lower dietary P com- 
bined with depletion of bone P during late pregnancy and early 
lactation. Little and Shaw (1979) fed diets deficient in P and with 
excess P (65 and 135% of the NRC recommended requirement), 
but otherwise balanced, to steers and noted significant differences 
in bone P. 

Phosphorus deficiency, according to Little and Shaw (1979), can 
be characterized in heifers (Hoey et al. 1982) sheep (Little and 
McMeniman 1973), and 18-month-old steers (Little and Ratcliff 
1979) by bone P levels below 120 mg/cc, while levels above 150 
mg/cc suggest P adequacy. These authors note that bone P levels 
above 150 mg/cc can occur in nutritionally deficient animals. In 
the present study, mean bone P by treatment or period did not fall 
below 150 mg P/cc bone. However, P levels below 120 mg/ cc bone 
did occur a total of 8 times in different animals from both herds in 
our study. 

The effect of lactation on bone P reserves is shown in Table 4. 
The mean bone P levels for lactating cows (periods 1 to 5) were 
lower (X.001) than the mean for nonlactating cows (period 6). 
Control cows had slightly higher bone P after lactation stress was 
removed and made more rapid increases in bone P. This finding 
indicates that unsupplemented cows can recover as readily as their 
supplemented counterparts from a draw down of the body pool of 
P. 

Our findings represent an antithesis to some earlier studies deal- 
ing with P nutrition of range cattle (Theiler et al. 1928, Black et al. 
1949, Knox et al. 1951). Also, contrary to these early workers, 
Little (1975) observed no discernible performance response of 
cattle to low P diets (65% of the NRC recommended require- 
ments), but he did note differences in bone P (expressed as mg/cc 
bone) between fully supplemented and low P groups. 

Trends in bone, fecal, and salivary P, as well as those for perfor- 
mance traits, do not suggest strong relationships among any mea- 
surements studied. However 2 relationships are implied. First, 
recovery of bone P from lactation stress (period 5 to 6) was made 
during a low point in dietary P (as indicated by fecal P). Since 
actual dietary P levels were not determined, it is possible that 
forage consumed contained recommended amounts (0.18% P; 
NRC (1976). No attempt was made to measure forage P intake by 
cows used in the present study since it has been well established that 
grazed forage samples contain exaggerated P levels due to salivary 
contamination (Wallace et al. 1972). However, diet botanical com- 
position studies by Pfister et al. (1984) on the same range type 
showed that the total grass component of cattle diets was higher in 
January (77%) than in November (61%). P content of grasses is 
usually lower than that of browse and forb species (Cordova and 
Wallace 1975). Moreover, studies of clipped forage (Pieper et al. 
1978) which admittedly may not be truly representative of grazed 
forage, indicate a decline in P content of all grasses between 
November (.12% P) and January (<.lO% P). Although present 
data do not describe exactly what occurred, one point seems clear; 
level of P absorbed by cattle appeared adequate for skeletal replen- 
ishment, energy metabolism and calf production. 

Secondly, bone P levels were low during the breeding season 
(May to July). Salivary and fecal P were elevated during the period 
when dietary P should be increasing. During this early spring 
period, the cow’s requirements are high (0.28% P; NRC 1976). 
However, dietary levels (based on fecal P) are not at a high point 
until after this period. Havstad et al. (1979) found that cattle diets 
on Fort Stanton during May to July contained primarily forbs 
(75% total forbs). Results of whole plant analysis (Cordova and 
Wallace 1975) indicate that these forbs are high in phosphorus 
(0.27%). Because similar rebreeding occurred in both herds, except 
during drought conditions, it appears certain that rainfall or P 
supplementation before and during breeding is critical. 
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Comparison of Heifer Weight Gains and 
Forage Quality for Continuous and Short- 
duration Grazing Systems 
H.G. JUNG, R.W. RICE, AND L.J. KOONG 

Abstract 

A study of animal performance and forage quality under contin- 
uous and short-duration grazing (SDG) systems was conduc- 
ted with post-weaning heifer calves on smooth bromegrass (Bro- 
mus inermis) pasture for 2 years. There were 8 paddocks for each 
SDG cell. The animals were on pasture from early May through 
the middle of August in both years. Heifers assigned to the SDG 
system were moved among the rotational paddocks approximately 
every 2.5 days. In 1982, the grazing treatments were stocked at 
equal levels (2.9 animals/ha). The stocking rate was increased to 
3.8 animals/ha on the SDG treatment in 1983, while the continu- 
ous system remained at 2.9 animals/ha. Animals were weighed and 
forage samples were collected at the completion of each rotation 
cycle. Average daily gain (ADG) was similar (continuous 0.48 kg/d 
vs. SDG 0.47 kg/d, IP.05) in 1982 when both systems were 
stocked equally. Available forage tended to be greater under the 
SDG system (3,141 vs. 3,786 kg/ha), but this difference was not 
significant. Forage quality did not differ (n.05) between the 
grazing systems but did decline significantly in both systems during 
the grazing season. Individual paddocks of the SDG system did not 
differ significantly in forage quality. In 1983, ADG was similar for 
both grazing systems (0.56 and 0.52 kg/d, m.05) and available 
forage also was similar (2,551 vs. 2,159 kg/ha). Crude protein 
content of the forage tended to be greater for the SDG system (7.9 
vs. 8.5% P<.O5) in 1983. In vitro digestibility and crude protein 
content were lower, and cellulose and lignin concentrations were 
higher in forage from paddocks grazed later in the rotation 
sequence in 1983. The SDG system increased available forage 
when stocking rates were equal for the grazing systems, and this 
forage was effectively utilized at a higher stocking rate for the SDG 
system to produce more grain per ha (165.6 vs. 205.6 kg/ha) 
without sacrificing individual performance. 

The use of short-duration grazing (SDG) systems to increase 
productivity of rangeland has received substantial interest recently 
(Heitschmidt and Walker 1983, Malechek and Dwyer 1983). This 
stems primarily from the claim of Savory and Parsons (1980) that a 
properly managed SDG system will generally result in a doubling 
of carrying capacity while maintaining equivalent levels of produc- 
tion per animal to those seen under more conventional systems. 
Experiments where stocking rates were equal for both continuous 
and SDG systems have resulted in equal animal gains (Sharrow 
and Krueger 1979). Accompanying this was an increase in availa- 
ble forage under the SDG system (Sharrow 1983). Rotational 
grazing increases plant growth rate (Chapman et al. 1983) and 
heavy grazing pressure results in more uniform use of pasture 
(Briske and Stuth 1982). These plant responses may account for the 
claims made for increased productivity under the SDG system. 

The objective of this study was to compare forage responses to 
continuous and SDG systems. Available forage and quality mea- 
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surements were monitored throughout 2 grazing seasons. Effects 
of grazing sequence through the rotational paddocks on forage 
parameters was also studied. Performance of the cattle was moni- 
tored relative to the rotational cycles. 

Materials and Methods 

Replicated continuous and SDG systems were developed by 
dividing a 64.8-ha smooth bromegrass (Bromus inermis) pasture 
into 4 16.2-ha cells. Two of these cells were further subdivided into 
eight 2.0-ha paddocks each with electric fencing. The SDG cells 
were arranged in a radial design with a central work and watering 
area. All cells were mowed in early spring, prior to initiation of 
active growth of the grass, and fertilized in April with 74 kg N/ha 
each year. Water and a mineral supplement were available to the 
cattle at all times. Angus, Hereford, Charolais, and Angus X 
Hereford heifer calves born in September-October of the previous 
year were used. Breeds were allocated equally between grazing 
systems and cells, and mean weights were equalized among cells 
(222 kg in 1982,231 kg in 1983). 

In 1982, the continuous and SDG treatments were stocked with 
2.9 animals/ ha. Heifers assigned to the SDG system were rotated 
on a predetermined schedule averaging 2.5 d of grazing per rota- 
tional paddock (range 2-4 d). Rotation order through the pad- 
docks remained constant, with 18.5 d of rest (range 17- 19 d) after 
each grazing bout. In 1982, grazing was initiated on 12 May and 
terminated on 20 August after 5 complete cycles through the 
rotational paddocks. During the second year of the study, the 
continuously grazed cells were again stocked at 2.9 heifers/ ha. 
However, the stocking rate of the rotational cells was increased to 
3.8 animals/ ha. Grazing was initiated 11 May 1983 and terminated 
19 August 1983. The grazing interval per paddock and number of 
cycles was the same as the previous year. All cattle were weighed 
after completing each rotational cycle. 

The available forage in each cell was sampled on the initiation 
date of the experiment each year and after completing each rota- 
tional cycle. Therefore, paddocks were sampled after varying 
lengths of rest from grazing (O-18d). Standing forage was clipped 
with hand shears from 42 quadrats (O.O9m*) in each continuously 
grazed cell and 6 quadrats were clipped in each paddock of the 2 
rotationally grazed cells. Forage samples were dried in a forced-air 
oven at 70°C in 1982 and 45’C in 1983. After grinding to pass a 1 
mm screen, samples were analyzed for dry matter ( 100°C), crude 
protein (N X 6.25) and fiber components (Goering and Van Soest 
1970). In vitro dry matter digestibility was determined according to 
Tilley and Terry (1963). All results are reported on a dry matter 
basis. 

The data were analyzed as a split-plot design. Grazing systems 
were the whole plot and variation attributed to replicates within 
grazing systems served as whole plot error. Cycle or sampling date 
was the subplot main effect. The interaction of grazing treatment 
and cycle or sampling date was also tested in the subplot. Subplot 
error was the variation that remained after other effects in the 
model were accounted for. Data for 1982 and 1983 were analyzed 
separately. 
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Fig. 1. Average daily gain of heifers on smooth bromegrass pasture for 

conrinuous and short-duration grazing systems through 5 rotational 
cycles in 1982. Grazing systems did not differ (P>.OS) in gain. 

Results and Discussion 

Animal Response 
Average daily gain (ADG) of heifers in 1982 is shown in Figure I. 

Cattle grazing the continuous and SDG systems did not differ 
significantly in season-long ADG, but there was a decline (X.05) 
in ADG as the grazing season progressed. There was no interaction 
of grazing system and progressive cycles. Gains averaged 0.48 and 
0.47 kg/d (f.07) across the entire grazing season for continuous 
and SDG systems, respectively. Numerous experiments have 
shown this result previously: equivalent gains per animal when 
both continuous and rotational grazing systems are stocked at the 
same level (Blazer et al. 1973). When the SDG system was stocked 
more heavily in 1983 (13 1% of the continuous system), results (Fig. 
2) were similar to those of the previous year. Grazing systems did 
not differ (B.05) in ADG nor was there an interaction of system 
with progressive cycles. However, there was a significant decline in 
ADG with progressive grazing cycles through the summer. Animal 
gain averaged 0.56 and 0.52 kg/d (f.05) over the entire grazing 
season for the continuous and SDG systems respectively. While 
productivity remained the same per animal between grazing sys- 
tems, total productivity per hectare increased 24.2% between the 
continuous and SDG systems (165.6 vs 205.7 kg of gain/ ha, P = 
.05) due to the increased stocking rate. This pattern of equal gain 
per animal and increased gain/ ha has been reported previously for 
SDG systems (Heitschmidt et al. 1982a) and supports the claim of 
Savory and Parsons (1980). 

Forage Availability 
In 1982, available forage did not differ significantly between 

grazing systems, although there appeared to be 36% more forage 
present under the SDG system on 21 June 1982 and available 
forage remained greater throughout the remainder of the summer 

Ia CONTINUOUS 

n ROTATIONAL 

I fl SE 

Fig. 2. Average daily gain of heifers on smooth bromegrass pasture for 
continuous and short-duration grazing systems through 5 rotational 
cycles in 1983. Grazing systems did not differ (PW.5) in gain. 
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Fig. 3. Available standingforage in the continuously and short-duration 

grazing system during 1982. Grazing systems did not differ (P>.OS) in 
available forage. 
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(Fig. 3). Available forage was different (K.05) among sampling 
dates, but there was no interaction of grazing system and sampling 
date for available forage. There was also no overall grazing system 
effect on available forage in 1983 (Fig. 4). Again available forage 
was different (K.05) with sampling date and the effect of sampling 
date and its interaction with grazing system was significant. Avail- 
able forage was greater (K.05) under the continuous grazing 
system on 1 August 1983 (2,730 vs. 1,381 kg/ ha). 

Sharrow (1983) has previously reported an increase in available 
forage on annual grass-subclover (Trifolium subterraneum) pas- 
tures when grazed by ewes and lambs rotationally as opposed to a 
continuous system. The stocking rate of the SDG system was 
increased in 1983 in an attempt to utilize the increased available 
forage of this system. The similarity of available forage between the 
grazing systems in 1983 indicates that the forage was more effec- 
tively utilized under the SDG system at the higher stocking rate. It 
has been shown that grasses which are rotationally grazed have 
greater growth rates (Chapman et al. 1983). This altered growth 
rate may explain the greater available forage levels of the SDG cells 
in 1982 and equivalent levels in 1983, under an elevated grazing 
intensity, relative to the continuous system. The doubling of avail- 
able forage in 1982 and 1983 for both grazing systems during the 
first 2 grazing cycles suggests that both systems were understocked 
during the rapid growth phase of the smooth bromegrass. How- 
ever, more complete utilization of the forage early in the season 
would probably necessitate use of other pastures during the 
summer when smooth bromegrass is dormant. 

Forage Quality 
Chemical composition of the forage did not differ (m.05) 

between grazing systems in 1982, but was significantly different 
among sampling dates. Mean forage quality values, pooled across 
systems, for sampling dates are given in Table 1. Crude protein 
concentration declined; whereas cell wall, cellulose and lignin con- 
centrations increased during the summer. Hemicellulose content of 

I 1 I I I I 

sm 5131 6120 7/l I 6/l 6119 

SAMPLING DATE 
Fig. 4. Available standing forage in the confinuously and short-duration 

grazing systems during 1983. Grazing systems were different (P>.OS) in 
available forage on 1 August. 

Table 1. Mean in vitro dry matter digestibility (IVDMD) and chemical composition of smooth bromegrass forage, averaged across grazing systems, 
collected during 1982 from both continuous and short-duration grazing systems. 

Sampling date IVDMD(%) CP 

Chemical composition (%)I 

cw CEL HC L 

12 May 
1 June 

21 June 
12 July 
2 August 

22 August 
SE2 

65.6’ 21.2” 61.2” 28.0” 30.0n 3.2” 
66.2” 13.1b 63.6b 28.9b 31.4b 3.2” 
57.7b 8.8’ 63.6b 30.2’ 29.1” 3.7b 
50.9” 7.4d 62.1ab 30.4c 28.1d 4.1’ 
44.7d 6.5e 65.9’ 32.5d 28.8* 4.7d 
34.9’ 5.5’ 72.4d 35.9’ 30.9b 5.7e 

.8 .3 .6 .3 .3 .I 

‘CP (crude protein); CW (cell wall); CEL (cellulose); HC (hemicellulose); L (lignin). 
:S&standard error of the mean). 

Means in the same column not sharing a common superscript differ (X.05). 

Table 2. Mean in vitro dry matter digestibility (IVDMD) and chemical composition of smooth bromeyass forage, averaged across grazing systems, 
collected during 1983 from both continuous and short-duration grazing systems. 

Sampling date IVDMD(%) CP 

Chemical composition (%)I 

cw CEL HC L 

II May 
31 May 
20 June 
II July 
1 August 

19 August 
SE2 

73.6” 17.1” 55.0” 25.7” 26.1” 3.2” 
77.9b Il.lb 60.4b 26.8” 31.0b 2.5b 
66.4’ 7.1’ 67.3’ 31.3b 31.9’ 4.0’ 
58.7d 6.2d 66.7’ 31.5b 30.7M 4.4d 
53.8” 4.0’ 69.7d 34.6’ 30.3d 4.8’ 
48.9’ 3.6’ 74.4’ 37.6d 31.4bc 5.4’ 

.8 .I .6 .4 .2 .l 

‘CP (crude protein); CW (cell wall); CEL (cellulose); HC (hemicellulose); L (lignin). 
:S&standard error of the mean). 

Means in the same column not sharing a common superscript differ (X.05). 
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the forage declined through July, but showed an increase toward 
the end of the summer. Crude protein concentration exhibited an 
interaction between grazing system and sampling date. Only the 
initial (12 May 1982) crude protein content of the forages was 
different (KO5), with the continuous grazing system being greater 
(22.2 vs. 20.2%) than SDG. This difference may reflect sampling 
error. In vitro dry matter disappearance (IVDMD) declined 
(X.05) during the summer and the forage from the continuous 
grazing system had a higher (K.05) IVDMD than the SDG (55.3 
vs. 5 1.3%). However, the interaction of the grazing system and 
sampling date was also significant, with only 12 May and 2 August 
1982 being higher in IVDMD for the continuous grazing system. 
Again this sporadic difference may be due to sampling. In 1983 no 
differences existed for any of the forage characteristics between the 
2 grazing systems, therefore, chemical composition and IVDMD 
of the forage are given in Table 2 averaged across both grazing 
systems. All the forage characteristics were different (X.05) with 
regard to sampling date. Crude proteinconcentration and IVDMD 
declined, whereas cell wall, cellulose, and lignin concentrations 
increased with progressive sampling date. Hemicellulose content 
of the forage changed with sampling date, but not in a consistent 
manner. Crude protein and hemicellulose concentrations exhi- 
bited an interaction between grazing system and sampling date. 
Forage crude protein concentration was lower (K.05) for the 
continuous system versus SDG on 31 May 1983 (10.5 vs. I I .7%), 11 
July 1983 (5.6 vs. 6.9%), and I August 1983 (3.7 vs. 4.3%). Hemicel- 
lulose content was lower (X.05) for forage from the continuous 
grazing system (24.2 vs. 28.1%) on the initiation date of grazing 
only, again suggesting a sampling error. 

Since grazing intensity was high in each paddock of the SDG 
system during the time they were actually grazed, it would be 

expected that forage quality would be higher in the SDG cells than 
for the continuous system because a larger percentage of the plants 
should have been grazed and, therefore, retarded in maturity. 
Heavy grazing pressure has been used to delay maturation of 
grasses (Norton et al. 1982). In fact, there were no differences in 
quality, based on chemical composition, between grazing systems. 
The IVDMD of the forage in the continuously grazed cells in 1982 
even tended to be higher than that of the SDG treatment. This 
suggests that either both grazing systems were understocked, 
allowing the forage to reach physiological maturity, or the growth 
rate of the forage was sufficiently rapid for the grass to become 
mature during regrowth of the rotational paddocks during their 
rest periods. The lack of differences in forage quality in 1983 
between the grazing systems suggests that the elevated stocking 
rate for the SDG system was still too low to delay forage matura- 
tion, although crude protein content did tend toward higher con- 
centrations under the rotational system. Savory (1983) emphasizes 
the importance of timing of grazing with forage growth rate. Too 
long rest periods in the early portion of the grazing season may 
have allowed the forage to become mature-in this study. 

Grazing of a pasture sward has been found to result in a decrease 
in the quality of the remaining available forage (Heitschmidt et al. 
1982b). This is undoubtably due to selectivity of grazing ruminants 
such that the highest quality forage is removed, leaving the lower 
quality material. Therefore, while overall quality of forage in a 
rotationally grazed system may not differ from a continuously 
grazed pasture, paddocks within the SDG should differ in forage 
quality if sampled on the same date because of different lengths of 
regrowth. Forage characteristics of the individual paddocks in 
1982 within the rotational system are presented in Table 3. Availa- 
ble forage and cellulose concentration were the only measurements 

Table 3. Available forage, in vitro dry matter digestibility (IVDMD) and chemical composition of forage from rotationally grazed paddocks In 1982. 
Values are means across sampling dates. 

Rotational Available 
Paddock forage (kg/ ha) IVDMD (%) CP 

I 4009”’ 50.2 10.3 
2 3167b 53.8 10.9 
3 4204” 51.4 10.6 
4 3966”’ 51.9 10.3 
5 37308 50.0 10.2 
6 4129” 50.1 9.9 
7 4338” 52.7 9.9 
8 2749b 50.4 10.0 

SE2 193 1.1 .3 

‘CP (crude protein); CW (cell wall); CEL (cellulose); HC (hemicellulose); L (lignin). 
fSJ (standard error of the mean). 

Means in the same column not sharing common superscripts differ (p<.OS). 

Chemical composition (%)I 
cw CEL HC L 

65.8 3 1.4s* 30. I 4.3 
64.1 30.0b 30.1 4.0 
66.2 31.5** 30.4 4.4 
65.0 30.8*b 30. I 4.2 
64.9 31.1”” 29.8 4.0 
65.6 31.9d 29.4 4.3 
64.8 31.3”’ 29.4 4.2 
66.6 32.2d 29.9 4.5 

.4 .3 .2 .I 

Table 4. Available forage, in vitro dry matter digestibility (IVDMD) and chemical composition of forage from rotationally grazed paddocks in 1983. 
Values are means across sampling dates. 

Rotational Available 
Paddock forage (kg/ ha) IVDMD(%) CP 

I 2582 64.2”’ 8.6”’ 
2 2074 64.6” 9.0abc 
3 2209 62.7b 8.6*’ 
4 1808 65.5’ 9.0ab 
5 1799 64.l”b 9.4b 
6 2389 61.1d 7.9d 
7 2450 62.7b 8.2cd 
8 1959 63. lab 7.6d 

SE2 167 .5 .2 

‘CP (crude protein); CW (cell wall); CEL (cellulose); HC (hemicellulose); L (lignin). 
$44 (standard error of the mean). 

Means in the same column not sharing a common superscript differ (K.05). 

Chemical composition (%)I 
cw CEL HC L 

65.4 31.0ab 30.2 4.1= 
65.8 30.6bc 31.2 3.9b 
65.7 31.3^M 30. I 4.2” 
64.9 30.2’ 30.7 3.9b” 
66.4 30.6” 31.5 4.1” 
67.4 31.9d 31.1 4.3” 
66.2 31.6”d 30. I 4.4n 
66.4 31.7”d 30.5 4.2” 

.5 .3 .3 .I 
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which were different (K.05) among the paddocks. There were, 
however, no discernible trends for available forage or cellulose 
concentration with grazing sequence through the paddocks. All the 
pasture measurements exhibited significant trends with sampling 
date which were the same as those seen in Table I and Figure 3. 
There were no interactions between paddocks and sampling date 
for forage characteristics. In 1983, several quality measurements 
were depressed, but only slightly, in the paddocks of the latter half 
of the grazing sequence. Forage characteristics from the paddocks 
within the SDG system in 1983 are presented in Table 4. There were 
significant differences among paddocks for IVDMD, crude pro- 
tein, cellulose, and lignin concentrations. The forage in the later 
grazed paddocks (6, 7, and 8) tended to be lower in quality mea- 
surements than the forage from paddocks grazed earlier. The 
significant sampling date effect on forage characteristics followed 
those seen in Table 2. However, the interaction of paddock and 
sampling date was significant for cellulose and lignin concentra- 
tion, and IVDMD of the forage. Examination of the means of 
these measurements for individual paddocks and sampling dates 
revealed the same pattern as seen earlier for the paddocks averaged 
across sampling dates (Table 4). Forage from paddocks grazed 
later in the sequence (6, 7, and 8) was lower (K.05) in IVDMD 
and hrgher (K.05) in cellulose and lignin content than forage from 
the earlier paddocks, but this pattern did not appear until the later 
sampling dates (11 July, I and 19 August 1983). The tendency for 
forage quality to be lower in the later grazed paddocks was 
expected based on selective grazing (Heitschmidt et al. 1982b) and 
length of regrowth since the grazing interval. The fact that these 
forage quality differences with rotation sequence for paddocks did 
not develop till late in the season, and only in 1983, provides 
further evidence that the SDG cells were probably understocked in 
both years. 
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The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material with each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers, soil conservationists, hydrologists, agricultural 
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will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
paper laminated cover $lS.W US) 
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Leafy Spurge Control with Herbicides in 
North Dakota: 20-Year Summary 
R.G. LYM AND CALVIN G. MESSERSMITH 

Abstract 

Leafy spurge (Euphorbiu esula L.) control by herbicides can 
vary from year to year due to changing environmental conditions. 
Data from leafy spurge control experimental and demonstrational 
plots with 2,4-D [(2,4_dichlorophenoxy)acetic acid], dicamba (3,6- 
dichloro-o-anisic acid), picloram (4amino-3,5,6_trichloropicolinic 
acid) and glyphosate [N-(phosphonomethyl)glycine] were com- 
bined from 1963 through 1982. The amine and ester formulations 
of 2,4-D provided similar leafy spurge control. 2,4-D at rates up to 
4.5 kg/ha provided less than 40% control after 1 year, and annual 
(spring or fall) or biannual (spring and fall) 24-D applications did 
not increase leafy spurge control. Dicamba was most effective as a 
liquid formulation when spring applied and as a granular formula- 
tion when fall applied. Dicamba at 9.0 kg/ha was required for 
satisfactory leafy spurge control for 1 year. Picloram at 2.2 kg/ha 
gave over 90% control of leafy spurge for 2 growing seasons 
regardless of formulation or time of application. Synergistic weed 
control was observed when 24-D at 1.1 kg/ha or less was applied 
with dicamba or picloram at 0.6 kg/ha or less. These synergistic 
herbicide combinations are economical on many pasture and range- 
land sites infested with leafy spurge. Fail-applied glyphosate at 0.8 
kg/ha or more gave good control of established leafy spurge for 1 
year in shelterbelts and as a spot treatment. 

Leafy spurge (Euphorbiu esula L.) is an introduced perennial 
weed that infests over 1 million hectares in North America (Dunn 
1979). Leafy spurge was discovered in the United States in New- 
bury, Mass., in 1827(Britton 1921) and by 1881 had extended west 
to Michigan (Hanson and Rudd 1933). In 1909 the plant was 
discovered growing along a Fargo, N. Dak., street (Hanson and 
Rudd 1933). Leafy spurge has spread via root and seed until it 
presently occupies nearly 349,000 hectares in North Dakota (Mes- 
sersmith and Lym 1983). Leafy spurge now is centered in the 
northern Great Plains and Rocky Mountain areas of the United 
States and Prairie Provinces of Canada (Noble et al. 1979). 

Leafy spurge has not been a problem in crop land due to 
repeated tillage operations, crop rotation, and the use of herbicides 
(Derscheid et al. 1960). However, the plant has become a serious 
problem in range and pastureland where it displaces useful forage 
and, if left unchecked, will render productive pastures useless. 
Also, leafy spurge contains a toxin which, when taken internally, is 
an irritant, emetic, and purgative (Selleck et al. 1962). The toxin 
causes scours and weakness in cattle and may result in death. 
Kingsbury (1964) reported inflammation and loss of hair on the 
feet of horses from walking in freshly mowed stubble during hay- 
ing. Sheep will graze small plants but large plants are toxic (John- 
ston and Peake 1960). Most animals will eat the dried plants in hay 
but avoid eating growing plants (Krockmal 1952). Thus forage is 
lost due to both weed competition and avoidance of forage in leafy 
spurge infested areas. 
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Herbicides have been the most successful method for leafy 
spurge control. However, perennial weed control by herbicides can 
vary from year to year depending on environmental conditions and 
experimental sites and a variable leafy spurge complex (Ebke and 
McCarty 1983). Perennial weed infestations also vary in density at 
various sites. Data obtained by averaging leafy spurge control 
from several areas and years should provide the best assessment of 
a herbicide’s effectiveness for weed control. Data from experimen- 
tal and demonstrational plots established by North Dakota State 
University were summarized for 2,4-D, dicamba, picloram, and 
glyphosate, which are the primary herbicides currently used for 
leafy spurge control. 

Materials and Methods 

Leafy spurge control by 2,4-D [(2,4dichlorophenoxy) acetic acid], 
dicamba (3,6-dichloro-o-anisic acid), picloram (4-amino-3,5,6- 
trichloropicolinic acid) and glyphosate [N-(phosphonomethyl) 
glycine] in North Dakota was summarized from sites established 
between 1963 and 1982. Data were taken from 70 North Dakota 
Agricultural Experiment Station sites and 68 demonstration sites 
established by the North Dakota Cooperative Extension Service 
and summarized across years by herbicide formulations, rates, and 
season of application. The formulations in this summary included 
2,4-D amines and esters, dicamba liquid and 5% granules, piclo- 
ram liquid and 2% granules, and glyphosate. The liquid formula- 
tions were applied in water at 76 to 171 L/ha, except at a few 
demonstration sites which were treated in higher volumes. 

Data for each treatment are means of percent control based on 
visual or stand count observations. Each plot evaluated was consi- 
dered an observation. Thus an experiment with 4 replications had 4 
observations per treatment, while a demonstration with 2 replica- 
tions at 12 sites had 24 observations. The data were analyzed using 
the General Linear Models procedure (SAS Institute 1982). The 
number of observations per mean is presented in parentheses as an 
additional guide to the probable reliability of each mean. The data 
were divided into spring or fall applied treatments. Spring treat- 
ments were applied in late May and June, while applications from 
mid-August through September were considered fall treatments. 
Experiments containing biannual treatments had herbicides app- 
lied twice per year in both the spring and fall. Annual and biannual 
treatments applied for 2 or more years used only the liquid formu- 
lation and did not distinguish between the 2,4-D amine and ester 
formulations. 

Results and Discussion 

2,4-D 
The 2,4-D amine and ester formulations gave similar leafy 

spurge control when evaluated 3 and 12 months after spring treat- 
ment (Table I). Leafy spurge control at 3 months after a spring 
application averaged across 2,4-D at 0.6 through 2.2 kg/ ha was 49 
and 51% for the amine and ester formulations, respectively. The 
comparable mean after 12 months was 17 and 22% leafy spurge 
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Table 1. Leafy spurge control with 2,4-D as amine and ester formulations 
either spring or fall applied in North Dakota. 

Season and 
rate Amine 

Months after treatment 
319’ 12 

Ester Amine Ester 

Us/ ha) 
Spring 
0.6 53( 16)* 
0.8 50(8) 
I.1 43( 116) 
1.7 47( 108) 
2.2 51(47) 
LSD (0.05) Rate X Form 

Fall 
1.1 19(24) 
2.2 18(14) 
4.5 26(12) 
LSD (0.05) Rate X Form 

48( 16) w3) 23(4) 
55(8) . . . . . 10(4) 
51(81) 5(16) 1 l(8) 
48(92) . . 30(4) 
51(143) 39(44) 38(50) 

12 Non-e& 

19(8) 
21(8) 
I5(8) 

12 

4%) 

4(l2) 14(8) 
o(l2) 1 l(8) 
8(8) 2(12) 

Non-est 

‘Spring applied treatments were evaluated at the end of the same summer (3 months) 
and fall applied treatments were evaluated after the winter (9 months). 
?Numbers in ( ) are the number of observations in the mean. 
‘Non-estimable due to insufficient number of similar experiments across all means. 

control for the amine and ester formulations, respectively. Leafy 
spurge control was similar for 2,4-D amine and ester formulations 
when fall applied also. However, spring applications resulted in 
slightly increased long-term control compared to fall application. 
Leafy spurge control at 12 months averaged from 2,4-D amine at 
1.1 to 2.2 kg/ ha was 22 and 2% when spring and fall applied, 
respectively. No advantage was detected for applying 2,4-D ester 
or amine at greater than 0.8 kg/ ha. However, the authors suggest 
using both formulations of 2,4-D at 1.1 to 1.7 kg/ ha until enough 
additional observations are obtained to demonstrate that lower 
2,4-D rates will provide consistent leafy sdurge control and 
improved forage production. 

Biannual 2,4-D applications generally did not provide greater 
leafy spurge control than the initial treatment (Table 2). Leafy 

Table 2. Leafy spurge control with 2,4-D, dicambe or picloram applied 
both spring and fall for several growing seasons in North Dakota. 

Herbicide 
and rate 

Months after first treatment 
3 I2 15 24 27 

(kg/ ha) (%I 
2,4-D 
1.1 48( 197)’ 38(50) 43(47) 65(28) . . . . . 
1.7 47( 108) 65(54) 50(35) 49(28) . . . . . 
2.2 50( 190) 45( 78) 58( 102) 72(8) 55( 12) 
LSD (0.05) 13 28 Non-es@ Non-est Non-est 

Dicamba 
0.6 47(34) 49( 14) 39( 14) 45(12) 52(8) 
1.1 50(34) 57(18) 55( 10) 58( 12) 68(8) 
LSD (0.05) 20 4 Non-est Non-est Non-est 

Picloram 
0.3 56(41) 67(18) 69( 10) 72(18) 82( 14) 
0.6 (Spring 58(62) 72( 18) 87( 10) 81(8) 86(8) 

applied only) 
LSD (0.05) 16 12 11 Nonest Non-est 

‘Numbers in ( ) are the number of observations in the mean. 
2Nonestimable due to insufficient number of similar experiments across all means. 

spurge control averaged from 2,4-D at 1. I through 2.2 kg/ ha was Dicamba at 0.6 kg/ha applied biannually maintained leafy 
48% after 1 treatment (3 months) and 62% after 4 treatments (24 spurge control from 47% at 3 months to 52% at 27 months, while 
months). Generally leafy spurge control was not enhanced by similar treatments with dicamba at 1.1 kg/ha increased leafy 
increasing the 2,4-D rate from I. 1 to 1.7 or 2.2 kg/ ha in a biannual spurge control slightly from 50 to 68%, respectively (Table 2). 
treatment program. Biannual applications of dicamba at 1.1 kg/ ha meant that a total of 

Both annual and biannual 2,4-D treatments provided similar 
leafy spurge control after 3 months (Table 1, 2). Leafy spurge 
control at 12 months declined substantially following a single 
2,4-D application, while biannual 2,4-D treatments maintained the 
initial level of weed control. However, Bybee and Messersmith 
(1976) reported that leafy spurge reestablished to the original 
density within 1 year after discontinuation of treatments that had 
been applied biannually for 4.5 years. Both annual and biannual 
2,4-D applications should eliminate seed production and greatly 
reduce or prevent a leafy spurge stand from expanding until treat- 
ments are discontinued. Annual 2,4-D applications for leafy 
spurge control provide nearly a 40% increase in forage production 
over untreated areas (Lym and Messersmith 1983), and presuma- 
bly biannual 2,4-D applications would provide a similar increase in 
forage production. 

Dicamba 
Leafy spurge control with dicamba has included the liquid and 

granular formulations alone, dicamba in combination with 2,4-D 
and dicamba biannual treatments. Leafy spurge control with 
spring applied dicamba increased as the application rate increased 
regardless of formulation (Table 3). Control with dicamba liquid 

Table 3. Leafy spurge control with dicamba spring applied as liquid and 
granular formulations in North Dakota. 

Formu- Months after treatment 
Rate lation 3 12 15 24 27 

(kg/ ha) (%) 
0.6 Liquid 47(34)’ 18( 8) . . . . . . . 
1.1 Liquid 50(34) 8(32) 4(20) 3( IO) . . . 
1.1 5% Granule lO(7) lO(7) 5(3) . . . . 
2.2 Liquid 42(16) 21(12) . . . 14(10) 
2.2 5% Granule 24(7) 37( 12) 8(3) . . . . . . 
4.5 Liquid 79(85) 64(58) 57(54) 10(4) 64(28) 
4.5 5% Granule 59(8) 53( 18) 21(14) 9(12) 3(8) 
6.7 Liquid 82(17) 69(17) 53(33) 22(6) . . . 
9.0 Liquid 93(25) 80(47) 65(41) 35(16) 1 X8) 
9.0 5% Granule 92(8) 78(20) 53( 14) 34( 12) lO( 19) 

13.4 Liquid lOO(8) 96(8) 78(7) . . . . 
13.4 5% Granule 97(8) 94(8) 75(8) . . . . . . 
LSD (0.05) 13 12 11 Non-est2 Nonest 

‘Numbers in ( ) are the number of observations in the mean. 
2Nowestimable due to insufficient number of similar experiments across all means. 

averaged 47% at 0.6 kg/ ha and 100% at 13.4 kg/ ha when evaluated 
3 months after treatment. Dicamba spring-applied generally pro- 
vided better control as the liquid than granular formulation at 
comparable rates. Leafy spurge control, averaged across dicamba 
at 1.1 through 13.4 kg/ ha, with the liquid and granular formula- 
tions was 74 and 56% at 3 months and 51 and 32% at 15 months, 
respectively. 

Dicamba granules provided better long-term leafy spurge con- 
trol than the liquid formulation when fall applied at similar rates 
(Table 4). The mean across dicamba at 4.5 through 9.0 kg/ ha was 
62 and 38% leafy spurge control for the granular and liquid formu- 
lations, respectively, after 12 months. Leafy spurge control aver- 
aged 62 and 7 1% at 12 months for fall applied granules and spring 
applied liquid formulations of dicamba, respectively, at 4.5 to 9.0 
kg/ ha (Table 3,4). In general dicamba must be applied at 9.0 kg.ha 
or more as a liquid formulation in the spring and granular formula- 
tion in the fall to obtain good leafy spurge control for at least 12 
months in North Dakota. 
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Table 4. Leafy spurge control with dicamba fall applied as liquid and 
granular formulations in North Dakota. 

Months after treatment 

Rate Formulation 9 12 21 24 

(kg/ ha) (%) 
0.6 Liquid 35( 10)’ 3l(8) 8(4) . . . 
I.1 Liquid 29(23) 7(16) 9(5) . 
4.5 Liquid 90(10) 30(6) 18(5) . . 
4.5 5% Granule 8’Xl8) 44(8) 34(7) 31(4) 
6.7 Liquid 88f 14) 28(8) 63(3) . . . 
6.7 5% Granule 84(18) 66(8) 68(7) 58(4) 
9.0 Liquid 97( 14) 55( IO) 53(9) 97(4) 
9.0 5% Granule 98(14) 77( IS) 62(7) 83(4) 

11.2 Liquid 98(3) . . . 85(3) . . . 
LSD (0.05) 7 24 17 Non-e& 

‘Numbers in ( ) are the number of observations in the mean. 
~Non-estimable due to insufficient number of similar experiments across all means. 

5.5 kg of dicamba had been applied to these plots in 27 months, and 
the control of 68% at 27 months was similar to the 64% with 
dicamba at 4.5 kg/ ha applied once (Table 3). Thus, an advantage 
was not detected for applying dicamba at lighter rates twice yearly 
for several years compared to a larger rate applied once. 

Leafy spurge control with a single treatment was better with 
dicamba plus 2,4-D than dicamba alone at similar dicamba rates 
after 3 months, but control generally was similar after 12 months 
(Table 5). When averaged across dicamba at 0.6 through 2.2 kg/ ha, 
leafy spurge control after 3 months was 47% with dicamba alone 
compared to 9 1 ?Jo with dicamba plus 2,4-D. The comparable means 
after 9 months were 5 1 and 59% control, respectively. There was an 
initial top growth control advantage with dicamba plus 2,4-D, but 
the plants recovered by the following growing season. 

Dicamba plus 2,4-D as biannual treatments for 2 years improved 
leafy spurge control over either herbicide used alone at similar 
rates. Leafy spurge control at 27 months from biannual applica- 
tions of 2,4-D alone at 2.2 kg/ ha was 55% (Table 2) and with 
dicamba alone at 0.6 kg/ha was 33% (Table 5), but control 

Table 5. Leafy spurge control with dicamba plus 2,4-D and picloram plus 2,4-D combination treatments in North Dakota. 

Herbicides and rate 3 9 I2 

Months after first treatment 

15 21 24 27 

(kg/ ha) 
Single treatment’ 
Dicamba + 2.4-D 
0.6 0 
0.6 1.7 
I.1 0 
I.1 3.4 
2.2 0 
2.2 6.7 
LSD (0.05) 

Picloram + 2.4-D 
0.14 0 
0.14 0.14 
0.3 0 
0.3 I.1 
0.3 1.7 
0.3 2.2 
0.6 0 
0.6 1.1 
0.6 1.7 
0.6 2.2 
LSD (0.05) 

Retreatments 
Dicamba + 2,4-D applied biannually 
0.6 0 
0.6 2.2 
I.1 0 
I.1 2.2 
LSD (0.05) 

Picloram + 2,4-D applied annually 
0.3 0 
0.3 0.3 
0.3 I.1 
0.3 1.7 
0.3 2.2 
0 45 0 
0.45 I.1 
0.45 1.7 
0.45 2.2 
0.6 0 
0.6 I.1 
0.6 1.7 
0.6 2.2 
LSD (0.05) 

47(20)’ 
89(3) 
5W34) 
92(3) 
43( 16) 

. . . 
I8 

29t4) . . . 38(4) . . . . . . 

W4) . . . 28(4) . . . . . 

W41) 20(20) 22(37) 5(19) . . . 
68(20) 39(8) 64(8) 18(8) . . . 

74(8) 41(8) 47(4) . . . . . 

73(8) 52(8) 36(4) . . . . . . 
58(62) 53(24) 50(62) 23(30) . . . 
85(29) 71(8) 87(33) 7(4) . . 

91(8) 73(8) 79(4) . . . . . . 
93(8) 66(8) 93(4) . . . . . . 
I8 Non-est IO Non-est Nonest 

47(34) 
68( 18) 
50(34) 
53( 14) 
15 

56(41) 20(20) 56(l6) . . . 
79( 14) . . . 84( 14) 80( 14) 
62(20) 39(8) 45( 16) . . 
74(8) 4l(8) 57(20) . . . 
73(8) 52(8) 53(12) . . . 
78(4) 49(20) 66(8) . . . 
67(4) 59t8) 70(8) . . . 
61(4) 66(8) 70(8) . . . 
64(4) 54(8) 74(8) . 
58(62) 56(24) 72( 18) 87(10) 
88(3 I) 71(8) 84(39) 84(26) 
91(8) 73(8) 68(12) . . . 
93(8) 66(8) 83(12) . . . 

8 Non-es1 16 17 

35(11) 
38(4) 
29(33) 
61(3) 
90(3) 
77(3) 
17 

. . . 

. . . 

. 

. . . 

WI@ 
22(7) 

8(48) 
30(3) 
21(12) 

. . . 
4 

49(19) 
69( 10) 
57( IO) 
58( IO) 
Non-est 

. . . 
5(3) 
4(20) 
3(3) 
. . . 
. . . 

Nonest) 

38( 14) 
84(l4) 
70( 14) 
65(10) 
23 

. . . 
22(3) 

9(5) 
22~3) 
33(3) 
33(3) 
Non-est 

. . . 

. . . 

. . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 
1.. 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 

. . . 

. . . 
3(10) 
. . . 

l4(10) 
. . . 

Non-est 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 
3(4) 
. . . 
. . . 

. . . 
Non-est 

45(8) 
65(8) 
58(8) 
68(8) 
Non-est 

. . . 
83(12) 

. . . 

. . . 

. . . 

. . . 
. . 

. . . 

. . . 
8l(8) 
86( 12) 

.,. 

. . . 
Non-est 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 
l(4) 
. . . 
. . . 

. . . 
Non-est 

33(12) 
7W12) 
73(12) 
7l(8) 
Nonest 

. . . 
83(12) 

. . . 

. . . 

.,. 

. . . 

. . . 

. . . 

. . . 
86(8) 
89( 12) 

. . . 

. . . 
Non-est 

Treatment applied once in spring or fall. 
*Numbers in ( ) are the number of observations in the mean. 
INon-estimable due to insufficient number of similar experiments across all means. 
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increased to 70% when dicamba plus 2,4-D at 0.6 plus 2.2 kg/ ha 
was applied as a combination treatment. The combination of 
dicamba plus 2,4-D at 1.1 plus 2.2 kg/ ha did not have a synergistic 
effect over biannual treatments of dicamba at 1.1 kg/ ha alone 
throughout the 27 month period. 

Dicamba and 2,4-D at rates of 0.6 to 2.2 kg/ ha generally pro- 
vided less than 40% leafy spurge control after 1 year, so single 
treatments of these herbicides only are a short-term management 
tool (Table I, 3,4). The treatment of choice under these conditions 
would be 2,4-D because it is less expensive than dicamba. How- 
ever, dicamba has an advantage over 2,4-D at high application 
rates, because leafy spurge control increased as the dicamba rate 
was increased whereas increasing the 2,4-D rate above 1.7 kg/ ha 
did not increase weed control. A biannual application of dicamba 
plus 2,4-D at 0.6 plus 2.2 kg/ha maintained approximately 70% 
leafy spurge control, which was comparable to a single application 
of dicamba at 4.5 to 9.0 kg/ ha (Table 3, 4, 5). Similar to 2,4-D, 
forage yield increased by 42% when leafy spurge was controlled 
with dicamba (Lym and Messersmith 1983). 

Picloram 
Picloram has been evaluated for leafy spurge control in North 

Dakota since 1964. Picloram at 2.2 kg/ ha has given 77% leafy 
spurge control at 27 months when spring applied as the liquid 
formulation (Table 6). Picloram granules at 2.2 kg/ha averaged 

Table 6. Leafy spurge control with picloram spring applied as liquid and 
granular formulations in North Dakota. 

Formu- Months after treatment 

Biannual treatments of picloram at low rates gradually decreased 
leafy spurge infestations over time (Table 2). Picloram at 0.3 kg/ ha 
applied biannually or at 0.6 kg/ ha applied annually for 2 consecu- 
tive seasons provided 82 and 86% control, respectively, after 27 
months (Table 2), which is similar to picloram at 2.2 kg/ ha applied 
once (Table 6). When picloram was applied at 0.3 kg/ ha biannu- 
ally, a total of 1. I kg/ ha of picloram had been applied after 2 years 
and provided 72% control at 24 months (Table 2); however, a single 
application of picloram at 1.1 kg/ ha spring applied only provided 
21% control at 24 months (Table 6) or fall applied only provided 

Table 7. Leafy spurge control with picloram fall applied as liquid and 
granular formulations in North Dakota. 

Formu- Months after treatment 
Rate lation 9 12 21 24 33 

(kg/ha) 
0.3 Liquid 00%) 14(16)’ 
0.6 Liquid 53(24) 13(16) ::: ::: ::: 
1.1 Liquid 83(60) 67(51) 61(15) 44(l3) l9(9) 
1.1 2% Granule 67( 16) 43(20) 54( IO) 44(10) . . . 
2.2 Liquid 99(46) 80(38) 95(21) 82( 13) 74(9) 
2.2 2% Granule 96(24) 89(24) 73( 10) 71(10) . 
4.5 Liquid lOO(8) lOO(8) I OO(4) lOO(4) . . . 
4.5 2% Granule 100(8) lOO(8) lOO(4) lOO(4) . . . 
LSD (0.05) I9 I7 42 37 Non-e& 

‘Number in ( ) are the number of observations in the mean. 
*Non-estimable due to insuflicient number of similar experiments across all means. 

Rate lation 3 I2 I5 24 27 

(kg/ ha) B%) 
0.3 Liquid 56(49)’ 30(27) 5(19) . . . . . . 
0.6 Liquid 58(34) 63(46) 23(30) 3(4) l(4) 
0.6 2% Granule 73(4) 62(S) 5(4) O(8) O(4) 
I.1 Liquid 76(45) 74(73) 68(62) 21(14) 25(4) 
I.1 2% Granule 58(13) 86(42) 59(38) 39(8) 20( 18) 
1.7 2% Granule 92(16) 92(12) 85(32) 62(12) 53(6) 
2.2 Liquid 93(73) 96(llO) 91(97) 82(26) 77( 10) 
2.2 2% Granule 62(13) 98(41) 89(41) 69(22) 71(18) 
4.0 2% Granule 96(17) 98(17) 92(17) . . . . . . 
LSD (0.05) 13 II 12 26 38 

‘Number in ( ) are the number of observations in the mean. 

44~0 control at ~4 morns \ laoIt: I). 
Leafy spurge control was better with a single treatment of piclo- 

ram plus 2,4-D than picloram alone when the picloram rate did not 
exceed 0.6 kg/ ha (Table 5). The mean for picloram applied at 0.3 
and 0.6 kg/ ha was 57 and 36% leafy spurge control at 3 and 12 
months, respectively, compared to 77 and 76% control, respec- 
tively, when 2,4-D at 1.1 kg/ ha was applied with the picloram. No 
benefit was detected for applying 2,4-D at greater than 1.1 kg/ ha 
with picloram. Leafy spurge control with picloram at 1.1 kg/ ha or 
more was not improved by adding 2,4-D (data not presented). 

only 62% control at 3 months, which probably was due to inade- 
quate moisture for herbicide activation during the summer months, 
but thereafter the liquid and granular formulations gave similar 
leafy spurge control up to 24 months. Picloram at 1.1 and 1.7 
kg/ ha gave good leafy spurge control for 12 months, but control 
decreased rapidly thereafter. Picloram applied at rates less than 1.1 
kg/ ha did not give satisfactory long-term leafy spurge control. 
Picloram generally provided similar leafy spurge control regard- 
less of formulation at comparable rates. Leafy spurge control 
averaged across picloram at 0.6 through 2.2 kg/ ha was 78 and 85% 
at 12 months and 35 and 43% at 24 months for the liquid and 
granular formulations, respectively. 

Annual treatment with picloram plus 2,4-D generally gave better 
leafy spurge control than picloram alone (Table 5). The largest 
increase in leafy spurge control occurred when picloram at 0.3 
kg/ ha was applied with 2,4-D at 0.3 kg/ ha. Leafy spurge control 
with picloram at 0.3 kg/ ha was 56% after 12 months compared to 
84% control when 2,4-D at 0.3 kg/ ha was added to the treatment. 
A 2,4-D rate greater than 0.3 kg/ ha did not increase leafy spurge 
control when applied annually with picloram. Annual application 
of picloram at 0.6 kg/ ha gradually decreased leafy spurge stands 
but control was not improved by adding 2,4-D after the initial 
treatment. The greatest potential for synergism between picloram 
and 2,4-D for leafy spurge control occurred in a range of picloram 
at 0.3 to 0.6 kg/ ha and 2,4-D at 0.3 to 1.1 kg/ ha. 

Picloram gave similar leafy spurge control when fall applied 
compared to spring applications after 24 months, but initial con- 
trol generally was lower with the fall applications (Table 6, 7). 
Picloram spring applied at 1.1 to 2.2 kg/ ha gave 89 and 55% leafy 
spurge control at 12 and 24 months, respectively, and comparable 
fall applied treatments had 70 and 60% control, respectively. Piclo- 
ram at 4.5 kg/ ha gave excellent leafy spurge control but caused 
considerable grass injury. Generally, leafy spurge control remained 
above 80% for 12 to 15 months when picloram was applied at 1.1 
kg/ ha and for 24 to 27 months when applied at 2.2 kg/ ha. Once 
leafy spurge control declined to 70% or less, the stand density 
increased rapidly thereafter regardless of original picloram treatment. 

Picloram at 0.3 to 0.6 kg/ ha, dicamba at 0.6 to 2.2 kg/ ha, and 
2,4-D at I. 1 to 2.2 kg/ ha generally provided similar control for 12 
months (Table 1,3,6), but follow-up treatments would be required 
to maintain weed control. Repeat annual treatments with picloram 
have continued to reduce the leafy spurge density, whereas the 
repeat of 2,4-D and dicamba treatments have only maintained the 
leafy spurge control obtained by the initial treatment (Table 2,5). 
Leafy spurge control with annual picloram treatments generally 
has resulted in a 60% increase in forage production (Lym and 
Messersmith 1983). 

The two synergistic combinations of picloram combinations of 
picloram plus 2,4-D at 0.3 plus 1.1 kg/ha applied annually and 
dicamba plus 2,4-D at 0.6 plus 2.2 kg/ ha applied biannually have 
provided similar control for 12 months (Table 5), but the picloram 
plus 2,4-D annual treatment generally provides better control after 
repeat applications than the dicamba plus 2,4-D biannual treat- 
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ment. Both synergistic combinations would be more economical 
for the leafy spurge control obtained than a single application of 
picloram at 2.2 kg/ ha or dicamba at 9 kg/ ha; the latter treatments 
are the maximum labeled rate for the liquid formulation of each 
herbicide. 

Some areas infested with leafy spurge are not easily accessible, so 
an annual or biannual herbicide treatment program is impractical. 
Also, leafy spurge eradication is a logical objective when a new 
infestation is spotted before the weed has developed an extensive 
root system. In these situations, picloram at 2.2 kg/ ha should 
provide at least 80 to 90% leafy spurge control for I5 to 24 months 
in North Dakota, whereas dicamba at 9 kg/ ha has provided similar 
control for only 12 to I5 months. Leafy spurge control by picloram 
and dicamba generally have been maintained at 80% or more for 12 
to 15 months longer in Wyoming than North Dakota, based on 
reports by Alley et al. (1983). Leafy spurge control declines rapidly 
with both herbicide treatments when the control falls below about 
80% so retreatment would be necessary. Generally, dicamba pro- 
vides shorter residual leafy spurge control and is more expensive 
than picloram, but dicamba has a shorter residual in soil and water 
than picloram. The environmental advantages of dicamba may be 
the most important consideration at some leafy spurge infested 
sites. 

Glyphosate 
Spring applications of glyphosate generally gave leafy spurge 

control of 30 to 40% (data not presented); however, fall applica- 
tions of glyphosate at 0.8 to 2.2 kg/ ha averaged 76% control after 
12 months (Table 8). Glyphosate applied at rates greater than 0.8 

Table 8. Leafy spurge control with glypbosate fall applied in North 
Dakota. 

Rate 9 

Months after treatment 

12 21 

(kg/ ha) 
0.3 
0.6 

(%I 
18(9)’ 
66(21) . . . 

0.8 87(21) 78(3) 12(3) 
1.1 87(37) 66(7) lO(3) 
1.7 83(13j 89(4j . . . 
2.2 92(20) 9L(7) 8(3) 
LSD (0.051 6 47 Non-est* 

‘Numbers in ( ) are the number of observations in the mean. 
ZNon-estimable due to insufficient number of similar experiments across all means. 

kg/ ha provided only small increases in control. Further, the cost of 
herbicide would negate the benefit from more than 0.8 kg/ ha of 
glyphosate. Control decreased rapidly after 12 months regardless 
of the original application rate, primarily due to leafy spurge 
seedling establishment since glyphosate is non-selective and does 
not have a soil residual. An application of 2,4-D at 0.3 to 0.6 kg/ ha 
is necessary the following spring to control seedlings. Glyphosate is 
nonselective, so it is useful as a spot treatment or in shelterbelts but 
cannot be used in pasture or rangeland. 

Alley, H.P., R.E. Vore, and T.D. Whitson. 1983. A summary of four years 
repetitive herbicide treatments for control of leafy spurge (Euphorbia 
esulu L.) Proc. West Sot. Weed Sci. 36:87-93. 

Britton, N.L. 1921. The leafy spurge becoming a pest. J. New York Bot. 
Gard. 22173-75. 

An overview of these experiments suggests that leafy spurge can 
be controlled for varying lengths of time depending on the herbi- 
cide treatment used. Eradication was not obtained with any treat- 
ment on established leafy spurge stands, although we have 
observed eradication of new leafy spurge patches that have not 
developed an extensive root system. Leafy spurge has deep roots 
with buds that can produce new shoots from 60 cm or more 
(Selleck et al. 1962), so a herbicide treatment can give visible 
eradication for 24 months or more before the new shoots emerge. 
Also, leafy spurge produces seed that can remain viable for at least 
8 years, and seedlings can develop perennial characteristics by the 
time the plant has 6 to 10 leaves (Selleck et al. 1962). Thus, 
eradication of both roots and seed requires a thorough control 
program for several years. 
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Summary 

2,4-D provided less than 40% leafy spurge control after 1 year 
when applied at rates up to 4.5 kg/ ha in the spring or fall. 2,4-D as a 
biannual treatment did not decrease leafy spurge density more than 
the original treatment. The amine and ester formulations of 2,4-D 
gave similar leafy spurge control and cannot be expected to reduce 
the original stand for more than I year. 

Dicamba at 9.0 kg/ ha or more gave satisfactory control of leafy 
spurge for 1 year, but control decreased rapidly the second year 
regardless of formulation used or time of application. Dicamba 
liquid gave slightly better leafy spurge control than granules when 
applied in the spring at similar rates, but granules were better than 
the liquid formulation as a fail application. Biannual applications 
of low rates of dicamba decreased leafy spurge stands over time, 
but control was similar to that from a high rate applied once. Leafy 
spurge control improved with annual treatments of 2,4-D plus 
dicamba alone when the dicamba rate did not exceed 0.6 kg/ ha. 

Picloram at 2.2 kg/ ha gave over 80% control of leafy spurge for 2 
growing seasons regardless of formulation or time of application. 
Leafy spurge control with picloram was similar when spring and 
fall applied for both liquid and granular formulations. Biannual 
treatments of picloram at 0.3 kg/ ha and annual treatments at 0.6 
kg/ ha decreased leafy spurge stands similar to 2.2 kg/ ha applied 
once. The combination treatment of picloram at 0.3 to 0.6 kg/ ha 
plus 2,4-D at 0.3 to I. I kg/ ha provided greater leafy spurge control 
than picloram applied alone at the same rates. An annual applica- 
tion of the picloram plus 2,4-D combination would be a practical 
and economical treatment for leafy spurge control on many pas- 
ture and rangeland sites. 

Fall applied glyphosate at 0.8 kg/ha or more has given good 
control of established leafy spurge for 1 year in shelterbelts and as a 
spot treatment. However, an application of 2,4-D at 0.3 to 0.6 
kg/ ha is needed the following spring to control leafy spurge 
seedlings. 

A consistent theme throughout this summary is that leafy spurge 
cannot be eradicated with a single herbicide treatment. However, 
there are herbicide combinations that will substantially reduce the 
leafy spurge stand using comparatively economical treatments. 
Eradication of leafy spurge should be possible if the landowner is 
committed to being more persistent than the weed. Unfortunately, 
none of the experiments in North Dakota have been continued for 
the 5 to 10 consecutive years that probably are required to eradi- 
cate an established leafy spurge stand. 
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Seasonal Trends in the Chemical Composi- 
tion of Ten Range Plants in South Texas 
MICHAEL W. MEYER AND ROBERT D. BROWN 

Abstract 

The chemical composition of 10 range plants of dietary impor- 
tance to cattle and white-tailed deer (Odocoileus virginianus) was 
determined on the Texas A&I University Range and Wildlife 
Research Pastures from October 198~September 1981. Samples 
were analyzed for crude protein (CP), neutral detergent fiber 
(NDF), lignin, organic matter (OM), in vitro dry matter digestibil- 
ity (IVDMD), phosphorus (P), and calcium (Ca) concentration. 

The grasses were lower (K.05) in CP and Ca concentration 
than the non-grasses, while non-grasses had lower (K.05) NDF 
content. On the basis of digestibility, fiber content, protein, and 
mineral concentration, forage quality was highest in the spring. 
Winter forage samples were of a higher quality than were late 
summer samples. Low phosphorus concentrations were common 
throughout the year. 

Optimum economic return from the proper utilization of forages 
on rangeland is a common goal. Knowledge of range animal nutri- 
tional requirements and how well those needs are met by the forage 
provided is essential. Only after the relative seasonal availability of 
nutrients is known can livestock be managed to obtain a maximum 
return from the available resources (Raleigh 1970). 

The nutritional quality of Texas range plants generally peaks in 
the spring, decreases in the summer and fall, and reaches its lowest 
levels in the winter (Huston et al. 1981). Recent studies investigat- 
ing the nutritional quality of deer forages in South Texas have 
found a different pattern. Varner et al. (1977) and Everitt and 
Gonzales (1981) found the quality of winter forage to be high and 
the quality of summer forage to be the lowest. The subtropical 
climate with its mild winter temperatures allowed several browse 
and forb species to remain green and nutritious through the winter. 

To further investigate the seasonal trends in forage quality in 
South Texas, we chose to analyze the chemical composition of 10 
plant species of dietary importance to cattle and white-tailed deer 
in the region. The seasonal trends in the chemical composition of 
the species were used to identify periods of maximum and min- 
imum nutritional quality. 

Study Area 

Forage samples were collected monthly on the Texas A&I Uni- 
versity Range and Wildlife Research Pastures located 5 km south 
of Kingsville, in Kleberg County. The topography of the area is 
flat, with elevations ranging from sea level to 45 m. Five major soils 
are included in the 55-ha study area. They are Delfino, Edroy, 
Hidalgo, Orelia, and Willacy (Girdner, unpub. data). The majority 
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of the area is fine sandy loam with inclusions of sandy clay loam, 
clay loam, and clay. 

The climate is subtropical with hot, humid summers and mild, 
dry winters. July maxima average 36’C whereas January maxima 
average 2l’C. The growing season averages 314 days with an 
average of only 5 nights below freezing in January, the coldest 
month. Precipitation averages 65 cm annually but is highly varia- 
ble with periodic droughts. Peak rainfall occurs in May due to 
thunderstorm activity and in September as a result of the occa- 
sional tropical storms and hurricanes most common during that 
month (U.S. Dept. of Commerce 1971). 

Lying within the transitional zone between the Coastal prairies 
and marshes and the South Texas plains (Gould 1975), the vegeta- 
tion of the area is best described as a mesquite-mixed brush com- 
munity. The main shrub species include one mesquite (Prosopis 
glandulosa), spiny hackberry (Celtis pallida), lime pricklyash 
(Zanthoxylum fagara), and a semishrub (Ericameria awtrotex- 
ana). Dominant grasses consist of Texas bristlegrass (Setaria tex- 
ana), lovegrass tridens (Tridens eragrostoides), Kleberg bluestem 
(Dichanthium annulatum), silver bluestem (Bothriochloa saccha- 
roides), multiflowered false-rhodesgrass (Chloris pluriflora), buf- 
fel sandbur (Cenchrus ciliaris), tropic sprangletop (Leptochloa 
virgata), and pink pappusgrass (Pappophorum bicolor). Over 70 
forb species are present. Christmasbush (Eupatorium odoratum), 
Ruellia sp., false ragweed (Parthenium hysterophorus), Texas vir- 
gin’s bower (Ckmatisdrummondii), and crownbeard (Verbesina micro- 
ptera) are common (Graham 1982). 

Materials and Methods 

The dietary importance of forage species within the study area 
was determined by directly observing grazing cattle and deer 
within separate enclosures and counting the number of bites taken 
of each forage species. Each animal species was observed twice 
monthly for 4 hours. The dietary percentage of each species was 
determined by dividing the number of bites for a particular forage 
by the total number of bites of all species (Graham 1982). 

Five grasses [Kleberg bluestem, buffel sandbur, purple threeawn 
(Aristida purpurea), multiflowered false-rhodesgrass, and silver 
bluestem]; 2 forb species (Christmasbush and false ragweed); 2 
browse species [spiny hackberry and bluewood condalia (Condalia 
obovata)]; and prickly pear cactus (Opuntia lindheimeri) were 
sampled and analyzed for crude protein (CP), neutral detergent 
fiber (NDF), lignin, organic matter (OM), in vitro dry matter 
digestibility (IVDMD), phosphorus (P), and calcium (Ca concen- 
tration). On a monthly basis, the 5 grasses comprised >50% of the 
cattle diets during the study (Smith, pers. comm.) and l-2670 of the 
deer diets, while the non-grasses made up 15-30% of the deer diets 
and trace amounts of the cattle diets (Graham 1982). 
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Grab samples of the forages were collected during bite count 
observations taking care to sample only plant parts actually con- 
sumed by the animals. Samples were handplucked, dried for 72 
hours at 55OC, ground in a Wiley mill to pass a l-mm screen, and 
stored in air-tight containers until analysis. Crude protein (% N X 
6.25) and organic matter (100 - % ash) were determined using 
standard techniques (A.O.A.C. 1970). Neutral detergent fiber and 
permanganate lignin were determined as described by Goering and 
Van Soest (1970). In vitro dry matter digestibility was determined 
using the procedure of Tilley and Terry (1963). Rumen inocula was 
obtained from a jersey cow on a roughage diet, and forages with 
known in vivo values were included with each digestion run to 
standardize results. Phosphorus analyses were performed as des- 
cribed by Harris (I 970). Calcium concentration was determined by 
atomic absorption spectrophotometry. All assays were run in 
duplicate. 

A nested two-way analysis of variance model (Ostel 1975) was 
used to determine whether a significant difference in chemical 
composition existed between months and between type of species 
(grasses vs. non-grasses). In this model, type of species and months 
were considered to be fixed effects. Species were nested inside type. 

Results and Discussion 

Crude Protein 
Monthly differences (K.01) occurred in the mean CP concen- 

tration of the forages with the mean CP concentration of March 
samples higher than that of other months. Protein concentration 
closely followed the growing season. Grasses, browse, and forbs 
initiated growth during late February and March, at which time 
CP concentration was high (Fig. 1). As the plants matured, their 
CP concentration declined, reaching lowest levels in late summer. 
Rain and cooler temperatures initiated a second growth period in 
September, at which time CP concentration increased. Only one 
hard freeze occurred during the winter of 1980-8 1 and little reduc- 
tion in CP concentration was observed. 

The mean CP concentration of the 5 grasses was significantly 
lower (K.01) than the CP concentration of the non-grasses. 
Verme and Ullrey (1974) found 13-20s dietary CP provided deer 
with sufficient protein for growth and reproduction. The non- 
grasses with the exception of prickly pear cactus, provided opti- 
mum CP throughout the year (Fig. I). Cattle require 8-9% CP for 
maintenance and reproduction, and 9-1570 CP for growth and 
lactation (NAS-NRC 1963). Multiflower false-rhodegrass main- 
tained optimum CP concentration during all seasons except 

FORBS & SHRUBS GRASSES 

*T%lvDMD ‘4 %IVDMD 

MONTH MONTH 

FORBS & SHRUBS GRASSES 
o- 

: %cp 

20 - 

MONTH MONTH 

LEGEND 

FORBS & SHRUBS GRASSES 
- SPINV HACKBERRV - KLEBERG BLUESTEM 
--- BLUEWOOD CONDALIA --- SILVER BLUESTEM 

-0.-.. CHRISTMAS BUSH . . . . . FALSE RHODESGRASS 
-*- PRICKLY PEAR -.- BUFFLESANDBUR 
A FALSE RAGWEED - PURPLE THREEAWN 

Fig. 1. Monthly crude protein, neutral detergentfiber, lignin, in-vitro dry matter digestibility, organic matter. calcium andphosphorus concentration of 
purple rhreeawn (Aristida purpurea), silver bluestem (Bothriocloa saccharoides), spiny hackberry (Celtis pallida), buffre sandbur (Cenchrus cilliaris), 
mulrifloweredfifse-rhodesgrass (Chloris pluriflora), bluewood condaZia (Condalia obovata), Kfeberg bluestem (Dichanthium annulatum), Christmas 
bush (Eupatorium odoratum), prickly pear cactus (Opuntia lindheimeri), a false ragweed (Parthenium hysterophorus). 
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summer, and buffel sandbur was optimal during spring and early 
summer. Only during spring and autumn did Kleberg bluestem, 
silver bluestem, or purple threeawn provide CP at maintenance 
levels. 

Neutral Detergent Fiber 
NDF concentration is comprised of cellulose, hemicellulose, and 

lignin which are cell wall components that require microbial fer- 
mentation for digestion. The remaining cell contents are up to 98% 
digestible and readily available to the animal (Goering and Van 
Soest 1970). NDF is a more accurate measure of forage quality 
than is the more frequently reported acid detergent fiber (ADF) 
because ADF places hemicellulose in the completely digested frac- 
tion. This may be erroneous as hemicellulose is actually less digest- 
ible then cellulose in some plant species (Van Soest 1982). 

Seasonal trends in the NDF concentration of the grasses and 
non-grasses were not distinct during this study although bluewood 
condalia, Christmasbush, prickly pear, and false rhodegrass did 
show a reduction of fiber concentration during spring and early 
summer (Fig. 1), typical of new growth. The NDFconcentration of 
many winter forage samples was lower than that of the fall samples. 
A drought occurred during the summer of 1980, and many plants 
became dormant. The autumn rains broke the drought, and less 
fibrous forages became available as the season progressed. Lack of 
frost allowed plant growth to continue through the winter, and 
little increase in fiber concentration occurred in the forages 
selected. 

The mean NDF concentration of the grasses was higher (p<.O 1) 
than the non-grasses during all months. Because of their higher 
fiber concentration, grasses require considerable microbial cellu- 
lose digestion and have a slow rate of volatile fatty acid (VFA) 
production, which is high in acetic acid (Short 1971). The non- 
grasses had a larger proportion of rapidly digested cell contents, 
which have a rapid rate of VFA production, which is higher in 
propionic acid concentration than is the case with grasses. This 
increase in propionic acid production results in more calories 
available to an animal because propionic acid has a heat of com- 
bustion nearly twice that of acetic acid (Short 1981). White-tailed 
deer consistently selected these high energy forages on our study 
site (Graham 1982), likely in compensation for their small rumino- 
reticular volumes. Cattle, with much larger rumen volumes, likley 
obtained sufficient energy from the grasses which have a lower 
energy concentration but are more easily obtained. 

Lignin Content 
True lignin comprises a class of non-carbohydrate compounds 

which give structural support to plant cell walls. Its concentration 
increases steadily as the growing plant matures, and its chemical 
linkage, especially with hemicellulose and cellulose, markedly 
reduces the latter (Maynard et al. 1979). There was a significant 
difference (P<.Ol) in the monthly levels of lignin found in the 
forages tested. January lignin concentration was higher (K.05) 

than the other months, with a smaller peak occurring in Sep- 
tember, coinciding with the conclusion of the spring and fall grow- 
ing seasons. Prickly pear peaked in December, May, and Sep- 
tember, perhaps indicative of a different growing pattern. Of the 
species tested, purple threeawn had the highest annual lignin 
content. 

The mean lignin concentration of the non-grasses was not signif- 
icantly different from the grasses even though it was consistently 
lower. A goal of range management should be to provide deer with 
foods of high cell concentration proportions and low lignocellulose 
levels (Short 1981). Using this criteria, the non-grasses we have 
tested make good candidates for propagation. 

Digestibiity 
Monthly in vitro dry matter digestibility differed significantly 

(P<.Ol) during the study, with March IVDMD highest. The mean 
IVDMD of grasses was not significantly different (X.05) than the 
non-grasses, even though it was consistently lower. There was no 
difference in monthly trends between the 2 groups. 

Digestibility of prickly pear and spiny hackberry remained high 
throughout the study (Fig. 1) and exceeded 75% during 6 months. 
Organic matter values have been included along with IVDMD 
values as Everitt and Gonzales (1981) found prickly pear’s 
IVDMD to be inflated due to the large amount of soluble ash 
present in the samples. Spiny hackberry and prickly pear cactus 
also have a low OM concentration (thus high ash concentration) 
(Fig. 1), and the possibility exists that their IVDMD was inflated 
due to soluble ash. In vitro organic matter digestibility is a better 
measure of forage quality in species having a high ash content. 
When comparing mixed forage classes, however, NDF has been 
found to be the best measure of forage quality (Holechek and 
Varra, 1983). 

Mineral Concentration 
The calcium concentration of grasses was lower (p<.O 1) than the 

non-grasses. However, differences in phosphorus content did not 
occur. Mean Ca concentration of the grasses was highest in winter 
and spring while peak concentration of the non-grasses occurred in 
the winter. P concentration in both groups was highest in the 
spring. 

Cattle require .21% Ca and .16% P in their diets for normal 
growth and maintenance (NAS-NRC 1963). The grasses analyzed 
provided maintenance levels of Ca through the study, but with the 
exception of multiflowered false-rhodegrass and buffel sandbur, 
they were deficient in P concentration (Fig. 1). White-tailed deer 
require .30% Ca and .25% P for maintenance and growth 
(Magruder et al. 1957). Ca concentrations of the non-grass species 
were exceptionally high and more than met nutritional require- 
ments at all times. P requirements were met by spiny hackberry, 
Christmasbush, and false ragweed in the spring, but their P con- 
centrations declined as they matured. Prickly pear cactus and 
bluewood condalia were below maintenance levels at all times. 

Table 1. Mean annual organic matter, crude protein, neutral detergent fiber, lignin, in vitro dry matter digestibility, and phosphorus concentration of 
ten forages collected from Texas A&I University Research Pastures, Kingsville, Texas. October 1980 - September 1981(% f SE.).’ 

Species OM CP 

Kleberg bluestem 87.5 f .4 6.7 f .7 Buffelgrass 87.6 f .6 12.3 f I.3 
Purple threeawn 90.2 f .3 7.5 f .3 
Trichloris 88.2 f 

.5 II.Of .9 Silver bluestem 
89.4 f .3 7.5 f .6 Spiny hackberry 82.5 f 1.0 21.6 f 1.0 

Bluewood 88.2 f 
.7 15.2 5 .7 Mistflower 82.7 

f .7 19.3 f .9 False ragweed 83.0 f 
1.9 18.4 f 1.0 Prickly pear cactus 79.8 f I.2 I I.3 f 1.0 

‘Means are average of I2 monthly samples analyzed in duplicate. 

NDF 

68.7 f 1.1 66.0 f 1.5 
75.1 f .8 

70.9 f I.4 
67.9 f I.5 29.0 f I.2 

27.5 f 1.6 
30.5 f 2.0 
28.1 + 2.5 

Lignin 

7.2 f .5 
6.9 zt .5 
8.3 f .4 
6.5 f .4 
7.3 f .5 
5.4 + .4 
5.2 f .5 
7.3 f .5 
6.1 f .6 
4.8 f 

.4 

IVDMD 

43.5 f 2.3 
55.6 * 2.1 
32.3 f 1.2 
59.8 f 2. I 
44.6 f 2.7 
72.1 f 1.2 
38.4 f 2.8 
65.4 f 2.3 
59.8 f 2.1 
75.7 f I.4 

Ca 

.22 + .Ol 

.28 f .03 

.I8 f .02 

.22 f .02 

.I8 f .OI 
3.53 f .40 
1.77 f .I7 
l.IOf.12 
1.24 f .06 
3.02 f .36 

P 

.08 + .OI 

.I4 f .02 

.06 f .OI 

.I3 f .OI 

.08 * .OI 

.I4 f .02 

.I0 f .OI 

.I9 f .OI 

.20 f .02 

.I0 f .OI 
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A Ca:P ratio of between 2: I and 1: 1 is desirable in forages 
(Maynard et al. 1979). A wider range may not allow for optimum 
metabolism, dependent upon Vitamin D availability. While the 
grasses were within the desirable range, the non-grasses ranged 
from 10: I to 20: I. This may further reduce the availability of the 
already marginal P concentrations found in these species. 
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The Decline of the Angora Goat Industry in 
Three Texas Counties 
JERRY H. SCRIVNER 

Abstract 

One hundred three present and 104 past Angora goat producers 
in 3 Texas counties were questioned regarding the relative impor- 
tance of factors contributing to the decline of the goat industry in 
Texas. While the distribution of past and present producers among 
herd-size, ownership, and age classes was similar, it differed with 
regard to kidding. More present producers attempted to reduce 
livestock losses by shed and shed/trap kidding and use of predator 
control and husbandry techniques. Present producers also repor- 
ted fewer kids and adults killed by predators. Predation losses was 
the production-limitation factor of greatest concern to both pres- 
ent and past goat ranchers. Disease problems and concern over 
competition from the synthetic fiber industry were ranked second 
and third, respectively, by present producers whereas mohair pri- 
ces were ranked second and shortage of shearers, disease problems, 
and competition from the synthetic fiber industry collectively were 
ranked third by past producers. 

The Angora goat industry is an important part of the agricultu- 
ral economy of Texas. Texas has more than 90% of the Angora 
goats in the United States with an estimated population of I. 1 
million in 1983 (Texas Crop and Livestock Reporting Service 
1983a). Goat numbers in Texas have been cyclic for nearly 60 
years; however, during the past I8 years, the number of goats shorn 
has declined 72%. In 1965, at the peak of the goat industry, 4.6 
million goats produced 14.3 million kg of mohair valued at $20.8 
million (Texas Crop and Livestock Reporting Service 1981a), 
whereas in 1982, 1.3 million goats produced 4.4 million kg valued 
at $25.0 million (Texas Crop and Livestock Reporting Service 
1983a). 

Published data regarding the cause of this decline are lacking. 
Bowns (1980) suggested that low mohair prices in the mid-1960’s 
and early 1970’s were the major reason Angora goat numbers 
decreased, but predator problems were a strong second factor. 
Kensing (1978, 1980) suggested that flock liquidations have 
resulted primarily from economic losses due to predation. 

Data are more complete regarding factors influencing the 
decline of the sheep industry. Generally, U.S. sheep numbers have 
steadily declined from a high of 57 million animals in 1942 (Coth- 
ern 1981) to 11.9 million in 1983 (Banks 1983), a 79% decline. Gee 
et al. (1977) suggested that the decrease in sheep numbers has 
resulted from farmers and ranchers either discontinuing sheep 
enterprises or reducing herd sizes, with ewes being slaughtered 
rather than retained for stocking purposes. Gee et al. (1977) and 
others (Early et al. 1974a, b, Neese et al. 1976, Stevens and Hartley 
1976) suggested that the reasons for these actions by producers 
include excessive losses to predators, shortage of sheep herders and 
other labor problems, lack of production/ management improve- 
ments, competition from alternative enterprises, and employment 
in other occupations. The objective of this study was to determine 
which of these and other factors have influenced the decline of the 
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Angora goat industry in 3 Texas counties. 

Study Area 

Most of the data for this study were gathered in Bosque, Hamil- 
ton, and Coryeli counties, Texas. These counties lie within the 
Grand Prairie ecological area (Gould 1975). The area is dominated 
by rolling to hilly dissected prairies (Texas State Soil and Water 
Conservation Board 198 1). The original vegetation consisted 
primarily of tall and mid-grass prairie but stands of honey mes- 
quite (Prosopis glundulosa), juniper (Juniperus spp.), elm (Ulmus 
spp.), and oak (Quercus spp.) have thickened in many areas 
(Rechenthin and Smith 1967). 

Prairies typically have dark colored clays over limestone (Gould 
1975). Average annual rainfall ranges from 76-89 cm (Texas State 
Soil and Water Conservation Board 1981). Economically, beef 
cattle are the most important livestock while oats, grain sorghum, 
and wheat are the most important crops. 

Methods 

During 198 1, 104 past producers and 103 present producers in 
Bosque, Hamilton, and Coryell counties, Texas, were interviewed 
regarding their goat enterprises. Past and present ranchers were 
identified by county agents and by other ranchers. An unknown 
proportion of past producers were contacted; however, based on 
county livestock statistics (Texas Crop and Livestock Reporting 
Service 1981 b), about 90% of the goats in these counties were 
owned by present producers contacted during the study. With 2 
exceptions, all ranchers responded to the survey. However, all 
questions were not answered by ranchers, either because they were 
not applicable or because ranchers felt they could not provide 
reliable information. Although most ranchers based their responses 
on mental recall, some referred to written records, particularly 
when questioned concerning livestock losses. 

Information was obtained on: (1) herd size, (2) ownership of 
goat enterprises (e.g., single or family partners), (3) rancher charac- 
teristics such as age and years in business, (4) management of 
nannies during kidding, (5) livestock losses due to predators, dis- 
ease, and other causes, (6) relative use of 7 technqiues to reduce 
predation problems (i.e., predator control by ranchers, night pen- 
ning of livestock, confinement or semiconfinement kidding, extra 
checking on goats, use of guard dogs and the use of scare devices), 
and (7) the relative importance of various potential production 
limitations. Ranchers were questioned in 1981. Responses of past 
producers were based on their last year of production, whereas 
responses of present producers were based on the 1980 production 
year. 

Chi-square analysis was used to make all statistical comparisons 
except that a Wilcoxin 2-sample test was used to compare kilome- 
ters driven and hours spent by past and present producers using 
predator control and husbandry techniques. 

Results and Discussion 

A total of 104 past producers and 103 present producers was 
contacted. The distribution of past and present producers among 
various herd-size classes did not differ statistically (m.05); how- 
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ever, past producers tended to have smaller operations than pres- 
ent producers. Compared to past producers, 6% fewer present 
producers were in the I-299 class while 6% more present producers 
were in the 300-599 class. Relatively few ( 13%) present and past 
producers were in the 2600 head category of goats. Over 60% of 
the present and past producers had 5299 head of goats. Small 
operations probably have more alternatives to goat production 
and more flexibility to make changes than do large operations (Gee 
et al. 1977). Diversification can reduce risk, permits better use of 
range, and provides some flexibility to shift to other livestock or 
crops in response to changes in prices, costs, labor availability, and 
predation (Gee et al. 1976, Bowns 1980). 

Just over 80% of the operations run by past and present produc- 
ers had single-owners. There were more family partnerships in the 
past (15%) than at present (9%), and more nonfamily partnerships 
at present (8%) than in the past (5%); however, none of these 
differences were statistically significant (m.05). Similarly, Stev- 
ens and Hartley ( 1976) found that for the Wyoming sheep industry, 
86% of the sheep operations in their sample were individually 
owned, while the remaining 14% were owned primarily by family 
corporations. 

There was no statistically significant (m.05) difference between 
the average number of years present and past producers were in the 
goat business (2 I. 1 and 17.7 years, respectively). Further, the dis- 
tribution of past and present producers among the various age 
classes was not statistically different (p>o.O5), although past pro- 
ducers tended to be older during their last year of production than 
were present producers in 1980. Forty-four percent of the past 
producers were Z60-years old when they ceased production of 
goats; 34% of the present producers were in this category. Further, 
7% of the present producers were I30-years of age; none of the past 
producers were in this category when they ceased production of 
goats. Overall, there was no significant (m.05) difference 
between the average age of present and past producers (54 and 56, 
respectively). This 2-year average difference in age was not as great 
as the 8 years reported by Gee et al. (1977) for past and present 
sheep producers in Texas. Gee et al. (1977) also found that few 
sheep producers in Texas were under age 30 and that relatively few 
sheep businesses survived the former producers’ retirement by 
being taken over by members of the family or other young persons. 
As with goat producers in this study, Gee et al. (1977) reported that 
a relatively high number of producers in their 40’s and 50’s aban- 
doned sheep production. Stevens and Hartley (1976) reported that 
the average age of Wyoming sheep producers was 57. 

Ranchers’ methods of kidding nannies were categorized as 
range, shed, and shed/ trap kidding. The distribution of past and 
present producers using these methods of kidding was statistically 

different (KO.05). More past producers (55%) kidded nannies on 
range than did present producers (20%). Also fewer past producers 
(34%) kidded in shed/trap situations than did present producers 
(63%). The fear of losing kids to predators was the most common 
reason given for kidding in traps and sheds. 

The percentage of kids surviving from a few days old to weaning 
for past and present producers differed statistically (P<O.O5). 
Seventy-one percent of the present producers reported that their 
1980 kid crop was >50%, whereas only 3 I % of the past producers 
had kid crops in this range during their last year of goat produc- 
tion. Losses to predators reportedly was the main cause of death of 
kids for both present and past producers. This is supported by 
Texas Crop and Livestock Reporting Service (1983b) data which 
suggest that in 1982, predators accounted for 73% of all goat and 
kid deaths. 

About 50% of the past producers were unable to provide esti- 
mates of the known number of adult goats dying to various causes. 
The percent of adult goats killed was calculated as: percentage 
killed q  number of goats killed/ total number of goats. The total 
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Fig. 1. 7’he number of techniques used by 104pasr Angoragoatproducers 
and 103 present Angora goat producers to reduce livestock losses to 
predators. Data were gathered in Bosque, Hamilton, and Coryell coun- 
ties, Texas. 

number of goats was determined by summing the number of goats 
killed, the number of goats alive at the end of the year, and the 
number of goats which died to causes other than predation. For 
past producers, an estimated 16% of the adult goats were killed by 
predators during the last production year. Present producers had 

Table 1. Mileage and labor for predator control and the percent of ranchers supporting a private or government trapper for 103 present Angora goat 
producers and 104 past Angora goat producers in Bosque, Hamilton, and Coryell counties, Texas. 

Bosque Hamilton Coryell Total 

Present Past Present Past Present Past Present Past 

Predator-control mileage 

n respondents’ 21 52 39 20 41 27 IO1 99 
% w/mileage2 29 23 36 20 29 22 32 22 
km/ yr ( 3’ 531 341 656 158 356 I64 512 256 

Predator-control labor 

n respondents 21 52 39 20 41 27 IO1 99 
% WI labor 33 27 38 20 29 22 
hrlyr ( I;, 

34 24 
59 55 65 21 72 20 66 39 

Trapper-fund support 

n respondents 21 52 39 38 41 28 101 
% contributing 

100 
52 29 46 45 68 46 56 37 

‘Not all ranchers responded to all questions, therefore the number of respondents to each question is provided. 
‘The percent of the respondents who incurred mileage. 
,The average number of km/year driven for all respondents. 
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Table 2. Penning, kidding, and surveillance mileage and labor used by 103 present angora goat producers and 104 past Angra goat producers for reducing 
predation losses. Data were gathered in Bosque, Hamilton, and CoryeU counties, Texas. 

Basque Hamilton Coryell Total 
Present Past Present Past Present Past Present Past 

‘Not all ranchers resoonded to all auestions. therefore the number of resoondents to each question is provided. 
I* = greater than pasi producers, P?O.O5. 
‘The percent of the respondents who incurred mileage. 
‘The average number of km/yr driven for all respondents. 

Penning mileage 
n respondents’ 
% w/ mileage3 
km/yr ( a4 

Penning labor 
n respondents 
% w/labor 
h/yr ( s;, 

Kidding mileage 
n respondents 
% w/mileage 
km/yr ( J;, 

Kidding labor 
n respondents 
% w/labor 
h/yr ( ZJ 

Surveillance mileage 
n respondents 
70 w/mileage 
km/yr ( Zl 

Surveillance labor 
n respondents 
% w/labor 
h/v ( Xl 

21 52 39 
43 12 312 

1,368*2 455 1.091 

21 52 39 20 41 27 101 99 
62 19 s4* 5 63* 1s 59’ IS 

177* 77 117* 9 173* 52 152* 56 

20 52 39 20 41 27 100 99 
5 2 5 0 12 I 8 3 

72 3 24 0 34 164 39 47 

20 52 39 20 41 27 100 99 
20 6 26 15 39* 11 30* 9 
30 5 27 13 38 18 32 10 

19 52 39 20 41 27 99 99 
5 12 49* 10 29 22 32* 14 

4s 249 788* 21 591 119 563+ 167 

19 52 39 20 41 27 99 99 
16 19 49* 20 41 30 39 22 
28 47 83* 10 52 51 60* 41 

20 
5 

74 

41 27 101 98 
44 4 39’ 8 

928* 37 1.os2* 267 

5.1% of their adults killed during 1980. 
An equation similar to that described above was used to calcu- 

late the percentage of kids killed except that no data were available 
on the number of kids that died to causes other than predation. 
Thus, the calculated percentage of kids killed is biased slightly 
high. For present and past producers, 19 and 50% respectively, of 
the kids were estimated to have been killed by predators. 

Whereas present producers annually drove an average of 1,082 km 
and spent an average of 152 h penning livestock, past producers 
annually drove an average of 267 km and spent an average of 56 h 
penning livestock. Penning required 2 trips/day to pastures where 
goats were penned: one trip to pen at evening and another to trip to 
release goats each morning. Thus, when penning was used, travel 
and labor expenses were significant factors. 

Of 7 techniques (predator control by ranchers, support of pri- 
vate or government trappers, night penning of livestock, confine- 
ment or semiconfinement kidding, extra checking on goats, use of 
guard dogs, and the use of scare devices) ranchers use to reduce 
predation losses, present producers used significantly more 
(P<O.O5) techniques than did past producers (Fig. 1). An average 
of 1.1 (SD = I .O) techniques were used by past producers, whereas 
present producers used an average of 2.4 (SD = I .3) techniques. 

Also, more present producers (34%) than past producers (24%) 
used traps, M-44s, snares, and other related predator-control prac- 
tices (Table 1). Present producers annually travelled an average of 
5 12 km and spent an average of 66 h while past producers annually 
travelled 256 km and spent 39 h on these practices. However, these 
differences were not statistically significant (p>o.O5), due primar- 
ily to the variability in the data. Furthermore, 37% of the past 
producers and 57% of the present producers supported full or 
part-time trappers (Table 1). When ranchers paid trapper support, 
it usually occurred through participation in the cooperative 
federal-state-county Animal Damage Control (ADC) program. 
Assessment of rancher fees usually was based on the number of 
goats owned or the number of acres grazed. 

Significantly more (P<O.O5) present producers (30%) spent 
extra time tending livestock during kidding because of predators 
than did past producers (9%) (Table 2). Present and past producers 
annually drove an average of 39 and 47 km, and annually spent an 
average of 32 and 10 h, respectively, to tend livestock during 
kidding (Table 2). Ranchers often indicated that they preferred to 
kid nannies on the range but, because of predators, kidding took 
place either in confinement or semiconfinement. Kidding in con- 
finement or semiconfinement may reduce losses due to predators, 
poor mothering, and unfavorable weather; however, some ranchers 
preferred to kid on range because of inadequate labor and 
facilities. 

In all counties, significantly more (IYO.05) present producers 
(59%) penned livestock one or more times during the year because 
of predators than did past producers (15%) (Table 2). Also, signifi- 
cantly more (X0.05) kilometers were driven and hours spent by 
present producers than by past producers for penning livestock. 

Although more present producers (32%) reportedly spent extra 
labor checking livestock because of predators than did past pro- 
ducers (14%), only in Hamilton County was this difference statisti- 
cally significant (IYO.05) (Table 2). Often, ranchers indicated that 
if they had no fear of losing goats to predators they would visit their 
herds once or twice a week. However, because of predators, present 
and past producers annually spent an average of 60 and 41 h extra, 
respectively, checking on livestock (Table 2). This required present 
and past producers to travel an average of 563 and 167 km extra, 
respectively (Table 2). 

In this study area, ranchers have only recently begun using 
livestock guarding dogs. Consequently, no past producers had 
guard dogs, whereas dogs were owned by 19 present producers. 
The number of dogs per ranch varied from I to 4. Similarly, no past 
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Table 3. Fifteen potential production limitations rated by 103 present and 104 past Angora goat producers’ in Bosque, Hamilton, and Coryell counties, 
Texas. Data are listed in percentages. 

Present producers Past producers 
Ranked Ranked Ranked Total* Ranked Ranked Ranked Total 

first second third weighted % first second third weighted % 

Shortage of labor I 2 9 3 0 4 5 2 
Shortage of shearers 3 II 6 6 3 11 10 7 
Marketing problems I 5 7 4 0 1 5 I 
Cull goat prices 0 2 2 1 0 4 2 2 
Mohair prices 0 9 7 4 9 34 I8 I9 
Cost of lease range 0 0 2 0 0 0 0 0 
Predation losses 88 6 0 41 78 11 3 43 
Poisonous plants 0 0 0 0 0 1 2 1 
Other livestock more profitable 0 0 0 0 0 0 8 I 
Age of owner 0 2 2 1 0 1 2 I 
Inadequate financing 0 0 2 0 0 0 0 0 
Adequate income without goats 0 0 0 0 1 0 2 1 
Disease problems 2 28 I1 12 2 19 3 7 
Competition from synthetics 1 11 19 7 2 7 20 1 
Other 3 22 33 15 5 8 21 9 
Total 99 98 100 99 100 IO1 101 101 

[Not all producers responded to all questions. 
*Total weighted % = A/B, where for a given production limitation A = (ranked highest) (3) + (ranked second) (2) + (ranked third) and B = Sum of A for all factors. 

producers reported using scare devices, whereas 3 present produc- 
ers used propane gas exploders. 

Past and present producers were asked to indicate which of 15 
factors most influenced their management decisions (Table 3). A 
weighted percentage was used to summarize the overall impor- 
tance of each of the factors. Predation was the factor of greatest 
concern to both present and past producers. This factor alone 
received a total weighted percent of 47 and 43, respectively, for 
present and past producers. Excluding the “other”category, pres- 
ent producers ranked disease problems next (12%) (caused mainly 
by large stomach worms Hemonchus contortus), followed by con- 
cern for competition from the synthetic fiber industry (7%). For 
past producers, concern over the price of mohair received the 
second-highest weighed rank (19%) while shortage of shearers, 
disease problems, and competition from the synthetic fiber indus- 
try tied for third place (7%). 

Applying the weighted percent formula described in Table 3 to 
data by Nesse et al. (1976), sheep producers in California ranked 
predator problems first, unpredictable market prices for iamb and 
wool second, and high property taxes third. For past producers in 
the western sheep industry, Stevens and Hartley (1976) and Gee et 
al. (1977) reported predator problems as the primary reason for 
terminating sheep production, followed by labor problems and 
poor lamb or wool prices. 

In this study, the most common “other” factor mentioned by 
both past and present producers related to the high cost of fence 
materials and labor required to keep fences in good condition. 
Ranchers often indicated that goats, more than any other class of 
livestock, require well-kept fences; goats are “born looking for a 
hole in the fence,” was a common view expressed by ranchers. 
Some producers indicated that they knew of pastures in which 
goats could be placed, but the poor condition of existing fences and 
the high cost of replacing fences prevented use of these pastures. 

Conclusion 
While the distribution of past and present producers among 

various herd-sizes, ownership, and age classes was similar, it dif- 
fered with regard to kidding. More present producersattempted to 
reduce livestock losses by shed and shed/ trap kidding and reported 
higher kid crops than did past producers. Also, present producers 
reported fewer kids and adults killed by predators and greater use 
of predator control and husbandry techniques to reduce livestock 
losses. 
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When asked to identify the major production limitations, pre- 
sent and past producers both indicated that predation on livestock 
was the primary problem. This was followed by disease problems 
and competition from the synthetic fiber industry for present pro- 
ducers, and low mohair prices, shortage of labor, disease problems, 
and competition from the synthetic fiber industry for past producers. 

Based on these data and unsolicited comments by ranchers, it 
appears that past producers often suffered severe losses to preda- 
tors at a time when goat and mohair prices were low. Because of 
low prices, many ranchers could not financially justify adequately 
protecting goats from predators. This usually led to increased 
losses. 

In addition, many ranchers indicated that as neighboring 
ranches discontinued goat production, predation intensified on 
those ranches still raising goats. As a result of increased predation 
losses, many of these ranches also eventually ceased goat produc- 
tion. Nielsen (1977) also found that in 5 western states, more 
high-loss (8% or more docked lambs killed by predators) than 
low-loss (O-3% of docked lambs killed by predators) sheep produc- 
ers had no other producers within 16 km. Low-loss producers 
consistently tended to operate in areas of relatively high concentra- 
tion of sheep. As ranchers ceased goat production, use of predator 
control practices usually decreased. 

Although some past producers indicated they were still making 
money when they ceased goat production, they had reached a point 
where they could no longer tolerate the excess losses of their 
livestock to predators. One rancher indicated that seeing so many 
goats killed, “affected me mentally. . . I couldn’t stand to see what 
the predator had done. I just had to get out (of the goat business)” 
(see also F. Howard, 1980). Shelton (1982) pointed out that in 
addition to the cost in time and money of efforts to prevent 
predation, the emotional trauma involved is also a major factor in 
the decline of the sheep industry. 

Many past producers indicated that since goat and mohair prices 
generally have been favorable in recent years, they would like to get 
back into the goat business. However, due to the risk of severegoat 
losses to predators and/ or the costs associated with predator con- 
trol and husbandry techniques required to minimize goat losses, 
they are unwilling to do so. 

Clearly, before the number of goats in Texas will significantly 
increase, ranchers who desire to produce goats must be able to 
financially justify the efforts required to protect them. This would 
be possible by increasing gross revenues/goat without increasing 
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production costs/goat, or by decreasing production costs/ goat 
without decreasing revenues/ goat. The former would be possible if 
there was a significant increase in goat and mohair prices while the 
latter would be possible if any one or a combination of production 
costs were reduced. The development and subsequent use of more 
effective and less costly methods of predator control and hus- 
bandry methods would not only provide the advantage of reducing 
production costs but also of increasing gross revenues by the 
marketing of animals which otherwise would be killed by predators. 
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Seasonal Nutrient Estimates of Mule Deer 
Diets in the Texas Panhandle 
B.F. SOWELL, B.H. KOERTH, AND F.C. BRYANT 

Botanical composition and estimated seasonal nutrient quality 
of mule deer (Odocoileus hemionus) diets from the Canadian River 
and Clarendon areas of the Texas Panhandle were determined 
from 1979 to 1980. Deer from the Canadian River area consumed 
annually 62% browse, 34% forbs, 1% grasses, and 3% unknowns. 
Deer from the Clarendon area averaged 56% browse, 28% forbs, 
11% grasses, and 5% unknowns annually. Deer consumed more 
grass at Clarendon because they had access to cultivated small 
grains, primarily winter wheat and rye. Annual deer diets from the 
Canadian River area contained Sztl% crude protein (CP), 0.14f.03% 
phosphorus (P), and 47f2% in vitro organic matter digestibility 
(IVOMD). Deer diets from the Clarendon area averaged lOf3% 
CP, O.l!Sf.03% P, and 50f2% IVOMD annually. Higher nutrient 
quality of mule deer diets at Clarendon suggests cultivated small 
grains/legumes have excellent potential to enhance Texas Pan- 
handle deer herds that normally subsist on a fair to poor nutri- 
tional plane. 

Mule deer are one of the more important big game animals in the 
Texas Panhandle. Ranchers who have mule deer on their property 
can supplement their incomes through legal harvest of these game 
animals. However, the habitats support relatively low density pop- 
ulations and an inadequate food base of poor nutrient quality has 
been cited as a possible limiting factor (Wiggers 1983). 

Most studies of forage quality on western deer ranges have 
concentrated on winter range, especially in the Rocky Mountain 
region. However, some studies indicate nutritional levels in 
summer diets to appear to influence reproductive success (Swank 
1958, Julander et al. 1961, and Hungerford 1965). A year-long 
evaluation of deer range provides a greater data base to plant 
vegetation-modification programs for deer habitat improvement, 
assess impacts of other land management activities, and develop 
more comprehensive deer range condition surveys (Urness and 
McCulloch 1973). 

Our objective in this study was to identify plants that comprise 
the annual food base for deer and to evaluate the nutrient content 
of mule deer diets from 2 different habitats in the Texas Panhandle. 

Study Area 

Research was conducted on 2 sites in the Texas Panhandle. The 
Canadian River area was on the Masten and Spring Creek ranches 
in Oldham and Hartley counties (Fig. I). The Clarendon area, 
approximately 100 km southeast was located on the Triple L, 
Haegy, and J.A. ranches in Donley and Armstrong counties (Fig. 
1). 

Topography of the Canadian River study area was level to 
rolling, broken by rough breaks of the Canadian River and the 
Minneosa and Trujillo Creeks. Elevations varied from 976 to 1,281 
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Fig. 1. Location of study area in the Texas Panhandle. 

m. Soils are deep sands, sandy loams, and loams with outcrops of 
Permian Red Beds in the river breaks. Average annual precipita- 
tion is 50 cm (SCS 1980a). Four vegetation types-juniper breaks, 
mesquite/ shortgrass, sand sagebrush, and catclaw acacia/yucca- 
cover most of the area and has been described by Koerth (198 I). 

Topography at Clarendon is rolling but also contains steep 
canyons of the many small tributaries of Mulberry and Trouble- 
some Creeks. Elevation varies from 700 to 900 m. Soils are loamy 
sands or sandy loams. Average annual precipitation is 54.0 cm 
(SCS 1980b). The Clarendon site differs from the Canadian River 
site in 2 respects. First, most deer at Clarendon have access to 
wheat/ rye fields while deer at the Canadian River study area did 
not. Secondly, Clarendon has juniper/ mesquite and more exten- 
sive riparian zones, in addition to the 4 vegetation types found at 
the Canadian River site (Koerth 1981). 

Scientific nomenclature for grasses followed Gould (1975). 
Scientific nomenclature for forbs and browse followed Correll and 
Johnston (1970). 

Methods 

Fifteen mule deer fecal groups, usually less than 4 hr old, were 
collected monthly from each study area from August 1979 to July 
1980. Microscopic slides of reference and fecal material were pre- 
pared after Free et al. (1970). Microhistological examination of 
samples followed procedures outlined by Sparks and Malechek 
(1968). Twenty fields each on 5 microscopic slides were examined 
at 100x magnification. Relative density of plant species in the diet 
was calculated for each month and averaged across the following 
seasons: winter (December-February), spring (March-May), sum- 
mer (June-August), and fall (September-November). Half-shrub 
sundrop (Calylophus serrulatus) and trailing ratany (Krameria 
lanceolata), normally considered as half-shrubs, were included in 
the browse category. 

Composite samples of individual plant species used by mule deer 
were obtained each month by hand harvesting from 20 or more 
randomly selected plants. Plant parts (leaves and new-growth 
twigs) were selected to simulate observed mule deer grazing behav- 
ior. All samples were air dried in a forced-air oven at 60°C for 48 
hr, ground in a Wiley mill to pass a 40-mesh screen and stored in 
air-tight jars. 
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Crude protein (CP) was determined for composite samples of 
each plant species using the micro-kjeldahl method of Ocherman 
(1971). Percent phosphorus (P) was determined using AOAC 
(1970) procedures. In vitro organic matter digestibility (IVOMD) 
was determined by procedures outlined by Van Soest (1970), who 
modified the Tilley-Terry two-stage technique (Tilley and Terry 
1963). The technique for evaluating each sample was a 48-hr in 
vitro digestion with inocula from a steer on an alfalfa (Me&ago 
sotivu)diet, followed by extraction in neutral detergent (Van Soest 
and Wine 1967). Palmer et al. (1976) concluded cattle as an inocu- 
lum source could be used to accurately estimate digestibilities of 
deer foods. Percent organic matter content was determined by 
ashing duplicate samples at 550°C for 4 hr. Digestible energy (DE) 
was estimated by multiplying the IVOMD coefficient, corrected 
from IVOMD of a standard forage of known in vivo digestibility, 
by 4.0 kcal/ kg (Bryant et al. 1980). 

Most plant species were analyzed for CP and Peach month, and 
the seasonal estimates for those constituents were obtained by 
averaging all monthly values. We were not always able to collect 
samples for each plant species every month; therefore, a single 
month or an average of 2 months’ values was sometimes used to 
represent the seasonal estimate. Seasonal IVOMD estimates were 
obtained by analyzing plant species which were collected in the 
month having the greatest relative frequency in deer diets. 

Since nutrient intake could not be measured directly, the average 
percent a plant species contributed to seasonal diets was multiplied 
by its chemical content to provide an estimate of the weighted 

nutritional value of that species, similar to procedures of Urness 
and McCulloch (1973). To estimate the nutrient content of sea- 
sonal mule deer diets, weighted values for each nutrient were 
summed across species and divided by the percent of the total diet 
accounted from plants analyzed for nutrient content. 

Results and Discussion 
Botanical Composition 

Fecal analyses of 180 samples from the Canadian River area 
indicated 76 plant species were consumed by mule deer. The aver- 
age annual diet contained 62% browse, 34%forbs, I%grasses, and 
3% unknown (Table 1). Skunkbush sumac (Rhus aromatica) was 
the most abundant plant species identified in fecal samples from 
the Canadian River area. 

An identical number of fecal samples from the Clarendon area 
indicated 83 plant species were ingested by mule deer. The annual 
diet consisted of 56% browse, 27% forbs, 11% grasses [9% was 
wheat (Triticum uestivum) and rye (Secule cereule)], and 5% 
unknown (Table I). Half-shrub sundrop was the major plant spe- 
cies identified in samples from Clarendon. 

The use of fecal examination to determine diets does have limita- 
tions. Storr (1961) and Stewart (1967) stated plants with high lignin 
content tend to be overestimated whereas ephemeral plant species 
tend to be underestimated using this technique. Thus, seasonal 
skunkbush sumac values may have been exaggerated because it is a 
woody browse species. Forb values obtained in this study were 
probably underestimated. Although exact percentages derived 

Table 1. Botanical composition of major plant species (mean I) found in mule deer diets from two areas of the Texas Panhandle (1979-1980). 

Forage 

Season of Year 

Spring Summer Fall Winter Annual 
CR” CB Cr C CR C CR C Cr C 

Browse: 
Rhus aromatica 

Skunkbush sumac 
Juniperus sp. 

Redberry or one-seed juniper 
Artemesia filifolia 

Sand sagebrush 
Calylophus serrulatu 

Half-shrub sundrop 
Kramaria lancolata 

Trailing ratany 
Cercocarpus montanus 

Mountain mahogany 
Others 

Subtotal 

Grasses: 
Triticum sp./ Secale sp. 

Wheat/ rye 
Others 

Subtotal 

Forbs: 
Artemisia ludoviciana 

White sage 
Lesquerella spp. 

Bladderpods 
Polygala alba 

White milkwort 
Others 

Subtotal 

Unknown: 

Total 

16 8 

3 9 

24 5 

8 15 

3 2 

Tb 2 
2 6 -- - 

56 47 

4 
T 1 -- 
t 5 

5 2 

5 4 

3 4 
21 33 - - 
40 43 

4 5 

100 100 

42 

1 

- 

20 

I1 

T 
5 

26 43 14 10 

2 I 7 15 

I 1 - 5 

16 11 24 4 

II 4 5 I 

6 T 4 T 
5 4 6 5 - - -- 

67 70 60 40 45 

21 
4 

- - 5 - 
I T 2 5 T --- 
I T 2 10 T 31 

2 5 II 3 I 2 6 3 

- T T 1 II 1 4 1 

- 2 I 2 1 2 2 
16 22 13 21 33 13 22 22 - - -- 
18 27 26 26 53 17 34 28 

2 6 2 4 7 7 3 5 

100 loo 100 100 100 100 100 100 

2 

27 

12 

1 

I 
2 

28 13 

6 11 

8 2 

II 17 

5 5 

T 3 
4 5 

79 62 56 

- 
1 
I 

9 
2 

II 

‘CR - Canadian River C - Clarendon 
9 - Trace (< 1%) 
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Table 2. Estimated seasonal nutrient quality ( f Standard Error) of mule deer diets from two areas in the Texas Panhandle (1979-1980)“. 

% 

Diet Tested 
CR C 

Ye Dry Matter 

Crude Protein Phosphorus 
CR C CR C 

Est. DE supplied to a 
55 kg deer consuming 

% IVOMD 1.2 kg of forage/day 
CR C CR C 

Spring 84 82 10f 1 13f 1 0.17 f .02 0.20 f .02 48 f 3 54 f 2 2304f 141 2592 f 82 
Summer 89 82 7f2 8fl 0.14 f .02 0.13 It.03 49 f 1 43 f 3 2352 f 129 2064 f 125 
Fall 88 77 7fl 8fl 0.12 f .02 0.09 f .02 43 f 3 46f4 2064f 111 2208f 178 
Winter 61 75 7fl 11 f2 0.12 f .03 0.17 f .02 47 f 5 58 f4 2256 f 228 2784 f 198 
Annual 81 79 8fl 10f 1 0.14f .03 0.15 f.03 47 f 2 50 f 2 2244f 78 2412f 81 
optimum requirements 16 0.30-0.50 
minimum maintenance req. 7 0.15 I740b 

‘CR - Candian River Arq C - Clarendon Area 
‘Derived from 70 kcal kg’ 5 X 1.23 (Activity metabolic rate) 

from this technique are questionable, Vavra et al. (1978) demon- 
strated relative importance ranking of individual species is com- 
parable to esophageal methods. 

Mule deer diets in the Guadelupe Mountains National Park, 
Texas, averaged 77% browse, 21% forbs, and 2% grass (Krysl 
1979). Boeker et al. (1972), using rumen analyses, demonstrated 
mule deer in southwestern New Mexico consumed 75% browse, 
16% forbs, and 2% grass. Thus, mule deer diets in this study used 
less browse and more forbs annually than deer reported from other 
Southwest ranges. This high forb consumption is particularly sur- 
prising because the forb standing crop is scant compared to mule 
deer habitats in the Trans-Pecos region of Texas (Wiggers 1983). 

Kufeld et al. (1973) found Rocky Mountain mule deer diets 
averaged 57% browse, 28% forbs, and 15% grass annually over 
their entire range. Our results were similar to Kufeld et al.‘s. (1973), 
even though habitats on the Canadian River and Clarendon 
appear to lack the large browse component present on other mule 
deer ranges in adjacent areas (Boeker et al. 1972, Bird and Upham 
1980, Krysl et al. 1980). 

rient composition than plants which are harvested by hand 
(Edlefsen et al. 1960, Campbell et al. 1968). Therefore, our seasonal 
estimates of crude protein, phosphorus and digestible energy 
probably represent the minimum levels of ingested nutrients. 

Phosphorus 
Estimates of P in the diets were highest in the spring (0.17*.02%) 

and lowest (0.12f.02%) in the fall and winter on the Canadian 
River. At Clarendon, P also was highest in the spring (0.20f.02%) 
and lowest in the fall (0.09f.02%) (Table 2). Skunkbush sumac and 
half-shrub sundrop were the major annual contributors of P to 
mule deer diets from the Canadian River area, although sandsage 
(Artemisia filifolia) was the largest contributor in the spring. 
Skunkbush sumac and half-shrub sundrop contributed most of the 
P to diets from the Clarendon area in every season except winter, 
when the use of wheat/ rye and juniper (Juniperus sp.) increased. 

Estimates of Nutrient Content of Mule Deer Diets 
Crude Protein 

Seasonal CP estimates from the Canadian River ranged from 
lOltl% in the spring to 7f2% for the other seasons (Table 2). 
Crude protein estimates from Clarendon varied from 13fl% in the 
spring, 8tl% through the summer and fall, to 1 lf2’% in the winter 
(Table 2). Higher winter and spring crude protein values at Claren- 
don were attributed to greater deer use of wheat/rye, half-shrub 
sundrop and trailing ratany. 

Other studies conducted in desert habitats found P estimates 
greater than ours in almost every season (Urness et al. 197 1, Boeker 
et al. 1972, Urness and McCulloch 1973, and Short 1977). Our 
lower values on both areas, especially in the summer and fall, were 
the result of increased use of skunkbush sumac and half-shrub 
sundrop (Table I), which contained less P (0.09%) during these 
seasons (Sowell 198 1). 

Our estimates of CP in mule deer diets were lower than other 
estimates obtained in desert habitats. Short (1977) reported mule 
deer diets on the Santa Rita Experimental Range, Arizona, ranged 
from 9.6 to 10.4% CP. Urness et al. (1971) found mule deer diets 
from the Three Bar Wildlife area in Arizona averaged 12% CP 
throughout the year, higher than either of our areas (Table 2). 
Mule deer diets from Fort Bayard, N. Mex., averaged 10% CP 
annually (Boeker et al. 1972), equal to the Clarendon area, but 2% 
higher than the annual estimate from the Canadian River area 
(Table 2). Seasonal CP in the diets of Rocky Mountain mule deer 
appears to be higher in the summer (18%) but as low or lower 
(6-8%) in the fall and winter (Wallmo et al. 1977, Urness et al. 
1971) than our estimates. 

Short (1981) has suggested that dietary P levels should be 
approximately 0.20-0.25%, and calcium should be no greater than 
1 to 5 times the P level. Mature white-tailed deer require between 
0.3 and 0.5% dietary P for optimal metabolic needs (Brown 1978) 
and between 0.16 to 0.25% for maintenance requirements (Dietz 
1965). Short (1981) suggested that calcium levels in western range 
vegetation are usually adequate, but most problems which occur 
are related to the high calcium levels in the vegetation combined 
with very low phosphorus values. Calcium levels were not exam- 
ined in this study. 

In vitro Digestiblity 

Annually, 12% CP in the diet is considered adequate for growth 
and reasonable reproduction of deer, although 6 to 8% CP is 
considered adequate for maintenance and to support rumen func- 
tions (Dietz 1965). Approximately 16-18% crude protein in the 
diet should serve the optimum requirements for deer (Verme and 
Ullrey 1972). Crude protein estimates from our study areas appear 
to be adequate for maintenance, but were below optimal levels in 
every season except spring (Table 2). 

Percent IVOMD estimates in mule deer diets from the Canadian 
River area were lowest in the fall (43f3) and highest in the summer 
(49f3) (Table 2). Except for the summer, IVOMD estimates from 
the Clarendon area were usually greater than those from the Cana- 
dian River area, and ranged from 58&4% in the winter to 43f3% in 
the summer (Table 2). The high winter value from the Clarendon 
area was due to deer use of wheat/rye (27% in the diet), which was 
highly digestible (89%) (Sowell 1981). 

Several studies have examined the digestibilities of mule deer 
forages (Urness et al. 1971, Boeker et al. 1972, Urness and McCul- 
loch 1973, and Short 1977) on an in vitro dry matter disappearance 
basis. Our digestibilities were examined from an organic matter 
disappearance basis (IVOMD), and are therefore not directly 
comparable. 

Digestible Energy 
Grazing animals usually select plants which are higher in nut- Since digestibility coefficients do not provide nutritional value 
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of forages directly, researchers (Bryant et al. 1980, Wallmo et al. 
1977) have converted these numbers into kcal/ kg in an attempt to 
estimate the energy content of a particular forage. 

Energy requirements for deer have been estimated (Moen 1973). 
Basic metabolic rate (BMR) of a penned deer in a thermalneutral 
environment is approximately 70 kcal per day per kg of metabolic 
body weight (BW.75). Moen (1973) also estimated that free- 
roaming deer usually require 1.23 to 1.98 times the BMR, often 
called activity metabolic rate (AMR). 

Theoretically, increased energy demands could be compensated 
for by increased food intake, however, deer have a limited intake 
capacity that hampers their ability to make up energy deficits by 
increasing forage intake (Amman et al. 1973). Nichol(l938) esti- 
mated daily dry matter intake of penned mule deer was approxi- 
mately 22 g/kg body weight (BW). 

To evaluate our digestible energy (DE) levels with respect to 
minimum requirements, we standardized all values to a common- 
sized animal and assumed that an average doe from either study 
area weighed 55 kg and consumed about 1.2 kg (22 g/kg BW) of 
forage per day. Therefore, all seasonal DE estimates (Table 2) were 
adjusted for intake. Minimum energy levels of a 55 kg deer were 
derived using an AMR (I .23) to correct Moen’s (1973) formula for 
BMR (Table 2). Using these adjusted figures, DE levels in diets 
from both areas appear to be adequate, but were lower in the 
summer and fall (Table 2). 

Studies of white-tailed deer (0. virginianus) in central Texas 
(Taylor and Hahn 1947, Teer et al. 1965) found that malnutrition 
frequently occurred late in summer when drought was most com- 
mon. Recently, Bryant et al. (1980) reported white-tailed deer on 
the Edward’s Plateau of Texas were energy deficient in summer 
and winter. A summary by Urness (198 1) concluded that the nutri- 
tional plane of mule deer in desert and semidesert habitats seldom 
falls as low as that of Rocky Mountain mule deer in the winter and 
that it does not rise as high in the summer. This may protect deer in 
the Southwest from mass starvation suffered by northerndeer, but 
it may also suppress their productivity (Urness 1981). Our low 
summer and fall DE values suggest a potential negative effect on 
herd productivity in the Texas Panhandle. 

Conclusions 

Seasonal estimates of nutrient factors for both areas were gener- 
ally greater in the spring and winter than other seasons. Higher 
nutrient values in the spring would be expected; however, elevated 
values in the winter were not. Due to warming trends in February, 
however, the weather was favorable to forb production. Deer from 
the Canadian River area consumed 53% forbs in winter, which 
were generally higher in CP, P, and IVOMD than other forage 
classes (Sowell 1981). Deer from the Clarendon area consumed 
27% grasses in the winter (mostly wheat/ rye), which were very high 
in CP, P, and IVOMD. Our methods of collected forae samples 
probably resulted in minimum nutrient estimates, but it is reason- 
able to suggest mule deer were on a fair to poor nutritional plane. 

Critical periods of nutritional stress for mule deer would be late 
gestation, early lactation, and prior to ovulation for the doe (i.e., 
spring and fall). Mule deer fawns would be under the most nutri- 
tional stress during lactation and weaning. Low nutritional esti- 
mates of CP, P, and IVOMD in the spring, summer, and fall from 
both areas suggest mule deer in the Texas Panhandle are receiving 
inadequate nutrition when requirements for reproduction are great- 
est. Planting supplemental feeds such as wheat/ rye for the fall and 
winter, legumes for spring, and forage sorghums for summer seems 
a practical method of improving the nutritional quality of mule 
deer diets in the Texas Panhandle, especially since deer readily use 
cultivated fields (Koerth 1981). 
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Values of Four Communities for Mule Deer 
on Ranges with Limited Summer Habitat 
DENNIS D. AUSTIN AND PHILIP J. URNESS 

Abstract 

Four plant communities were evaluated from May through 
September for mule deer dietary and nutritional values. The com- 
munities were dominated by Utah serviceberry, Gambel oak, big 
sagebrush, and mixed browse. In early summer deer diets con- 
tained many browse and forb species and were high in crude 
protein, but as summer progressed fewer species were selected and 
dietary crude protein declined, especially in the big sagebrush and 
serviceberry communities. Thus late summer was determined the 
critical period for forage quality. Range conditions were reflected 
by body size and condition of deer in fall. 

Little information is available on the value of various plant 
communities for mule deer where summer range is limiting and 
winter range is extensive. Furthermore, criteria are lacking for 
determining optimum deer densities on these summer ranges. 
Although the extent of winter range is more often the limiting 
factor for deer herds in the Intermountain Region, numerous herds 
have restrictive summer ranges, yet contribute substantially to the 
harvested resource. In Utah, a minimum of 9, and possibly 19, of 60 
total deer units are limited by summer range; they contributed 
9-22% of the total 1977-82 harvest. 

In this paper summer range is used as areas where deer are found 
in summer. However it should be recognized that the communities 
studied were far different from the lush mountain meadow, aspen, 
riparian, or conifer habitats commonly associated with mule deer 
summer range. In contrast the communities studied are warm and 
dry in summer and provide summer range mostly comprised of 
broad-leaved shrub communities that vary in composition. They 
are commonly considered as winter range for deer in areas where 
lush summer range is extensive, but they provide most of the 

Authors are wildlife biologist and associate professor, Department of Range 
Science, Utah State University, Logan 84322. 

This paper is a contribution of Utah State Division of Wildlife Resources, Federal 
Aid Project W-105-R. 

Manuscript accepted May 10. 1984. 

summering range for deer on areas lacking typical high mountain 
habitats. This paper presents data from 4 important plant com- 
munities found in areas of limited summer range and assesses their 
value for mule deer during that season. 

Study Area 

The region of concern lies within the Great Basin geographic 
unit (Durrant 1952, Armstrong 1977) of western Utah and eastern 
Nevada. This area contains many small, scattered, north-south 
trending mountain ranges within the vast expanse of cold desert. 
Typically the mountains have an elevational gain of less than 700 m 
from valley floors, and lush summer range habitats are largely 
lacking throughout the geographic unit. The study site, located on 
the east slope of the Sheeprock Mountains, Utah, spanned an 
elevation of I ,950-2,300 m and averaged 25-40 cm precipitation, 
received mostly as snow during winter. The site contained several 
plant communities associated with changes in elevation and aspect 
which are commonly found on mountains within the geographic 
unit. Four major plant communities dominated by Utah service- 
berry (Amelanchier utahensis), Gambel oak (Quercus gambelii), 
big sagebrush (Artemisia tridentata), and mixed browse were 
selected for study. These communities, extending from the pinyon- 
juniper woodland at lower elevations to the mountain crests, com- 
prised most of the mule deer summer range. However, the amount 
of summer range comprised less than 17% of the total range within 
this deer unit and appeared the primary habitat factor controlling 
population size. 

Methods 

Composition of mule deer diets was estimated monthly from 
May through September 1981 using 3 tame, adult does. Each 
sampling period consisted of observing a minimum of 1,000 bites 
per deer during a minimum of 2 feeding hours in each of 4 com- 
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munities. Diets were determined as percent dry weight consump- 
tion by species using 25-50 hand-harvested, simulated bites per 
species, collected monthly (Deschamp et al. 1979). Deer were 
allowed to graze while freely roaming within each plant commun- 
ity during diet sampling and were kept within a 0.4 ha on-site 
enclosure between trials to assure continued forage familiarity. 
Common browse forages were cut and hauled to the enclosure 
daily when their availability became limited after extended use. 
Deer were also supplemented with alfalfa hay ad libitum (Regelin 
et al. 1976). 

Forage availability by species for each plant community was 
estimated monthly immediately following diet determinations 
from 5 permanent macroplots. The macroplot locations were 
selected to represent the plant communities within th’e diet sam- 
pling area. Each permanently marked macroplot was 10 X 20 m, 
and available forage was determined by encompassing the perime- 
ter with a string and obtaining weight estimates for all individual 
species enclosed. This procedure (Austin and Urness 1983) is much 
faster than conventional double sampling techniques and was 
adopted because of time constraints. However, to compare accu- 
racy, a double sampling procedure was also cotipleted for July 
(Poulton and Tisdale 1961, Deschamp et al. 1979). Within each 
macroplot, weight estimates were made on 40 microplots, 10 on 
each of 4 randomly located belts, and every tenth, randomly 
selected, plot was clipped for adjusting estimates. Ground and 
plant-canopy cover were also estimated. Plant samples were col- 
lected monthly for converting to oven-dry weight. Species compris- 
ing 95% or more of the weighted monthly diets were individually 
analyzed for crude protein (CP). 

To assess animal condition, hunter-harvested buck deer were 

examined at checking stations in October 1980-82. The ages of 
deer were determined in the field (Robinette et al. 1957), deer were 
weighed (eviscerated weight), subcutaneous fat depth was mea- 
sured (Austin 1984), and the number of antler tines were counted 
(Robinette et al. 1977). Similar data were collected on Utah’s 
Current Creek unit, where summer range is extensive and typical of 
the central Rocky Mountain Region in terms of composition and 
growth conditions. 

Results 

Available forage determined by the macroplot method yielded 
results close to those obtained through double sampling (Table 1) 
with coefficients of determination (rz) ranging from .90 to .99 over 
the 4 plant communities. Generally, production of shrub species 
was slightly overestimated by the microplot method while forbs 
and grasses were underestimated when compared to double sam- 
pling results. 

Utah Serviceberry Community 
Forage selection by mule deer in this community had very low 

diversity, with Utah serviceberry comprising the bulk of the diet 
throughout the summer (Table 2). Although forbs had low availa- 
bility, they comprised 36% of the diet in May but decreased rapidly 
in dietary contribution in later months, reflecting maturity and 
senescence. Forage availability was highest in May and declined 
throughout the summer (Table 1). The diet was high in CP in May 
and June, but greatly decreased as the value of Utah serviceberry 
declined in July and August. Dietary CP dropped below 7% in 
September (Fig. I), but was low as early as July 

Table 1. Available forage (dry weight basis) within plant communities as determined by macroplot weight estimate: % of total production by important 
species, and total production (kg/ha) by communities. Microplot double sampling comparison for July indicated in ( ). 

Plant community Species May June 
Month 

July Aug. Sept. 

Utah serviceberry** Amelartchier utahensis 
Artemisia spp. 
Other browse 
Forbs 
cactus 
Grasses 

Available forage production (kg/ ha) 

Gambel oak* Quercus gambelii 
Artemisia tridentata 
Other browse 
Forbs 
Grasses 

Available forage production (kg/ ha) 

Big sagebrush* Artemisia tridentata 
Juniperus osteosperma 
Artemisia arbuscula 
Other browse 
Forbs 
Grasses 

Available forage production (kg/ ha) 

% % % % % 
21 29 36(33) 23 20 
62 58 50(35) 51 51 
I 1 2(3) 3 3 
8 4 3(l2) 5 3 
2 2 2(3) 7 IO 
6 6 7(14) II 13 

1500 1130 980(770) 520 350 

17 46 71(62) 71 76 
6 3 2(2) 4 6 
3 2 l(4) 2 2 

46 24 9(1l) 2 1 
28 25 l7(21) 21 I5 

190 500 590(710) 240 200 

29 32 36(34) 50 39 
II 14 13(7) 21 35 
3 5 5(3) 9 8 
2 7 5(7) 5 4 

I9 12 5(11) I I 
Ii 30 36(38j I4 I3 

1500 1490 1360(1610) 780 610 

Mixed browse** Symphoricarpos oreophilus 20 26 28(35) 25 13 
Ouercus aambelii 2 I3 22(13) 23 I9 
>rtemisii tridentata 32 
Other browse 1 
Forbs 42 
Grasses 3 

Available forage production (kg/ ha) 780 

*Macroplot and microplot sampling comparisons were the same (PCOS). 
**Macroplot and microplot sampling comparisons were the same @<. IO). 

39 27(21) 32 42 
3 5(7) 6 9 
5 2(8) 1 0 

14 l6( 16) 13 17 

840 101q1140) 580 550 
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Fig. 1. Weighted crudeprotein content by month of mule deer dietsfrom 4 
communities. 

Gambel Oak Community 
Forb availability was high (Table 1) and diets were quite diverse 

in May, June, and into July. By August the availability of forbs 
greatly declined and the diet was almost entirely oak (Table 2). 
Forbs remained available, green and palatable 3 to 4 weeks longer 
under the oak canopy than in adjacent openings. Due to the high 
CP content of oak leaves (1 l%), percent dietary protein remained 
above 10% throughout the summer (Fig. 1). 

Big Sagebrush Community 
This community is comprised mainly of big sagebrush and grass 

with lower abundance of other broadleaf shrubs (Table 1). Palata- 
ble browse and forb species were scarce in relation to nonpalatable 
forages and were less abundant than in the oak or serviceberry 
communities, which each contained one highly abundant, palata- 
ble forage. However, the diet remained more diverse. Dietary CP 
was high during May, June and July, but dropped below 8% during 
August and September. 

Mixed Browse Community 
This community occurs elevationally above the 3 previously 

described communities, comprises more than 30% of the available 
summer range on this deer unit, and is common throughout the 
geographic unit. It is characterized by a good mixture of deciduous 
shrubs, grasses, and forbs (Table 1). In early summer forbs domi- 
nated the diet with mountain snowberry (Symphoricarpos oreo- 
philus) and Utah serviceberry comprising the remainder. Impor- 
tant forbs included common dandelion (Taraxacum officinale), 
longleaf phlox (Phlox longifolia), ballhead waterleaf (Hydrophyl- 
lum capitatum), and Astoria violet (Violapraemorsa). As summer 
progressed and forbs became less available, use switched to shrubs. 
By September use of grass growth was observed. Although CP 
content of forage declined from early summer, CP remained at 
levels above 10% (Fig. 1). 

Animal Condition 
Mule deer were found to be comparatively small (Table 3) on 

this area in fall. Yearling bucks had a mean eviscerated weight of 
38.3 kg over 3 years (1980-82) and 49% were spikes. Two-year-old 
bucks averaged 49.5 kg and 47% exhibited only 2-points on each 
antler. On the Current Creek Unit during the same period, yearling 
bucks averaged a significantly different (K.05) 41.3 kg and 29% 
were spikes while 2-year-old bucks weighed 56.0 kg and 32% were 
2-points. Austin and Urness (1976) reported mean weights for 
Utah bucks in general was 44.5 kg and 55.5 kg for yearling and 
2-year-olds, respectively. Furthermore, buck deer on the Shee- 
prock Mountains were found to have only fair subcutaneous fat 
depths (measured at the xiphoid process) in fall compared to units 
with good summer range (Austin 1984). The deer population was 
expanding during the study, but was considered to be below opti- 
mum carrying capacity. 

Plant Community 

Utah serviceberry 

Gambel oak 

Big sagebrush 

Mixed browse 

Table 2. Major forages of mule deer diets ($ dry weight f SE,,,) on four plant communities through the summer. 

Species 

Amelanchier utahensis 
Other browse 
Total forbs 

Amelanchier utahensis 
Quercus gambelii 
Symphoricarps oreophilus 
Other browse 
Total forbs 

Amelanchier utahensis 
Eriogonum microthecum 
Symphoricarpos oreophilus 
Other browse 
Total forbs 

Amelanchier utahensis 
Populus tremuloides 
Quercus gambelii 
Rosa wooa!sii 
Symphortcarpos oreophilus 
Other browse 
Total forbs 
Total grass 

May 
61.5 f 7.0 

2.3 f 1.0 
36.2 f 7.4 

5.2 f 4.5 
15.7 f 5.8 
0.8 f 0.7 
0.7 f 0. I 

77.1 f 3.8 

3.7 f 3.0 
0.5 f 0.3 
9.4 f 4.8 
2.1 f 1.5 

84.2 f 5.9 

8.1 f 3.1 
1.6 f 0.8 
6.0 f 1.9 
1.6 f 1.0 

25.2 f 6.4 
1.2 f 1.2 

55.6 f 6.4 
0.7 f 0.2 

June 

80.2 f 5.8 
4.1 f 1.5 

15.5 f 4.6 

1.7 f 1.7 
27.8 f 8.0 

3.3 f 0.4 
1.5 f 0.6 

65.3 f 8.3 

11.1 f 3.5 
1.4 f 0.3 
4.8 f 0.4 
1.5 f 0.5 

80.5 f 1.8 

4.9 f 1.3 
0.2 f 0.2 
9.3 f 5.0 
7.2 f 1.0 
4.4 f 2.7 
1.1 f 0.8 

72.3 f 5.1 
0.6 f 0.5 

Month 
July 

88.0 f 7.2 
1.4 f 0.7 

10.6 f 6.7 

7.2 f 5.8 
60.2 f 9.1 

3.3 f 1.8 
3.8 f 0.8 

25.5 f 5.4 

20.2 f 8.5 
0.4 f 0.3 

29.2 f 9.5 
5.5 f 4.6 

44.7 f 2.5 

6.5 f 1.8 
2.7 f 2.7 

15.7 f 7.4 
15.1 f 5.1 
13.2 f 7.7 

1.1 f 0.9 
45.7 f 11.7 

0.0 

August 

93.8 f 1.6 
0.2 f 0.1 
6.0 f 1.7 

2.1 f 1.0 
89.8 f 7.5 

2.8 f 1.8 
3.0 f 2.9 
1.7 f 1.3 

27.1 f 5.8 
6.1 f 5.1 

29.4 f 5.9 
2.0 f 0.7 

35.4 f 6.5 

2.7 f 2.7 
3.0 f 2.4 

30.9 f 18.9 
28.6 f 7.9 
9.9 f 5.1 
2.6 f 2.4 

20.7 f 9.2 
1.6 f 1.4 

September 

96.4 f 2.9 
0.4 f 0.4 
3.2 f 3.0 

2.2 f I.0 
96.1 f 1.7 

1.3 f 0.8 
0.3 f 0.0 
0.2 f 0.2 

44.8 f 5.4 
3.5 f 1.5 

17.6 f 4.7 
5.6 f 3.0 

28.4 f 1.4 

5.0 f I.5 
9.0 f 4.4 

24.5 f 8.1 
22.4 f 3.2 
27.7 f 8.4 

0.6 f 0.6 
7.5 f 0.8 
3.3 f 1.0 
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Table 3. Carcass chaneteristies of buck deer harvested in October (sample size in parentheses) 

Year 

l-1/3 1980 
1981 
1982 

2-l/3 1980 
1981 
1982 

3-l/3+ 1980 
1981 
1982 

Eviscerated weight 
(kg f SE,) 

Subcutaneous fat 
depth 

(mm f SEm) 

38.9 f 0.4 (46) 5.3 f 0.2 (60) 
38.0 f 0.3 (131) 3.7 f 0.3 (151) 
38.2 f 0.4 (108) 5.0 f 0.2 (87) 

50.2 f 2.6 (9) 10.7 f 0.5 (14) 
47.9 fl.O (19) 7.0 f 0.5 (22) 
50.6 f 1.7 (17) 6.1 f 0.6 (12) 

61.7 f 4.2 (6) 14.3 f 1.0 (12) 
53.4 f 1.8 (12) 8.5 f 0.9 (13) 
57.3 f 3.4 (3) 14.0 f 0.8 (2) 

Total number of antler points longer than 2-l/ 2 cm 
(% Total) 

2 3-4 5+ 

60 35 5 (68) 
35 64 1 (226) 
52 43 5 (176) 

0 65 35 (17) 
0 48 52 (31) 
0 27 73 (26) 

0 24 76 (17) 
0 20 80 (15) 
0 0 100 (7) 

Discussion 
Our results from 4 plant communities indicated only the latter 

part of the summer should be considered critical to mule deer or, 
such ranges from a forage resources view. In May and June, forage 
availability was high, deer diets contained many species, and per- 
cent dietary CP level was good (French et al. 1955, Magruder et al. 
1957, Urness 1973). However, by August and September, palatable 
forage was greatly decreased and diets were comprised mainly of 1 
or 2 species. The Gambel oak and mixed browse communities 
provided adequate protein throughout the summer, whereas the 
Utah serviceberry and big sagebrush communities provided only 
maintenance amounts in late summer (Murphy and Coates 1966, 
Holter et-al. 1979). Our late summer values for dietary CP con- 
trasted sharply with those reported from good summer ranges 
which generally exceed 12% (Wallmo et al. 1977, Collins and 
Urness 1983). Leaves began falling in mid-September and by mid- 
October the process was complete, indicating the value of the 
summer range for storage of body fat and pre-winter conditioning 
was ended by October. 

Forage quality on the summer range has been shown to affect 
size and condition of harvested deer (Julander et al. 1961, 
Robinette et al. 1973), overwinter survival (Richens 1967, Trout 
and Thiessen 1973), and subsequent reproduction (Jones et al. 
1956, Swank 1958, Robinette et al. 1977, Pederson and Harper 
1978). Where summer ranges are limited, these effects would likely 
be exacerbated due to reduced forage availability (Pederson 1970). 
Consequently, reproduction, overwinter survival, and physical 
condition of deer from summering areas of marginal quality would 
be expected to be lower than from those areas of good summer 
range. 

Buck deer harvested in fall had lower eviscerated weight, fewer 
antler points by age class, and contained less subcutaneous fat than 
deer harvested from other areas containing lush and extensive 
summer range. Therefore, deer entering the wintering period were 
in comparatively poorer condition, and consequently, higher mor- 
tality due to winter stress would be expected. However, reproduc- 
tion and overwinter survival were not significantly reduced. Fall 
production averaged .80 fawns:doe on the Sheeprock Mountain 
area (1979-83) with Utah statewide averaging .84 Utah deer units 
with limiting summer range averaged .82. Recruitment in spring 
(1980-84) averaged .69 fawns:adult compared to the post-hunt 
ratio of .76 on the study area:overwinter losses were not reported 
except for the extremely harsh winter of 1981-82 where losses were 
minor. 

We are thus led to conclude that the extensive winter range 
associated with the Sheeprock area is adequate for sustaining deer, 
and significant losses that may be expected on areas of limited 
winter range are much lower here. Tueller (1979) concluded year- 
long dietary nutrients were adequate for sustaining mule deer on 
several similar ranges in Nevada. Also, since the desert winter 
range is located at low elevations, extremely adverse weather con- 
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ditions (deep snow, low temperatures) would be expected less 
frequently and for short periods. Deer on these ranges simply do 
not appear to need the same degree of physical conditioning as 
required where winter ranges are more limiting. 

The critical period, for mule deer on limited summer ranges of 
relatively poor forage quality and where winter range is extensive, 
appears to be late summer-early fall when only a few shrub species 
account for most of the diet. Evaluation of availability and proper 
utilization of those key species during that period would indicate 
potential carrying capacity based on forage availability. 
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Particle Size Changes in Rumens of Cattle 
Grazing Kansas Flint Hills Range 
J.R. FORWOOD, C.E. OWENSBY, AND G. TOWNE 

Abstract 

A ruminally fistulated Hereford steer and heifer grazing Kansas 
Flint Hills range were used with the objective of determining forage 
particle breakdown and distribution in different rumen sites over 
several hours post feeding during seasons of differing forage qual- 
ity. During the first year, samples were taken after an overnight fast 
from 3 rumen sites and from feces early on the sample morning 
(AM sainple). The cattle were fed and sampled again 12 hours later 
(PM sample). During year two, the cattle were sampled imme- 
diately as they came from the native pasture (PRE sample) in 
addition to the 2 other sample times. Samples were wet-sieved 
through a series of 5 screens to separate particle sizes. Material 
from each screen was dried, weighed and expressed as a percentage 
of the total of all screens. In the rumen, relative amounts of coarse 
particles generally decreased while amounts of smaller particles 
generally increased with advancing season. Forage 
maturity had similar effects on fecal particle sizes. Particles in the 
feces were more uniform in size than particles in the rumen. 

Rumen turnover time is the time required for entrance of an 
amount of feed equal to that represented in the rumen. Increased 
turnover (i.e., lower rumen retention time, rapid passage rate, and 
greater roughage intake) yields more fermentation product to the 
ruminant, thereby increasing animal performance (Hungate 1966). 

While specific gravity (Balch and Campling 1965) and shape 
(Troelsen and Campbell 1968) are factors regulating rate of pas- 
sage of roughage out of the ruminoreticulum, the rate of roughage 
breakdown to sufficiently small size to pass through the reticulo- 
omasal orifice is probably the most important factor (Balch and 
Campling 1965). Rumination and microbial digestion are the two 
principal processes involved in particle size reduction (Pearce and 
Moir 1964). Fine particles appear to pass through the reticulo- 
omasal orifice rapidly while larger and longer particles are retained 
in the rumino-reticulum (Balch and Campling 1965, Welch and 
Smith 1978). 
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duction Research Unit, University of Missouri, Columbia 6521 I; professor, range 
management and research associate Department of Agronomy, Throckmorton Hall, 
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Rumen particle size changes have been monitored over time 
using Medicugo sp. (Silver et al. 1935) and milled oaten hay plus 
supplement (Pearce 1967). Evans et al. (1973) investigated particle 
size changes at 5 rumen sites over a 24-hour period when feeding an 
unnamed pasture hay. Only Troelsen and Campbell (1968) com- 
pared rumen particle size changes of hays [Medicago media Pers. 
var. (alfalfa) and Agropyron cristatum (L.) Gaertn. (crested 
wheatgrass)] of increasing maturity at differing rumen sites over 24 
hours. 

Apparently, no literature exists concerning particle distribution 
and breakdown in different rumen sites over several hours post 
feeding during seasons of differing forage quality. Our objective 
was to monitor forage particle size changes in rumens of cattle 
grazing native Kansas Flint Hills range forage. 

Materials and Methods 

The study area was located 8 km northwest of Manhattan, Kans. 
Vegetation was largely big bluestem (Andropogon gerurdi Vit- 
man), indiangrass [Sorghastrum nutans (L.) Nash.], and little 
bluestem (Andropogon scoparius Michx.) with numerous other 
warm-season grasses, forbs and woody species constituting the 
remainder. 

This study coincided with a study of nutrient removal using the 
same cattle. Data were collected over a 2-year period biweekly 
during periods of changing forage quality and once per month 
during the dormant season (1979-8 1). A Hereford steer and a 
heifer, both ruminally fistulated and about 2.5 years old, were the 
experimental animals. They were penned and fasted with access to 
water the evening before the sample day. During year 1, samples 
were taken from 6 rumen sites similar to those described by Evans 
et al. (1973) (Fig. I) and from feces early on the sample morning 
(AM sample) and again from the rumen 12 hours after feeding (PM 
sample) harvested range forage. During year 2, the cattle were 
sampled immediately as they came from the native pasture (PRE 
sample), after an overnight fast (AM) and again 12 hours after 
feeding (PM) of harvested forage. Data presented are particle sizes 
present approximately 12 hours post feeding unless indicated as 
PRE sample. Forage offered to the cattle was cut with a sickle-bar 
mower either on the sample morning or the evening before. When 
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Fig. 1. Ruminoreticulum sample sitesfor the study qfparricle size changes 
in rumens of cattle grazing native Flint Hills range. A and B = Dorsal; C, 
D and E = Ventral; F = Reticulum. 

cut the evening before, it was refrigerated overnight. The cattle 
were offered a known amount of forage for about 1 hour or until 
they ceased eating. 

A closed plastic sample container (50 ml, 5 cm diameter) with a 
tight fitting lid was inserted by hand in each location in the rumino- 
reticula. After being situated, the lid was removed. When digesta 
was of a fluid nature, material was allowed to flow freely into the 
container until full. If solid masses of digesta were present, they 
were raked into the container with the fingers with insufficient 
force to remove free liquid. When full, the cap was replaced and the 
container withdrawn. Feces samples for each animal were obtained 
by randomly sampling fresh deposits on the ground or by directly 
sampling the animals. Samples were stored in glass bottles with 
screw-cap lids. About 50 ml of formaldehyde was added to prevent 
further microbial breakdown. Each sample was wet-sieved through 
a series of five screens arranged in order, coarse to fine (Table I) on 

Table 1. Screen sizes used as related to forage particle size descriptions in 
the ruminoreticulum particle size analysis wet-sieving process. 

Forage Nominal Tyler screen scale 
USA Series particle size Standard wire equivalent 
equivalent description designation diameter designation 

No. 9 coarse 2.36 1.00 mm 8 mesh 
No. 16 medium 1.18 mm 0.65 mm 14 mesh 
No. 30 medium 600 urn 0.39 mm 28 mesh 
No. 50 fine 300 urn 0.215 mm 48 mesh 
No. 200 very fine 75 urn 0.035 mm 200 mesh 

a sieve shaker. Constant washing and shaking carried particles that 
would pass mesh surfaces to the lower screens. That process lasted 
for 2 intervals of 5 minutes each, interrupted by a washing of the 
material on each screen with distilled water. After sieving, remain- 
ing material was washed from each screen onto a l2.5-cm tared 
filter paper and dried. Material from each screen was weighed and 
expressed as a percentage of the total of all screens. 

To facilitate statistical analysis, the 16 collection dates in both 
years were placed in 3 groups: (I) early season, (2) growing season, 
and (3) dormant season, based on similarities in cell wall, cellulose, 
lignin, and crude protein content of harvested forage (Table 2) over 
dates and traditional seasonal changes in the area. Rumen sites 
were grouped based on particle size similarity of past studies 
(Evans et al. 1973) and our own results. Sites A and B became 
‘dorsal’, C, D and E became ‘ventral, and sites F and M remained 
reticulum and feces, respectively. 

Forage quality fractions were determined as outlined by Goering 
and VanSoest (1970). Micro-Kjeldahl nitrogen (N) was measured 
colorimetriclly and crude protein estimated by N X 6.25. 

Data were analyzed by analysis of variance. Means were separ- 
ated using Duncan’s multiple range test (P<. 10 and .05) (Duncan 
1955). Separation of fecal and rumen particle size means within 

times or dates was done using the paired T-test (Steel and Torrie, 
1960). 

Results and Discussion 

Influence of Years and Seasons on Rumen Particle Sizes 
Percentages of coarse particles in the rumen 12 hours post 

feeding were greatest during early and growing seasons and least 
during the dormant season (P<. 10) (Fig. 2). That agrees with 
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Fig. 2. Years I (1979-80) and 2 (1980-81) percentages of rumen digesta 
particles present in cattle rumens 12 hours post feeding during early, 
growing and dormant seasons. Bars with common letters are not signifi 
cant/y different (cu q .lO). 

studies of digesta in sheep rumens when sheep were fed alfalfa and 
crested wheatgrass hays of increasing maturity (Troelson and 
Campbell 1968). We speculate several factors may be responsible 
for the large percentage of coarse particles at those times. Early 
season lush forage is usually high in soluble carbohydrate and may 
cause a depression of cellulolytic microorganisms in the rumen 
(Hungate 1966). Forage particles in fresh herbage boluses of Ital- 
ian ryegrass (Lolium multiflorum) are larger than those of hay 
boluses (Gill et al. 1966). Most importantly, freshly ingested large 
herbage particles are almost constantly being added to the rumen. 

Microbial attack and rumination rapidly reduce particle size 
during the early season because of low amounts of cell wall constit- 
uents (Allinson and Osbourn 1970), lower lignin values (Patton 
and Geiseker 1942) and greater ease of cellulose digestion (Wilkins 
1972). Large, pliable early or growing-season particles may pass 
the reticula-omasal orifice more readily than stiff, mature dormant- 
season particles of the same size (Troelson and Campbell 1968). 
Although passage of early-season forage is rapid, addition to the 
rumen of newly ingested large particles also is rapid. 

High percentage of coarse particles in the rumen do not reflect 
poor animal performance. Smith and Owensby (1978) show 
greater average daily gains (ADG) for steers from 1 May through 
14 July than from 15 July through 30 October. Rapid particle 
breakdown facilitates rapid rate of passage of particles through the 
reticula-omasal orifice and greater intake resulting in availability 
of more fermentable product to the ruminant and greater perfor- 
mance. Nutrient removal rate studies of cattle grazing Flint Hills 
range show faster removal of nutrients from the rumen during the 
growing season when compared to the dormant season (Forwood 
1982). 
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Table 2. Nutrient composition of Kansas Flint Hills range forage harvested and fed to cattle and grouping of dates into three seasons over two years 
(1979431). 

Cell solubles 
Cell walls 
Cellulose 
Lignin 
Crude protein 

Cell solubles 
Cell walls 
Cellulose 
Lignin 
Crude protein 

Year I ( 1979-80) 

June July July Aug. Aug. Aug. Sept. Sept. Nov. Dec. Jan. Feb. Mar. Apr. May June June 
15 3 20 2 16 30 II 27 9 6 4 4 6 I 22 5 19 

Growing season Dormant season Early season 

36.1 28.0 34.1 25.4 23.4 26.3 32.8 28.7 14.6 16.6 17.9 19.4 21.6 17.9 30.3 22.7 37.5 
63.9 72.0 65.9 74.6 76.6 73.7 67.2 71.3 85.4 83.4 82.1 80.6 78.4 82. I 69.7 77.3 62.5 
30.8 33.9 32.4 35.1 33.3 38.2 23.3 36.1 42.4 39.4 41.6 41.8 40.22 44.8 25.4 29.5 31.1 
4.9 6.8 7.3 8.9 12.5 8.1 7.4 8.6 11.0 12.1 10.0 10.7 9.0 12.8 9.4 7.8 8.6 
7.4 7.5 6.4 5.9 5.1 5.5 3.8 2.9 1.7 1.4 1.9 2.7 3. I 1.5 14.1 8.6 9.1 

Year 2 (1980-81) 

July July Aug. Aug. Sept. Sept. Oct. Dec. Jan. Feb. Mar. Apr. May June June 
8 24 II 28 II 30 30 16 15 24 12 14 14 2 18 

Growing season Dormant season Early season 

24.3 31.3 27.9 24.0 24.3 25.7 19.4 20.0 24.8 20.5 22.2 23.0 25.0 31.3 22.0 
75.7 68.7 72.1 76.0 75.7 74.3 80.6 80.0 75.2 79.5 77.8 76.9 75.0 68.7 78.1 
31.5 31.4 32.2 34.2 34.5 35.9 39.6 43.5 39.8 37.0 38.5 37.5 31.1 31.1 34.0 

8.6 8.2 8.7 9.6 8.7 8.3 8.1 8.6 10.6 8.9 8. I 8.5 6. I 7.4 7.5 
6.4 5.0 4.4 5.5 5.6 5.0 3.3 3.0 2.8 2.6 3.3 3.8 9.0 8.0 6.1 

High lignin (Johnston and Waite 1965) cellulose (Wilkins 1972) 
and cell wall constituent percentages (Allison and Osbourn 1970) 
and lower crude protein (Akin et al. 1977) and digestibility (Wil- 
kins 1972) all contribute to lower forage quality with maturity. Our 
analysis of Flint Hills range forage indicated similar trends (Table 
2). When grazing mature forage, the ruminant experiences longer 
rumen retention times (Balch and Campling 1965) slower rates of 
passage, and lower intake (Blaxter et al. 1956, 1961) resulting in 
more complete breakdown of forage and smaller particle sizes due 
to extended rumination and microbial exposure (Fig. 2). Troelsen 
and Campbell (1968) also reported greater percentages of small 
particles with advancing forage maturity. 

amount of coarse material during all seasons in the dorsal region of 
the rumen than the ventral or reticular areas. Significantly greater 
(K. 10) percentages of medium, fine, and very-fine particles were 
present during all seasons at the reticulum and ventral sites than 

COARSE FINE 
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70 V=VENTRAL 
10,509 121609 560 

Percentages of coarse and fine particles in the rumen during year 
1 did not vary (P<. 10) with respect to early and growing seasons, 
indicating that rumen turnover during those seasons was similar 
(Fig. 2). However, coarse particles in the rumen during the year 2 
growing season were significantly lower (K. 10) and fine particle 
percentage higher than the early season (Fig. 2) suggesting the 
unusually hot and dry summer of 1980 hastened maturity of for- 
age. Comparing early and growing season forage quality compo- 
nents, year 2 exhibited a greater decrease in cell solubles and 
increase in cell walls but a lower percentage rise in cellulose and fall 
in crude protein than did year 1. However, in year 2, there was a 
large percentage lignin increase during the growing season, while in 
year 1 there was a decrease in lignin percentage (Table 2). 
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The relationship in our study between coarse particles in the 
rumen and high forage quality support the contention of Troelsen 
and Campbell (1968) that particle size may have little influence on 
rate of passage and intake until the forage reaches a maturity stage 
where the reticula-omasal orifice begins to restrict passage. Allin- 
son and Osbourn (1970) reported long days and high temperatures 
lowered in vitro cellulose digestibility of tall fescue (Festuca arun- 
dinaceu). We speculate that earlier maturity would increase the 
inhibitory effect of particle size on rate of passage and intake at an 
earlier date resulting in slower rumen turnover and more complete 
breakdown of particles. That is illustrated by the rise (P<. 10) in 
fine and very fine particle percentages during the year 2 growing 
season, while year i showed no rise (p<. 10) when compared with 
early season percentages (Fig. 2). 

” . I . I . 
EARLY GROWING DORMANT EARLY GROWING DORMANl 

Fig 3. Year I (1979-80)percentage of cattle rumen digestoporriclespresent 
al dorsal, ventral and reticular sites during early, growing and dormant 
seasons. Bars with common letters are not signl$canrly different (a q 
.lO). 

the dorsal site. Researchers have been aware of rumen stratifica- 
tion and have acknowledged its relationship to the digestive pro- 
cess for some time (Schalk and Amadon 1928). 

Influence of Season and Site on Rumen Particle Sizes. 
Percentages of particle sizes in the rumen varied among rumen 

sites and were influenced by seasonal changes during both study 
years (Fig. 3 and 4). Both years show a significantly (P<. 10) greater 

Percentages of coarse particles at dorsal, ventral, and reticular 
sites during both study years decreased (P<. 10) with advancing 
season probably due to decreasing forage quality (Fig. 3, 4). Per- 
centages of medium and fine particles rose (P<. 10) at those sites as 
forage matured, reflecting longer rumen retention and greater 
extent of comminution. 

Very-fine particle percentages during the year 2 dormant season 
were no greater (p<. 10) than during the previous 2 periods. That 
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Fig. 4. Year2 (1980-8l)percentage of cattle rwnen digestaparticlespresenf 
at dorsal, ventral, and reticular rumen sites during early, growing and 
dormant seasons. Bars wsith common let:ers are not significant!b~ differ- 
ent (a = .lO). 

may be due to advanced forage maturity during the growing sea- 
son, but does not explain its similarity to the early season. 

Year I very-fine percentages were less (P<. IO) during the grow- 
ing season than the early season. There was also no increase 
(P<. IO) in growing season percentages of fine particles compared 
to early season percentages. That possibly reflects the effects on the 
forage of mild temperatures and above-average moisture during 
much of the year I growing season. 

With few exceptions, percentages of all particle sizes during all 
seasons were the same (P<. 10) at ventral and reticular sites. That 
was not unexpected as small well-saturated particles that sink to 
the ventral rumen are carried by flow of rumen fluid to the reticu- 
lum for subsequent passage to the omasum (Church 1976). 

Influence of Sampling Time and Site on Rumen Particle Size. 
AM samples were taken after the cattle had fasted for about 16 

hours, while PM samples were taken I2 hours post-feeding during 
both study years. Comparison of particle concentrations at these 2 
sample times and the PRE sample taken during year 2 allows 
comparison of increasing rumen retention times on breakdown of 
native range forage (Fig. 5, year 1 data not shown). 

There was a progressive decrease (P<. 10) in the amount of 
coarse material present as rumen residence time increased (AM < 
PM < PRE). Greater percentage of coarse material coincided with 
shorter rumen exposure time and less comminution of digesta via 
rumination and microbial attack. Evans et al. ( 1973) showed max- 
imum concentrations of coarse particles at dorsal sites immediately 
after feeding and a uniform decrease thereafter. Pearce (1967) 
reported coarse percentages in the rumen fell rapidly between 12 
and 24 hours. 

Ventral and reticular sites were shown to have minimum concen- 
trations of coarse particles immediately after feeding (Evans et al. 
1973). Our study showed significantly greater amounts (K. 10) or 
no differences at these sites as sample times were closer to feeding. 

The reason for lower percentage of coarse material present at 
ventral vs. reticular sites is unknown. Other work shows that 
phenomenon (Evans et al. 1973). While AM and PM ventral 
concentrations of coarse material were less than reticulum values 

PRE AM PM 

during both years, the percentage of coarse material in the ventral 
site of PRE samples was greater than that in the reticulum (P<. 10). 
The reticulum receives digesta, mainly fluid and small particles of 
high density (Church 1976) from the ventral rumen; however, 
Evans et al. (1973) indicated digesta in general moves to the reticu- 
lum as it cycles around the rumen. The great volume of coarse 
material at the dorsal site may have physically prevented move- 
ment to the reticulum of any coarse particles contained in the 
ventral rumen. 
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Fig. 6. Percentages ofparticle size present in cattle rumens at early, grow- 
ing and dormant seasons during Year I (1979-80). Bars with common 
letters are not sign{ficantly diferent (a q .05). 

Medium size particle percentages during both years did not vary 
greatly between AM and PM samples at ventral and reticulum sites 
(P<. IO), but these times both had greater medium percentages 
than the PRE sample. Medium particles varied more at the dorsal 
site where they increased as rumen residence time of digesta 
increased (AM > PM > PRE). 

The AM samples showed greater (P<. IO) dorsal site fine parti- 
cles and greater or similar percentages at the reticulum and ventral 
site than PRE and PM samples. Results from Evans et al. (1973) 
were similar. 
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Fig. I. Percentages of particle sizes present in cattle rumens at early, 
growing, and dormant seasons during Year 2 (1980-81). Bars with com- 
mon letters are not significantly different (a = .05). 
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Fig. 8. Percentages of particle sizes found in cattle rumens in PRE, 

AM,and PMsample times during Year 2 (1980-81). Bars with common 
letters are not significantly different (a = .05). 

Very-fine particle percentages were greatest (P<. 10) (with one 
exception) at the AM time followed by PM and PRE times. That 
agrees with Evans et al. (1973) and again reflects the effect of longer 
rumen residence time on particle breakdown. 

Comparison of Total Rumen Particle Percentages by Seasons 
As shown previously in this study and by Balch (I 96 I) and Evans 

et al. (1973) rumen digesta becomes more homogenous with 
longer retention times. Our data (Fig. 6, 7) show relative differen- 
ces (Pc.05) in percentages of particles sizes to be less during 
dormant seasons both years. 

Fine particles were lowest in percentages of any size during all 
seasons. 

Comparison of Total Rumen Particle Percentages by Time 
Percentages of the 4 particle sizes measured were different at all 

sample times both study years (P<.O5). Only year 2 (Fig. 8) is 
shown. Our study and others (Troelsen and Campbell 1968, Evans 
et al. 1973) show lesser amounts of coarse and greater amounts of 
small particles and a smaller difference between particle sizes as 
rumen retention time increased (AM > PM > PRE). 

Influence of Years and Seasons of Fecal Particle Sizes 
Similar to rumen samples, percentages of coarse particles 

decreased and smaller particles increased (X.10) in the feces as 
seasons advanced (Fig. 9). Our results do not agree with those of 
Hellstrom and Aamisepp (1965) who fed ryegrass (Lo&m sp.) 

and cocksfoot (Dactylis sp.) to sheep and separated particles with 
ultrasonic irradiation. 

Fecal sample percentages were more similar among particle sizes 
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l=EARLY SEASON I=EARLY SEASON 
P=GRGWING SEASON 2=GROWING SEASON 
J=OORMANT SEASON J=OORMANTSEASON 
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2=GRGWING SEASON 
3=OORMANTSEASON 

SE?28 17 20 28 20 20 

SE*25 ,518 25,818 

123 12 3 12 3 12 3 
YEAR1 YEAR2 YEAR1 YEAR 2 

Fig. 9. Year I (1979-80)and2 (1980-8l)percentages offecalparticlesfrom 
cattle present during early, growing. and dormant seasons. Bars with 
common letters are not significantly different (= IO). 
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4=VERYFlNE 4=VERYFlNE 4=VERYFlNE 

12 3 4 12 3 4 1234 
EARLY GROWING DORMANT 

Fig. 10. Percentages ofparticlesizespresent in cattlefeces at early, growing, 
anddormant seasons during Year I(I979-80). Bars pith common letters 
are not significantly difSerent (CT q .05). 
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Fig. 11. Percentages ofparticlesirespresent in cattlefeces at early, growing 
and dqrmant seasons during Year 2 (1980-1981). Bars with common 
letters are not significantly different (a! = .05). 
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than were rumen samples (Fig. 10, 1 I) due to the ‘sieving’done by 
the reticula-omasal orifice, which results in a more uniform fecal 
particle size. For the same reason, the feces also contain greater 
percentages of very-fine than coarse particles; however, greater 
percentages of large fecal particles were found in the early season. 

Our study shows the range-forage:rumen-function interaction 
that occurs with advancing maturity of Kansas Flint Hills range. 
Our results are for the most part similar to those done under 
housed conditions. With greater forage maturity, greater percen- 
tages of small particles are found in the rumen. That indicates 
lengthened rumen turnover time, intake, and reduced productivity 
compared to less mature forage. Utilization of data found here may 
aid further development of forage management practices emphas- 
izing proper season of use (Smith and Owensby 1978) and methods 
facilitating microbial attack and breakdown of forage in the 
rumen. 
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Effects of Forage Availability on Grazing 
Behavior of Heifers 
DAVID L. SCARNECCHIA, ANASTASIOS S. NASTIS, AND JOHN C. MALECHEK 

Abstract 

Effects of decreasing availability of crested wheatgrass (Agro- 
pyron desertorum and Agropyron cristatum) on grazing time and 
biting rate of Angus heifers were investigated. In the first year of 
the study, as standing crop decreased from 474 to 170 kg dry 
matter/ha, grazing time increased from 517 to 203 min/day, while 
biting rate increased from 56 to 64 hites/min. In the second year, as 
standing crop decreased from 919 to 144 kg dry matter/ha, grazing 
time increased from 380 to 656 min/day while biting rate increased 
from 37 to 50 bites/min. Grazing times were similar to those 
reported in the literature for pastures having much higher levels of 
available forage. Although grazing times may be correlated with 
available forage, comparison of grazing times under different pas- 
ture conditions are not meaningful unless considered along with 
other forage and animal factors. On crested wheatgrass pastures, 
maximum biting rates occurred at lower levels of available forage 
than reported on tropical pastures. 

There have been many studies on the grazing behavior of domes- 
tic livestock (Arnold and Dudzinski 1978). Most have been con- 
ducted in temperate or tropical pastures with standing crops above 
those normally occurring under semiarid conditions. There is little 
information on grazing times and biting rates for cattle grazing 
mature standing forage at standing crops below 1,000 kg dry 
matter (DM)/ ha. The feeding behavior of cattle under these condi- 
tions should be established to better understand energy expendi- 
tures and production of livestock grazing on semiarid ranges. 
Behavioral data are also needed to formulate theories on feeding 
strategies and tactics of livestock. 

The objectives of this study were: 
1. To determine the relationship between available forage and 
both grazing time and biting rate of Angus heifers at low 
standing crops. 

2. To examine how these relationships were affected by seasonal 
differences in the forage. 

The study was conducted in conjunction with a nutritional study 
(Nastis 1979) which also examined effects of forage quality and 
standing crop on forage intake. 

The entire standing crop in the present study was physically 
available to the heifers and was considered to be available forage. 
Therefore, the terms standing crop and available forage are used 
synonymously in this paper. All standing crops are reported on a 
dry matter basis. 

Effects of decreasing standing crop on grazing time and biting 
rate have been reported by other researchers. Hein (1935) qualita- 
tively described an increase in grazi‘ng time by beef steers as stand- 
ing crop decreased. Other investigators have reported quantitative 
increases in grazing time with decreasing forage availability (Atke- 
son et al. 1942, Hodgson 1933). Arnold (1960), working with sheep, 
reported a linear increase in foraging time from 7.0 to 10.3 h/day 
when forage availability decreased from 3,000 to 1,000 kg/ ha. In a 
later paper Arnold (1964) suggested that grazing time of sheep 
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decreased at forage availabilities below 560 kg/ ha. Cattle grazing 
time decreased at availabilities below 3,360 kg/ ha. 

Hafez (1975) summarized studies of biting rate in cattle; rates 
ranged from 50 to 80 bites/min. Chacon and Stobbs (1976) 
reported that the biting rate of cattle increased from 56 to 62.4 
bites/ min and 5 1.4 to 59.4 bites/ min as available forage decreased 
from 7,200 to 1,500 kg/ ha and 3,900 to 2,400 kg/ ha, respectively. 

Because grazing time and biting rate are readily measurable 
variables, changes in these variables with decreasing forage availa- 
bility might be used to make range management decisions such as 
when to move livestock from pasture. Before such applications are 
possible the relationships between forage availability, grazing 
time, and biting rate at low. standing crops must be accurately 
described. 

Study Area and Methods 

The study was conducted during the summers of 1977 (trial 1) 
and 1978 (trial 2) on the Utah Agricultural Experiment Station 
Tintic Valley Experimental Research Unit near Eureka, in west- 
central Utah. Elevation of the area is 1,650 m. Over the past 45 
years, precipitation at Eureka (approximately 10 km from the 
study site), has averaged 400 mm with nearly even seasonal distri- 
bution. Precipitation on the study site was 339 and 603 mm during 
1977 and 1978, respectively. 

Two pastures served as experimental areas. Vegetation in both 
pastures was predominantly of the crested wheatgrass complex 
(Agropyron desertorum and A. cristatum) with lesser amounts of 
western wheatgrass (Agropyron smithii). During trial I, a 2%ha 
pasture was grazed by 20, 1.5-year-old Angus heifers obtained 
from the cooperating rancher. From 9 August until 18 September, 
this pasture was stocked at a rate of 1.0 animal-unit-months 
(AUM)/ha. During trial 2, 10 ha of uniform area in an adjacent 
pasture were fenced and grazed by 16 experimental animals and, 
periodically, by 18 other put-and-take animals, all similar to those 
used in trial 1. The additional animals were used to achieve desired 
levels of forage utilization. The IO-ha pasture was grazed from 9 
August until 29 September at a stocking rate of 3.7 AUM/ ha. 

Prior to initiation of grazing trials 6 heifers were selected and 
trained to wear vibracorders (Stobbs 1970). Animals were moved 
to the study area 5 days before the beginning of trial 1 for condi- 
tioning to crested wheatgrass. Before trial 2, 10 days of condition- 
ing were allowed, following recommendations of Church (197 I). 
Animals had free access to water and salt-mineral licks during both 
trials. 

In trial 1, IO of the 20 experimental animals received an average 
of 0.5 kg daily of cottonseed meal as a protein supplement. Three of 
the animals fitted with vibracorders received supplement. Animals 
receiving supplement were fed individually, as recommended by 
Wagnon (1965). No supplement was fed in trial 2. Animal weights 
were recorded at the start of both trials and every 10 days during 
each trial. 

Grazing times were recorded on 72-hr vibracorder disks. Partial 
day recordings were not included in analysis of grazing times. 

During each trial, biting rates were ocularly determined for the 6 
heifers carrying vibracorders. Each morning and evening, a stop- 
watch was used to measure a 5-minute time interval during which 
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ail bites were counted. Timing was interrupted when heifers ceased 
grazing or when they walked with heads raised. Heifers used for 
these observations were accustomed to being handled and observed 
and were apparently undisturbed by the observer. 

Available forage biomass was determined every 10 days during 
trial I and every 5 days during trial 2 by harvesting and weighing 
herbage within stratified-random 1 .O-mz plots. During trial 1, 100 
such plots were sampled in the 28-ha pasture; during trial 2,35 were 
sampled within the IO-ha pasture. Plants were clipped at approxi- 
mately I .O cm above ground level. Samples were ovendried for 24 
h at 105°C and weighed to determine total biomass. In both years, 
regrowth within each recording period was measured by protecting 
30 clipped plots with exclusion cages at the beginning of each 
period and reclipping herbage at the end of the recording period. 

Plant height and species frequency were recorded during both 
trials. Two plants occurring in or near predetermined positions of 
the I-m2 sampling ring were selected for height measurements and 
composition estimates. Species of these plants were noted to 
determine the bo%nical composition of the pastures. 

Duncan’s new multiple range test (Steel and Torrie 1980) was 
used to compare differences in grazing times and biting rates 
between grazing periods. Regression analysis (Snedecor and Coch- 
ran 1971) was used to analyze relationships between grazing time, 
biting rate, and standing crop. Regression lines (both slopes and 
intercepts) for each trial were compared using procedures for 
testing homogeneity (Steel and Torrie 1980). All statistics were 
tested for significance at (Y = 0.05. 

Results 

Grazing Time 
In trial 1, as available forage decreased from 417 to 203 kg/ ha 

during the 4 grazing periods (Table I), animals increased their 
grazing times from a mean of 457.9 min/day during period 1 to 
615.8 min/day during periods 3 and 4. Grazing times for both trials 
are plotted in Figure 1. Regression analysis of the relationship 
between grazing time (y) and forage availability(x) showed a linear 
relationship y = 78.16 - 0.75x, (rz = 0.76), with a standard error 
about regression (S,.=) of 35.27 min. 

Grazing times increased throughout trial 2 (Table 1, Fig. 1). 
Grazing time was significantly and inversely correlated with forage 
availability. Regression procedures showed a linear relationship 
between grazing time (y) and standing crop (x) with y = 676.8 - 
0.3x, r2 = 0.71, and S,, = 61.8 min. Both intercepts and slopes were 
significantly different between trials. 

During trial 1, there was no significant effect of cottonseed meal 
supplementation on grazing time. Grazing time (y) was signifi- 
cantly correlated with average plant height (x) (cm) during trials I 
and 2. During trial 1 the relationship was described by the line y = 

Oraslng Tim* (mln/day I 

600 r 

400 600 

StandIng Crop I kg/ ha I 

Fig. 1. Relationship between daily grazing rime and standing crop for 
heifers grazing crested wheatgrass. 

802.8 - 24.2, with r2 = 0.72 and S, = 38.33 min. During trial 2, 
grazing time (y) vs plant-height (x) was described by y = 720.3 - 
9.8x with r2 = 0.70 and S,.., q  62.62 min. 

Mean grazing times per 24 h f standard deviations average over 
all animals in each trial were 557.6 f 70.4 min during trial 1 and 
502.3 f 112.5 min during trial 2. The overall trial means were 
significantly different. Only in trial 2 was there significant variation 
in grazing times among individual animals. 

Biting Rate 
Biting rate during trial 1 increased significantly from a mean of 

54 bites/ min in period 1 to 64 bites/ min in period 4. Biting rates are 
listed in Table I and plotted in Figure 2. Biting rate during trial 1 
was significantly and inversely correlated with standing-crop (x) 
and described by y = 72.3 - 0.04x, with r2 = 0.40 and S, = 4.35 
bites/ min. 

During trial 2, biting rates ranged from 37 to 50 and averaged 42 
bites over the 5 periods (Table 1, Fig. 2). Biting rate(y) during trial 
2 was significantly correlated with standing crop(x) with y = 50.7 - 
0.02x with rz = 0.58 and S,., = 3.79 bites/min. Both slopes and 
intercepts of biting rage/ standing crop regressions were signifi- 
cantly different between trials. 

Regression analysis of biting rate/forage availability and biting 
rate/plant height relationships during both trials showed linear 
relationships. Biting rate(y) was significantly correlated with plant 
height (x) during both trials. During trial 1 the relationship was 
described by y = 73.6 - 1.38x, with r2 q  0.38 and S, = 4.42 
bites/min. During trial 2, regression analysis yielded y = 53.3 - 
0.48~ with r2 = and S,., = 3.44 bites/min. Inclusion of forage 

Table 1. D8fly grazing time (min), standing crop (kg/ha), biting rate (bites/min), and weight change (kg) f standard deviations of heifers grazing crested 
whcftgrsss. All values are means over the dates listed. Means within trials followed by a common letter are not significantly (l90.05) different. 

Trial I 
Period 1 2 3 4 

Dates 8/9-8/ 18 8/ 19-8/28 8/29-9/l 9/8-9/ 17 
Standing Crop 417 f 14.0 316 f 13.2 254 f 12.5 203 f 11.2 
Grazing Time 458 f 48a 546 f48b 616 f52c 602 f 63c 
Biting Rate 54 f 6.2a 61 f 5.4ab 62 f 4.7ab 63 f 6.5b 
Daily Weight Change * 0.1 f 0.5a 0.7 f 0.5b 0.7 f 0.5b 

Trial 2 

Period 1 2 3 4 5 

Dates a/9-8/ 13 8/ 13-8123 8129-912 9/s-9/ 12 S/24-9/28 
Standing Crop 919 f 36.3 758 f 28.5 535 in 22.4 312 f 17.8 144 f 5.7 
Grazing Time 380 f 73a 423 f 92a 521 f32b 531 f31b 656 f 44c 
Biting Rate 37 f 3.4a 40 f 3.Oa 39 f 2.2a 45 f 4.8b 50 f 2.8c 
Daily Weight Change 0.8 f I.Oa 0.7 f 0.4a 0.4 f 0.4a 0.4 f 0.4a -1.1 f 1.2b 

*Weights during thiS period were not recorded due to scale malfunction. 
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Fig. 2. Relationship between biting rate and sranding crop for heifers 
grazing crested wheatgrass. 

availability with plant height in a multiple regression equation 
added little or no predictive power. 

Mean biting rates (& SD) averaged over all animals in trial 1 was 
59.6 f 5.5 bites/ min compared with 42.6 f 5.8 bites/ min during 
trial 2. Mean biting rate was significantly different between trials. 

Biting rates of individual animals were not significantly different 
in either trial. Protein supplementation had no significant effect on 
biting rate in trial 1. 

Discussion 
Stobbs (1975) reported that fatigue limits the time spent grazing 

by a cow to about 720 miniday. Grazing time during the fifth 
period of trial 2 was only 9.4% less than this proposed maximum, 
suggesting that the heifers may have been grazing close to their 
potential maximum grazing time. A decrease in grazing time might 
be expected under a negative energy balance. Presumably, heifers 
might then conserve energy by restricting activities. There is no 
indication that a negative energy balance existed during either trial 
of the study; grazing time steadily increased as standing crop 
decreased (Fig. 1). 

Grazing times at high standing crops may have been limited by 
nutritional or physiological factors including digestibility and rate 
of passage. Arnold (1964) indicated that intake is related to effects 
of forage digestibility on rumen function, as well as to forage 
availability. Nastis (1979) found that in vitro organic matter diges- 
tibility (IVOMD) declined from 40.2 to 32.9% between periods 1 
and 5 of trial 2. Hodgson (1977) summarized data from several 
sources suggesting linear declines in herbage intake at digestibili- 
ties below 80%. The low herbage digestibilities in the study likely 
limited intake and, consequently, grazing time during all periods in 
both trials. During trial 2, Nastis (1979) found no significant 
difference (m.05) in daily organic matter intake between peri- 
ods, although differences in intake were observed between individ- 
ual animals. These findings suggest that individual animal intake 
may have reached a plateau and could not increase due to low 
digestibilities and slow rates of passage. Nastis (1979) also 
observed that mean IVOMD and mean crude protein content of 
forage were considerably higher (49.3% vs 35.3% and 11.2% vs 
6.8%, respectively) during trial 1 than during trial 2. Higher grazing 
times during trial 1 corresponded to higher digestibility, as well as 
lower standing crop. 

The lack of a significant effect of protein supplementation on 
grazing time is consistent with findings of Box et al. (1965). They 
found no differences (E70.05) in total daily grazing time between 
cottonseed meal supplemented and unsupplemented cattle grazing 
shortgrass prairie in winter, although differences (EO.05) were 
observed in distances walked and rumination times. 

Biting rate apparently depends on both quantity and quality of 
forage (Arnold 1964). The lowest biting rates were observed when 
forage was abundant during early periods in each trial. Highest 
biting rates were observed when forage was limited, and especially 
when there was green regrowth during periods 3 and 4 of trial 1 and 
period 5 of trial 2 (Table 1). This finding appears to contrast with 
the work of Stobbs (1974), who reported cattle biting rates of 50-80 
bites/ min for mature pasture and 45-63 bites/ min for leafy imma- 
ture pasture. In that case, Stobbs observed that cattle grazing leafy 
green forage took large bites while bites were smaller but more 
frequent on mature pasture. 

The maximum biting rate obtained in trial 2 was approximately 
20% less than the maximum rate observed by Allden (1962) and 
Chacon and Stobbs (1976). Biting rate in trial 2 may have been 
limited by the patchier configuration of vegetation present in the 
pasture. Individual crested wheatgrass bunches were larger, coarser, 
and more widely spaced in trial 2 than in trial 1, which probably 
produced the lower biting rates during trial 2, even when forage 
availability was comparable between years. The more uniform 
forage distribution during trial 1 resulted in less time being spent 
searching between bites. Uniformity of sward could be expected to 
have a major effect on biting rate. 

Heifers apparently compensated for the decreased forage supply 
by increasing total bites per day. Using trial 2 results, total bites per 
day increased from 14,060 during period 1 to 32,800 during period 
5. In relative terms, grazing time increased 75% over the course of 
trial 2, whereas biting rate increased only 35%. In trial I, grazing 
time increased 3 1% while biting rate increased 1890. 

The pattern of compensation was not uniform over all levels of 
forage availability. For example, in trial 2, as forage decreased 
grazing time increased but biting rate remained unchanged. As 
forage availability further declined grazing time continued to 
increase, but biting rate increased sharply. All trial 2 mean biting 
rates were below those observed in trial 1. One would expect higher 
biting rates during period 5 of trial 2 because forage availability 
was lower than at the end of period 4 in trial 1. 

Allden (1962) showed that biting rate of sheep increased to 65 
bites/min when forage availability decreased to less than 1,000 
kg/ha. Additionally, Chacon and Stobbs (1976) reported that 
maximum biting rate for cows was observed at minimum forage 
availability. In trial 2 of this study, biting rate did not change when 
standing crop decreased from 919 to 500 kg/ha; however, when 
standing crop declined below 500 kg/ ha, biting rate increased. It 
can be concluded that on crested wheatgrass pastures, the maxi- 
mum biting rate usually occurs at a lower standing crop than on 
tropical pastures. In general, it appears high biting rates are asso- 
ciated with low levels (e.g., <600 kg/ha) of homogeneous green 
leafy herbage on temperate pastures. Because standing crops are 
usually greater, there is little information on tropical swards at 
these standing crops, although this relationship likely applies for 
tropical pastures as well. Higher availability of green forage results 
in larger but fewer bites per minute. The higher percentage of stem 
in mature forage likely reduces biting rates as selectivity becomes 
more pronounced. Animals grazing tropical pastures would be 
expected to show greater preference for leaf over stem because 
quality differences are often greater on these pastures. Thus, biting 
rates on mature tropical swards would often be relatively low 
compared with biting rates on temperate swards because of the 
time required to select preferred leaf. With progressive defoliation, 
biting rates on tropical swards have been found to decrease (Stobbs 
1974) while in our study progressive defoliation induced progres- 
sive increases in biting rate. During the latter stages of progressive 
defoliation, cattle were able to select preferred forage without 
being hindered by nonpreferred leaf and stem, which is often 
characteristic of mature tropical swards. Short, leafy regrowth was 
associated with high biting rates during both trials in our study. 

We suggest that on crested wheatgrass pastures, forage availabil- 
ity is a preeminent factor affecting grazing time and biting rate. 
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Also, it is likely that one or both of these grazing variables are 
affected by both animal and forage characteristics including leafistem 
stem ratio, forage maturity, forage homogeneity, forage height, 
forage density, rate of passage, rumen volume, and animal selectiv- 
ity. Available forage may be correlated with grazing time and 
biting rate on a given pasture in a given year. Comparisons of these 
behavioral variables between years or between pastures will 
require multivariate models which include a variety of forage and 
animal characteristics. 
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Estimation of Fecal Output and Particulate 
Passage Rate with a Pulse Dose of Ytterbium- 
labeled Forage 
L.J. KRYSL, F.T. MCCOLLUM AND M.L. GALYEAN 

Abstract 

Twelve rumen-cannulated Jambs (avg. wt. 40 kg), fed long-stem 
alfalfa or prairie bay in a crossover design (two, 15-day periods) 
were used to compare estimates of fecal output from a pulse dose of 
ytterbium (Yb)-labeled forage and fecal collection bags. Estimates 
of fecal output (g/day) with Yb-labeled forages were not different 
(B.05) from total collection values for lambs fed either alfalfa or 
prairie hay. Fecal output from a pulse dose of Yb was 100 f 2% of 
total collection for lambs fed alfalfa and 103 f 3% for lambs fed 
prairie hay. Particulate passage from the rumen was faster (p<.Ol) 
in lambs fed alfalfa (7.0%/hr) then in lambs fed prairie hay 
(3.9%/hr). A pulse dose of Yb-labeled hay appears to prove reli- 
able estimates of fecal output as well as passage rate estimates, hut 
validation of techniques in free-grazing ruminants is needed. 

Optimum animal production and forage utilization on range- 
lands requires measurements of forage intake and nutritive value. 
With grazing ruminants, however, monitoring these factors is dif- 
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ficult. Forage intake of grazing ruminants has generally been 
determined by estimates of fecal output coupled with measures of 
indigestibility. Total fecal collection has been used by a number of 
workers (Hand1 and Rittenhouse 1972, Lake et al. 1974, Cordova 
et al. 1978), but the technique is expensive and labor intensive, and 
it may alter normal grazing behavior (Brisson 1960, Corbett 1960, 
Cordova et al. 1978). Indirect estimates of fecal output with the 
fecal nitrogen index method (Arnold and Dudzinski 1963) and 
chromic oxide have also been reported. Although chromic oxide 
has been used extensively in range nutrition studies, variation in 
marker recovery, diurnal variation in marker excretion and analyt- 
ical difficulties have been noted as problems with the technique 
(Raleigh et al. 1980). 

Recently, rare earth elements have received attention as markers 
for determination of particulate passage rate (Ellis 1968, Hartnell 
and Satter 1979, Teeter et al. 1979, Ellis et al. 1982). Compartmen- 
tal modeling techniques (Ellis et al. 1979) applied to fecal marker 
excretion curves from a pulse dose of rare earth markers can be 
used to determine fecal output as well as passage rate; however, 
limited data are available regarding the validity of fecal output 
estimates determined with this technique. The objective of this 
study was to compare fecal output estimates determined by total 
fecal collection and a pulse dose of ytterbium-labeled forage. 
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Also, it is likely that one or both of these grazing variables are 
affected by both animal and forage characteristics including leahstem 
stem ratio, forage maturity, forage homogeneity, forage height, 
forage density, rate of passage, rumen volume, and animal selectiv- 
ity. Available forage may be correlated with grazing time and 
biting rate on a given pasture in a given year. Comparisons of these 
behavioral variables between years or between pastures will 
require multivariate models which include a variety of forage and 
animal characteristics. 
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Abstract 

Twelve rumen-cannulated lambs (avg. wt. 40 kg), fed long-stem 
alfalfa or prairie hay in a crossover design (two, 15day periods) 
were used to compare estimates of fecal output from a pulse dose of 
ytterbium (Yb)-labeled forage and fecal collection bags. Estimates 
of fecal output (g/day) with Yb-labeled forages were not different 
(IQ.05) from total collection values for Jambs fed either alfalfa or 
prairie hay. Fecal output from a pulse dose of Yb was 100 f 2% of 
total collection for lambs fed alfalfa and 103 f 3% for lambs fed 
prairie hay. Particulate passage from the rumen was faster (p<.Ol) 
in lambs fed alfalfa (7.0%/hr) then in lambs fed prairie hay 
(3.9%/hr). A pulse dose of Yb-labeled hay appears to prove reli- 
able estimates of fecal output as well as passage rate estimates, but 
validation of techniques in free-grazing ruminants is needed. 
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ficult. Forage intake of grazing ruminants has generally been 
determined by estimates of fecal output coupled with measures of 
indigestibility. Total fecal collection has been used by a number of 
workers (Hand1 and Rittenhouse 1972, Lake et al. 1974, Cordova 
et al. 1978), but the technique is expensive and labor intensive, and 
it may alter normal grazing behavior (Brisson 1960, Corbett 1960, 
Cordova et al. 1978). Indirect estimates of fecal output with the 
fecal nitrogen index method (Arnold and Dudzinski 1963) and 
chromic oxide have also been reported. Although chromic oxide 
has been used extensively in range nutrition studies, variation in 
marker recovery, diurnal variation in marker excretion and analyt- 
ical difficulties have been noted as problems with the technique 
(Raleigh et al. 1980). 

Recently, rare earth elements have received attention as markers 
for determination of particulate passage rate (Ellis 1968, Hartnell 
and Satter 1979, Teeter et al. 1979, Ellis et al. 1982). Compartmen- 
tal modeling techniques (Ellis et al. 1979) applied to fecal marker 
excretion curves from a pulse dose of rare earth markers can be 
used to determine fecal output as well as passage rate; however, 
limited data are available regarding the validity of fecal output 
estimates determined with this technique. The objective of this 
study was to compare fecal output estimates determined by total 
fecal collection and a pulse dose of ytterbium-labeled forage. 
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Experimental Procedure 

Twelve finewool X Suffolk wethers (avg. wt. 40 kg) fitted with 
2.54 cm interal diameter rumen cannulas were used in a crossover 
design with 2,1 S-day periods. Six lambs were fed alfalfa hay and 6 
fed prairie hay (90% + bluestem, Andropogon spp.) in period 1, and 
forage treatments were reversed in period 2. Between periods, 
lambs were outside for 14 days and allowed to adapt to new diets. 
All lambs were housed in metabolism stalls and fitted with fecal 
collection bags on day 1 of each period. Long-stem hay was fed 
daily at 1200 hours in quantities sufficient for ad libitum consump- 
tion and water was provided free choice. No salt was provided. 

Days l-9 of each period served as an adaptation period to diets 
and metabolism stalls. On days 10 through 15 of each period, 
quantitative estimates of feed intake and fecal output were 
recorded for each lamb. Also on day 10, each lamb was dosed via 
rumen cannula with a gelatin capsule containing ytterbium (Yb)- 
labeled hay. Lambs fed alfalfa were dosed with 14.2 g of alfalfa hay 
dry matter containing 10.6 mg Yb/g dry matter (150.2 mg Yb in 
dose) and those fed prairie hay received a dose of 14.3 g prairie hay 
dry matter with 8.9 mg Yb/g (127 mg Yb in dose). Hays were 
labeled (McCollum and Galyean 1982, Teeter et al. 1984) by soak- 
ing 50 g of coarsely chopped (2-5 cm particle length) hay (leaves 
and stems) with 1 liter of a solution containing 2.5 g of YbCbXH20 
for 24 hours. After soaking, excess fluid was poured off and 
remaining hay was washed with 1 liter of deionized water every 
hour for a 6-hour period and then dried at 50°C for 48 hours in a 
forced-draft oven. Rectal grab samples of feces were obtained from 
lambs at 0,4,8, 12, 16,20,24,28,32,36,48,54,60,72,84,96, 108 
and 120 hours postdosing. Fecal samples were then stored frozen. 
On day 15 of each period, rumen fluid was drawn from each lamb, 
cornposited by treatment group, and used as an inoculum to 
determine in vitro organic matter disappearance with a 48 hour 
rumen fluid and 48 hour acid pepsin digestion (Tilley and Terry 
1963). 

Fecal samples were thawed, dried at 50°C and ground through a 
2-mm screen in a Wiley mill. Dry matter and ash were determined 
by standard procedures (AOAC 1980). Fecal ash was solubilized 
with 25% (v/v) hydrochloric acid and Yb content was determined 
by atomic absorption spectroscopy using an acetylene/ nitrous 
oxide flame (McCollum and Galyean 1982). Potassium (2000 
pg/ml) was included in standards and samples as an ionization 
buffer. Hay samples were ground through a 2-mm screen and dry 
matter and ash content were determined as previously described. 
Kjeldahl nitrogen (AOAC 1980), neutral detergent fiber, acid 
detergent fiber and acid detergent lignin (Goering and Van Soest 
1970) were also determined in hay samples. 

Fecal Yb excretion curves were evaluated with one- and two- 
compartment models (Ellis et al. 1979) using the nonlinear regres- 
sion option (Marquardt method) of the Statistical Analysis System 
(Helwig and Council 1979). The one-compartment model fit the 
data for all lambs; however, the two-compartment model only fit 
data from about half of the lambs. Therefore, only data from the 
one-compartment model are reported. The equation for the one- 
compartment model is as follows: 
Y q  k. l (t-tau) . (k# . e -!i 1 WaU) 
where 

Y = marker concentration in feces 
k, = initial marker concentration in compartment 
kl’ time dependent rate constant 
t’ time postdosing 
tau’ time from dose until first appearance of marker in feces. 
Calculations from parameter estimates include 
8 Flow, %/ hr q  (kr dXd59635) X 100 

Fecal output/ hr = k, 
Total mean retention time in the gastrointestinal tract, hr = 2/ kr 

+ tau. 
Passage rate data and the percentage difference between fecal 

output determined from Yb versus total collection were analyzed 
as a crossover design with a model which included effects for lamb, 

period and treatment (hay). Fecal output estimates (g/day) from 
Yb versus total collection within hays were compared with a paired 
t-test (Snedecor and Cochran 1967). 

Results and Discussion 

Chemical composition of the hays is shown in Table 1. AS 
expected, crude protein content was considerably higher for alfalfa 
(18.7%) than for prairie hay (7.8%). Acid detergent fiber was lower 
and acid detergent lignin higher in alfalfa than prairie hay. Neutral 
detergent fiber was also higher for the prairie hay. Legumes typi- 
cally contain less cell wall than grasses and more lignin (Van Soest 
1982). In vitro organic matter disappearance was 17.7 percentage 
units higher for alfalfa than prairie hay. 

Table 1. Chemical composition (dry matter basis) of alfalfa and prairie 
hays. 

Alfalfa Hay Prairie Hay 

% 
Dry matter 
Ash 
Crude protein 
Neutral detergent fiber 
Acid detergent fiber 
Acid detergent lignin 
In vitro organic matter 

92.2 92.9 
10.8 11.0 
18.7 7.8 
52.8 79.0 
29.3 41.4 
7.6 5.8 

disappearance 52.4 34.7 

Fecal output estimates from a pulse dose of Yb-labeled hay 
averaged 100% of total collection values for alfalfa hay and 103% 
of total collection values for prairie hay (Table 2). Estimates of 
actual fecal output (g/ d) did not differ (D.05) between Yb-labeled 
hay and total collection for either alfalfa or prairie hays. Moreover, 
the percentage difference (Yb estimate/ total collection estimate) 
did not differ (p>. 10) between alfalfa and prairie hay. Thus, a 
pulse dose of Yb provided mean estimates of fecal output compar- 
able to total fecal collection, and the accuracy of the fecal output 
estimate did not appear to be related to forage quality. Mader 
(1981), working with cattle grazing wheat pasture observed fecal 
output from a pulse dose of Yb-labeled forage to range from 94 to 
105.5% of total collection values. Prigge et al. (198 1) used 8 cows 
dosed once daily for 5 days with Yb-treated hay in gelatin capsules 
followed by twice daily fecal sampling for 7 days. Fecal output 
estimates with Yb did not differ from total collection values, and 
the authors concluded the Yb was as effective as C&s as a marker 
for estimation of fecal output. 

Assumptions involved with a pulse dosing technique as used in 
the present study are that marker is potentially 100% recoverable 
and that marked particles mix and move at a constant rate (Ritten- 

Table 2. Intake, fecal output estimates, particulate passage rate, first 
appearance of marker in feces and total mean retention time in lambs fed 
alfalfa and prairie hays. 

Item’ Alfalfa hay Prairie hay SE2 

Dry matter intake, g/day 
Fecal output 

Total collection 
Y b-labeled forage3 
yc difference 

RI, %/bow 
Tau, hours5 
TMRT4 

1007” 767b 60.1 

426 420 26.5 
424 435 28.5 
100 103 2.0 

7.0a 3.9b 0.4 
12.lc l4.6d 0.8 
30.4a 46.0b 1.5 

‘KI = rate of particulate passage from the rumen, Tao : time to first appearance of 
marker in feces and TMRT : total mean retention time in the nastroinestinal tract. 
‘Standard error of treatment means based on 12 observations/Treatment. 
IMeansfor Yb labeledforagevs. totalcollection withinalfalfaand prairie haysdonot 
differ (D.05). 
‘Row means with different letters differ (PC.01). 
GROW means with different letters differ (P-CIO). 
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house et al. 1982). Neither assumption can be tested in the present 
study; however, the fact that fecal output estimates from Yb- 
labeled forage were not different from total collection estimates 
suggests that assumptions were most likely met. 

If the pulse dosing technique provides reliable estimates of fecal 
output, an advantage of the technique is that estimates of particu- 
late passage rate can be obtained from the same data. Passage rate 
estimates from the present study are shown in Table 2. Passage of 
particulates from the rumen (kr) was faster (K.01) for alfalfa 
compared with prairie hay (7.0 vs. X9%/ hr). Moreover, tau (time 
in hours to first appearance of marker in feces) and total mean 
retention time of marker in the gastrointestinal tract (TMRT) were 
less (K. 10 and K.01, respectively) for alfalfa than for prairie 
hay. Faster passage of particulates would be expected to alfalfa due 
to its greater digestibility (Table I) and also to the higher dry 
matter intake (Table 2) of lambs fed alfalfa. In this study coarsely 
chopped hay was chosen as the substrate for Yb labeling in an 
attempt to simulate the particle size of masticated long-stem hay. 
The extent to which divergence from actually consumed particle 
size would have affected passage rate results is unknown. A more 
appropriate substrate for Yb labeling would be esophogeal masti- 
cate samples. 

Results of this study suggest a pulsedose of Yb-labeled forage 
can provide reliable estimates of fecal output. However, the valid- 
ity of such estimates under free grazing conditions needs further 
evaluation. Rittenhouse et al. (1982) reported correlations between 
total collection estimates and estimates based on rare earth 
markers in free grazing cows. Clearly, if only estimates of fecal 
output are desired, the use of fecal collection bags with grazing 
animals would be a much simpler approach than the use of a pulse 
dose of Yb-labeled forage. If, however, investigators want esti- 
mates of fecal output and particulate passage rate, a pulse does 
technique could be of considerable value. Recently, McCollum 
(1983) investigated seasonal variation in intake, particulate pas- 
sage rate and diet quality in cattle grazing blue grama (Bouteloua 
gracilis) rangelands and reported particulate passage rate, dietary 
neutral detergent fiber concentration and 4-hour in vitro organic 
matter disappearance were the best predictors of organic matter 
intake. Thus, for situations in which a critical examination of the 
digestive physiology of the grazing ruminant is needed, pulse dose 
techniques with Yb-labeled forage may provide a useful research 
tool. 
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application. By air, you can cover areas that are 
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Graslan pellets, you don’t have the drift problems 
associated with liquid spraying. 
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vour Graslan representative. He can advise YOU 
on how to get the best results. . . whether you 
use an aenal application or apply Brush Bullets 
vourself. For the name of 
your nearest Graslan 
representative, call 
toll-free: 
l-800-428-4441. 

Kills more than 50 brush species, roots and all. 
Whichever form you use, Giaslan kills a 

wide variety of woody plants and weeds. And 
it kills the whole plant . . . roots and tops. . . 
givinl.grass more room to grow. 

mce Graslan works slowly (one to three 
years, depending on rainfall) you won’t see the 

Making more of the land you graze. 
You don’t just want to kill brush, you want 

better grazing. So you can use the land you 
have to raise more cattle, more efficiently. 
Graslan may just be your most cost effective 
way to expand without adding acres. 
More gress. Graslan lets you kill the brush 
you want to kill, leaving more moisture, nutrients 
and sunlight for more grass. 
Better nutrition. Grasses, whether native or 
seeded, provide more palatable, more nutritious 
forage than woody plants and weeds. 
Increased stocking rate. Grazing studies 
consistently show that with proper management, 
Graslan-treated acres support more animal units 
than untreated acres. In many cases, stocking 
rates can be doubled. 
Higher weaning weights. Research also 

fast burnback of top growth you see with some 
other herbicides. It may take a little longer, but 
this thorough kill means brush can’t come back 
or resprout. And you can apply Graslan any 
time the ground is not frozen. You don’t have to 
wait until spring when brush is actively growing. 

shows that with improved nutrition and good 
management, cows have higher conception 
rates, deliver more live calves and produce 
heavier calves at weaning. 
Improved water supply. A sprawling 

08 
rowth 

of brush soaks up a lot of water and pr uces 
very little forage. Without brush, that water can 
be used for grass, for livestock, and increased 
soil moisture. 
Greater land value. While all the benefits of 
brush control with Graslan make vour arazina 
land more productive, they also make That same 
land more valuable. So Graslan is not only a 
tool for today, it’s an investment for tomorrow. 

Talk to your Graslan representative or call 
the toll-free number above. And start clearing 
the way to better grazing with Graslan. 

Elanco Products Company 
A Division oi Eli Lilly and Company 
740 South Alabama Street 
Indianapolis, Indiana 48285 

to better grazing. 



Technical Notes: 
An Effective Fecal Harness for Free-grazing 
JAMES A. PFISTER 

Abstract 

A fecal harness for goats proved useful for total fecal collections 
under rigorous field conditions in dense brush. An important 
aspect of this fecal harness is that feeding mobility of goats is not 
impaired. 

Goats are receivmg increased research attention worldwide 
because of their potential for producing meat, hides, fiber and 
milk. Research on goats is receiving higher priority than in the 
past, but range nutrition research designed to clarify the nutri- 
tional status and feeding behavior of free-ranging goats has been 
limited (Malechek and Provenra 1981). 

Cordon et al. (1978) have reviewed the methods used to esti- 
mate intake of grazing livestock, and concluded that total fecal 
collection still appears to be the method of choice for estimating 
intake based on the ratio of fecal output to diet indigestibility. 
Angularity of the goats’front and hindquarters (i.e., typically thin 
and bony), and the wide variety of feeding postures of goats, 
preclude the use of conventional fecal harnesses that are designed 
for cattle or sheep. McCammon-Feldman (1980) found it neces- 
sary to use a neck harness made from an inner tube to keep fecal 
bags on active goats. However, no details on design were pre- 
sented; moreover, the durability of this material in dense brush is 
questionable. Goats resemble deer in their physical form, and 
Malechek et al. (1980) successfully estimated deer fecal output on 
small pastures by using a canvas shroud which extended over the 
entire back and underside of the animal. The fecal harness des- 
cribed here is a major modification of this deer shroud for goats. 

The goat fecal harness differs from conventional harnesses in 
that the weight of the fecal bag is evenly distributed over the neck 
and shoulders by a collar-like device with no opportunity for 
shoulder straps to slip or chafe. This fecal harness also differs from 
the deer shroud in that the device does not extend over the entire 
back and underside. 

Design 
The fecal harnessconsists ofa singlecollar-likeapparatus. It has 

5 pairs of g-mm grommets used as eyelets to lace the harness over 
the withers (Fig. I). It was not necessary to lace all eyelets to secure 
the harness to larger goats. The harness was affixed to a conven- 
tional fecal bag used for sheep (Cook et al. 1952) via 2 adjustable 
straps sewn onto the harness near the eyelets. 

The fecal harness was constructed of medium-weight canvas 
(duck) material (400 g/m2). The harness fit over the points of the 
shoulders and a narrower protrusion extended between the front 
legs of the animal. Three straps were attached to this protrusion 
and secured the fecal bag at 2 points on the sides and I in the center. 
Two D-rings placed on either side of the harness served as alterna- 
tive tie points to secure the fecal bag, but were seldom needed. 
Pattern and dimensions for a fecal harness designed to fit a 30-kg 
goat are given in Figure 2. 

Goats 
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Application and Evaluation 
This fecal harness was used on 8-10 goats for a year in dense, 

thorny vegetation in northeastern Brazil (Pfister and Malechek 
1984). Once per month goats weighing from 20 to 30 kg were fitted 
with bags for a 3-day adaptation period followed by a 3- to 5-day 
fecal collection period. Feces were collected every 12 hours. 

To determine if feces were being lost from the bags, goats were 
placed overnight on 2 separate occasions in a corral free of fecal 
material. These goats normally had several active solo exercise and 
play-fighting periods during the night, yet only a few grams of feces 
were spilled in each overnight period. Subjective evaluation of 
free-grazing animals indicated that feces were rarely lost if bags 
were properly adjusted. 

To determine if goats modified their feeding behavior in 
response to the fecal harness or the weight of the feces in the bag, 
individual goats were carefully observed in the course of another 
experiment (Pfister 1983). Harnessed goats traveled and grazed 
normally alongside their non-harnessed cohorts, and exhibited no 
apparent decrease in the use of the bipedal browsing stance. Har- 
nessed goats did not display any outward signs of discomfort, nor 
did they seem to alter the frequency and duration of grazing 
periods each day. 

Concerns about the use of the harness in hot tropical climates 
appeared to be unfounded. Even though daytime temperatures 
often reached a 38”C, the activity patterns of harnessed and non- 
harnessed animals were indistinguishable. 
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A New Esophageal Plug 

JOHN W. WALKER, JERRY W. STUTH, R.K. HEITSCHMIDT, AND STEVE L. DOWHOWER 

Abstract 

An esophageal fistula plug was constructed from polyvinyl chlo- 
ride pipe at a material cost of approximately S3.50. The plug has a 
plastisol and metal washer and is held together with a hose clamp. 
The hose clamp is adjusted to exert light pressure on the neck by 
the washers to reduce scar tissue around the tistula. The size of the 
plug can be varied by changing the diameter of the pipe allowing it 
to be used as a fistula dialator. 

Successful diet sampling with esophageally fistulated animals 
requires maintenance of an adequate tistula opening. Closure of 
the fistula because of swelling or accumulation of scar tissue will 
restrict passage of extrusa from the fistula. Loss of fistula plugs or 
extended sampling from animals with removable plugs usually 
results in swelling and closure of the fistula opening (Anderson and 
Mertz 1982). This makes replacement of the plug difficult and 
stressful to the animal. The accumulation of scar tissue around the 
fistula is normal and may limit the usefulness of a fistulated animal. 

This paper describes an inexpensive removable fistula plug that 
reduces formation of scar tissue and assists in expanding fistula 
openings that have closed because of trauma or were not of the 
desired size following initial surgery. 

Materials and Methods 

The cannula is a split “T” type that is fabricated from polyvinyl 
chloride (PVC) pipe and fittings. The materials required to construct 
a cannual with an outside diameter of 50 mm are: 1-32 mm (I l/ 4 
in.) tee; 2-32 mm (1 l/4 in.) couplings; I-25 mm (I in.) coupling; 
I-25 mm ( 1 in.) threaded plug; 226 mm of 32 mm ( 1 I/ 4 in.) pipe; 95 
mm of 25 mm (1 in.) pipe; pvc cleaner; pve glue; and l-50 mm 
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stainless steel hose clamp. The pipe and fittings are all schedule 40 
PVC. Sizes are standard nominal measurements and total cost of the 
materials is about $3.50. 

Construction is begun by gluing a 63 mm piece of 32 mm pipe 
into each arm of the tee and a 100 mm piece into the base (Fig. 1 A). 
Next a 32 mm coupling is cut in half on a plane parallel to the ends. 
One of the halves is glued over the pipe extending from each of the 
arms of the tee. Then the stop around the inside wall of a 32 mm 
coupling is ground off and the coupling is glued over the pipe 
extending from the base of the tee (Fig. 1 B). The esophageal plug is 
formed by cutting the arms of the tee in half on a plane perpendicu- 
lar to the base and then cutting the base in half on a plane perpen- 
dicular to the long axis of the arms (Fig. I C). The ends and edges of 
the arms are rounded with a file and sanded smooth to form the 
flanges of the plug. A 5 mm wide ring is cut off the 25 mm coupling 
and glued to one end of the 95 mm piece of 25 mm pipe. Then the 
threads are ground off the 25 mm plug and the plug is glued into the 
other end of this paper and ground smooth. This forms a stopper 
for the esophageal plug (Fig. 1 D). 

Two washers, one made of plastisol and the other of metal, and a 
hose clamp are used to hold the esophageal plug in place after it is 
in the animal. The mold for the plastisol washer consisted of the lid 
to a soil tin (95 mm diameter) with a #lo.5 rubber stopper in the 
middle to form the hole. The weight of the completed esophageal 
plug with washers is 325 g. The assembled plug is shown in Fig. 2A. 

The plastisol washer is placed proximal to the neck followed by a 
metal machine bushing. A hose clamp with several wraps of plastic 
tape around the side opposite the screw is used to hold the esopha- 
geal plug together and the washers in place. When the plug is in 
place, the washers are adjusted so that the plastisol washer exerts 
light pressure on tissue around the fistula (Fig. 2B). 

Discussion 

The esophageal plug described in this paper is similar to the ones 
described by Breen and Hunter (1976), Taylor and Bryant (1977) 
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and Denney (1981). The flange of the plug described in this paper 
was constructed similar to the one described by Taylor and Bryant 
(1977) except that theirs was a permanent cannula and was not cut 
in a plane perpendicular to the arms of the flange. The plugs 
described by Breen and Hunter (1976) and Denny (198 1) were 
similar to this plug in form and function but were constructed from 
a solid piece of polyethylene. This plug has the same advantages of 
being rarely dislodged, of light weight, nonirritating, and permit- 
ting low maintenance of esophageally fistulated animals. The use 
of pvc pipe facilitates construction, and the size of the plug is easily 
changed by using different dimension pvc pipe. Furthermore, the 
hollow base facilitates plug replacement in an esophageal fistula 
which has contracted during sampling. The washer has reduced 
problems caused by forage blockage of the esophagus. Six steers 
outfitted with these plugs have been maintained for 6 months on 
dormant mixed grass forage with no problems. Prior to using the 
washers, we experienced occasional problems because of esopha- 
geal blockage. 

This esophageal plug can also be used as a fistula dialator 
because the washers reduce scar tissue around the fistula. We have 
used this plug to dilate fistulas on two steers that had 40 mm 
outside diameter esophageal plugs to accommodate 50 mm outside 

diameter plugs. The steers were initially fitted with the 40 mm plug 
without washers, when fistulated at 8 months of age. Our initial 
attempt to insert a 50 mm plug 7 months after the surgery was 
unsuccessful because of the presence of excessive scar tissue 
around the fistula. The scar tissue was subsequently reduced by 
reinserting the 40 mm plug and using the washers. The washers 
were adjusted so that moderate pressure was exerted on the tissue 
around the fistula. After 2 weeks, the thickness of the tissue around 
the lumen of the fistula was reduced from 23 mm at the ventral 
border and 15 mm at the dorsal border to 11 and 10 mm, respec- 
tively. The 50 mm cannula was then inserted with no apparent 
stress to the steers. 
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A Precision Planter for Seedling Emergence Evaluation 
G.W. FRASIER 

Abstract 

A modified version of the laboratory vacuum plate seed counter was 
developed for precision planting of small seeds in soil. The planter, a 
vacuum chamber constructed from rigid plastic plate, would place 100 
seeds on a 228 X 228 mm plot. The individual seed holders were hypodermic 
needles inserted into the bottom of the chamber on a square grid at a 25 mm 
spacing. When a vacuum was applied to the chamber, a single seed was held 
at the tip of each needle. Seedbed preparation consisted of forming small 
impressions in the soil surface with a grid spacing identical to the planter. 
With the planter properly aligned, a single seed was dropped into each 
impression. This technique was successfully used with seeds ranging in size 
and shape of Panicum antidotale Retz to Eragrostis ldmanniana Nees. 
Three people were able to seed 120 plots with 100 seeds in less than 4 hours. 

To accurately determine the germination characteristics of 
seeds, it is necessary to place a specific number of seeds on a 
germination surface and observe the number of seedlings pro- 
duced. Laboratory germination studies on blotter or filter paper 
germinating surfaces are relatively simpler to conduct, but the 
results may not accurately depict what happens in a soil media 
where moisture and nutrients may be less than optimum. Germina- 
tion and initial seedling emergence studies in the field can provide 
more realistic results. 

Counting and placement of small seeds on field plots by hand is a 
slow, tedious process. In routine laboratory blotter or filter paper 
germination tests, vacuum plate counters are often used for seed 
counting and placement. These counters are simply metal plates 
perforated with small holes on a special grid spacing. The holes are 
interconnected on the plate back with a flexible tubing to a vacuum 
pump. To operate, the plate is positioned upside down, the vacuum 
turned on, and a layer of seeds placed on the surface. The seeds are 
moved over the surface by light tipping of the plate until each hole 

Author is research hydraulic engineer, Southwest Rangeland Watershed Research 
Center. ARS-USDA. 2000 East Allen Road. Tucson, Arizona 85719. __..._~, 
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is covered by a single seed. The excess seeds are dumped off, and 
the plate positioned above the germinating surface. Turning the 
vacuum off releases the seeds. These plate counters are not 
designed to operate under field conditions of irregular surfaces and 
where the plots may be some distance apart. A modified version of 
the vacuum plate seed holder was constructed and successfully 
used for precision planting of grass seeds in the field. 

Materials and Methods 

Seed Holder-Planter: 
The seed planter constructed would seed a plot 228 X 228 mm (9 

in X 9 inches) with 100 seeds spaced 25 mm (1 inch) apart on a 
square grid. The top and bottom of the planter was 305 X 305 mm, 
made from 6 mm thick, clear, rigid plastic plate (Fig. 1). An 
air-tight chamber, 25 mm deep, was formed between the plates by 
bonding 6 mm thick plastic strips around the sides. Spacers were 
inserted between the plates to prevent flexing and cracking of the 
top and bottom plates. The bottom plate was perforated with 100 
holes, 0.36 mm in diameter, and a 15mm length of stainless steel 

Table 1. Mean and standard deviation of 20 tests per species of the 
number of seeds loaded onto planter. 

Grass species 

Ponicum ontidotole 
Erogrostis curvulo 
Erogrostis lehmonniono 
Erogrostis lehmonniono X 

E. trichophoro 
Bouteloua curtipendulo’ 

‘Dehulled 

Seed count 

Mean Standard deviation 

96.0 4.0 I 
100.8 6.51 
117.1 13.59 

107.8 II.27 
90.5 II.56 
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Fig. 1. Sketch of precision plot planter. 

tubing, 0.15mm ID X 0.30-mm OD (No. 30 hypodermic needles), 
inserted and glued in each hole. Five millimeters of tubing was left 
extending below the plate. To support the planter above the sur- 
face and prevent damage to the tubes, a 12 X 12 mm plastic strip 
was bonded to the underside edge of the bottom plate. Holes, 9 mm 
in diameter, were drilled in each corner for positioning the planter 
over alignment pins. The top plate was fitted with handles and a 
vacuum line connection. 

Impression Plate: 
A separate plate for making depressions in the soil for seed 

placement was constructed from 12 mm thick rigid plastic sheeting. 
Impression pegs of 9 mm diameter plastic rods were bonded to the 
underside of the plate on a 25 mm spacing, matching the grid 
spacing of the planter (Fig. 2). The pegs, 6 mm long, were shar- 
pened to a point. A 12 X 12 mm plastic reinforcing strip was 
bonded around the top edge of the plate. Plate alignment holes, 9 
mm in diameter, were drilled in each corner of the plate. 
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Fig. 2. Sketch of impression plate. 

Discussion 
The planter was designed for one seed to be held by each tube. To 

load all 100 tubes, the planter was placed on a support stand about 
300 mm above the work table. A shallow tray, filled with seeds, was 
placed under the planter, with the seeds touching each tube tip. 
When a vacuum was applied (600 mm of Hg, 1200 cc/min), the 
closest seed was firmly held at each tube tip. Sometimes, more than 
one seed was held to a single tube. Usually, light tapping on the top 
of the planter would dislodge the extra seeds. With practice, the 
loo-tube planter could be loaded with seeds in 30 to 45 seconds. 
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Turning the vacuum off released the seeds. 
The counting efficiency of the planter was evaluated by repeta- 

tive loading with a single species and counting the actual number of 
seeds placed on a counting grid. Table 1 presents the results of 20 
replications with 5 grass species. The mean number of seeds varied 
from 90.5 for dehulled Bouteloua curtipendulu to 117.1 for Era- 
grostis lehmanniuna. Seed cleaning was an essential factor. Other- 
wise, problems were encountered with seed chaff plugging the 
tubes. Plugged tubes were opened by inserting steel pen cleaner 
wires through the tubes. 
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The planter was used to seed small plots in four separate field 
studies. Each study consisted of 120 separate plots. The plot area 
was cleared, leveled, and smoothed. Alignment pins for the impres- 
sion plate and planter (headless nails 8.5 mm dia, 100 mm long) 
were placed at the corner of each plot with a template. The soil was 
sprinkled with approximately 6 mm of water. The impression plate 
was placed on the plot and weighted to push the impression pegs 
into the soil surface. Simple pushing or standing on the plate was 
sufficient to fully push the pegs into the soil. The loaded seed 
planter was then positioned on the plot and the vacuum released, 
dropping the seeds into the performed impressions. A couple of 
light taps on the top of the planter insured that all seeds were 
dropped. A shallow layer of soil was then sprinkled over the plot to 

cover the seeds. A 15meter plastic hose from the vacuum pump to 
the planter allowed for easy movement from the work table to the 
plots. Three people was able to imprint, plant, and cover the 120 
plots in 3.5 hrs. The precision planting and a counting grid tem- 
plate permitted early detection of seedlings as they emerged from 
the soil. This technique made it possible to locate new seedlings as 
little as 1 to 2 mm in height. 

The planter was considered a successful tool in our studies. 
There are probably improvements which could be incoporated. 
Different tube diameters and vacuum flow rates, designed for 
specific seed sizes, may reduce the variation in actual seed counts 
we experienced. 



Book Reviews 

Mycorrhizal Symbiosis. By J.L. Harley and S.E. Smith. 
1983. Academic Press Inc., 111 Fifth Avenue, New York, 
New York 1003.483 p. $59.50. 
This book is divided into two parts. The kinds of mycorrhizas, 

and essays on mycorrhizal topics. The first part is divided into 
sections and the second consists of one section. The first four 
sections are divided into the following topics: vesicular-arbuscular 
mycorrhiza, ectomycorrhiza, mycorrhizas in the ericales, and the 
orchard mycorrhizas. There are total of 19 chapters plus references 
and an index. 

The chapters on vesicular-arbuscular (V-A) mycorrhizas are an 
introduction and comprehensive review of their anatomy, devel- 
opment, growth, carbon metabolism, and mineral nutrition. Many 
of the tables are a synthesis of the data from cited papers and 
represents an interpretation by the authors (Harley and Smith) in 
light of the overall knowledge of V-A mycorrhizas. 

The chapters on ectomycorrhizas follows the same pattern estab- 
lished for the V-A mycorrhizas, with an excellent discussion of 
their anatomy, growth physiology, production of metabolites, car- 
bon physiology, nutrient uptake, and ectendomycorrhizas in 
conifers. 

The last three chapters in part one of the book cover the ericoid, 
arbutoid, monotropoid, and the orchid mycorrhizas. It is a good 
introduction to these subject areas and provides a good overview of 
current knowledge. 

The second part of the book consists of five essays on the 
following subjects: casual anatomy of ectomycorrhizas, transloca- 
tion in mycorrhizas, transfer of metabolites between symbionts, 
specificity and recognition in symbiotic associations, and ecologi- 
cal aspects of mycorrhizas. The essasys are stimulating and pose 
many intriguing research possibilities by indicating areas in which 
further study would be both productive and illuminating. The 
essays show a good balance of discussion between the ecto- and 
endo-mycorrhizal association and reflects the current state of a 
greater body of knowledge on ectomycorrhizal associations. 

The authors stated in the introduction that it was not their aim to 
review the literature, but to present a documented readable 
account. They have admirably succeeded. 

The book is not merely a reporting of the published work on 
mycorrhizae, but is an interpretive synthesis of the state of know- 
ledge. One would expect this from the author’s combined expe- 
rience of nearly 70 years in mycorrhizal research. The book is well 
written, well edited, and is highly recommended by this reviewer.- 
William A. Cress, Albuquerque, New Mexico. 

Sacred Cows at the Public Trough by Denzel and Nancy 
Ferguson, Maverick Publications, Bend, Oregon. 
The thrust of this book, for 236 pages, is to convince America 

that all western livestock ranchers are of a breed apart from honest 
Americans, and seek through greed to destroy our great landed 
heritage. The authors unashamedly state, “we feel not the least 
tinge of academic guilt in telling only one side of the story-a side 
intended to inject some balance into public perception of the 
western livestock industry and the people who run it.” 

For example, in describing western cattlemen, they opine: “Des- 
pite their apparent warmth and social graces, ranchers seem to 
have a special hardness expressed as a diminished regard for live 
creatures, and the designs of nature. A willingness to resort to 
violence-bare knuckles, vigilante-type actions, and the use of 
weapons-is shallowly concealed and easily set in motion. The 
rodeo, with its violence, physical abuses, and man-over-beast 
theme, seems to be a manifestation of this attitude toward sur- 
roundings. Force has always been a way of life among cattlemen.” 
And they go on with many other unkind words, to un-romanticize 
the “bigger-than-life ‘Sagebrush Robinhood’.” This was consi- 
dered necessary by the authors to overcome the vision of the 
“American idol” widely instilled at present in the public mind. 

The authors’arguments are flawed by careless (or worse) inter- 
pretations of data and concepts including: (I) Livestock are given 
credit for all range deterioration. No mention is made of range 
destruction resulting from poorjudgment by game managers, e.g., 
Arizona’s Kaibab, Wyoming’s Jackson Hole, Utah’s Wasatch 
Front, or the spectacle at Montana’s Yellowstone-Gallatin Valley. 
(2) They claim that wildlife enthusiasts have ownership rights in the 
public lands but ranchers do not. (3) They suggest that all people 
except ranchers prefer wildlife on public ranges, rather than cattle;, 
i.e., everyone who isn’t a rancher is a wildlife enthusiast. (4) They 
quote total numbers of cattle in western states, showing terrific 
increases in numbers in recent years, and then imply that these are 
all public ranges, rather than on both private and public ranges. (5) 
They list the total number of game animals present prior to the 
arrival of European settlers, and imply that this number and more 
should be present today, without mentioning that 52% of the land 
in western range states is now in private ownership, producing 
much more food than in its original condition. (6) They include the 
bison populations of the pre-European great plains range states to 
compile statistics showing the great depletion of wildlife numbers, 
without mentioning that these lands are now largely in private 
ownership, and not part-of the public domain. There is no way that 
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their 10 million (estimated) bison could be sustained on the present 
public land, which consists of the deserts and high altitude forests 
remaining after the best, highest-producing land has passed into 
private ownership. (7) They repeatedly state that western range 
livestock have no value to the American public, and that the 
original pristine condition, without livestock, is a superior eco- 
nomic situation for the public. This might be true if we preferred to 
have the six million native Americans who were in North America, 
pre-Europeans, living in teepees, rather than the 220 million U.S. 
citizens plus Canadians and Mexicans living here at our present 
standards. (8) They essentially deny private property rights to 
ranchers, and express contempt for their efforts to protect their 
haystacks, fences, and livestock, and in fact their very right to make 
a livelihood. (9) They speak of their own trampled legal rights to 
unrestricted use of public lands, while rediculing ranchers for 
expressing concern over large herds of big game animals using 
forage from their legally owned private lands. These are but a few 
of the anomalies of the authors’ reasoning; and they go on in 
seemingly endless succession. 

On the last page they finally answer the question “what should be 
done about it?” The answer is simplistic, but not unexpected: “. . . 
the public should boot every last one of them off the public lands. 
The nation no longers needs them.” 

In my mind, the book serves no useful purpose, and only further 
inflames a tense situation. It is filled with distortions and less-than- 
half truths that solve no problems. It belongs on the shelf with 
other cheap shots at America’s production-oriented economy, 
which admittedly has made mistakes, but has come a great distance 
in correcting them in recent years. There is little to be gained and 
much to be lost by further “beating a dead horse.“--Ed. 

SYMPOSIA AND REPORTS 

The influence of Sewage Sludge Application on Physical 
and Biological Properties of Soils. Edited by G. Catroux, 
P. L’Hermite and E. suess. 1983. D. Reidel Publishing 
Company, 190 Old Derby St., Hingham, MA 02043.253 
p. $34.95. 

Utilization of Sewage Sludge on Land: Rates of Application 
and Long-term Effects of Metals. Edited by S. Berglund, 
R.D. Davis and P. L’Hermite. 1983. D. Reidel Publishing 
Company 190 Old Derby St., Hinghom, MA 02043. 
The publication eidted by Catroux et al. is based on a sympo- 

sium held in Munich, June 23-24,198 1. It was organized jointly by 
the Commission of the European Communities, Directorate - 
General for Science, Research and Development and the Baye- 
rische Landesanstalt fur Bodenkultur and Pflanzenbau. The sym- 
posium focused on collecting data and exchanging ideas on two 
important practical problems related to the agronomic value of 
sewage sludges, namely: what is the lowest amount of sludge to be 
spread to have an immediate effect on soil physical properties; and 
are sludges effective on soil physical properties when spreading 
repeated low amounts? Moreover, organic matter and soil biology 
are closely linked and there are few data on the possible effects 
(beneficial or detrimental) on soil microorganisms. 

The agricultural value of sewage sludges is well known and much 
published data has demonstrated the positive effects of sludge 
applications on plant growth and yield. These effects are probably 
due to the nitrogen, phosphorus, and organic matter content of 
sewage sludges. In the future, land spreading of sludges will be 
regulated, taking into account pollution hazards for water (excess 
nitrogen and phosphorus supply compared to plant needs and soil 
storage capacities) and pollution hazards for soils (excess heavy 
metals supply and build-up in soils). Land-spreading will be fixed 
at some low level allowable each year, decreasing their compara- 
tive value with respect to mineral fertilizers. In this eventuality, the 
organic values of sludges will take on greater importance. 

The collection of papers edited by Berlund et al. symposium held 
at Uituna University, Uppsala, Sweden, on June 7-8, 1983, under 
the auspices of the Commission of the European Communities. 
Three major aspects of sewage sludge utilization were addressed, 
namely: the principles for rates of application; heavy metal concen- 
tration; and administrative measures needed to reduce the concen- 
tration of heavy metals in the soil. Papers include results ofvarious 
applications of sewage material on agricultural, forest, and dis- 
turbed land. Rates of N, P, organic matter, and essential micro- 
nutrients were examined under various soil types and sludge appli- 
cations. Accumulation and concentration of heavy metal is of great 
concern in the Scandanavian countries. Due to the complex and 
infinite variability soil conditions, concentration limits of the 
heavy metals vary with each country. Removal of heavy metals 
from sludge before utilization is the most effective way of avoiding 
heavy metal contamination. Cadmium contamination is a major 
concern in many European countries. The final papers address the 
administrative measures needed to reduce cadmium in society.- 
Philip R. Fresquez, Albuquerque, New Mexico. 
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First Call for Papers 
1986 SRM Convention 

Orlando, Florida 
Titles are now being solicited for papers to be presented at the 39th Annual Meeting of the Society for Range Management, 

February 10-13, 1986. Please complete the following form (one form per title) and submit to the program Co-chairman by 
June 1: 

Proposed title: 

Author(s): 

Brief summary: 

Type of presentation: Traditional 0 Poster Cl 

Author who will handle correspondence: 

Name 

Mailing address 

Telephone 

Mail your completed proposal form to: Clifford E. Lewis, SFRC, Newlns-Ziegler Hall, University of Florida, Gainesville, FL 
32611. Once your proposal is accepted, we will send forms and instructions for preparing your abstract. DEADLINE FOR 
ABSTRACTS IS AUGUST 1,1985. Authors will be notified of acceptance or rejection by mid-September. 

Presentations must be planned to conform to 12 minutes in duration. Visuals must be standard 2 X 2 slides. The presenting 
author is expected to be a paid-up member of SRM. Others may present papers/posters but will be charged an extra, 
nonmember, registration fee. 

Remember! Deadline for titles Is June 1,19651 
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INSTRUCTIONS FOR AUTHORS: This page is reproduced from the Handbook and Sryle Manualfor the Journal of 
Range Munugemenr. Copies of the complete booklet ( 12 pages) are available for $1.25 (single copy) or $ I .OO each for 2 ot 
more copies from the Society for Range Management, 2760 West Fifth Avenue, Denver, CO 80204. 

Preface 
Although not intended as an exhaustive presentation on manu- 

script preparation, this Handbook and SI_+ Monrralwas prepared 
with the less experienced author in mind. Points of style. however. 
must be followed by all authors, Manuscripts submitted after 30 
June, 1984. and not conforming to JRMstyle as designated here, 
will be returned to authors for correction before being sent out for 
review. 

From time to time, this manual will be revised. The inside back 
cover of the Journal will carry brief instructions for authors and 
will advise them of style changes or a new edition of the style 
manual. 

Introduction 
Eligibility 

The Journal of Range Munugemenr is a publication for report- 
ing and documenting results of original research. Previously pub- 
lished papersare unacceptable and will not beconsidered for publication. 
Exceptions to this criterion are research results that were originally 
published as Department Research Summaries. Field Station 
Reports, Abstracts of Presentations, and other obscure and non- 
technical handout publications. Manuscripts submitted to the 
JRM are the property of the Journal until published or released 
back to the author(s). Manuscripts may not be submitted else- 
where while they are being considered for this journal. Papers not 
accepted for publication are automatically released to the authors. 

Kinds of Manuscripts 
Journal Articles report original findings in Plant Physiology, 

Animal Nutrition, Ecology, Economics, Hydrology, Wildlife Hab- 
itat, Methodology. Taxonomy, Grazing Management, Soils, Land 
Reclamation (reseeding), and Range Improvement (fire, mechani- 
cal. chemical). Technical Nores are short articles (usually less than i 
two printed pages) reporting unique apparatus and experimental 
techniques. By invitation of the Editorial Board, a Revifw Paper 
may be printed in the journal. Viewpoint articles or Research 
Observarions discussing opinion or philosophical concepts regard- 
ing topical material or observational data are acceptable. Such 
articles are identified by the word vieti,poinr or obseruarions in the 
title. 

Manuscript Submission 
Contributions are addressed to the Editor, Journal of Range 

Management, 2760 West Fifth Avenue, Denver, Colorado 80204. 
Manuscripts are to be prepared according to the instructions in this 
handbook. If the manuscript is to be one of a series, the Editor 
must be notified. Four copies of the complete manuscript, typed on 
paper with numbered line spaces, are required. Authors may retain 
original tables and figures until the paper is accepted, and send 
good quality photocopies for the review process. Receipt of all 
manuscripts is acknowledged at once. and authors are informed 
about subsequent steps of review, approval or release, and 
publication. 

Manuscripts that do not follow the directives and style in this 
handbook will be returned to the authors by the Editor. A manu- 
script number and submission date will be assigned when the paper 
is received in the appropriate format. 

Manuscript Review 
Manuscripts are forwarded to an Associate Editor, who usually 

obtains two or more additional reviews. Reviewers remain anon- 
ymous. Where reviewers disagree. the Associate Editor. at his 
discretion. may obtain additional reviews before accepting or 
rejecting a manuscript. 

The Associate Editor sends the approved manuscript. with 
recommendation for publication. to the Editor. who notifies the 
author of a projected publication date. Manuscripts found inap- 
propriate for the JRMare released to the author by the Associate 
Editor, Manuscripts returned to an author for revision are 
returned to rhe Associate Editor for final acceptability of the 
revision. Revisions not returned within 6 months, are considered 
terminated. Authors who consider that their manuscript has 
received an unsatisfactory review may file an appeal with the 
Editor. The Editor will then determine the seriousness of the 
situation, and may select another Associate Editor to review the 
appeal. The Associate Editor reviewing the appeal will be provided 
with copies of all correspondence relating to the original review of 
the manuscript. If the appeal is sustained. a new review of the 
manuscript may be implemented at the discretion of the Editor. 
Manuscripts will not be sent for second reviews merely on the 
possibility of finding Associate Editors more favorable to the 
manuscript. 

Page Proofs 

Page proofs are provided to give the author a final opportunity 
to make corrections of errors caused by editing and production. 
Authors will be charged when extensive revision is required 
because of author changes, even if page charges are not assessed for 
the article. One author per paper will receive page proofs. These are 
to be returned to the Editor within 48 hours after being received. If 
a problem arises that makes this impossible. authors or their 
designates are asked to contact the Editor immediately so that 
adjustments can be made. Unproofed articles will not appear in the 
Journal. To avoid delays in production, delayed proof articles will 
be rescheduled into later issues when space is available. 

Page Charges and Reprint Orders 
Where funds are available, authors are expected to pay current 

page charges. Since most research is funded for publication, it will 
be assumed that the authors are able to pay charges unless they 
indicate otherwise, in writing, when submitting a manuscript. 
When funds are unavailable to an author, no page charges will be 
assessed. Only the Editor will have knowledge of fund status for 
page charges. The Associate Editors and reviewers will accept or 
reject a manuscript on content only. 

An order form for reprints is sent to one author with the page 
proofs or shortly thereafter. Information as to price and procedure 
are provided at that time. The minimum order is 100; no reprints 
are provided free of charge. 

Basic Writing Style for Journal 
Articles 

Every paper should be written accurately, clearly, and concisely. 
It should lead the reader from a clear statement of purpose through 
materials and methods, results, and to discussion. The data should 
be reported in coherent sequence, with a sufficient number of 
tables. drawings, and photographs to clarify the text and to reduce 
the amount of discussion. Tables, graphs and narrative should not 
duplicate each other. 

Both authors and reviewers are responsible for insuring that the 
Journal manuscripts are clear, concise, and accurate. Editors 
encourage authors to have manuscripts thoroughly reviewed by 
colleagues in their own institution and elsewhere before being 
submitted. Peer review before submission insures that publications 
will present significant new information or interpretation of pre- 
vious data.and will speed JRM review processes. 
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